'E4  GROUNDWATER AND SOIL -
B¢ Geochemical atlas p.roj ect for soil and groundwater

The samplmg pomts of sorl and ground. water 1n Geochemrcal Atlas of Slovakta are shown in. o

o Map E.4-1 and E. 4-2 Regardmg groundwater qualrty, Map EA4-3 4 5,6 and7 show comparlson

between the result or this progect and the drmkmg water standard ( STN 75 711 1) for ma_lor
indicators of groundwater pollutlon such as NO3 NH4 As Cd and Pb. '

(2) bHMU groundwater momtormg

- The momtonng pomts of groundwater quahty by SHMU is. shown in Map E 4 8 Further long- .
'_'term change m groundwater quahty was analyzed based on the followmg formula for each

- elements These results are shown on the Frgure E4-1 2 3 4 5 and 6.

cfi= Cai/Chi-1
where- - _ ;
Cfi: eontammatron factor of i component =
© Cai: anallytleal value of the i-th component _ _ : _
Cni: value of the 1—th component permrtted by Slovak Standard

' (3) Groundwater analysrs methodology

- To explam methodology of groundwater analysrs ﬂow chart is. shown in. Frgure E. 4—7 As the _ E

essence of the analyms groundwater vulncrabrhty analysrs was conducted

' ._ (4) Prlorltlzatlon of Publlc Water Supply Connectmn Development _

| Pubhc water supply (PWS) connectlon rate in Ba,nska Blstnca Krej is relatrvely hrgh at more: : '_1 -

o than90% However PWS connectlon rate m Nltra kraj is rclatrvely Iow at around 70% Most of S

the households whlch are not connected wrth PWS use shallow groundwater from therr own well _ L '

- Te supply clean drmkmg water for every house by lmprovement of PWS connectron rate i the -

whole area is hrghly recornmended The: pnonty and urgency of the PWS development shall be _. N

judged based on the followrng 4 factors

1) PWS eonnectlon ratc (P) o
: 2) Current groundwater quahty condrtron ©
) Groundwater quahty changc wrth tine (G)



) Vulnerability for groundwater contamination (V)

The atea which PWS 'eonoectio'n rate is low, groundwater condition is bad, groundwater quality is
| gomg bad and vulnerabxhty is high, ehall be given high pnorlty for the 1mprovement of PWS
connection rate. As an example prlority for the PWS connection 1mprovement for each Okres
- was calculated by usmg followmg formula Ratmgs varymg from 1 to 10, are intended to reﬂeet

the condmon of each factor.

. Priority rate = P+C+G+V
"The calculation result is shown' on the" Table E-4-1 Priority for Fublic Water Conneetion Rate
Improvement As shown on thlS table Okres Leviceand Nove Zamky is rated bad and priority for

:.PWS connectlon 1mprovement is hlgh On the contrary, Okres Brezno and Revuca are rated good

~ and pnonty is low

ThlS example was conducted for each Okres levels but thls methodology can be apphed for each

= Obec levels The rate for each faetor in each Obec levels can be estlmated from same figure above

- and pnonty can be Judged by the same method In this Study, GIS spaenal analysm techmque was
. -:not used for this calculation but these ﬁgures shall be glven by dlgltal forms. The estxmatton of
each factor can be calculated by usmg thiS GIS spac:al analy51s techmque '

. . _ Pri(')rity for Pu_bl_lc'Watct:Conﬁectio'n.Rate Imp.rovetnent

TableE4 l
PWS Cugtent Groundwater | Vulnerability = | Rating Priotity
Connection . |.groundwater . | quality change | = . - ) B S
sl Rate - ' 'quallty_ withtime : ‘ :
Bremo ..o |40 5.0 |4 43 16 - | Verylow
| Banska” i g 4 2 14 | Middle
Bistrica : o : .
Zvolen 3 3 3 1 10 High .
Revuca 3 5 3 15 B EE Very Low
Detva 3 3 3 T3 112 Middle
Banska | 4 2 3 7 T High
Stiavnica - . 1 . . o :
Ziar-  mad|4 3 3 3 13 Middle
Hroniom . S .
Zarnovica - 4 13- 3 4 4 - JLow
Zlate Molavee. 1 1° 4 3 S 12 -0 0 [ Middle _
Lev1ce L 2 2 :25._ 1 7 Very High -
Nove Zamky 3 2 2 i 8 Very High
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Rating table

<Connection rate> . <Groundwater quality> .- <GW quality change> <Vulnerability>

100% ;5 Veygood:5 . Goingwall . . 5 . VéryLow:$ :
90-99% :4 E Good' 4 B Slightlygoiugwell 4 . L:o_w: 4
80-%0% i3 Moderte:d . Stble 3 Moderate : 3
C0-8%0% (2 B_ad" S o Shghllygomgbad 2 _' _High_ 12
.loss than70%: 1 - _Very bad ) SR : o Going bad ‘: 1 | _' Very Iligh: 1 |

© (5) Condition of Old Miming Areas

| Baska Sifeis

;Banska Stravnroa and surroundrngs are the hrstorrcal mmrng area havrng hrstory of more than

1000 years The main mrneral sources 1n thrs area are Au, Ag, Pb Zn Sb and Cu These mrnerals -

Care produced from ore of sulﬁde carbonate and ox1de Most of. the mlnmg was stopped in the

bogmmng of 90~tres and only one mrnrng works has been contmued in Banska Hodrusa There 1s "

- many patchy mformatron about sorl and groundwater quahty eontammatron in thrs area Hrghly.

polluted soils by heavy metals (Pb Zn Cd, As and Se) and high acrdlc sorls area found to be

N -drstrrbuted in the Alluvral so1ls in thrs dlstrlct (Ref to 16—6) Very ngh concentratlon of Zn 'Cd _

