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Introduction: Permeable Reactive 
Barriers (PRBs)

■ “An emplacement of reactive materials in 

the subsurface designed to intercept a 

contaminant plume, provide a flow path 

through the reactive media, and transform 

the contaminant(s) into environmentally 

acceptable forms to attain remediation 

goals down-gradient of the barrier” (U.S. 

EPA, 1998)

■ Can flow with passive gradient or be 

assisted by injection/extraction wells

Adapted from EPA 542-R-13-018 (2013)



Introduction: Iron-oxide coated sand

■ Allow a surface to grow iron-reducing bacteria (IRB) biofilms

■ Better removal of E. coli: consider first-order decay constants (Kim, 2015):

– Iron-coated sand: 0.85 – 1.85 day-1

– Regular sand: 0.036 day-1

■ Adsorption also plays a role, but ignore this for now! 



Motivation: Iron-coated sand PRB for 
secondary wastewater treatment on O’ahu

■ May be able to use for more decentralized treatment of wastewater 

– For example, Millilani + Wahiawa wastewater = 1.50 MG/day = 5.68 ML/day 
(AECOM, 2016)

■ Want to determine the smallest cost PRB (i.e. smallest length/width) which will 
adequately treat secondary wastewater

– Initial E. coli concentration = concentration after secondary treatment 

– =~ 300 CFU/mL (AECOM, 2016)

– Assume 3 log reduction is adequate for disinfection of E. coli

■ Test a range of E. coli decay rates, in case sand doesn’t perform the same as in 
laboratory settings



Goal of model

■ The goal of the model is to reduce E. coli concentration by 3 log while minimizing the 

cost of the PRB.

– The cost of the PRB includes production of iron coated sand and excavation.

■ Ferric chloride (FeCl3) costs 400-700 USD/ton; assume 700 USD/ton, or 0.77 

USD/kg (estimated from alibaba.com)

■ Sand requires 141 kg FeCl3/m3 sand (S. Diemert lab experiments, 2018)

■ Rough estimate for excavation for local area code yielded 1.8 hours per cubic 

meter of material excavated, 200 USD/hour, and material/rental/staging costs 

of approximately 2100 USD (estimated from 

www.homewyse.com/services/cost_to_excavate_land.html)

■ Therefore, Cost[USD] = 3000 + 469*length_prb*width_prb*depth

– Width and length are the variables being manipulated for optimization



Implementation

■ Start from example_reactive_barrier.py

– Use MT3DMS for E. coli particulate flow

■ Define function of ecoli_model, which includes flopy model running and returns a 
Boolean (discuss later)

■ Change grid to fit study area around Millilani (2 x 2 km)

■ Add pumping and extraction wells with 5.68 ML/d flow rates 

■ Input PRB length and width, convert into index and plottable values

■ Define E. coli decay rate as “k_val” at PRB indices, 0 day-1 at other points

■ Set boundary conditions:

– Constant head = 5.6 m at north boundary 

– Constant head = 5.2 m at south boundary

– No flux at east/west (Oki, 2005 and initial simulation results)



Implementation (cont.)

■ Load heterogeneous horizontal hydraulic conductivity value text generated by Harry, 

normalize to appropriate value for Oahu aquifer (457.2 m/d, Oki, 2005)

■ Set hydraulic conductivity for PRB (717.1 m/d, Elder, 2000)

■ Use dispersivity of 10.0 m (not 76.2 m/d per Oki, 2005)

■ Use porosity, vertical hydraulic conductivity, diffusivity per (Oki, 2005)

■ Add initial E. coli concentration at Well #1 as 300 (CFU/mL) in source/sink package

■ Run model (silent = True), collect head and concentration information

■ Test if model meets removal criteria of 3 log reduction (300 -> 0.3)



Implementation (cont.)

■ Need integer programming/optimization

■ Originally used opt.brute

■ Then, wrote own loops to speed up the process

■ Define “best area” = max width * max length

– Loop over decay rate constants to test

■ Loop over width range to test

– Loop over length range to test

■ Check if width*length < best_area

– If ecoli_model(width, length, decay rate):

■ Save width, length

■ Update best_area



Results: heterogeneous hydraulic 
conductivity field



Results: heterogeneous hydraulic 
conductivity field



Conclusions

■ Minimum PRB dimensions = 20 m x 600 m

■ Minimum cost = $56M

– Feasible??
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