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Optimization of In—Situ Carbon Injection Bioremediation of Nitrate Contaminated Groundwater

JIANG Lie'?, HE Jiang—tao', XU Zhen!, LIU Yu—mei'

(1.Beijing Key Laboratory of Water Resources and Environment Engineering, China University of Geosciences ( Beijing ), Beijing 100083,
China; 2.Jiangxi Geological Environment Monitoring Station, Nanchang 330012, China )

Abstract : In—situ carbon injection is a promising and economically effective technique for enhanced biodenitrification of groundwater con—
taminated by nitrate. Optimizing carbon injection can improve remediation efficiency. In this paper, a landfill site in Beijing was selected to
perform an optimization study. A biological coupling Monod solute transport model (RT3D ) based on in situ bioremediation technology was
established. Genetic Algorithm(GA ) and Simulated Annealing(SA ) were used to optimize the layout of potential carbon (ethanol ) injection
wells in the control areas of groundwater nitrate plumes. The results show that, at 10 mg <L of target nitrate concentration in the studied
area, both GA and SA methods obtained the same three carbon injection wells, 15 wells fewer than the originally designed ones. These three
injection wells should be arranged in triangular position. More carbon source should be injected in the upstream well than in two downstream
wells. After 100 d of injection, the total removal of nitrate nitrogen was 90.78% and 84.51% for GA and SA, respectively. Compared to GA,
SA cost 1.46% less, with stronger convergence and smaller variability but longer computing time.

Keywords: nitrate; RT3D; in situ bioremediation; optimization; genetic algorithm; simulated annealing
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Table 1 Monod kinetics parameters

rE RIS SCHRiE WSO Al 5550k
Specific utilization rate “n d 1.5,7.21,0.9~5 a,b,i 2 al'sl bl
Monod half saturation constant for electron donor Koo mg-L! 6,0.4~3.2,4.0 a,j 4 c
Monod half saturation constant for electron acceptor Ko, mg- L™ 0.5[a,c],0.77,0.21 la,c],d,] 0.5 d?
Biomass produced per unit amount of electron donor utilized, Yy, Yy  mgemg” 0.5[a,h],0.13,0.18,0.4~0.5 [a,h],b,j,i 0.5 ell”
Electron acceptor used per unit amount of electron donor utilized, Y 4 Yip  mgemg’ 0.33,0.2,0.84 e,f,b 0.2 {21 ot
First—order, bacterial death or decay rate, Ky Ky  d° 0.06,0.02 b.g 0.03 i
First-order, bacterial attachment rate K., K d? 0.5 h 0.5 i
First—order, bacterial detachment rate , K4, Ko d! 0.32~0.43 b 0.35 =
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Figure 1 Initial groundwater nitrate contamination plumes and

potential well locations
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Figure 3 Injection rates and well locations optimized by GA and SA methods
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Figure 5 Distribution of nitrate plumes in groundwater after 100 days of injecting carbon
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Table 4 Management costs of systems optimized by

GA and SA methods(yuan)
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Figure 7 Comparison of convergence of optimal objective functions

by GA and SA methods
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%A RS Y T ORI A CE M R D)y R0 2021

HEAIA RGA PR AR S

Bt AT IR {7 B RS ph o E R BRI
B TIHHE A RFHEA T e TIMRBF I A I 5
G TE IR

SE k-

[1] Haugen K, Semmens M, Novak P. A novel in situ technology for the
treatment of nitrate contaminated groundwater[]]. Water Research, 2002,
36(14):3497-3506.

[2] Sadeq M, Moe C L, Attarassi B, et al. Drinking water nitrate and preva—
lence of methemoglobinemia among infants and children aged 1~7 years
in Moroccan areas|J]. International Journal of Hygiene and Environ-—
mental Health, 2008, 211(5) : 546-554.

[3] AR, 251wl 4, B i, 45 R KA ERER 15 Tt i A B S BoRWF
FEHEIEL]. PRRERL RS HOR, 2012, 1:163-166,

WANG Zhen—xing, LI Xiang—quan, HOU Xin-wei, et al. The research
progress and status of bioremediation of nitrate pollution of groundwater
[J]. Environmental Science & Technology, 2012, 1:163-166.

[4] Lee M S, Lee K K, Hyun Y, et al. Nitrogen transformation and transport
modeling in groundwater aquifers|J]. Ecological Modelling, 2006, 192
(1):143-159.

[5] Eljamal O, Jinno K, Hosokawa T. Modeling of solute transport with
bioremediation processes using sawdust as a Matrix[J]. Water, Air, and
Soil Pollution, 2008, 195(1-4):115-127.

[6] Prommer H, Tuxen N, Bjerg P L. Fringe—controlled natural attenuation
of phenoxy acids in a landfill plume: Integration of field—scale processes
by reactive transport modeling[J]. Environmental Science & Technolo—
gy, 2006, 40(15):4732-4738.

[7] Shieh H ], Peralta R C. Optimal in situ bioremediation design by hybrid
genetic algorithm—simulated annealing[J]. Journal of Water Resources
Planning and Management, 2005, 131(1):67-78.

[8] Yoon J H, Shoemaker C A. Improved real —coded GA for groundwater
bioremediation[J]. Journal of Computing in Civil Engineering, 2001, 15
(3):224-231.

