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Abstract. This study presents non-reagent groundwater removal technology at precipitation of substances (iron, ammo-
nium and manganese) in sand filters of an experimental pilot plant (Fig 1). For experimental investigation the ground-
water of Pagiriai watering place (Kirtimai watering place junctions) in Vilnius city was chosen. The ground water from
this watering place does not meet the requirements of a satisfactory-quality class due to high concentrations of iron and
manganese. Experiments were carried out from Aug 13 to Oct 15 of 2003 with the aim of removing iron, ammonium
and manganese from groundwater subject to the depth of filters and rate of filtration. Groundwater was aerated and
filtered through three experimental filters at a rate of 10, 15 and 20 m/h. The results of the investigation show that the
concentrations of studied substances subject to the depth of filters are reduced. The investigated process of iron, ammo-
nium and manganese removal at the filtration rate of 10 m/h ensures water quality that meets the requirements for a
very high-quality class. Filtration of aerated water through filter 2 at 20 m/h rate does not ensure the concentration of
manganese in the outlet less than 0,03 mg/l. If sand media is not enough unriped for manganese removal (filter 3), the
concentration of manganese in the outlet does not ensure a good drinking-water quality class. For the mathematical
description of changes in average substance concentrations at typical points polynomials were used. In conformity with
this description it is possible to determine variation in concentrations of studied substances (iron, ammonium, manga-
nese) at characteristic points in the filter medium.

Keywords: groundwater, iron, manganese, amonium, average concentration, filtration, non-reagent technology, polyno-

mial, Mathematical Package Maple.

1. Introduction

A water engineer is often faced with a dual prob-
lem. On one hand, there is the need for a simple, stable
and low-cost water treatment which often means the
usage of groundwater. On the other hand, groundwater
varies in quality and can show slowly increasing con-
centrations of iron and maganese. With regard to grow-
ing potable water quality standards [1], Fe and Mn re-
moval from groundwater has become a problem of to-
day in Lituanian water works. New Lituanian Hygiene
Norms were prepared in November 1998. According to
the new NH 24 , Drinking-water indicator analysis, mea-
surement and using methods mandatory requirements®,
drinking-water has three quality classes [1]. Very-high-
quality water can contain no more than 0,1 mg/l of iron
and not more than 0,02 mg/l of manganese. According

to the monitored data about water quality in the com-
pleted analysis, only 3 % of Lithuanian waterworks have
the concentration of Fe < 0,1 mg/l and 39 % water-
works have the concentration of Mn < 0,05 mg/l in raw
water. Today there are about 100 iron and manganese
removals from groundwater facilities in Lithuania, but
the treatment has a low efficiency, and Fe, Mn concen-
trations remain the same. Manganese is one of the most
difficult elements to remove from groundwater [2—6],
so only a chemical treatment technology was used up to
now. Today the process of Fe, Mn removal only in new
Kirtimai, SereikiSkés and Antaviliai waterworks ensures
water quality that meets the requirements for a very high
quality class [7-9].

Lithuania needs to make a scientific study of iron
and manganese removal treatment and supply system.

Physical-chemical processes historically used to re-
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move iron and manganese from groundwater are re-
viewed and the problems typically encountered are dis-
cussed [10-11]. However, at present there is some in-
formation in technical literature about the possibility of
removing iron and manganese by non-chemical meth-
ods, thus reducing the groundwater treatment cost and
at the same time improving the quality of potable water
[12-14]. This kind of process is new not only in
Lithuania, but also in other countries, since its principles
were developed only in the last decade [7]. The results
of experimental investigations of Lithuanian scientists
[7, 8, 15] in Vilnius, Viriai, Kirtimai, Sereikiskés, Kaunas
Petrasitinai waterworks (1996-2002) show that non-re-
agent iron and manganese removal is an attractive pro-
cess for Lithuanian groundwater types. But capabilities
of the present technology are still not fully revealed and
the appreciation of the process optimization is relatively
new. There are no formulae to evaluate the depth of the
filter bed, when we have a desirable result of Fe, Mn
removal. T. Karosas, L. Puteikis on the assumption that
iron and manganese removal from water is a complex
process introduced calculation of the filter aggregate
height using the H. Kittner and L. Bohm formulas [16].
But the results of the experimental investigation show
that there is a considerable difference between the cal-
culated value and the experimental values giving the fil-
tration aggregate height. Experiments were carried out
with the aim of increasing knowledge and providing
answers to questions related to the process that takes
place in the filter bed while removing Fe and Mn from
aerated underground water by one-power filtration and
to suggest formulae to tally up extange of substance (Fe,
NH,, Mn) concentration.

