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Introduction 
 

The former waste deposit area “Cosmos” is located in outskirts of the Jelgava town, Latvia (Fig.1). The area 

has been closed as an active deposit place for about 15 years. However, the process of waste dissolution and 

spreading into groundwater continues and the contaminated area is enlarging (Fig.2). 

The decision has been made that the abandoned waste deposit site should be sanitized.  

The hydrogeological modelling for the contaminated area of the hazardous liquid waste deposit area has been 

accomplished, in order to estimate effectiveness of the main sanitation measures proposed by the plan 

outlined in the report [1]: 

• clearing out of open liquid waste pools; covering the most contaminated central deposit area by a 

watertight sheet; 

• enclosing the central area by a drainage ditch; 

• introducing a watertight vertical wall, to encapsulate polluted groundwater within the central 

area; 

• in situ cleaning of groundwater, within the encapsulated area. 

To consider the above measures, it was necessary to simulate migration of contaminants dissolved in 

groundwater before and after the sanitation measures taken. To support the necessary groundwater flow 

models and to simulate the contaminant migration, the Groundwater Vistas system was used [3]. 
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Site description and parameters of the model 
 

The ground surface rel of the area considered is almost even ((2 – 4) m asl), with the exception of the 

historical waste mound. It includes open liquid waste pools and solid waste deposits.  

The groundwater table lies near (0.2 - 0.7 metres) to the ground surface. The mean thickness mQ of the sandy 

Quaternary Q aquifer is mQ=5.5 metres, the permeability kQ = 2.0m/day. Below the Q aquifer, the gQ aquitard 

extends. Its thickness m0 = 20 meters, its permeability k0 = (10
-4

 – 8*10
-4

) m/day (the real value k0 is 

unknown). The gQ aquitard is bedded the Devonian D aquifer. Its piezometric head ϕD > ϕrel (ϕrel – elevations 

of the ground surface rel). Unfortunately, the real value ϕD is unknown, because no monitoring well on the 

deposit area reaches the D aquifer [1]. 

In Fig. 2. (taken from [1]), the 800m×800m area of the hydrogeological model (HM) is shown. It includes 

zonation of contaminated groundwater. The zones 6, 7 are clean. In Table 1 (taken from [1]), parameters of 

the contaminated zones 1 - 5 are given. 

The zone 1 is the most contaminated one. It covers the area of the solid waste deposit (see Fig. 3, Fig. 5). The 

mildly contaminated zone 5 is adjacent to the clean areas 6, 7. Although the area pollutant spectrum is wide 

[1], Table 1 presents data only for the four main pollutants: chlorides, organic carbon, total nitrogen, total 

chromium. 

Due to the contaminant sedimentation, groundwater in the lower part of the Q aquifer contains larger amount 

of contaminants then in its upper part [1]. 
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Fig. 1. Location map of the waste deposit area 
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IBM: C:/F/GDI1/JELGAVA.208/zonas.srf

 
 

Fig. 2. Model area 800m x 800m with the contaminant zonation shown 

 

Table 1 
Parametres of contaminated groundwater zones 

 

Dissolved substances [tons] Zone Nr. Area 
 

[ha] 

Groundwater 
volume 

[thous. m3] 
Chlorides Organic 

carbon 
Total 

nitrogen 
Total 

chromium 
1. 2.3 23 90 7 16 0.01 

2. 1.8 18 30 2 8 0.002 

3. 7.2 72 70 7 11 0.004 

4. 3.8 38 20 3 1 0.002 

5. 8.9 89 30 3 0.5 0.001 

total 24 240 240 22 36 0.02 
 

To simulate the measures of sanitation, the following parameters of steady state HM were chosen: 

• the area of HM was 800m×800m; 

• the plane approximation step h = 2.0 metres; 3D approximation scheme was used; 

• the Q aquifer was divided into four parts Q1, Q2, Q3, Q4; their thicknesses were mQ1 = 0.5m, mQ2 = 

1.0m, mQ3 = 2.0m, mQ4 = 2.0m;  

• six flat HM layers were used: Q1, Q2, Q3, Q4, gQ, D; 

• the layer 6 (D aquifer) served as the constant head boundary condition ϕD = 5.0 m asl; 

• on the perimeter of the four Q – type layers, the calibrated boundary head distribution was 

applied; 

• drainage ditches (see Fig.3) No. 1, 2, 3, 4 and MD (magistral ditch) were accounted for, as 

boundary head conditions on the first HM plane (Q1); 

• on the 1st HM plane (Q1), the mean annual infiltration rate 10mm/year was used; 

• the porosity value n=0.2 was used for all HM layers.  
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Four versions of HM groundwater table distributions were applied (see Fig.3), to estimate effectiveness of the 

main sanitation measures:  

• Fig. 3a, the present situation (no measures taken); 

• Fig.3b, the open waste pools were removed; 

• Fig. 3c, the drainage ditch DD was applied; on the waste deposit central area meteoric water 

infiltration was blocked; 

• Fig. 3d, in order to reduce contaminated groundwater outflow from the encapsulated area, the 

watertight wall W was introduced; the wall bottom was sited on the gQ aquitard top. 