[9] Wang M, Zheng C. Ground water management optimization using genetic
algorithms and simulated annealing : Formulation and comparison
[J]. Journal of the American Water Resources Association, 1998, 34
(3):519-530.

[10] Huang C, Mayer A S. Pump —and —treat optimization using well loca—
tions and pumping rates as decision variables[]J]. Water Resources Re—
search, 1997, 33(5):1001-1012.

[11] Hsiao C T, Chang L C. Dynamic optimal groundwater management with
inclusion of fixed costs[J]. Journal of Water Resources Planning and
Management, 2002, 128(1):57-65.

[12] Sinha E, Minsker B S. Multiscale island injection genetic algorithms for
groundwater remediation[J]. Advances in Water Resources, 2007, 30
(9):1933-1942.

[13] %2 6, REVE, RiEHF. NPCA-CW i F KRG L HbrL b i

B A R H]. T RCHLTT 241, 2008, 14(4):631-636.
PENG Wei, WU Jian—feng, WU Ji—chun. Application of niched pareto
genetic algorithm to multi—objective optimal design of groundwater sys—
tem[J]. Geological Journal of China Universities, 2008, 14(4):631-
636.

[14] Rizzo D M, Dougherty D E. Design optimization for multiple manage—

ment period groundwater remediation[J]. Water Resources Research,

1996, 32(8):2549-2561.

[15] Espinoza I P, Minsker B S. Goldberg D E. Adaptive hybrid genetic al—
gorithm for groundwater remediation design[J]. Journal of Water Re—
sources Planning and Management, 2005, 131(1):14-24.

[16] 5738, 2 /DN, T B, 3t R /R BRI B8 5 SE R, 2T
" B H R, 2010.:25-26.

NING Li-bo, DONG Shao-gang, MA Chuan-ming. The theory and
practice of groundwater numerical simulation[M]. Wuhan : China Uni-
versity of Geosciences press, 2010:25-26.

[17] Killingstad M W, Widdowson M A, Smith R L. Modeling enhanced in
situ denitrification in groundwater[J]. Journal of Environmental Engi—
neering, 2002, 128(6) :491-504.

[18] Kinzelbach W, Schifer W, Herzer J. Numerical modeling of natural and
enhanced denitrification processes in aquifers|J]. Water Resources Re—
search, 1991,27(6):1123-1135.

[19] Clement T, Peyton B, Skeen R, et al. Microbial growth and transport in
porous media under denitrification conditions : Experiments and simula—
tions[J]. Journal of Contaminant Hydrology, 1997, 24(3) .269-285.

[20] Baek N, Clesceri L, Clesceri N. Modeling of enhanced biodegradation
in unsaturated soil zone[J]. Journal of Environmental Engineering,
1989, 115(1):150-172.

[21] Kornaros M, Lyberatos G. Kinetic modelling of pseudomonas denitrifi—
cans growth and denitrification under aerobic, anoxic and transient op—
erating conditions|J]. Water research, 1998, 32(6):1912-1922.

[22] Essaid H I, Bekins B A, Godsy E M, et al. Simulation of aerobic and
anaerobic biodegradation processes at a crude oil spill site[]J]. Water
Resources Research, 1995, 31(12):3309-3327.

[23] Henze M, Grady Jr C, Gujer W, et al. A general model for single—sludge
wastewater treatment systems[J]. Water Research, 1987, 21(5):505-
515.

[24] EwmmE, B K, IR, S A [RIRR I R R R HG X S i Ak i R
R[] BRI AR, 2004, 30(1) :15-18.

WANG Li-li, ZHAO Lin, Tan Xin, et al. Influence of different carbon
source and ratio of carbon and nitrogen for water denitrification[J]. En—
vironmental Protection Science, 2004, 30(1):15-18.

[25] PFORIA, JEREBE. 1AL K5 BOK AL BEERIM]. 5 55 20 R,
2000:402-533.

XU Bao-jiu, LONG Teng-rui. Contemporary principles of water and
wastewater treatment|M]. Higher Education Press, 2000:402-533.

[26] MLV, SR 12, B 57, 45 BAAE—BDIR KRG 300k SR K ST
W BB HOHIFA TR AR HLBTIETF, 2007, 53(1):92-97.

JIANG Si-min, ZHU Guo-rong, HU Xi-jia, et al. Hybrid simplex—
simulated annealing method for solving hydrogeologic parameters and
its parallel implementation[J]. Geological Review, 2007, 53(1):92-97.

[27] Hemker T, Fowler K R, Farthing M W, et al. A mixed—integer simula—
tion—based optimization approach with surrogate functions in water re—
sources management[]J]. Optimization and Engineering, 2008, 9(4) .
341-360.

[28] Schaerlaekens J, Mertens J, Van Linden J, et al. A multi—objective opti—
mization framework for surfactant —enhanced remediation of DNAPL
contaminations|[J]. Journal of contaminant hydrology, 2006, 86 (3):
176-194.

2912 BU VL, 227K, 5. # T KRS RRER TS Yedh AL PR AL O i
A AEL)). BSR4, 2014, 35(7) :2573-2577.

JIANG Lie, HE Jiang—tao, JIANG Yong-hai, et al. Simulation of nitrate
pollution in groundwater using pump —and —treat optimization method

[J]. Environmental Science, 2014, 35(7):2573-2577.