2. Object and techniques

For the experimental investigation underground
water from Pagiriai watering place (Kirtimai watering
place junctions) of Vilnius was chosen.

The properties of raw water from this watering place
are like the properties of water from other Lithuanian
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watering places and meet almost all the requirements
except those for the concentration of iron and manga-
nese (Table 1). Indicatory analyte values of raw water
lead [3, 8] to remove Fe, Mn from water in one-step
filtration. Because manganese oxidation and consequent
precipitation was found to be strongly dependent on NH,
iron concentration in water, NH, removal from aerated
water was investigated too.

The pilot plant consisted of three 150 mm diameter
and 1800 mm high filters, a stream equipment, an aer-
ated water tank, a filtrate tank, an air blower, pumps,
connected piping, fittings and process instrumentation.
The filters 1 and 2 were filled with 0,71-2,0 mm quartz
sand medium. The medium of the filters was taken from
one of Druskininkai water treatment plants. Therefore,
the medium was active (for biooxidation) and had enough
microorganisms to remove manganese. Filter 3 was filled
with a new quartz sand medium. There were 200 mm
gravel layers following a sand bed in the filters. The
filters were provided with taps for water sampling at
different filtration aggregate heights (Fig 1).

Raw groundwater passing through the stream equip-
ment was supplied to filters. Aerated water was filtered
through experimental sand filters at a rate of 10, 15 and
20 m/h. The filter medium was backwashed once every
72 hours by raw groundwater for 10—15 minutes, back-
wash rate v = 40 m/h. The decision to backwash filter
medium only with water was taken in order not to dis-
turb iron bacterial growth. The head loss development
was recorded logging of data. Head loss in filters me-
dium was measured with the help of pressure gauges
installed on the filtration column. Filtration rate v (m/h)
was determined dividing aerated water yield Q (m3/h)
through the filter by the plan area of filter medium, i e:
v (m/h) = Q (m*h) / S(m?), when S = wd?. The values
of Fe, NH, and Mn ion concentration were evaluated by
the ,, MERCK* system ,,Aqua — quant™ tests. Concentra-
tion of dissolved oxygen in water was evaluated by
oximeter WTW Oxi 330/SET, pH and temperature were
measured by WTW gauge pH 325 — B/SET - 2.
The polynoms describing range concentration of

Table 1. Chemical analysis of raw water at Kirtimai waterworks in Vilnius

Data Water quality indicators
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substances (Fe, NH,, Mn) in filtered water were calcu-
lated by the Mathematical Package Maple.

3. Experimental results

Investigation at the site, i e in Kirtimy watering
place experimental stand, and the operation of the ex-
perimental pilot plant were started on 13 August 2003.
Raw water was supplied and filtered through all the three
filters at a filtration rate of 10 m/h. The effect of iron
was observed on the same day. The concentration of
iron 0,1 mg/l in filtered water was evaluated in tap 4 (at
a 1,4 m filter bed depth). Manganese oxidation and re-
moval were not so efficient. For the first time the con-
centration of Mn in filtered water (taps 6) from filters 1
and 2 was 0,02-0,03 mg/l. Filter 3 loaded with fresh
quartz sand medium was got unriped for manganese
removal and less (concentrations of 0,1 mg/l Mn and
0,1 mg/l NH, in filtered water from tap 6) effect was
achieved. Good results of iron removal can be explained
by physical and biological processes when there is 6 mg/
1 concentration dissolved oxygen in aerated water from
tap 1 and 11 mg/l O, in filtered water from tap 6 (pH =
7, 5). There is information in technical literature sources
[8, 12, 15] that sand filter medium must be enough ma-
ture for Mn removal from water (during 3 months).
Therefore, the concentration of manganese was 5 times
higher in filtered water from filter 3 than the require-
ments for water of a very high quality [1]. Since 20 Au-