It follows from Table 1 that the chloride mass Mcl = 240 tons is much larger than the ones of the other 

pollutants. For this reason, only the chloride migration was modelled, and the wash out intensity io [kg/day] of 

other pollutant was estimated, as follows: 

 

io = icl M0 / 240 

 

where M0 – the pollutant mass [tons] dissolved in groundwater; icl - intensity of chloride wash out [kg/day] 

obtained by modelling. 

In the four Q layers, the initial chloride concentration CQ , is given by Table 2. It is assumed that CQ =0: in the 

Q1 aquifer, in the zones 6, 7 of the Q2 , Q3 , Q4 aquifers. For the zones 1, 2, .., 5, 60 

6CQ3=2.25CQ2; CQ4=7.0CQ2. For the zone 1, CQ2=1.0 kg/m
3
. The initial concentrations CQ of the zones, are 

proportional to the chloride mass data of Table 1. The ratio CQ2 / CQ4 =7.0 roughly follows the data observed 

in monitoring wells [1].Isometric images of the initial chloride concentration are given by Fig. 5a. The 

concentration distribution shape is intentionally chosen robust, containing sharp fronts on contamination 

zonation borderlines. Due to this feature, one can visibly follow changes of the shape during chloride 

migration (see Fig. 5b). 

 

 

Table 2 
Chloride initial concentration in HM layers Q1, Q2, Q3, Q4 

 

Chloride concentration CQ [kg/m3] *) Zone Nr. 
Mean 
CQ 

 
CQ1 

 
CQ2 

 
CQ3 

 
CQ4 

Mass 
[tons] 

1 3.913 0.000 1.000 2.250 7.000 90 

2 1.666 0.000 0.427 0.961 2.989 30 

3 0.972 0.000 0.249 0.560 1.743 70 

4 0.526 0.000 0.135 0.304 0.945 20 

5 0.337 0.000 0.086 0.194 0.602 30 

                Total      240    

 
*)

  CQ3=2.25CQ2; CQ4=7.0CQ2  

 

It is assumed that the meteoric infiltration flow and the ascending flow qD caused by the D aquifer have zero 

chloride concentration. The flow qD value is given by the formula: 

 

qD = ( ϕQ - ϕD ) L0 k0 / m0 , 

 

where L0 is the HM area, k0 , m0 – thickness and permeability of the gQ aquitard. The real values k0, ϕD are 

not known. The HM basic regimes of Fig. 3 used ϕD =5.0 m asl, k0 = 2*10
-4

 m/day. For various modelling 

experiments, the value k0 were changed from 10
-4

 m/day to 8*10
-4

 m/day.      

 

Analysis of sanitation measures 
 

To consider main sanitation measures, four basic groundwater head distributions of Fig. 3 were applied. 

These distributions correspond to four HM versions used. 
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The version 1 describes the present state when no sanitation has been done (Fig. 3a). Due to intense 

infiltration flow caused by the open liquid waste pools 1, 2, 3, 4, the head ϕQ distribution contains the uplift 

area, beneath the pools. It follows from Fig. 2, Fig. 3a that only the ditches 1, 2 are collecting some part of 

contaminated groundwater. Its other part moves away from the uplift head area. Due to this phenomenon, the 

contaminated area continues to enlarge. The infiltration flow from the pools is dissolving the solid waste 

beneath them. Therefore within this area, contamination process of groundwater goes on. 

The HM version 2 (Fig.3b) simulates the conditionally undisturbed groundwater table when the waste  

pools are removed. The uplift area of groundwater table has disappeared. Due to this change, enlargement of 

the contaminated area is not expected, the dissolution intensity of solid waste will decrease greatly. Therefore, 

removal of waste pools is obligatory. However, the existing worn out drainage system is not able to clean the 

contaminated area. A large part of pollutants will pass out through the HM area northern border. 