' and Pb was found in the nver sedlments (G?SR data) Very strongly ac1d water came out from

. some dumps However rnam groundwater d1scharge to the Hron nver through tunnel from the '

_ central mmlng area is pH—neutral and dose not contaln heavy metal Further many old dumps can

* be found in thrs area (some one is recorded some gne can only drstlnguxshed from topographre _' Do |

features) but many old dump sité has been covered by green and can be dlstlngulshed shght plant :

drfference from other s1te

-There was big antrmony mine and smeltmg factory in this area. The mrnrng act1v1ty has beenﬂ-:‘

~stopped alrcady In this site some study was eondueted and sorne contammatron by As znd Sb '

. was found in soil and groundwater

Jﬁpaxallolma_andLubwtm

Spanra Dolma is a hrstoncal mme from 15 centurres but act1v1ty has been stopped already The' _ :;' |
main products of hrs mme 1s copper The dump in thls area lS very blg because more than 500'_5 :

years matenal has been accumulated However efﬂuent from this dumpmg srte shows relatrvely' .

lugh alkahne and eleetrreal eonductlv1ty around 10 OOOpsfcm In other countnes miost of the

mine efﬂuent shows very hlgh aeld and it is most hannful matter for the surroundmgs However

E-40 3
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" in the study area, only few effluent shows high acidic There may be only little sulfide in the ore
in the study area, it may be the reason of the acidity of effluent from mmmg dump. Lubictova is
 also the old historical mine from 15 centuries and it was the one of typtcal mining site m the
western Ca:rpatrans Howaver also this mmmg was closed now. The main products of the mine ig
copper too. It is said that around 2 % of copper has been remain in the mining dump On the
-~ surface of the stone near the dump, some green copper mineral can be found. The concentration

of its copper was not clear but it may cause some pollut1on for the surface water and groundwater

B4l
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fINDICATOR 7 EVALUATION WAP] .

G¥ Contamiration Map
Evaluation’ Map (all elements exceed
standard)

- Pollution Index Map (elements related

<ata source>

‘Geochemieal Atlas Data

‘pallution source)

- Ete. (Gas station etc)

o ‘ _VV
Pollution Source Map
- - Mining - Dlg:tal geologxcal map
- Ore deposit - - Mineralogical map
Factory (selected. by gloundwatel related | - Data from My Lyba
source) ] . - Land use map
- Aguculture - Siatistic data
- Land fill - i

. GROUND’IATER UT I Li ZATIUN MAP
Location of the well and spring
Connectlon 1ate of PWS ({each nbec)

State Health Institute data
"Land {ill suitability map

v

Quahty of spnng and borehole (SHMU)

- - Drinking water quality for each obec(SZU) :

| Pubhshed study paper

[ POLLUTTON MECHANISH.

‘ Character of each pol]utmn source (ole depuSIt Juine,

factory)

' Smi character (absmptmn pI—I etc)

HENATIC NAP MAKING

ENDANGERED MAP

Shall be pxepared based on the GW quahty
evaluation map consndenng GW utilization,
pollution soiirce ete. -

vULuERAﬁlu_TY‘hAP
(DRAST | CNMETHOD)

" ® DSM: digital soil map

Permeability of the ground (DGM)

-Continuity of the ground (DGM)-

Groundwater level (BDB) e )

Absorption character of the ground (DGM)

Inelination of the ground surface (DTD) "~ . '
Average groundwater recharge (DTD and ramfall data)
‘Swiface soil eharacter (DSM) '

*  DGM' digital geological niap
¢ DTD:digitalized topography

® BDB:borehole data base

PRIORITAZATION N
1 Utilized, endangered, . _ 1
vulnerable ‘ o] 2

MONITORING .

Addmonal momtunng pom(‘.
Add1t1ona1 momtormg item-

RECOMMENDAT ION”
l ‘Area pmtectmn - s
1) Utilized, vulnexable

2 Utilized, endangered, not- ~ 2) Not-utilized, vulne1able
vulnérable - s 2 Pollutlon contwl
3 Utilized, not-endangered,
.. vulnerable )
. R
Figure E.4 -7 Flow Chart for Groundwater Analysis Methodorogy

E-Sg.
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E6 WATER QUALITY NUMERICAL MODEL
1. OiPTLINE OF THE MODEL

A water quahty srmulatton model for BOD h'rve been estabhshed based on the followmg

' equ'tuon whreh isa modll‘rcatron of the Phelps equatron

Ll= IJ— 2 -
( Kr)exp( K,
. Where,

L Ultimate) BOD (mg/l)

Subscripts
u: “Value-at an upstream pomt
i Valueata downstream pomt ‘
" K:  BOD dtmmuttorr rate of river water (/day)
C(EKHK) ' : :
K;: Diminution rate assoctatmg the consumptron of. drssolved oxygen (/day)
K;: - . Diminution rate mcludrng sedtmentatlon wrthout consumptron of . drssolved _
~ - .oxygen (/day) - '

La:' - BOD supphed frorn the rrver bed (mg/l/day)

It is dtffrcult to apply the above equatron dlrectly for water quallty srmulatton of a rrvcr havmg
many inflows from tnbutarles and drams that frequently mcrease the rlver ﬂowrate Smce the -
“above equatron can be only apphed to a reach wrth a constant flowrate many reaches have to -

- be deﬁned in accordancc wrth such mﬂows :

- To srmplrfy and to establrsh a concrete srmulatron model 1t is assumed lhat there are many'
_ water flows iri a reach. - Thcse water ﬂows consrst of a basrc flow from an upper reach, mflows '
.from trrbutarres and drams and mflow/outflow of subsurface water that have constant B
flowrates. ' BOD concentration (L) cab be mterpreted as the pol]uuon load on lhe basrs of such', |
: assumptrons Polluuon load of the base flow decreases as 1t flows down to a lower end of the ..

