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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]:
e clearing out of open liquid waste pools; covering the most contaminated central deposit area by a
watertight sheet;
e enclosing the central area by a drainage ditch;
e introducing a watertight vertical wall, to encapsulate polluted groundwater within the central
area;
e 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 m of the sandy
Quaternary Q aquifer is my=>5.5 metres, the permeability k, = 2.0m/day. Below the Q aquifer, the gQ aqultard
extends. Its thickness m, = 20 meters, its permeability k, = (10" — 8*10™*) m/day (the real value k, is
unknown). The gQ aquitard is bedded the Devonian D aquifer. Its piezometric head ¢p > @, (@, — elevations
of the ground surface rel). Unfortunately, the real value ¢p is unknown, because no monitoring well on the
deposit area reaches the D aquifer [1].

In Fig. 2. (taken from [1]), the 800mx800m 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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Fig. 2. Model area 800m x 800m with the contaminant zonation shown

Table 1
Parametres of contaminated groundwater zones
Zone Nr. Area Groundwater Dissolved substances [tons]
volume Chlorides | Organic Total Total
[ha] [thous. m3] carbon nitrogen | 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 800mx800m;
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the plane approximation step 4 = 2.0 metres; 3D approximation scheme was used;

the Q aquifer was divided into four parts Q,, Q», Qs, Qq; their thicknesses were mg; = 0.5m, mg,=
1.0m, mo3= 20m, mos= 20m,

six flat HM layers were used: Q;, Q,, Qs, Qq4, 2Q, D;

the layer 6 (D aquifer) served as the constant head boundary condition ¢p= 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 (Q;);

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

the porosity value n=0.2 was used for all HM layers.



Four versions of HM groundwater table distributions were applied (see Fig.3), to estimate effectiveness of the
main sanitation measures:
e Fig. 3a, the present situation (no measures taken);
e Fig.3b, the open waste pools were removed;
e Fig. 3c, the drainage ditch DD was applied; on the waste deposit central area meteoric water
infiltration was blocked;
e 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 M, = 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 i, [kg/day] of
other pollutant was estimated, as follows:

io = icl M() / 240

where M, — the pollutant mass [tons] dissolved in groundwater; i, - intensity of chloride wash out [kg/day]
obtained by modelling.

In the four Q layers, the initial chloride concentration Cy , is given by Table 2. It is assumed that Cp =0: in the
0, aquifer, in the zones 6, 7 of the Q, , Q; , Q4 aquifers. For the zones 1, 2, .., 5, 60

6Cp3=2.25Cpz; Cp=7.0Cy,. For the zone 1, Cp,=1.0 kg/m’. The initial concentrations Cy, of the zones, are
proportional to the chloride mass data of Table 1. The ratio Cp, / Cy, =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 Qy, Q,, Qs, Qq4
Zone Nr. Chloride concentration C, [kg/m’] ~ Mass
Mean [tons]
Co Cor Co: Cos Co4

1 3913 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

?) CQ3:2.25 CQQ; CQ4:7.0CQ2

It is assumed that the meteoric infiltration flow and the ascending flow ¢ caused by the D aquifer have zero
chloride concentration. The flow ¢gp value is given by the formula:

qgp=(®o-¢p) Loky/ my,
where L, is the HM area, k, , m, — thickness and permeability of the gQ aquitard. The real values ky, ¢@p are
not known. The HM basic regimes of Fig. 3 used ¢p =5.0 m asl, k, = 2*10™* m/day. For various modelling
experiments, the value &, were changed from 10 m/day to 8*10™* 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 ¢, 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 k, and @p , 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’/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 ¢p 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*/day] for HM versions
(k=2%10"* [m/day])

Nr. Flow HM version
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 - [,=5*10° [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 /= k/m, [1/day] where k, m, are permeability and
thickness of the wall. If /; = oo then no wall exists.

Table 4
HM version 4. Groundwater head [m asl] within the encapsulated area
I, [1/day] ky [m/day]

10* 2%10™ 4¥10™ 8%10™
2.5%10° 2.45 2.85 3.40 3.90
5%10° 2.15 2.45 2.85 3.40
10” 2.00 2.15 2.45 2.85
2*%10” 1.90 2.00 2.15 2.50
4*107 1.88 1.90 2.00 2.20

Table 4 gives values of the groundwater head ¢, within the encapsulated area, when various /; and k, values
are applied. If ¢p>3.2 m asl then encapsulated groundwater will run over the wall top. This unexpected
phenomenon is caused by the Devonian flow gp, within the polygon. If /; values are small (perfect wall) and
ky are large (stronger qp 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 kg , @p).

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 M, (mass) and i (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 /; and k;

23



It follows from Fig.4 that during the first ten years, the graphs M., and i, are quite similar for all versions
considered (M., =(45-65) tons; i,; =(15-21) kg/day, when =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, =25 years) that the above mentioned parts are practically clean in all HM layers Q;, Q,, Qs, 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 Q,

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

The water flow at the end point of the ditch MD (HM area western border), is at least 100 m’/day [2]. It
follows from the graphs i, of Fig. 4 that the chloride concentration C there will never exceed allowable
values. For any sanitation version considered, C=(150-200) mg/l, =0; C=(50-100)mg/1, =10 years. It is true
even for the “fastest’ version F which during 100 years cleans the place (M.~240 tons, =100 years).