The HM version 3 (fig. 3c) accounts for modernisation of the area drainage system: repairing of the magistral 

ditch MD and adding of the ditch DD that surrounds the most contaminated part of the deposit. The waste 

mound is covered with a watertight sheet that stops the meteoric water infiltration. To obtain the unknown 

important parameters k0 and ϕD , the well D reaching the D aquifer must be fixed up. Because the well D, as 

the artesian one, may provide some amount of water, the well should be located beside the ditch DD, as 

shown in Fig.3c. The above activities are the obligatory ones. Without performing them, no satisfactory 

sanitation of the place is possible.  

The HM version 4 (Fig.3) was applied to investigate effectiveness of the watertight wall W. Before 

considering details of this sanitation measure, it is preferable to consider the summary of groundwater flows 

for HM versions (Table 3). 
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Fig. 3. Distributions of groundwater head [m asl] applied for 

modelling of the area sanitation measures 

The infiltration flow is the largest one (43.24 m
3
/day), for the version 1 (open waste pools acting). After 

removal of the pools (version 2), the infiltration decreases (43.24→17.38) greatly. Blocking of infiltration 
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flow within the waste mound area results only in the slight decrease (17.38→14.87) of infiltration (versions 3, 

4). 

Values of the Devonian flow qD only slightly depend on the HM version. The flow through the HM area 

perimeter is negative for the versions 1, 2. It means that groundwater from the Q aquifer flows out of the HM 

area through its borderline. Even for the version 2, contaminated groundwater will pass out via the northern 

borderline. 

Table 3 
Summary of groundwater flows [m

3
/day] for HM versions  

(k0=2*10
-4

 [m/day]) 
 

HM version Nr. Flow 
type 1. 2. 3. 4. 

1. Infiltration 43.24 17.38 14.87 14.87 

2. From Devon 17.92 18.48 19.58 20.56 

3. Perimeter -26,16 -13.07 14.85 14.89 

4. Ditches -35.00 -22.79 -49.30 -50.32 

5. Total 0.00 0.00 0.00 0.00 

for version 4 -  ls=5*10
-6 

 [1/day]  

 

For the versions 3 and 4, the perimeter flow is positive and no contaminated groundwater can ran out through 

the borderline. It follows from Table 3 that the flow of ditches is considerably larger for the versions 3, 4. 

There contaminants can be carried out from the HM area only by the ditch MD.  

The flows of the versions 3 and 4 are practically identical. That means that the wall W only slightly affects the 

groundwater regime, if the ditch DD is performing rightly. 

The principal parameter of the wall W is its leakance ls= ks/ms [1/day] where ks, ms are permeability and 

thickness of the wall. If ls = ∞ then no wall exists.  

 

Table 4 
HM version 4. Groundwater head [m asl] within the encapsulated area 

 

k0         [m/day] ls   [1/day] 
10-4 2*10-4 4*10-4 8*10-4 

2.5*10
-6

 2.45 2.85 3.40 3.90 

5*10
-6

 2.15 2.45 2.85 3.40 

10
-5

 2.00 2.15 2.45 2.85 

2*10
-5

 1.90 2.00 2.15 2.50 

4*10
-5

 1.88 1.90 2.00 2.20 

 

Table 4 gives values of the groundwater head ϕQ, within the encapsulated area, when various ls and k0 values 

are applied. If ϕD>3.2 m asl then encapsulated groundwater will run over the wall top. This unexpected 

phenomenon is caused by the Devonian flow qD, within the polygon. If ls values are small (perfect wall) and 

k0 are large (stronger qD flow) then the wall stops to perform properly. For this reason, the decision about 

introduction of the watertight wall is possible only after obtaining real data about the Devonian flow 

(parameters k0 , ϕD).. 
 

 

Modelling of chloride wash out 
 

Modelling of the chloride wash out from the contaminated area was carried out by the MT3D program as a 

part of Groundwater Vistas. 