* reach. Thls ch'tnge can be srmulated by the above equatron Flowratcs and pollutron loads of |

water flows are summed up separately for the reaoh Fmally, the summed polluuon load is o

B drvrded by 1he summed ﬂowrate o ohtam a water qualrty value at the lower end of lhe reach
The'concept of the _above—menti'oned me_th_oc_l for the BOD simulation mo_del is des’cribedhelow. _

Rrver ﬂowrate Q ina reach "n" is describe_d by the following equ_ation. o



0, =0+ 2(Q+QO, Ql,)

o - ZQ,,

. Where, :

Q- Rrver flowratem a reach "pt -
" Qq: - River flowrate at the upper end of whole reaches
Q; - Total flowrate of inflow tributaries in reach "
. Qij: - Flowrate of inflow tributary "j"-
m: - Numbér of tributaries in reach "i" -
Qu:  Flowrate of inflow subsurface trlbutary "
: Q,, . Intake volume in reach "i"

Pcllutron load run- etf L, in reach "n" is descrzbed by the fo!iowmg equatron.

L, L,,lexp(—K t)+2 Ly exn( K,.,t,,,)%Lo,,ﬁ—L;,, W
Where ' - .

[ R Pollutron load. run-off (ultrmate BOD) in reach "n“ :
L;i: * Pollution load of run-off (ultimate BOD) in reach "n- 1)
L,;: - Pollution load of inflow tributary "]"
SR Flow time in reach "n" "
“t,;: - Flow time from the mflow pomt "j" to-the lower end of reach "n"

tnj = dnj / vn

. Where, .

R Flow Iength between 1nﬂow pcmt i and the lower end of reach "n"
A Average ﬂow velocny in reach "n"

j K, . _BOD dlmmutron rate of r1ver water in reach "n"

K, =KL+K5 |

- V‘Where
K, : _' Deoxygenanon coetfrcrent N - :
K '+ Diminution rate mcludmg sedlmentatlon wrthcut consumpuon

_ of dissolved oxygen

L LD; : -Pollutlon load of 1nﬂcw subsurface water in reach "n"
"Lyt Pollutlon load of intake volume in reach "n" :



Then, river water quality in reach "n" is estimated by the following equation.

C,=L,10,

Where, :
C: - Coneentratlon of BOD (uultlmate BOD) in reach "n"
. . . . QO:LOI
_ I thu. .
[\\\\\\\\\\\\\\\\\\\3Q\\\\\\\K\ \\\\\\ \\\\\\\ﬂ
co : Gs—i e o { : Qitt §- :
Res_ch_i ) Reach({—t) Raa.;,;qi .. ?._ . Réﬂ{(;ﬁ) 4 ., .._-;_Réaéﬁn
e | e : _cs - |:_>V'.' c|+1 Con
_ B v Y
' l’//f///////////////////////f///f/f/f,//////f/ /// ]
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. Figure B6-1 Coocept of Modenin'g
_ Based on the above concept the study team slmulated the annual average BOD concentranon ot
~ the Hron River in 1996 IR '

2. MQDELDEVELOPMENT Pl

: a - Catehmen't Deserijitio'n

K The entn'e basm of the Hron Rlve was dmded 1nto 13 sub b’lSlﬂS as shown in thure E6 - 2 and .

T"tble E.6-1in order to evalmte BOD concentratlon of the mam stream whtch ﬂows throu&,h 8 _
: basms of A, B,CEGL]J, and K. The Iower ends of cach segments dre the pomts ol waler
qualtty and ﬂowrdte medsuremcnt eondueted by SHMU 'I‘hese pomts are also the

representatlve pomts to evaiuate the water quallty in these segments i

In this model lhe final reaeh oi Hron Rlver Basm 1s assumed to be "K" Sub Basms “L" md

"M" were 1gnored, beeause available ﬂowrate and. water qualny data at the estuary do not exist
for the year 1996 ' ' ' - |



manmﬁwmm ple Sjuswgsyes-qng . 7 - 9 2mIy

uiseg-qng Jo Arpunog . m : W :

wawBsg  —ig
- yuaudes Jjopug @
N

. usurBes Jo Ueig

=0

. epoweg

e ERER]




Table E6-1" List of sub-basins

. - Representative Point
Basin .| Segment (code??:f manitoring station) Remarks
A source-a | a (6995, RO140000)
B b'-b b (7015, RO25010D)
C gc ¢ (7081, DO48000D) RS
D source-d | d (7045, RO36500D) flow into C
- E e-e . |e(7160,D08510D) - : R
F. source -f | f (7155; RO95020D) - - | flow into G
G Id-a. |a(va R1120000} I B
~H source - h h- (7230, R1535000) flowinto] -
| e B | (7260, R1850000) - "
U I 1 (7296, R2340000D) -
K

K-k - . k'(7335_, R340000D)
@) Data Background
: I)r: : Point Sour’ce‘e

o 'GIS data determmes loeatrons of effluent dtschargmg 1nt0 segments where the annual average
o 'BOD values in 1996 momtored by SUMU are avallable : '

2 'Non-peint'Sou'rew' "

: Corhne Land Cover Map makes it pess1b1e to 1denufy areas of 4 categonsedfland covers whleh

- are: artlﬁual surface agncultural area, forest and sem1 -natural area and wetland .The Umt load

for each of 4 categones was referred from the data in Japan because no data were ava1lable in

S]ovakm It is assumed that these caleulated BOD leads are dlscharg,ed 1nt0 eaeh segment at the
mtddle ' : '

3y Rive'r' Flowrate and Velocity SR
Yearly l]owmtes are based on the. data momtored by SHMU but no data are avarlable at the
- points of "g" and "h" in 1996. Then the fowrate at "h" was assumed o be the average of the past :

10 years ddld The data at "g" ean be acqulred by sub{racung the value of "h" from momtored

' value at "7240" loeated downstream from "he (1 ¢: in the segment of i'-i).

i’I‘he Report of Danube Environmental Programme Hron River B'tsin Pre—Investment Study
presents a ﬂow-velocny CUuIve. Velocrty values are obtamed is from thts curve and lhe flowrates -

as 1dcntli led above.