gust, when in raw water there were 0,7 mg/l Fe, 0,2
mg/l Mn and 0,45 mg/l NH,, filter 1 was working with
filtration rate of 10 m/h and in filtered water from tap 6
concentrations of Fe, Mn and NH, ensured water qual-
ity that was equal to the class of a very high quality.
The filtration rate of filter 2 increased up to 20 m/h. In
the filtered water from filter 2 (tap 6) 0,02 mg/l Fe and
0,03 mg/l remained. There was still too much Mn and
NH, in filtered water from filter 3.

Since 25 August filtration rate of filter 1 elevated
to 15 m/h, and since 29 August — to 20 m/h. The ex-
perimental data of substance concentration changes show
that in filtered water from filter 1 0,1 mg/l Fe and 0,01—
0,03 mg/l Mn was left. It could be explained that the
process of Fe, Mn and NH, removal from water became
steady. Removal of Mn in filter 3 medium improved at
the end of September. There were < 0,1 mg/l Fe, 0,05
mg/l Mn and 0,06 mg/l NH, in filtered water (tap 6)
from this filter. During measurements head loss in filter
media increased by about 1,2 m (with filtration rate of
10 m/h) and by about 3,5 m (with filtration rate of
20 m/h).

4. Treatment of experimental results

Experimental investigation was carried out during
two months. The concentration of substances (Fe, Mn ir
NH,) was established 11 times in raw water, in the taps
of 3 filters and in filtered water.
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Fig 1. Scheme of experimental pilot plant principle: 1 — an underground raw water main; 2 — incision in to water — main; 3
— raw water supply; 4 — flexible pipe; 5 — streams equipment; 6 — a roundabout line; 7 — aerated water tank; 8 — aerated water
feeding pump for filter models; 9 — aerated water distribution line; 10 — water feeding pipeline for filter models; 11 — a
filtrate pressure pipeline; 12 — a filtrate pipeline; 13 — a backwash discharge pipeline; 14 — a filtrate tank; 15 — a water level
relay; 16 — overflow pipes; 17 — a filtrate pump; 18 — a backwash supply pipeline; 19 — backwash valves; 20 — a backwash
discharge; 21 — an air blower; 22 — a rotameter; 23 — a pressed air pipeline; 24 — water sampling taps; 25 — pressure gauges;
26 — water and sand sampling taps; 27 — gravel layers; 28 — qartz sand bed
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It is possible to show changes in three substances
concentration at the typical points of filters and in raw
and filtered water (Fig 2). So at present only average
concentration is presented in this paper (instead of 33
graphs). Average concentration at typical points is:

_ 1k
ngl.m,

(M

where ¢, — concentration of substances at typical points,
m, — probability at recurrence of concentration; n — num-
ber of days; k — number of different values of concen-
tration.

The averages of the concentration of substances (Fe,
Mn ir NH,) are described in Table 2. Changes in the
average concentration of the substances at typical points
(raw water, taps of filters, filtered water) with depth are
presented in Fig 2. We can see from the graph that all
the three filters are operating in a similar way, the aver-
age concentration of the substances under study depen-
dent on the depth of filters is decreasing.

It is possible to describe mathematically the aver-
age concentration of substances C at typical points us-
ing polynomials:

. @

n .
C(X)=ay +yX+..+a,X = 2 a;jX
j=0
where at a, #0, n — non-negative whole digit, named

of one — variable x n-th degree polynomial.

a3, (j=0,1,...,n) consequently polynomial ¢(x) mul-

tipliers and multiplier &, — consequently general multi-
plier. The digit n — consequently degree of polynomial
¢(x) and marked deg(c).