The main results of these numerical experiments are presented by the graphs Mcl (mass) and icl (intensity) of 

Fig.4, for the sanitation versions A, B, C, D (wall applied) and E, F (no wall). These versions have different 

combinations of the parameters ls  and k0  
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It follows from Fig.4 that during the first ten years, the graphs Mcl and icl are quite similar for all versions 

considered (Mcl =(45-65) tons; icl =(15-21) kg/day, when t=0). During this period, the wash out is rather fast, 

because the ditch DD then cleans mainly these parts of the contaminated zones 4 and 5 which are located 

outside the place surrounded by this ditch. It follows from the isometric concentration images of Fig. 5b 

(version A, t=25 years) that the above mentioned parts are practically clean in all HM layers Q1, Q2, Q3, Q4 .  
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Fig. 4. Wash out of chlorides versus time for the sanitation versions A, B, C, D, E, F 

After the first (10-15) years, the wash out gets slower, especially, for the versions A, B, C. In Table 5, the 

maximal concentration (in the zone 1, version A) is given versus time. Decrease of the concentration in the Q4 

layer is due to the assumption that the flow qD is clean.  
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Fig. 5. Sanitation version A. Isometric images of chloride concentration [kg/m
3
] versus time 

 

The water flow at the end point of the ditch MD (HM area western border), is at least 100 m
3
/day [2]. It 

follows from the graphs icl of Fig. 4 that the chloride concentration C there will never exceed allowable 

values. For any sanitation version considered, C=(150-200) mg/l, t=0; C=(50-100)mg/l, t=10 years. It is true 

even for the “fastest’ version F which during 100 years cleans the place (Mcl~240 tons, t=100 years). 

 

Table 5 
Version A. Contaminated zone 1. Maximal chloride concentration [kg/m

3
] versus time 

 

Time [years] Q planes 
0 2 10 25 50 100 

Q1 0 0.02 0.10 0.20 0.40 0.80 

Q2 1.00 1.03 1.20 1.45 1.90 2.10 

Q3 2.25 2.38 2.75 3.10 3.20 2.00 

Q4 7.00 6.69 5.60 4.00 2.30 0.70 

      k0 =2*10
-4

 m/day;  ls=5*10
-6

 1/day  
 

It follows from the graphs of Fig. 5 that only after passing 10-15 years the watertight wall may reduce the 

wash out intensity of contaminants (version A, B, C, D), especially, if the parameters ls, k0 are small (versions 
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A, B). However, the wall is not helpful during the first (10-15) years, when the wash out intensity reaches its 

maximum. Therefore, the need to introduce the wall is doubtful.  

It follows from Table 1 that the amount of the main contaminants is relatively small. For this reason, no in 

situ cleaning of contaminated groundwater is necessary. 
 

 

Results and recommendations 
 

Hydrogeological modelling has been performed, in order to evaluate sanitation measures proposed to sanitise 

the liquid waste deposit site “Cosmos” of the Jelgava town. The results of modelling confirm effectiveness of: 

removing open waste pools, blocking the meteoric water infiltration on the most contaminated area, appliance 

of the drainage ditch surrounding the place. 

Further field investigations are needed to evaluate effectiveness of the watertight wall. There is no need to 

perform in-situ cleaning of contaminated groundwater, because the total amount of dissolved contaminants is 

rather small.  
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SpalviĦš A., Šlangens J., Lāce I., Eglīte I., Šėibelis V., Mačāns A. Jelgavas pilsētas atkritumu izgāztuves 
„Kosmoss” teritorijas rekultivācijas pasākumu modelēšana  
Bijušā atkritumu izgāztuve „Kosmoss” atrodas Jelgavas pilsētas nomalē, Latvijā. Šī vieta netiek izmantota kā izgāztuve 
jau aptuveni 15 gadus. PiesārĦojums iekĜūst pazemes ūdenī un piesārĦotā teritorija turpina palielināties. Ir pieĦemts 
lēmums par pamestās izgāztuves teritorijas sanāciju. Izstrādāts plāns šī uzdevuma veikšanai. Lai izpētītu galveno 
sanācijas pasākumu lietderību, tika izmantota hidroăeoloăiskā modelēšana. Tika izmantota GROUNDWATER VISTAS 
(4. versija) sistēma vajadzīgo modeĜu izveidošanai un piesārĦojuma migrācijas pētīšanai pazemes ūdens plūsmā. Tika 
izveidoti četri secīgi hidroăeoloăiskie modeĜi, kuriem atbilst galvenie sanācijas etapi: pirms sanācijas, kad turpinās 
piesārĦotās teritorijas palielināšanās; pēc atklāto šėidro atkritumu dīėi aizvākšanas un infiltrācijas plūsmas bloėēšanas 
visvairāk piesārĦotajai centrālajai teritorijai; pēc centrālā teritorijas apjošanas ar drenāžas grāvi; pēc ūdens 
necaurlaidīgas sienas ierīkošanas. ModeĜu plaknes izmērs 800m×800m un tie ietver sešus modeĜa slāĦus (plaknes). 
Plaknes aproksimācijas solis ir 2.0 metri .PiesārĦojumu migrācijas modelēšana augšminētajiem sanācijas etapiem deva 
šādus rezultātus: piesārĦojumu dīėu likvidācija un infiltrācijas bloėēšana ir pirmais obligātais pasākums; jo tad 
izbeidzas cieto atkritumu izšėīdināšana, vairs nepalielinās piesārĦotā teritorija; drenāžas grāvja ierīkošana ir otrais 
obligātais pasākums, jo tad notiek teritorijas attīrīšana; ūdens necaurlaidīgās sienas efektivitāte ir atkarīga no ūdens 
plūsmas, kura nāk no Devona horizonta, kurš atrodas zem izgāztuves. Lai noskaidrotu šīs plūsmas intensitāti, 
nepieciešams ierīkot urbumu šim horizontam. Publikācijā ietvertā informācija var būt noderīga speciālistiem, kuri 
darbojas piesārĦoto vietu sanācijas jomā. 
 