4)

- BOD Dfmiﬁution Rate (K

The BOD reduetlon in the rlvcr r water is described as a function of BOD diminution rate (K)

and flow ume ®- The values of K, can be estimated l)y substituting the measured values of

| BOD and ﬂowrate mto Equauon 1.

o

-Model Calibraliﬂn _ .'

The values for K, were determmcd thmugh the callbrauon of the model as 0.1 through 0. 6'_

(/day). The valuc was aqqumed to be appropriate if- lhe smulated BOD value was w;lhm the

3.

W

RESULT OF THE MODEL '

Siniﬁla’(é‘d Bo‘n-cancémratioh -

: r‘mge of monthly momtored BOD concentration values at each point in ]996

o Table E.6 - 2 and F;gure E6-3 summanse thc result of the sxmulatmn after the cahbrauon The

' cletalled descriptlon of each segment is glven 1n Table E 6 -3 through E. 6 9.

: 'I_‘able E.6—2 ' Summary of Simulaled B(_)D Conceﬁtratio_n
Segment Data - Iebserved Data -Fk;w HE BOD Load in Segment - *Simulated EsﬁuTted
) : T R R O ZKr.-  |Inflow from L o BOD Lo
il o ) Avel | Flow Velol Kr S T NGNS pmnt . Point | laflowfrom § G ‘monitored
. Basin F'_?“_" ) To | Distance BOD Rai_e cty Pg}:;?#s Source | Source | Qther Basin TO!aIK: Concentralion Load
(k) | (km) | (m} f(mg)| (mafs) | {mis) | (trcay) | (kotday) | tkotday) | Ghoiday) | (orday)  (kglday) (mgm {kg/day)
8 | 2434 2233) 20400] 24| © 83 o8l o | - us 4 _of - 161 18] 50
c | 2233 20080 225000 30| 147  1of o] 1527 754 386 769 343 27 375
E |-2008] 1752 .»5600] 60 2861 12l 610 3401 685 gorl - op o 4reaf 20p 981
G| a2 sl 20 100) el smel o 13l oo udsu| o T sl 2em| o ead| ameral - Al e
1| 1541 1a15) 226000 44) 4370 09] o0sop 535l o3| 682 - 18]  6sa7) . 44 76
S 1315 749 57300} .43) 500 - 09l - o40f - 14020 4] M| - 0 15683' - 36 2 804
K 7420 09l ‘63300 39f a0 odl ool 2%l c 2wr7| T ase| ol 16316 15 1542
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G —+—-SnwlabValue
. 250 R : : ---'o---AnnudAverage o
30 * _
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g . _ | J o '8 | 'Sub-basin
8100 —y- ' — FE
[
8 50 |
00 - | — fl - |. ‘ i . l. el . J -
L 233 2008 1752 1541 1315 . 742 109
o Distance from Mouth (km) o
Figure E.6-3 - Comparison of Simu:lated' and ObservchOD Co_ncehtrat:ions; -

Q - Discue'sion. o

1) _ Basm B (Segment b' b) and Basm C (Segment [ e)

Although the s1mulated values are w1th1n the range of observed the data the momtored load is -

too. small as compared “with the estlmated un—momtored load These basms have no large'

factorles and sewerage treatment plants then un- tre“tted domestic sewage is l1kely to be a main

' 'source of un—momtored load

3 2) Basm E (Se;;ment e'- e)

. The sunulated result at Basin E has a b1g differencc from observed values And 1ts change in the o
BOD value from the upper basm is oppos1te observed values ahow mcrease and bimulate one =

show decrease although a mmlmum value of KT was uscd 'md the estunated un—momtored load _

is miore than 10 t:mes as much as momtored one Il is ev1dent lhat a large amounl of BOD load o

remains un- momtored in th1s basin. _

3) Basin G (Segment g g)

In this basm there is no blg, dlflerence belween qlmulated and momtored values the est1mated ; 2

un-monitored Joad was calculated to be about a hqlf of the momlored load: Its source may be

direct inflows of un- tre":ted domestlc sewage from urb‘tmsed area in Banska Bystnca



&) Basm I (Segment i'- l)

A hrgh drmrnutlon rate (K,) has been applled to this basm as a resuit of the calibration. It means
that this basm has a hlgh self—purlﬁcanon capacrty It seems that un- identified small trlbutarles

1nﬂows exrst in this segment

' 5) Basm J (Segment _| _]) and Basin K (Segment K- k)

' Although there are no large drtferences between the smlulated and the momtored values of
' EBOD concentratlon est1mated un~mon1tored BOD loads are high as compared wrth other )
' basms These basins are dommated by agrrcultural areas, and the BOD unit load mlght be

. hlgher than assumed one.
3 C'onclusion |

: Th:s water qualrty srmulataon study was attempted wrth an ortgmal intention of developrng a

"relrable mode] to be used marnly for evaluatrng the effects of “water qualrty 1mpr0vement

measures such as strengthemng the wastewater treatment However, it became apparent durlng

‘_ this’ study that more, accurate data were needed to develop a relrable model to serve for the :
orlgmally intended purpose The most needed data for the improvement of the model are that

for BOD load partlcularly for the Sub- ba..m E (between Dubova and Banska Bystrrca) In thrs.

llsectlon of the Hron R1ver 1t is consndered that a large amount of BOD load is not momtored '
and 1dent1ﬁed yet it can be said that thls ﬁndmg demonstrated the necessrty and usefulness of

'thrs krnd of model analysrs although thrs study has not aehreved the ongmal purpose.



