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GeRa: hydro-geological modeling code

The major present-day abilities of GeRa
Modeling:

= geological

= groundwater flow
= transport in geological media
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GeRa (Geomigration of Radionuclides): simulated processes

@ ground-water flow in confined, unconfined and unsaturated conditions;

@ transport in uniform and dual-porosity media (advection, dispersion,
diffusion);

@ equilibrium chemical reactions either governed by sorption isotherms or
with real chemical calculations;

o radioactive decay chains;

@ heat generation caused by radioactive decay;

density and temperature driven convection.
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GeRa: software used

o Qt

o INMOST +ParMetis +PETSc
e iIPHREEQC

e VTK

e SVN

Most of the software is freely distributed

GeRa = 150,000+ rows of C++ code
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INMOST: http: //www.INMOST .org

Integrated

Numerical

Modelling and
Object-oriented
° Supercomputing

o T echnologies

INMOST s the software platform for developing parallel numerical models
on general meshes.

INMOST s a tool for supercomputer simulations characterized by a
maximum generality of supported computational meshes, distributed data
structure flexibility, cost-effectiveness, cross platform portability.

Texnonorusi INMOST wucnonb3syetca B bonee yem 10 npoektax B
Poccun, CLUA, lonnangun, Kartape... J
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User — GeRa modules/objects
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GeRa: computations on remote cluster via
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// GeRa
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Model: VYeniseisky site (Krasnoyarsk region)

@ nonstationary groundwater flow and migration of radionuclides
@ reactive transport

@ boundary condition of rainfall recharge

o four layers with different thickness

o different hydraulic conductivities (from 107! to 10~* m/day)
e number of cells: >10’
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Prismatic grid of the upper horizon
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Prismatic grid of the lower horizon
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[gw]
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. Optimization on 7 for the GW flow modeling
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[tr]:
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Optimization on 7 for the transport process
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Solution time on 6, 12, 24 cores for different fixed values of 7
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Calculation results on the INM RAS cluster

P Tgw Sgw Ttr Str Ttotal Stot al
3129952 1.00| 34789 1.00| 6474.1 1.00

6 | 2102.4 142 | 22137 157 | 4316.1 1.50
12 | 1570.4 190 | 1376.2 252 | 2946.6  2.19
24| 8079 3.70| 7372 471 | 15451 4.19
48 | 3889 7.70| 4786 7.26 | 8675 7.46
96 | 330.1 9.70| 302.0 1151 | 632.1 10.24
192 | 159.3 18.80 | 226.3 15.37 | 385.6 16.78

p — number of cores used
T = T(p) — simulation time on p cores (in sec.)
S — relative speedup wrt. to run on 3 cores, S = T(3)/T(p)

INMOST — BIILU2(T, g) linear solver
Tow = 0.01, g5, = 3 and 73, = 0.02, gf, = 2
BiCGstab iterations up to relative residual 10° times reduction
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[gw]: Calculated GW head
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[tr]: Predicted pollution plume with a relative concentration
above 5-107% at a time point of 8000 years
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Summary

@ GeRa gives reasonable scalability up to 192 cores
@ linear solver parameters tuning can be performed automatically

e the use of a fine (> 107 cells) grid allow to obtain a detailed prediction
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