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ABSTRACT: The team of the Environment Modelling Centre (EMC) of the Riga Technical University has
developed an effective method incorporating the landscape elevation map, as the boundary condition of the
three-dimensional (3D) hydrogeological model (HM). Due to this handy application, reliability of any HM
improves considerably.

1 INTRODUCTION

To narrow our study, only semi-3D steady state HM, describing mean annual conditions, is considered. The
xyz-grid of HM is built of (h+h+h.)-sized blocks (/4 is the block plane size; 4, is a variable block height). They
constitute a rectangular xy-layer system. Its four vertical sides compose the shell of HM. The ground surface
rel and the lower side of the model are its geometrical top and bottom, accordingly. In HM, the vector ¢ of
the piezometric head is approximated, in nodes of the 3D grid of HM, by the following algebraic equation
system:
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where the matrices 4,,, 4., G represent, correspondingly, the horizontal links of aquifers, the vertical ties
originated by aquitards, the elements connecting nodes of the grid with the piezometric boundary conditions
w; the vector 8 accounts for the fixed boundary flows: £, is the given water production rate in wells; S, By
and [, are the boundary surface flows, which may be specified on the top, bottom and shell areas of HM,
correspondingly; /3, is the computed flow passing through elements of G.

Unluckily, true distributions of the flows [, By and S, can hardly be obtained from field data. Crude
substitutes of these fixed flows inevitably produce bad HM results. Fortunately, all three flows can be
changed for the more exact ones of the 3, - type (Spalvins et al., 2000).This paper explains how the trans-
formation 3, — B, i, of this flow is performed for the infiltration flow f3;,, which dominates (1).

2 THE LANDSCAPE ELEVATION MAP AS THE BOUNDARY CONDITION

The EMC team has successfully applied (since 1995) the landscape elevation map ¥, as the y~type bound-
ary condition for (1). This method assumes that the ., surface is piezometric, and the aeration zone aer
(part of unconfined aquifer q) behaves like an aquitard, according to the capillary van Genuchten's (VG)
model for the unsaturated soil (Genuchten, 1980). The GV model predicts the distinct permeability values:
Kuer~ 107 - 107 [m/day] and 1 - 10 [m/day], accordingly, for the areas of descending (infiltration) and as-
cending (discharge) flows of the acration zone. The ascending flows are caused mostly by elements of the
hydrographical network (rivers, lakes etc.) included in ;... Through the aeration zone, passes the flow 3, ;,
(automatic replacement of f3;,):

ﬁl// in — Gaer (l//rel - (oq ); gaer = kaer hz/h aer Z 0 (2)

where ¢, is the computed head (subvector of ¢) for ¢; G,., (diagonal submatrix of G) contains the vertical
ties g, connecting Y, with @,; h,., is the thickness distribution of the aer zone. The expression (2) reflects
the usual support of HM, when the y~condition is applied. The S, ;-distribution is also helpful for the HM
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calibration - both, as its tool (g, variable) and target (some data for 3, and ¢, are available). The calibrated
representation (2) must be achieved iteratively under the following important limitation used by EMC: "due
to complexity of any geometrical change of HM, the geometry must remain fixed, until the final calibrated
@-distribution is obtained". Really, the thicknesses 4, and &, (saturated part of g) are variable, and this fea-
ture is accounted for by the current EMC methodology discussed below.

The aquifer g is supposed to be conditionally confined and the start try for its transmitivity distribution a,
is obtained, as follows:

0, 0, 0, 0, 0
aq():C‘q()kq()hq(): hq(): l//rel'zq+Aq’ Aq:2cm (3)

where cq(o) , kq(o) , hq(w are the start distributions (represented by diagonal matrices), respectively, of the cor-
rection factor, permeability, thickness for ¢; z, is the bottom surface of ¢; the constant A, is used if g is dis-
continuous(in some areas, ¥, - z, = 0); the distribution hq(o) will remain unchanged, until the final calibrated
results will appear. Usually, cq(o) =1.0.