Table E.6 - 3

Detailed Description of Basin B

Basin B
From tkm) | To {km)
2434 223.3 o : : .
Riven ' . anuuse Area ~UnitLoad - |Non-Point Load
Data R ' Data . (km2) | tkafdavim2) | (kgidav)
Flowrate "1 {m3/day) s Aditiciai Surface B _16 o383 67
Velocity {mis) 0.8 Agricutural Area’ 321 237t 76.00
Distance ~ {m) 20100 Forest & Natural 8521 22000 - 170:44
Kr {i/day) 0.2 | Wettand — 00 00 000}
o Totel 1189 252561
Previous Basin o '
Pre\)ious ‘Flow'rate - FIoWralé BOD Load ConcBecrit{r)atlon. FIOW Diétanée Flow T|me '92[:9:2?‘_1_
Basin | (m3fs) | (m3ida kg/da T m) da s IR
o ..(. ) .( v) (9 v) o (mgll) | () | ( Y)  hoiday)
A 5078 4387392' 1052.97 2.4 S 20100 ] 0291 7 8921.0
‘Diffuse Source : L ' "
BOD Load Flow Distance | Flow Tirme | B:t?e:‘;id
k da C ). da Lo
. 252 61 : '_-10050 ) ' 0 145 : 1236._2
- Point Source - i S
Cton | oo | Efient | BOD Lodd | BOD | e bietars | ‘Flow Time --\-L?QD;LPaSi_- 3
fkm) _ GISNo  (maiday) (kg day) Concentralson i m) - y -( day) at reach
24301 0 ol o 1TB.9 395 : .."_22.'1 S 19700 i )285
Total - 4788 39| . . S R i ... 35
Simulated BOD at Reach o _ D
- R N Estlmated BETE
Ps:;?:s gg{ﬁig ‘Point Source | Other Basin | Total BOD Load Conc!:gt?auon Un-monitored| -
" "° | (kgiday) | (kglday) |  (kgrday) | 0. o | BOD Load
(kgiday) | (kg/day) | 77 R e (mgff) | watday) o
921.0 2362 .35 1160.7 18] 560.4] 2.4
Observed Data (7015,R025010D) .
Flowrate | Flowrate Coniﬁg o
{m3fs) {m3iday) (mg ")
83| 717,1200 74

© B/ESxXs -

35'._.”'




Basin C

From {km)

To

2233

2008]

ravei

Data,

Flowrate

{m3/day) )

Velogity

- {mis)

1

Distance -

{m)

37500

0.2

_Kr .

[iidey)

Table £.6 - 4
- Detailed Description of Basi['n. C

- [Autificial Surface
. |Forest & Natural

| Total

Lanuuse

Data -

Area

Unit Load

Non-Point Load
(kafday)

{kmi2)
o 154

{(ka/dayfkm?2}
. .3.83

£68.98

Agricutural Area

746

237

-176.80

85

2.00

565.00

Woetland -

0.0

0.0

0.00

3735

- 800.78

inflow from Previous Basin

Previous
Basin_

- Ffo'ivréte-r.
(m3fs).

Efquate
- (m3/day} -

'BOD Load
(ko/day)

BOD
‘Concentration

Flow Distance

- {m)

Flow Time -
. (day)

BOD Load.
~ ‘atreach '
__{kglday)

S B3

{mgll)

0.260

15266]

5

171200

1721.09

2.4

37500

 Diffuse Source

BOD Load

- (kglday)

Flow Distance

()

Fl‘r:m.\r _Time
- (_day)

BOD Load
- atreach
- {kg/day)

" Point Sou

rce: .

00

11950

0.130]

. 7b4.2

Hron "

" Branch

Effluent .
(m3/day)

(kg/day)

"Flow Distance

Flow Time

_BOD at reach
(kg/day)

_km)

221.8]

b

T4

115776] -

‘(m)
£ 21000

(day)
0043

TTHEA

EEY)

%8

-426 1]

4.38

20084

37100

0.198

40

2162

19

3456.0

1556

15400

0178

43|

L 214.4) -

33

-1684.8

. 9203

- 13600

0457

_ 856

2035

--3888.0

1175

76.6

Total =~

-21032.5]

-2700] -

0.031

" 386.0

419.56

Inflow fromBasinD - e
BOD Load

| Merﬁé"az{

" Total Fiow

 Total Fiow"

{m3/day) |

(kgiday)

BOD
~ {mg/)

Flow Distance

_(m)

F_Iéw Time
_(day)

BOD at reach
_{kg/day)

)

29

Ta500]

768.9

215.0 1

331

. .285,984.0

829.35

0764

 Simulated BOD atReach

_Pfévio_us’
Basin -
* (kg/day)

Diffuse Souice
(kg/day)

Point Source
(kgrday)

Other Basin
{kg/day)

' (kgid_ay)_ _

Total BOD Load

BOD
Cu_'nc'entration
- (mgfl).