Table 5
Version A. Contaminated zone 1. Maximal chloride concentration [kg/m3] versus time
Q planes Time [years]

0 2 10 25 50 100

Q: 0 0.02 0.10 0.20 0.40 0.80

Q, 1.00 1.03 1.20 1.45 1.90 2.10

Q; 2.25 2.38 2.75 3.10 3.20 2.00

Qy 7.00 6.69 5.60 4.00 2.30 0.70

ky=2*%10" m/day; [=5*10° 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 [, k, 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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Spalvins A., Slangens J., Lace L., Eglite 1., Skibelis V., Ma&ans A. Jelgavas pilsétas atkritumu izgaztuves
»Kosmoss” teritorijas rekultivacijas pasakumu modeléSana

Bijusa atkritumu izgaztuve ,, Kosmoss” atrodas Jelgavas pilsétas nomale, Latvija. ST vieta netiek izmantota ka izgaztuve
Jjau aptuveni 15 gadus. Piesarpojums iekliist pazemes uideni un piesarnotd teritorija turpina palielindties. Ir pienemts
lemums par pamestds izgaztuves teritorijas sandciju. Izstradats plans St uzdevuma veikSanai. Lai izpetitu galveno
sandcijas pasakumu lietderibu, tika izmantota hidrogeologiska modelesana. Tika izmantota GROUNDWATER VISTAS
(4. versija) sistema vajadzigo modelu izveidoSanai un piesarnojuma migracijas pétiSanai pazemes udens plisma. Tika
izveidoti Cetri secigi hidrogeologiskie modeli, kuriem atbilst galvenie sandcijas etapi: pirms sandcijas, kad turpinds
piesarnotas teritorijas palielinasands, péc atklato skidro atkritumu diki aizvaksanas un infiltracijas plismas blokésanas
visvairak piesarnotajai centralajai teritorijai; péc centrald teritorijas apjoSanas ar drendazas gravi; péc idens
necaurlaidigas sienas ierikoSanas. Modelu plaknes izmérs 800m>=800m un tie ietver sesus modela slanus (plaknes).
Plaknes aproksimacijas solis ir 2.0 metri . Piesarnojumu migrdcijas modelésana augsminétajiem sandcijas etapiem deva
Sadus rezultatus: piesarnojumu diku likvidacija un infiltracijas blokésana ir pirmais obligatais pasakums; jo tad
obligatais pasakums, jo tad notiek teritorijas attiriSana; iuidens necaurlaidigds sienas efektivitate ir atkariga no iidens
pliusmas, kura nak no Devona horizonta, kurs atrodas zem izgaztuves. Lai noskaidrotu Sis plismas intensitati,
nepieciesams iertkot urbumu Sim horizontam. Publikacija ietverta informacija var bit noderiga specialistiem, kuri
darbojas piesarnoto vietu sandcijas joma.

Spalvins A., Slangens J., Lace 1., Eglite 1., 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 800mx*x800m 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.

Cnaasunbii A., Hlnanren 5., Jlane U., Oraute U., Hlkudeaunc B., Mauyanc A. MoaeJinpoBaHue npouecca
peKyJbTHBaIMH TeppuTopun cBajku «Kocmoc» ropona Earasa

buiswas ceanxa «Kocmoc» pacnonoscena na epanuye 2. Encasa 6 Jlameuu u ne ucnonvzyemcs 6 meuenuu nocieOHux 15
nem. OOHaKo npoyecc 3aepasHeHusi NOO3EMHbIX 800 NPOOOINCACCS, 3A2PAZHEHHA meppumopus yeeauuugaemcs. bviio
NPUHAIMO peuleHue 0 peKyTbmusayuu dmou 3a0poweHHot ceanku u paspaboman naau. s oyenKu 21asHbix IManos
naana, O6vlIo UCHOIBL306AHO 2udpozeonozuieckoe modenupoganue. Ilpumensnace cucmema GROUNDWATER VISTAS
(version 4) ons nocmpoenus HeoOX00UMbIX Modenell U UCCAeO08AHUs. MUSPAYUL 3A2PSA3HEeHULl 8 NOMOKe NOO03eMHOU
600vl. [locmpoeno uyemvipe 2udpozeonozudeckue MOOenU, KOmopble UCHOIb308AIUCH O/l U3VHEHUs 2NAGHbIX IMANO08
RAAHA 00 PEeKYIbMUSAYULU: K020d 3a2ps3HeHue Mmeppumopu pacupsiemcs; nocie JUKeUOAyul OmKpblmuix 0Acceirogs
JHCUOKUX 3a2psi3HeHUt, DIOKUPOBKA UHGuUIbmMpayuu O1s Hauboiee 3a2psisHeHHOU YEHMPAIbHOU Yacmu C8AJKU;, NOCie
HOCMPOEHUsL KAHABbL GOKPY2 YEHMPAIbHOU YACMU, NOCIe NPUMEHEHUs. 86000HenpoHuyaemol cmemnvl. Modeau umenu
pasmep 800m*x800m, u onu codepaicaru wecmsv cioes (niockocmetl). Illae annpoxcumayuu na niockocmu pasern 2.0
mempam. Moodenupogsanue npuseno K cCreoylouum 6uleo0am: yoaneHue 0accelinos u OJ0KUPOKa UHGUIbmMpPayuu
5615€MCsl Nepoll HeoOX00UMOU Mepoll, NOCMmpoeHue Kanasbl marxdice obs3amenvho. DPpdexmusnocms npumeHeHus
B00OHENPOHUYAEMOU CMEHbl 3A8UCUM  OM  UHMEHCUBHOCTU BOCX005Ue20 NOMOKd, NOPOHCOAeMO20 B00OHOCHBIM
eopuzonmom [lesona, xomopwvii nexcum noo meppumopueli ceanku. s onpedeienuss UHMEHCUBHOCMU NOMOKA
HEobX00UMO NpoOOYPUMb  CKEANCUHY HA YNOMAHYymbil 2opuzoum. Ilybnuxayusi mooicem Ovimb  nojaesHa OJis
CReyuanucmos, KOmopbule 3aHUMarOmcs OYUCMKOU meppumopuil.

27



