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ABSTRACT

This work presents a case study of assessing the overall performance of land farming technique performed at an oil-
contaminated site. The land farming was conducted at a 70,000 m? site contaminated with diesel, JP-8-diesel, or lubricant
due to underground leakage from the oil storage tanks. Five treatment plots were operated in the tests, in which the
concentration changes of xylene and TPH in the soil were separately monitored in two and 15 batches, respectively. The
overall performance of the remediation process was assessed by estimating the pseudo-first-order rate constant (k) of
each test. The obtained £, values of TPH degradation ranged in 0.054~1.287 mg/kg/day, with the average k,, being 0.021 mg/kg/
day, which is close to the degradation rate of 0.025 mg/kg/day, the target ks, value set in the design of the process. The
degradation rate showed an inverse relation with the contaminant level in the soil, but was not influenced by soil texture.
Temperature showed a positive correlation with the degradation process, with its impact being most pronounced in July.
TPH initial concentration and temperature showed a low level of correlation (R*=0.4) with the decomposition rate
constant. The data obtained in this work can serve a useful framework for establishing a quality management strategy for
soil remediation projects involving landfarming technique.

Key words : Petroleum-contaminated soil, Landfarming, Decomposition rate constant (k), Soil remediation manage-
ment, Cleanup evaluation
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Table 1. Overview of remediation and soil contamination of the
target site

Remediation site Status
Total area (m?) 150,860
Contaminants TPH, xylene
Contaminated area (m?) 29,660
Contaminated volume (m?) 53,488

Landfarming (on-site)
TPH (800), xylene (15)

Remediation method
Remediation goal (mg/kg)
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Table 2. Analysis methods of the soil samples

Items Method
Xylene (mg/kg) ES 07601.1a
TPH (mg/kg) ES 07552.1¢c
pH ES 07302.1b
Moisture content (%) ES 07301.1b

Bacterial number (CFU/g) Pour plate method

NH,*-N (mg/kg) Kjeldahl method
TP (mg/kg) ES 04862.1c"
Soil texture KS F 2302
Organic matter content (%) KS F 2104

1) after perchloric acid decomposing and filtering.
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Table 3. Notation of decomposition rate constant (k) used in this
study

Constant (k) Notation

k; k of each cell

Average value of the lowest k; in the 8 cells of each

Koo house

K Average value of the highest k; in the 8 cells of each
ma house

K Average value of k(> 0) calculated from the 1% order
e kinetic model

ke Average value of k(> 0) calculated from the expo-

nential function graph
Keor Average value of (Kyye T Kip)/2

A\ 01
Batch n(1) ,"[ Decision of k

Caculation of k and

Prediction of decomposition range
Batch n+1 | 02 —
Mt Prediction -
Expected completion data and

Decrease trend curve

B Analysis of remediation effc

7,

Actual data of n+1 batch

b

03
[ Correction of k

Fig. 1. Procedure of the remediation quality control by decomposition
rate constant (k).
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Technolog & "
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® |dentify Areas of
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No ® Is the Cleanup
Standard Attained?
+ Yes

Fig. 2. Methods for evaluating the attainment of cleanup standards
(US EPA, 1989).
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Table 4. Main step and methods for assessing site cleanup completion

Random Samgling Systernatic Sampling

T T T T T T T T T T T T T T
0 25 50 75 100 125 150 178 0 25 50 75 100 125 150 175

Stratified Random Sampling

Legend :
— Sample Area Boundary
Strata Boundary
[® Randomly Selected Sample Location
® Sample Location Determined Systematically

O]
.~ Swratum 2

O]

™

0 EIS SEI TIS 1(;0 1|25 1I5C' 1I'-‘5
Fig. 3. Illustration of random, systematic and stratified sampling
(axes are distance in meter) (US EPA, 1989).
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Step

Content

1 Define of cleanup standard

* Considering the engineering of remediation, background concentration, health &
environmental risks and costs.

2 Sampling methods

3 Sample size

4 Analysis plan

5 Assessment methods

* Simple random sampling

* Stratified random sampling
* Simple systematic sampling
* Formulae

* Power curve

* Individual

» Composting

* Random sample

* Stratified sample

* Linearization
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Fig. 4. Concentration distribution before and after soil remediation.