Estimated .
Un-monitored
BOD Load .
 (kg/day)

1526.6

7542

3%

- 768.9

AR

3745

" Observed

Data (7081,0048000D)

- Flowrate

] {m3s)

 Flowrele
- (m3/day)

© BOD

- 1,270,080.0

3.0

147

3435.7

30

-G /_ E.5.xls

2055) @



© TablcE6-5
Detailed Description of Basin E
Basin E | |

From {km) [To (km)

2008 - 1752

R ARE e g Area | UnitLoad - | Non-Point Load]
RiverData .. . .= L - Data > {km2) - qufdavmmm tkaiday)” |-
Fiowrate (m3/day) - : - |Adificial Surface C 1641 ‘3.83| . . 6166
Velocity :{my/s) 1.2 - |Agrieutural Area | - 102.7] 2_ 37] - 243.40
Distance - {m) ; 25600 .~ {Forest & Natural 2100 2000 - 420,00

Kr = (1/day) 0 . |Wetland - k000 - 0.00
L - S o+ |Total-- .- .-328.8| . : 725.06

Previous Basin

P{:ev.i"oh's 'hO‘h"fﬁte:._- 3 Flowrafe | BOD Load éoﬁi?]t?atmﬁ ‘Flow.Distance |- Flow Time B;Eelézzd'
Basii | /(m3s).’ | (m3fday) . | (kg/day) o)) (day) ] o
on | e ) e | R ] ey | ] ] g

T T 147 1,270,080.0] _3810,24 80| 25600] 0247 . 35997

 Diffuse Source

B00Load | | FlowDistance | FiowTime | 200 0%
) | m |y, | e
(Qf 'f o .._(. ) % { Y) | bgday |

725 06 T T 12800 .01,1_23 '_704‘7:

PointSource .. e i T
" Hon [ oBranch | e | E_ﬁlu‘ent BOD - | Flow Distance Flow Time . BODatreach
(k) fo km) o cp T | (mdday) | (ko/day) o b (m) o (day) (kglday)
~1927]  30[... 51| 3024 . - 9.07] . 50500 o 87|
1858 02| 54| 14256 4338 . 10800~ -0.104| . 423|

T Tq8s7| 15[ | 55| -4320| . 1729 120000 - . 0.116] " '_--1_6'.8
1838 . - | - 61| 28339.2{ . 654.22] . ~ 8600{ - -0.083| " . 641.8] -

_Astal - A2| -7 es| - 1426 — 142 7100 - 0.068] 14|

“Total | [Toveats] — 72532 T BEEEAT]

Flow from Other Basin =~ . R TN S .
Mergeat | Total Flow | Total Flow | BOD Load BOD . | Fiow Distance FiowTime B_Qﬁ;‘,a_t_[éach; o
C(km) | (m3fs). ] (m3fday) | (kglday) j 0 (mal) | ogmy 1 (day) '_(kg/d'ay)'_j_f 8

 Simulated BOD at Reach -

Previous | . N S A - Bop :_ Estlmated _. .
Basin Di_ﬁuse Source{ Point Source | Other Basin | Total BOD Load Concentfatién Un- monltoted ChoL
(ka/cay) (kgfdav). (kgfday) | . (kg/day) (hafday) 1 "y BOD Load | -
. 35997 i 7047 711 _ S0 BO18.4] . [ 2.0 :9310;3_' e 60 :
Observed Data (7160 0095100) o (R o e o
Total Flow T_ot_ai_Fi_ow : BOD '
(m3/s} | (m3fday) | ~ (mg/l). .
28.612,471,040.0 - 80

SEL70 S ‘E/E.S.'x'ls |



Basin G

From (km)

To (kim)

~178.2

154.1

River Data

Flowrate

] (ﬁié}déy) _

Velocity

‘.13

Distance

{mys)
—)

21100

Kr '

0.1

" Previous Basin

{1/day) B

~ Table E.6- 6
~ Detailed Description of Basin G

Lanuuse

Data

Area

Uit Load

Non-Point Load

Artificial Surface

~{km2)
. 247

(ka/dayikm?)
- 3.83

{kerday)
- 94,60

Agricutural Area

107.5

2.37

254,78

Forast & Natural

- 100.8

2.00

- 201.20

Wetland - -

0.00

~ 0.0

550.58

Total .

2328

Previous
Basin

_ FIbWi“ate _
{m3fs)

Flowrate
(iday)

BOD Load
" (kafday)

. BOD .
“ Concentration
(mgfl) -

Flow Distance

Cm)

“Flow Time
7 (day) -

" BOD Load
- at reach
{kg/day)

=

8.6

5471.040.0

14826.24

- 8.0 '

21100

0188

- --14198.6

Diffuse Source

Bop Load-
(kgldey).

Flow Disfance

Flow Time
)

80D Load.
atreach
. (kg/day)

- 550,58 E

T 10550

Péi'ntfs‘durce P

0.084

' 538.8:

.+ Hron
. (km) -

" Branch .
- {km}.

GISNo-

Effluent
(m3/day) | -

. BOD " -

(kg/day) -

How Distance

()

Flow Time
_(day)

BOD at reach.
- (kg/day)

- 1715

=

111.5{"

1.62

17400] .

0.155

- 1.6

.- 168.4

B

89

£1978.2

" 3094.05]

17500

_0.156

. .2985.0

- 165.8

._235.6

L 425

4.1

- ‘Tota_l

3099.92

11500

-2990.7]

Flow from BasinF.

52325.4

Merge at
-k}

Total Flow
. (m3ls)

: To'taI: :Fl'ow'
© (m3iday) -

BOD Load
(kg/day}

" BOD

Flow Distance

(m)

Flow Time
(day)

BOD atreach | -

1750

- (mgf)
. 34

{ka/day) .

289,958 4 -

985.86)

20900|

. 0.188|

- Simulated BOD at Reach

'.Fg‘revi:ousﬁ_
| Basin
(kg/day)

Diffuse Sdijféé
 {kgiday)

Point Scu fcs
(Kyiday) "

Other Basin
(kg/day)

Total BOD Load
{kglday) . -

BOD
Concentration
- {mall)

Estimated

Un-monitored
" BOD Load
(kg/day)

14198.6

T 538.8

2990.7

.74

* Observed Gata (000, R1120000)

[ Total Fiow

(m3fs)

Total Flow,
(m3/day),

BOD

:30.6

gy |

2,643,840.0|

78]

. 944.51

“18672.6

1420.6] .