With the aim of using the polynomials mentioned
above, we will make use of Mathematical Package Maple
[17, 18]. Maple — one of the best mathematical pack-
ages, computer algebra (symbolical and analytical) scale
of notation. Having a few thousand of various opera-
tors, Package Maple allows us to do sums algebras,
mathematical analysis, differential equations, statistics
and many other ranges of problems.
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Fig 2. Average concentration of substances (Fe, Mn, NH,)
in the filters:
0,00 m — raw water; 0,15 m — tap 1; 0,50 m — tap 2; 1,20
m — tap 3; 1,40 m — tap 4; 1,60 m — tap 5; 1,90 m —
filtered water

Table 2. Experimental data of substances (Fe, Mn, NH,) in the filters by days

Average substance concentration (for 11 days), mg/l
Depth, m Filter 1 Filter 2 Filter 3
(number of tap)

Fe Mn NH, Fe Mn NH, Fe Mn NH,
0,00 (raw water) 0,89 0,34 0,57 0,89 0,34 0,57 0,89 0,34 0,57
0,15 (tap 1) 0,78 0,30 0,46 0,67 0,29 0,45 0,72 0,28 0,49
0,50 (tap 2) 0,59 0,27 0,36 0,48 0,26 0,37 0,55 0,24 0,40
1,20 (tap 3) 0,24 0,09 0,26 0,28 0,15 0,28 0,27 0,19 0,31
1,40 (tap 4) 0,12 0,04 0,16 0,14 0,09 0,20 0,12 0,13 0,23
1,60 (tap 5) 0,06 0,03 0,10 0,06 0,05 0,14 0,06 0,07 0,10
1,90 (filtered 0,02 0,02 0,09 0,04 0,04 0,11 0,03 0,06 0,09
water)
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The polynoms are presented in Table 3.

With the aim of deciding which filter from the
three ones operates more efficiently, Fig 3 is presented.
We can see average concentrations of substances (Fe,
Mn ir NH,) in filtered water, and filter 1 worked better
than filters 2 and 3. In filtered water from this filter the
concentrations of substances are the lowest. Fe and NH,
concentrations are the higest in the filtered water from
filter 2, and Mn — in filtered water from filter 3.
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Fig 3. Average concentration of substances after filtration

Filtered water from filter 1 ensures quality that
meets the requirements of a very high quality class (in
filtered water Fe < 0,1 mg/l, Mn < 0,02 mg/l, NH, <
0,5 mg/l). Water from filters 2 and 3 meets the require-
ments for Fe and NH, concentration and does not meet
the requirements for Mn concentration.

Frequency of average concentration of substances
(Fe, Mn ir NH,) after filtration is presented in Fig 4.
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Table 3. Polynoms describing concentration of substances at characteristic points of filters with depth

Polynom describing concentration (mg/l ) of substances (Fe, Mn, NH,) at characteristic points of
Substance filters with depth (where x — depth of characteristic points)
Filter 1 Filter 2 Filter 3

Fe Fe=0,89-0,65x— Fe=0,89-1,68x + Fe=0,89-116x—
—1,67x% +5,02x% - +0,95x% +4,39x% - —0,74%% +7,46%° -
—6,54x* +347x° - —7,61x* +4,27x° - —10,85x" +5,95x° —
—0,65x° -0,80x° -113x°

Mn Mn = 0,34-0,36x+ Mn = 0,34—0,44x + Mn = 0,34—0,51x +
+0,63x% +0,01x° — +0,69x% +0,10x> — +0,76x> —0,07x° -
~1,26x* +1,04x° - ~1,00x* +0,76x° — —0,55x* +0,30x° —
—0,24x5 —015x® ~0,04x5

NH, NH, = 0,57 -0,74x— NH, =0,57-100x+ NH, =057-0,77x+
—057x% +5,08x3 — +1,29x% +0,70x% - +213x2 —4,55x +
—6,96x" +3,62x° — -2,42x* +1,50x° — +532x* —2,99x° +
-0,66x° -0,29%x° +0,62x°
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5. Conclusions

1.As we can see from the results of experimental
investigation (Table 2 and Fig 2), the average concen-
tration of studied substances subject to the filter depth
is decreasing.

2.The investigated process of iron, ammonium and
manganese removal at the filtration rate of 10 m/h and
15 m/h ensures water quality that meets the requirements
of a very high quality class when the filter medium is
unriped for Mn removal.

3. Filter 3 was well-stocked with fresh quartz sand
medium which was not active, and good manganese re-
moval results were not obtained during two months.