The HM geometry is not distorted by the small fictitious thickness A, introduced to perform two impor-
tant tasks, for the non-existent parts of g:

- to control a,, if necessary, via the proper choice of &,:

- to exclude any influence of computational rounding errors carried by ¥, and z, involved, in the 4,

calculations (3).

The EMC team applies the similar additional thickness A = 2 ¢m for all kinds of discontinuous or ficti-

tious geological layers put in action of HM.

For g,., , the formula (2) must be specified:
gaer(()) = Cuer(()) kaer(()) hz /haer(()): haer(()) = Aaer =2cm. (4)

For the aer zone, the meaning of cu”, k'™ and hy,,” is the same, as for the similar distributions of q.
The start thickness A, (like hq( ) will be kept constant, in order not to distort the initial geometry of HM
where the real, unknown #,,,-distribution is not accounted for. The k,,,'”-distribution is obtained, as follows:
the district values k., = 10~ and 1.0 are applied, correspondin(%ly, as the areal base for the k,.,-map and for
the lines (or areas) of the hydrographical network. Usually, c,., =107, if the mean thickness of the aeration
zone is assumed ~ 2 metres.

When the distributions (3) and (4) are applied, HM naturally provides good results, especially for ¢,, be-
cause they are governed by ¥, as follows:

- the ¢, surface automatically reflects main features of ¥;.;, because these surfaces are interlinked via

Zuer; this phenomenon always takes place in nature;

- HM provides for a modeller the S, ;, distribution of (2); it informs about the intensity of infiltration

and also clearly indicates areas of discharge and recharge for the ¢ aquifer;

The complex distribution 3, ;, can be controlled via simple change of g,.,. The expected response of By,
is easy to predict. It follows from the above considerations that the advantage of 3, ;, (predicted by HM)
over conventional /3, (masterminded by a modeller) is enormous, because 3, ;, is based on reliable initial
data (carried mostly by ¥;.;) used by (2).

After the initial calibration of HM (k,” — k,; kuy — kuo'"), the solution ¢, is obtained, and the im-
proved distributions hoo'” and hq(]) can be specified:

) o= Wrel - ¢q(1) if o v > Agers
haer = % (5)
L Aaer U( 5 “ S Aaer s

hq(l) = hqm) - haer(]) + Aaer . (6)

In (5), 0 @ < A, holds mostly for the discharge areas where real 4, is rarely known. For this reason,
there is applied /e, = Ager.
Hence the distributions A, ", hq(]) cannot be applied directly (HM geometry fixed temporarily!), the cor-

rection factors cq(]) , Caor'” must be computed:
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cq(l) — hq(])/hq(o), (7)
1 0, ) 1 0,

(07 =2¢” /hia” ifo” < i,
= 8
Caer © 0 © ®

L Caer l]( o > Caer | -

For ¢ " > ¢,,"”, the empiric rule (8) prevents from sharp increasing of these components of By mWhich

are located in areas where haerw < 2 metres.

The factors cq(]) , Cao'” must be applied for the next approximation of the values ag and g :

1 1 1 0 1 1 1) 1.2
aq() — cq() kq() hq() ) gaer() — caer() kaer() h /Aaer ) (9)

If after the i-th iteration, the final calibrated result (oq(’) is obtained then the HM geometry can changed, in
accordance with the following representation:

a” =" k" n” =k nL, (ah
| s o .
gaer(l) = caer(l) kaer(l) h /Aaer~: kll(l) h / haer(l) b kll(l) = Cuer(l) kaer(l) haer(l) /Aaer' (12)

The real HM geometry is important when contaminant mass transport problems are to be investigated. In
practice, even the crude start attempts (3) and (4) provide surprisingly good results for complex regional HM
(Spalvins et al., 1996; Gosk et al., 1999). In these cases, likely, no results of HM can be obtained if the con-
ventional approach of fixed f;, is applied.