944 5|

A ‘l

G /ES5.xs




Basin |

From (km)

To {(kim)

154.1

131.6

River Data

Flowrate

Tmajday)

1,05

Veloeity

0.9

Distance

(/s

__(m)

- 22600

Kr

59|

_(1/day) -

 TableE6-7
* Detailed Description of Basin I

JAdtificial Surface
Agricutural Area
- |Forest & Natural
o |Wetland -
“|Total .

Landuse -
Data.-

Area
(km2)

Unit Load
(kg/day.km?2)

Non-Point

-~ (ka/day) ..

15.3

3.83]

.. 568:60

© 1689

237

400,29

-338.1[

c. 2000

676.20( .

0.0

0,00

5223

1135.09

Previous Basin

Previous -

Basin' |

Flowrate
{m3/s}

Flowréte .
(m3/day) -

"BOD Load
giday)

S BOD
. Concentration.

e (mgh)

Flow Distance

- m)

__Flow Time -
{day) -

BOD Load
at reach. -
-(kg/day)

20093.18

78|

G

306

 Diffuse Source -

2,643,840.0

226000

~0.291

“135388]

BOD Load
(kgcy)

| Flow ﬁistanéé

i Flbw Tir_ne
S

BOD Load
"~ atreach
(kg/day) ..|. -

Point Source

[ 1135.00

T 11300]

- 0.145

9817

2 L

 Branch

GISNo

Effient | -
“(m3iday) .| -

FlowDistance
Cm

Flow Time

b cdayy

BODatroach] -
- (kgiday)

1540

(k)

T 167

- 3845

22500

-0.289

Ll 26 B

153.8

124

BT YT

" 24100]

{833

1.8

138

242393

~5i800| -

0.280

L .73674|.

- 135.0

2.5

118

328.3

- 6000

0.077|

135.0

3153.6| -

135

___150f

17000

0:219]

“Total

“FlowfromBasinH .~

T 327561

.~ 5819

Merge at
{km)-

~ Total Flow
. (m3fsy -

Total Flow
- {m3/day)

B0D Load |
. :'(.kgl_dg'y)_ -

Fiow Distance.

m)

Flow Tine
. (day). .

BOD af feach|
- (kalday) - |

154.0

~7.07

7610,848.0

 Simulated BOD at Reach -

" 2199.08]

~ - 22500

0289

Previous
. Basin

{kgiday). -

Diffuse S'b_urce
 (kg/day)

Point Source
* {kgfday) _

OIth_er B_ésin
(kgiday)

Total BOD Load
- kalday)

Conc;:eht'ratidn_
- {mofl):

Un-monitored|

'BODLoad' |

glday) |

13538.6

Observed Data (7260, R185000D) ~

~ 931.7

587.9]

Total Flow
{m3/s)

Total Flow
(m3/day)

BOD

43.7

© (mgfl)

3,775,680.0

2.4

1484.3]

165365

44

R :

I ESXS

~:boad |- -

46.8| ¢

_1335]

—i4843]

Cas



Table E.6 - 8
~ Detailed Description of Basin J
Basin J

~|Erom (kmy) {To (km}
131.5 74.2

- o o . o " Non-Point
River. - Landuse (i‘;?;) | (kUE;L;anfz ' Load

‘Data S ' Data | . graaykm2) | warday)
[Flowrate [ (m3/day) | .. - [Arfificial Surface 288 3.83] 11030

| Velocity | T {m/s) 2 0.9 . |Agricutural Area C 2433 - 287 576.15
Distatice - {m) -+ 57300] - .. |Forest&Natural | - - -430.4 .~ 2.00] 860,80
Kr (i/day) | 0.1 © [Welland - . 04] - 0.0] . 0.00

- (Total 702.7 1547.25

Previous Basin -~

Flow Distance | Flow Time BOD Load
m)  {day) at reach
IR | (kgiday)

44 573000 0737 140204

Pr'e\'fi_bué" - Fiowrate | - Flowrate BOD Load ..jCo.ncBegt? ion
.Bésln_ - (m3fs) (m3/day) | (kgfd_av)r (maf)
1 [~ -43.7[3775,680.0] 16612.99 -

Diffuse Source o

i | BOD Load | FowDistanco | FiowTime | PO -0

Vkgidayy | - 7| tm | (da - atres
(kg/day) o m ] (day) o

—1547.95 | 28650| 0368  14214|

- Point Sotirce . -
_Hron “:|  Branch

| _ Effivent. | ~*.BOD .- | Flow Distance | Flow Time |BOD atreach
e lkm) o (km) (m3/day)- |- (kgiday)... | (m) | = (day) - | : (kg/day)

GISNo
2128.9] ' 155] 11059.2| . . 142.96| . . 54700 0.703] 121.6}

1268 - | - 154 5616.0] . 5055| 52600 = 0.676] @ . 43.3
- 18l . T 88| 259.2| - 12.96| . 43800 - 0563 . . 114
CAsB[ T T o mAf v 63| 4084 . 2285 - 46200 - 0,594 . 19.9|
o183 - 2d|” U ded| 6s9.2] - a47| - 43200 - 0.558] . 3.9
U068 . 2.1 - 173] _8403[ . .. 370 34800 ' 0.448] - 3.3|
AeeAl - [ des| 2598 TT2074] . .31900] . .0.410|  18.49|
rres T A78[ 21606 T49.45] {9000] 0.244] 184

~ Total | .. |~ | 212894 - 27767 - . | 240.7

 Flow from Other Basin . - e
Merge'at °|' TotalFlow | Total Flow | BODLoad | . BOD . ..
o) fm3ls) [ (m3fday) | (kgfday) | (mgh)

Flow Distance | Flow Time | BOD at reach |

Com) ] (day) o (kg/day)

" Simulated BOD atReach ~ = e
| Pre\'fi.bus"- R B Estimated
Un-monitored

.Basin N
S BOD Load
(kg/day) {mal) - ‘(kg/day)

. BOD
Concentrafion

Difiuse Source. Point Sorce | Othér Basin | Total BOD Load
i) | Gglday) |

gday) | gl

[Ha0z0a] t4eial 27| O iseezsl 56| 28938 = 43
- Observed Data (7296, R234000D) - o | R |

Total Flow| Total'Flow | BOD

| may) | (m3yday) | (mg).