Spalvins A., Slangens J., Lace I., Eglite I., Skibelis V., Macans A. Modelling of recovery measures for waste 
deposit “Cosmos” area of Jelgava town  
The former waste deposit area “Cosmos” is located in outskirts of the Jelgava town, Latvia. The area has been closed as 
an active deposit place for about 15 years. However, the process of waste spreading into groundwater continues and the 
contaminated area is enlarging. The decision has been made that the abandoned waste deposit site should be sanitized. 
A scenario has been developed for accomplishing the task. Hydrogeological modelling has been applied to simulate the 
principal stages of the planned sanitation. The groundwater Vistas (version 4) system was used for creating the 
necessary models and for investigating the waste migration in the groundwater flow. Four hydrogeological models 
representing the consecutive stages of sanitation have been developed: before sanitation when the contaminated area is 
still enlarging; after elimination of liquid waste pools and stopping the infiltration flow for the mostly contaminated 
central area of the site; after enclosing the central area with a drainage ditch; after enclosing the central area with a 
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watertight wall. The models have the size of 800m×800m and they contain six model layers (planes). The plane 
approximation step is 2.0 metres. Modelling of the contamination migration for these sanitation stages resulted in the 
following conclusions: removing of the open waste pools and blocking the infiltration flow is the first necessary action; 
dissolution of the hard waste bulk ceases and enlargement of the contaminated area stops; appliance of the drainage 
ditch is the second obligatory sanitation step; due to the ditch the polluted outside area also gets cleaned; effectiveness 
of installing the watertight wall strongly depends on unknown intensity of an ascending groundwater flow caused by the 
Devonian aquifer placed beneath the deposit site; a borehole reaching the aquifer should be produced to decide if the 
wall should be applied. The information provided by the publication may be useful for specialists dealing with cleaning 
of contaminated places. 
 

Спалвиньш А., Шланген Я., Лаце И., Эглите И., Шкибелис В., Мачанс А. Моделирование процесса 
рекультивации территории свалки «Космос» города Елгава 
Бывшая свалка «Космос» расположена на границе г. Елгава в Латвии и не используется в течении последних 15 
лет. Однако процесс загрязнения подземных вод продолжается, загрязненная территория увеличивается. Было 
принято решение о рекультивации этой заброшенной свалки и разработан план. Для оценки главных этапов 
плана, было использовано гидрогеологическое моделирование. Применялась система GROUNDWATER VISTAS 
(version 4) для построения необходимых моделей и исследования миграции загрязнений в потоке подземной 
воды. Построено четыре гидрогеологические модели, которые использовались для изучения главных этапов 
плана до рекультивации: когда загрязнение территории расширяется; после ликвидации открытых бассейнов 
жидких загрязнений, блокировка инфильтрации для наиболее загрязненной центральной части свалки; после 
построения канавы вокруг центральной части; после применения водонепроницаемой стены. Модели имели 
размер 800м×800м, и они содержали шесть слоев (плоскостей). Шаг аппроксимации на плоскости равен 2.0 
метрам. Моделирование привело к следующим выводам: удаление бассейнов и блокировка инфильтрации 
является первой необходимой мерой, построение канавы также обязательно. Эффективность применения 
водонепроницаемой стены зависит от интенсивности восходящего потока, порождаемого водоносным 
горизонтом Девона, который лежит под территорией свалки. Для определения интенсивности потока 
необходимо пробурить скважину на упомянутый горизонт. Публикация может быть полезна для 
специалистов, которые занимаются очисткой территорий. 