Table 5. A diagrammatic explanation of false positive and false
negative conclusions

Decision based on The true condition is:

the sample data is: Clean Dirty
Clean Correct False positive
Power (1-p) (probsbility is o)
Dirty False negative Correct

(probsbility is ) certainty (1-o)

CsorPo

Probability of deciding the site
attains the cleanup standard
[=]

o

alpha = 5%

-
+

0 0.2 0.4 0.6 0.8 1 1.2

Fig. 5. Power curve for o= 5%.
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Table 6. Values of factors calculated by TPH

Parameters (TPH) Value
Cs (mg/kg) 800
Av.Con. (mg/kg) 296
Standard deviation, ¢ 156.3
Power curve F, 672
Z,5(0.2) 0.842
714 (0.05) 1.645
T 0.819
Coefficient of variation, cv 0.529
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Fig. 6. Proposed site grid and survey point.
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Fig. 7. Decreasing curve of xylene concentration in first batch.
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Fig. 8. Predicted decreasing curve and actual concentration of
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Table 7. Decomposition rate constant of xylene

Degradation rate constants (k, day™)

kave kmin kmax kcor
22) 0459 0127 1717 0442

Batch (house)

Xylene
3(3) 0.596 0.076 1.537 0.529
1.2 2,000
initial conc.
1.0 1 kiave)
= k(final) 1500
0.8 —
- g
z 3
=
z06 1,000 £
= iy
04 5
500
0.2
-
00 8 B B4 N = = u|,
12 3 4 5 6 8 9 10 11 12 13 14 15

Batch

Fig. 9. TPH initial concentration and k of each batch.
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Fig. 10. Decreasing trend of maximum TPH concentration by
operating period.

Table 8. Decomposition rate constant of TPH

Degradation rate constants (k,day—")

Kave Kinin Kinax Keor

1 (5 0.035 0.001 0.087 0.034
23 0.069 0.032 0.205 0.058
32 0.047 0.002 0.371 0.050
4 (5 0.162 0.020 0.877 0.109
50) 0.181 0.002 0.344 0.114
6 (5) 0.057 0.001 0.540 0.043
7 (5) 0.143 0.0004 0.440 0.101
TPH 8 (5) 0.411 0.014 1.787 0.355
9 (5 0.501 0.018 2.526 0.389
10(5) 0.707 0.043 2.814 0.534
11(5) 0.999 0.010 2.307 0.600
12(3) 0.766 0.082 2277 0.423
13(2) 0.667 0.247 1.448 0.426
14(1) 0.710 0.073 1.408 0.367
15(1) 0.293 0.267 1.875 0.222

Batch (house)
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o} wke Aol 7118k

ool TPH AH3Eddeldl AHed Eai&ErdTs
Table 83} 7t}

32, BolaT A0l I3t st &7}
7d2Pgel AbE7hs xylened] 735 587 o] FojH L.
ng 5759 7Ae] e TPHE W2 st
2Pge] TPH Ealidiest A 2xdvte] duds &<l
st7] flsted TPHS] 7Bt 7Ikbe] 7R RslEmrd
oJa}, T3t M= I (Kinerva) B AHESFAL, “3HHA|

1 on
;o

<

~

kfinterval) ® AVE, kiinterval)

;ﬂ_ LI _-‘.
.'.".ﬁy .."' .”ei',..o '..-. s * o . *

B Total average of ki (0.021)

4
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Fig. 11. Kyyerva of TPH for the operating period.
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% Table 9. Soil texture of contaminated soil
018
016 . i Composition ratio (%)
Soil texture Rimo
s D (*%0) Sand Silt Clay
2z 012 H g
S i . § Loam 13.7 59.6 30.9 9.5
Joce : : Loamy sand  34.1 60.1 29.8 10.1
0.06 i —+ a Sand 294 60.1 29.6 10.3
004 0020 0022 j0023 T Sandy loam 228 63.7 30.7 9.8
002 |-—F— o ]
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Fig. 14. Distribution of Ky according to operation.