4.3

_50[4,320,000.0

J/ESXs



Basin K

From (km) |To

ki)

74.2

109

RiverData

Flowrate

m3/day]

Velocity

. {m/s)

5.0

Distance -

~53300]

ke

i

Previous Basin

0.1

Table E 6-9
- Detailed Descnptlon ‘of Basin K

Landuse

- Area
© (km2)

Unit Load

(kg/dayfkm2) |

Non-Point Load
(hglday)

|Arfificial Surace

~85.5

- 3.83

350,67

. {Agricutural Avea

9153

- R.37 s

2169.26

Forest & Natural

-150.2

2.00

. 300,40

Welland. -~ -

ool

~0.00

“|Total .

'1133.2

;0.0

. 2720.53

-1 Previous
~ Basin .:

" Flowrale
© {m3/s)

:_FloWréle ;
- {(m3/day)’

BOD Load
(kg!dav)

BOD .
- Concentration

Flow Distance

Cot My

F.Iow'Tl"rr.ie' '
3 (day)

~atreach
' (kg/day)

"BOD Load

50

(mgh)

TEET T

63300]

T

Diffuse Source

4,320,000.0

15552.00

0814.

128938

iBO'D Loéd
 (kgjaay).

Flow Distance

Flow Time -
(day)

atreach
- (kaiday) -

BOD Load

. Point Source

572053

31650]

'--:6;'407' G

24774]

" Hron -

-~ k) &

- Branch -
- fkm)

GIS No

Effluent | .

" (m3iday)

~ (kgfday)

Fl'dw Distance

(m)

Fldw Tllrhe

 (kgiday)

BOD at reach .

T 73.4

=183-

19094}

‘,:-’7_9,:42 ;o

62500

(day)
B 0804

R

Te22|

BT

:302:4

2 8.47

'=x51soo

S

7.3

54,2

7188

35_424 0

956.44)

45500

"0.585]

©7835.9|

40.9

196

1356.5] -

2877

31500

0,405

82|

- 36.8

189

—-60.8| ©

Q78

T o5g900{ |

T0.333

o7

L 14.7

-13.8p

5.8

94|

Total

o

39066.9]

o8

16100

~ 0.207

F'Idw'from"‘(:)'t:her Basin

Merge at
~{km)

Total Flow
- {m3fs)- -

Total Fiow
(m3/day) -

BOD Load

* (kgiday) | -

S BOD
“(mgh)

| Flow Distange.

Flow Tirﬁe-

BOD atfeach |

m ]

)

(kg/dav)

Slmulated BOD at Reach

Pre\rlous

Basin

{kg/day)

Diifuse Sour'ce
(kgfday)

Pomt Source
(kgfdav) N

Olher Basm
(kg/day)

thail 80D Load].
- ugiday)

BOD
Concentratlon

(mgﬂ)

Estimated

Un-momtored L

BOD Load "
(kgfdav)

12893.8]

277 —

9455.

63164]

Observed Data (7335; R340000D)

Total ' Flow

(m3/s)

Total Flow
{m3/day)

- BOD
 (mgh)

53

4,579,200.0)-

3.8

Y

15435

K/ESxls
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E.7 INVESTMENT PROGRAMMES OF POVODIE HRONA AND STVAK
1. EXPLANATO RY T EXT |

The Study Team recelved Enghqh translatlons of the ongoing and proposed mvestmcnt progrdmmes of
" Povodie Hrona (I‘dhle,s B7-1 to E7- 3) and StVaK (Table E.7 - 4) only at the very end of the study

(after completion of work m Slovakn) ~ and noe eomp'rrable mfor mation for the jower part of the
' Basm was obtained from ZsV’tK Therefore there was no trme to evaluate qnd discuss these proposals

_wrth the staff of these orgamsqtlom nor 1o compare the proposa!s wrth the tmdmgs and proposqls of

© . the REMP study Nevertheless these mvestment programmes 1re included in the REMP rcport at the

request ol SVP OZ PH and Sivak and to provrde an mdreatlon of the scalc of the 1nvestment requtred

in the watcr qector in the IIron River basm _

Beeause eva]uatlon (techmeal envrronmenta] and fmancral) of these 1nvestment programmes. was not
: .undertaken it must be stated that mclusron of these tables i in the REMP report does not lmp!y that the

Study Team supports ail the pro;msals and cost esumates Any engmeermg works on streams and

rrvers to regulate thelr ﬂow wrll requrre cons]deratton of any negatrve envrronmental 1mpaets

mcludmg flood rtsk ‘Even pr0posed works to 1mprove ecologrcal condrtrons in the lower part of the
Basin wrll need to be de31gned carefu!ly, and to mclude momtormg programmes ‘o ensure that thcy
'_ have the desired posurve 1mpaet Srmrl’trly the Sludy Team cannot cndorqe the prrorrt:s:rtron of. the

2 wastewater schemes nnphed by Table E 7 -4 Nevertheless the results of the REMP Study Team do

- concur wath the message conveyed by Table E7 -4, that Banska Bystrrca STP 'tnd sewerage

conncctlons arc a prlorlty and thal srgnlilednt mvestment m wastewﬂer tre’rtment systems 1s rcqmred

within the Basin.
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