4. Filtration of aerated water through filter 2 at the
20 m/h rate does not ensure the concentration of man-
ganese in the outlet lower than 0,03 mg/l.

5. For the mathematical description of changes in
average substance concentrations at typical points, poly-
nomials were used. In conformity with such a descrip-
tion it is possible to determine the concentration varia-
tion of studied substances (Fe, Mn, NH,) at characteris-
tic points of the filter medium.

6. Filtered water from filter 1 is of the highest qual-
ity (concentration of all the substances is the lowest).
Concentration of Fe and NH, is the highest in water
from filter 2 and that of Mn — from filter 3 (Fig 3).
Filtered water from filter 1 ensures quality that meets
the requirements of a very high quality class (in filtered
water Fe < 0,1 mg/l, Mn < 0,02 mg/l, NH, < 0,5 mg/l).
Water from filters 2 and 3 meets the requirements for
Fe ir NH, concentration and does not meet those for
Mn concentration.
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MEDZIAGU KONCENTRACIJOS VANDENYJE
KITIMO, KOSIANT KOSTUVAIS, EKSPERIMENTINIS
TYRIMAS

A. Salteniené, O. Prentkovskis

Santrauka

Tiriama bereagenté priemaisy (gelezies, amonio bei man-
gano) valymo i§ poZeminio vandens technologija, kai priemai-
Sos sulaikomos eksperimentinio stendo smélio kostuvuose. Eks-
perimentiniams tyrimams pasirinktas Vilniaus miesto Pagiriy
vandenvietés (Kirtimy vandentiekio mazgo) pozeminis vanduo.
Sios vandenvietés pozeminis vanduo neatitinka labai geros kla-
sés geriamajam vandeniui keliamy reikalavimy dél per dideliy
gelezies ir mangano koncentracijy jame. Eksperimentai vyko
2003 08 13 — 2003 10 15 laikotarpiu. Tirti gelezies, amonio bei
mangano S$alinimo i§ vandens rezultatai priklausomai nuo kos-
tuvy uzpildo gylio bei koSimo grei¢io. Pozeminis vanduo buvo
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aeruojamas ir koSiamas trimis eksperimentiniais koStuvais 10,
15, 20 m/h greiciu. Kaip rodo eksperimentiniy tyrimy rezulta-
tai, tiriamy medziagy koncentracija vandenyje priklausomai nuo
kostuvo uzpildo sluoksnio gylio mazéja. Tiriant gelezies, amo-
nio bei mangano Salinimo koSiant vandeni 10, 15 m/h grei¢iu
(1-asis kostuvas) rezultatus, pastebéta, kad iskosto vandens ko-
kybé atitinka labai geros klasés geriamajam vandeniui kelia-
mus reikalavimus. Kosiant aeruota pozemini vandenj 2-uoju eks-
perimentiniu kostuvu 20 m/h greiciu, nepavyko pasiekti, kad
iStekan¢iame vandenyje mangano koncentracija biity mazesné
nei 0,03 mg/l. Tre€iojo koStuvo naujas smelio uzpildas néra
pakankamai brandus manganui Salinti, iSkostas vanduo pagal
mangano koncentracija neatitinka geros kokybés klasés geria-
majam vandeniui keliamy reikalavimy. Medziagy (gelezies, amo-
nio, mangano) vidutinés koncentracijos budinguosiuose kostu-
vo taskuose kitimui matematiSkai apraSyti taikomi daugiana-
riai.

RaktaZodZiai: pozeminis vanduo, gelezis, manganas, amonis,
koSimas, vidutiné koncentracija, bereagenté technologija, dau-
gianariai, matematinis Maple paketas.