Table 10. Temperature data of Daegu City near by the remediation
site

Temperature (°C, Daegu)

Month-year
Average Lowest Highest
Jan-21 0.5 -43 5.9
Feb-21 4.8 -0.6 11.1
Mar-21 10.2 4.7 16.1
Apr-21 14.5 8.8 20.6
May-21 183 12.8 243
Jun-21 23.2 18.9 285
Jul-21 26.9 229 32.1
Aug-21 25.7 224 30.5
Sep-21 22.1 18.7 26.4
Oct-21 16.5 11.5 22.7
Nov-21 9.5 44 15.7
Dec-21 3.1 -2.1 8.9
Jan-22 0.9 -4.1 6.8
Feb-22 1.6 -3.4 74
Mar-22 9.7 3.8 15.9
Apr-22 15.9 9.4 22.7
May-22 20.7 14.1 274
Jun-22 243 19.8 29.7
Jul-22 27.5 23.7 324
Aug-22 26.9 234 314

*Korea Meteorological Administration (2021.01-2022.08)
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Fig. 15. TPH concentration and temperature during the landfarming
period.
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Fig. 16. Correlation of initial TPH concentration and temperature
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Table 11. Physicochemical properties of contaminated soil according
to the in-zones

Moisture ~ Organic Ratio (%)

In-zone H
P (%) matter (%) Sand Silt  Clay

2 70 129 2.8 597 328 75
7 73 109 34 558 323 119
8 7.1 9.1 32 622 286 93
9 71 102 35 647 271 83
13 73 9.7 35 626 314 112
14 78 8.1 34 596 293 11.1
29 72 119 3.9 744 219 37
713 69 110 3.9 614 304 8.1
89B 7.1 118 2.8 634 282 88
8,10B 70 127 32 - - -
81L,B 71 123 32 - - -
8,12B 7.1 11.0 25 - - -
8,13B 70 133 27 - - -
814B 7.1 120 2.6 - - -
913 70 102 3.9 682 220 98
A 74 96 2.8 474 387 139
B 74 115 3.7 568 319 94
C 76 94 2.8 589 281 13.1

1) Contaminated soil under landfarming house : A
2) Contaminated soil stored after excavation : B, C

3) Contaminated soil brought in immediately after excavation :

zones marked with number
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= | o
> 012 | - 0.034
_'g 0,042 0.027 0.015
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Fig. 17. Distribution of K;perva; according to in-zones.
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Table 12. Analysis results of samples

Items TPH Xylene
Survey point 90 25
Sample number 552 267
) Max. 573 7.70
Concentration Min. 50(ND) 0.10(ND)
(mgke) Ave. 84 0.13

=== 120m x 120m($X|L{ 12X})

. . . .
- . - . -
. . ) - .




RO FA9 EFYe Fanelo] B A7 3

=== 40m x 40m(PXIL} 61XIE)
I b b It

==== 80m x B0m(SXIL} 227)%)

e 120m x 120m({SXILH 13X1E)

. . . 1 .

e
i
1
| 1
L
1

DS 00 I

H

Fig. 20. Square grid for TPH.

Table 13. Values of fuction factors

Sample Sample Degree of ; Standard
Ttems Survey number mean freedom tadf deviation L
point = “
n X df a=0.05 S
All 25 267 0.13 266 2.602 0.5 0.21
Xylene

. 15) 80 mx 80 m 22 121 0.16 121 2.860 0.7 0.34
: 120 m x 120 m 12 64 0.13 64 2911 0.2 0.19
All 90 552 84 551 2.576 77.3 92.7
TPH 40 m x40 m 61 334 90 333 2.595 794 96.7
(C; 800) 80 m x 80 m 25 138 103 137 2.615 95.3 111.4
120 m x 120 m 13 82 84 81 2.645 83.9 127.7

T3t Wrhgks APkt

T ZAE 9 AA EE AR UigE w37
S Table 1339 2T} xylene®| F=H713ES 5 A
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A= 1114, 120m FEE AR B 12772 BF
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xylene?} TPHE EE 7350l A3}H7} 715 olgiio=
2 2 aPdnAE Ao} 452 Igeielt.

A3stsd 9 F5 H9E 53k AAE AAska 4
3} AAo] FHS ARISIATE. xylene 21| 5%, TPH 15
| 575°] FAEJOH, Hi (ki) N5 ok
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