The above method can be run by any HM system, for example, by the Groundwater Vistas program (En-
vironmental Simulations, 1997). However, no regimes of unconfined aquifers must be used there, because
the MODFLOW code involved may ruin HM, especially, if HM contains discontinuous layers. Then the de-
struction is inevitable, due to irreparable, automatic annihilation of "dried" (saturated thickness equals zero)
cells of HM. This cannot be prevented for the non-existent areas of discontinuous aquifers, because their
thickness is zero, as the geometrical feature.

To immerse the ¥,,-map, in the conventional MODFLOW code environment, the surface rel/ should be
specified, as a formal thin aquifer (A,; =2 cm ).

3 CONCLUSIONS

The infiltration flow, on the HM top, is the dominant boundary condition. Unfortunately, for complex re-
gional HM, the conventional way of using fixed boundary flows cannot provide good results.

The EMC team has developed and proved the new method of obtaining this boundary flow via using the
landscape elevation map, as the reliable piezometric boundary condition. The method can be run by any
modelling system related to creating of HM.

Reliability of HM results has increased drastically, even for the case, when the crudest form of the new
method is applied.

REFERENCES

Spalvins, A., Slangens, J., Janbickis, R. Lace, I. & Gosk, E. 2000. Methods for Improving Verity of
Groundwater Modelling. Proc. of 16 th IMACS World Congress 2000, Lausanne, Switzerland, 21-25
August. 6 pages on CD-ROM, ISBN 3-9522075-1-9.

Van Genuchten, M. Th. 1980. A closed - form equation for predicting the hydraulic conductivity of unsatu-
rated soils. Soil Sci. Soc. Amer. J. (44): 892-898.

Spalvins, A., Janbickis, R. Slangens, J., Gosk, E., Lace, 1., Viksne, Z., Atruskievics, J., Levina, N. & Tol-
stovs, J. 1996. Hydrogeological Model “Large Riga”. Atlas of maps. Riga — Copenhagen: (Boundary
Field Problems and Computers, 37" issue).



SCIENTIFIC PROCEEDINGS OF RIGA TECHNICAL UNIVERSITY
Series - Computer Science Boundary Field Problems and Computer Simulation - 42" thematic issue
2000

Environmental Simulations, Inc. 1997. Groundwater Vistas. Guide to using.

Gosk, E., Spalvins, A., Vartanyan, G. (eds.). 1999. Hydrogeological and contamination transport models for
Noginsk district, Moscow region. Report on sub-contractor agreement within the project: "Groundwater
contamination and remediation in Noginsk district, Moscow region”, Riga - Moscow.

Aivars Spalvins, Dr.sc.ing.

Riga Technical University, Environment Modelling Centre
Address: 1/4 Meza Str., Riga, LV-1048, Latvia

Phone: +371 7089518, E-mail: emc@egle.cs.rtu.lv

Spalvin$ A. Zemes virsmas augstuma kartes ka dross robeZnoteikums hidrogeologiskajam modelim.

Rigas Tehniskdas universitates Vides Modeléesanas centra (VMC) grupa ir radijusi efektivu metodi, kura izmanto virsmas
augstuma karti ka robeznoteikumu trisdimensiju (3D) hidrogeologiskaja modelt (HM). Pateicoties Sim veiksmigajam
panemienam, jebkura HM drosums tiek butiski uzlabots.

CnanBuHb A. Kapra BbICOT MOBEPXHOCTH 3eMJIM KaK HAa/esKHOe TPAaHHYHOE YCJOBHEe THAPOreoJoruyeckoi
MO/I€eJIH.

Ipynnoit  Ilenmpa moodenuposanus oxpyscaioujeti cpeovlt (LIMOC) Puowcckoeo Texnuueckozco ynusepcumema
paspabomar 3¢pexmusHuvlil Memoo, KOMOpblll NPUMEHAEm Kapmy 8biCOM NOBEPXHOCIU 3eMIU, KAK 2PAHUYHOE YCI08Ue
onst mpexmeprotl (3D) euopoeceonocuuecxoii modeau (I’ M). bnazoodaps smomy yoaunomy nooxooy, HA0elCHOCMb 0001
I'M 3amemno ynyuwaemcs.
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