SKCIHEPUMEHTAJIBHBIE UCCJIEJOBAHUSA
M3MEHEHMUA KOHHEHTPAIIMU BEHIECTB B BOJE
BO BPEMS ®UJIBTPOBAHUSA

A. lMaabrsinene, O. IIpeHTKOBCKUIt

Pesmome

Hccnenyercst TexHONOTUst Ge3peareHTHONH 00paboTKU Moj-
3eMHBIX BOJ, KOTJa MpuMecH (Kene30, aMMOHUI W MapraHel)
YHAJISIOTCS U3 BOAB! (QHIBTPOBAHUEM 4epe3 IecyaHble (UIIbTPbI

SKCIIEPUMEHTAJIbHOIO cTeHAa. Jlisd sKCIepUMEHTalbHBIX
HCCIIEIOBAaHUIN HCIIONB30BaIach Moj3eMHast Boja [larupsiickoit
BojonpoBogHoi cranmuu (Kuprumalickuii BOZOIPOBOIHEIH
y3end). OTa mozi3eMHasl BOJa HE COOTBETCTBYET TPeOOBAHUSIM,
HpeabSIBISIEMBIM K IHUTHEBOH BOAE OTIMYHOTO Kiacca, M3-3a
CJIMIIKOM OOJBIINX KOHIIGHTpaUUi jkene3a W MapraHia B HeEw.
OKcIepUMEHTAJIbHBIE UCCIIEOBAaHMS MPOBOAMINCH B NEPHON
13.08.2003-15.10.2003, uccnenoBaics mpolecc yAaleHUs U3
BOJIBI JKeJIe3a, aMMOHHS M MapraHIia B COOTBETCTBUH C ITyOHHOM
TecYaHON 3arpy3ku (QIMIBTpa W CKOPOCTHIO (DMIBTPOBAHUS.
Tlocne aspamuu momg3eMHas BoAa MOAaBanach TpeM (uibTpam.
OunpTpoBaHHe MPOUCXOAWIIO Ha ckopoctsax 10, 15, 20 m/u.
Pe3ynbpTaThl HMcciefnoBaHUN IOKa3aldd, YTO KOHLEHTpAIuUs
npuMecell B BOAE yMEHBINAETCS B 3aBUCHMOCTH OT IIyOWHEI
TIPOXOUMOH TrecyaHoit 3arpy3ku. [Ipu ¢usTpoBanum Boxs! co
ckopocteio 10, 15 M/4 3aMedeHo, 4TO XKele3o, aMMOHUH U
MapraHel] YCTPaHSIOTCS M3 BOABI JO TaKOW CTENEHH, UTO
Ka4ecTBO (DMIBTpaTa HAYMHAET COOTBETCTBOBATh TPEOOBAHUIM
K NHUTHEBOM BOAE OTIMYHOrO Kiacca. Ilpu QuiapTpoBaHNH
a3pUPOBAHHOW BOIBI 4Yepe3 2-i JKCIepUMEHTANBHBIA (QuiIbTp
co ckopocteio 20 M/4 He YHaJIoCh IOMYYUTH KOHIIEHTPAIHH,
meHpmmx deMm 0,03 mr/a. [ns ycmemHoro ymaieHus MapraHia
HOBAas IecyaHas 3arpys3ka QUiIbsTpa JOJDKHA CO3PETh (B GHIbTpe
3). Iloxa 3Toro He MPOM3OILIO, BOJA MO KOHIEHTPAIUU
MapraHiia B Heil He COOTBETCTBYET TPeOOBaHMSIM, HpEIbsBiIsie-
MBIM JaXe K HUTheBOH Boje xopomero kinacca. C Lebio
MaTeMaTHIeCKH OIHCaTh W3MEHEHHE KOHICHTpAIMH HCCIemye-
MOTO BEIIECTBA B XapaKTEPHBIX TOUKAX (PHIIBTPA HUCIIONB3YIOTCS
nonuHOMBIL. C TIOMOIIBIO TaKUX OMHCAHHH MOXKHO OIPEIETIHThH
HU3MEHEHHs] KOHIEHTpPAILlMM HCCIeAyeMbIX NpHuMeceil (okenesa,
aMMOHHMSI U MapraHlia) B XapaKTepPHBIX TOYKax (HIBTPA.

KiioueBrble ciioBa: moJ3eMHasi Bojia, JKeje30, MapraHell, aMMo-
HUM, CpemHss KOHIECHTpanus, QUIbTpOBaHUE, Oe3pearcHTHas
TEXHOJIOTHSI, TIOJIMHOMBI, MareMaTHYeckuii maket Maple.





