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.. ., ------ fa.n.."lex N'o. 1 a 

Post title 

Duration 

Dutysution 

~NITSD NATIONS lfliDl-STR~AL DE,.ELO~MENT ORGANIZATION 

CSIDO 

JOB DESCRIPTION 

DP/IND/83/008/11-04/J 13425 

Solid and Liquid Waste ~.anagement Expert 

4 ,.-eeks 

February/Karch 1988 

•· y,,·.,ar, India 

Purpow of proiect The expert will work in co-operation with the CTA, L'NIDO 
the Government of India, UNDP and BHEL. 

• 

Specifically, the expert is requested to 

a) work on Bhatinda Thermal Power Station pertaining to 
monitoring of Soil and Crops in and around Bhatinda T.P.S.; 

b) review of work done on the Circulation Scheme of HEEP, BHEL 
Hardwar; 

c) work on environmental impact assessment with respect to 
Bhatinda project; 

d) write a technical report on above work progranme. 

----··- ----- - - ---- -- -----

Prc1tc~ P,·r.r•· "t ~ ... · ••.•. .,.. • S.--.1.:"• , .. ,.._'.:· ~· (.·~-··•' f\"'I: t,. \·~·~ 
' ' ' 

l~t;-;• .:>,O •: •~,,·~,_,, i., ,, 1 ~ E = ~.: ~ ',;~ • .:. ., cu.p;n, ,.. "' ,~, .. , JG~ v .• ···, , "J""• ,, ,, 

. ... I .. 



SUb 1 .Job description for 
etot.E.S,Ksmpa,UNIDO Exrv~t. 

Annex fio. l :.6 

oo ,pry vu·. :r../a:J/ r,: • 1 
Ota 14t.n ;urch' 1988 

Ple 1se ~•fer to the job description of Prof. E.s. K~a f ,.= 
his 4 (fo•::I aveoks assignment ln our project during llarch 1 8~. 
It ls requested that follo.tln!J ch-inQes 1n hl• duties •ar ple.l~" 
be •1des-

(a) ".fork on project 1niUatlon report for (oll011ing technical 
projects&-

i. Anaerobic dlgestors. 

11. Lacln..r ation of waste. 

111. Use of ~entonlte ln •aste water treatment. 

(b) .fork on decmted ·.rJter problem fro::s HEEP. TPS ·..rlth p~tict. 
r1tference to trace ••tals and hytlrocu-bons. 

(e) •aste w3ter problems of fl/S Se1 Shell. Kankh3l ind f1n~l1-
zat1on of reeommendatians an:I treatment sch-.. 

(d) Report on •arnge111ent of ..\sh Disposal from T.P.s. 

(e) .,,ork on Intem.ltion,l Ccnferfonce proposed from 28th Nov. t-. 
2nd Decellber 188. 

(f) RfNi•~ of ~ork as per his previous visit report. 

·11th ~ .. ind regurds. 

Mr. M. Ramachandran, 
Sr. Pro'lranrne Off le or, 
5!">, Lod 1 Estate 

Yours .Jlncerely, 
I -,...--.. ... -· 

NE.V DEIJiI 
( Prof. s.P. M.h~ · 

Copy tos-
/'Prof. E.S. Kempa, UNilXI Expert. 

..... . . . 
l 

' j 

' 
1111 II I Ill 



Annex No. 2 

T i m e S c h e d u 1 e 

4 March, 1988 - 4.55 a.m. departure from Zielcna Gora by express 
train, l.0.2o a.m. - arrival at ·,1arsaw 

Getting the Visa at the Indian anbassy and air way 
tickets at the Wagon Lits Bureau, Warsaw 

5 ~arch, 1988 - 9.35 a.m. departure by Pol.ish Airl.ines LOT from 
Warsaw International Air~ort to Frankfurt 

11.15 a.m. arrival at Frankfurt Airport, FRG, 

12.30 p.m. departure by PAN.AM to Delhi; 2 hrs del.ay 

6 March, 1988 - 3.30 a.m. /two hrs. delay/ arrival at Indira Gandhi 
International Airport, Delhi. By private taxi to 
Lodbi Hotel. SUnday - no official. work. 

7 March, 1988 

8 March, 1988 -

9.oo a.m. Stopover in Delhi and briefing at the 
UNDP Office. Mr. Sat Pal and Dr M. ·Islam - the 
SIDPA- UNDP. 

14.oo p.m. departure by car to Hardwar; arrival in 
Hardwar at 18.30 p.m. 

8.oo a.m. Initiation the practical work of the 
Expert. IntToduction to the current Institute's 
problems. Establishment of the new job description 
by the Head of PCRI Professor S.P. Mahajan. "iisit 
at all Institute's facilities after final removal 
to the new buildings. 

Discussion with Dr. N.C.Trehan on decanted water 
problem from TPS with particular reference to tracE 
metals, hydrocarbons and cyanides. 

9 march, 1988 - Discussion on the used water analyses from TPS 
/Dr. Trehan, Dr.Ramani, Mr. R. ?tiaheshvari/. 

Consultation to the problem of anaerobic sludge 
digestion - design of lab and pllot ~cale equip­
ment - Mr. R. Maheshv<.>.ri. 

Afternoon: Visit at the Ranipur 'iw'ater 't'!orks and at 
the Sewage 'l'reatm•mt l'.1.ant /sewage pond~/ - with 
Dr.N.C.Trehan, Mr.H.kah!ahv~ri ar:d the ·./c;;tcr ·uorks 
Executives. 

10 :l'IC!rch, 1988 - In::;pection of water connection~ ~md cff lucntG from 
the Lab buildinr, of l'GHI • 

.lJiscuaGion on ::;evmr:c an·aly:;i::; fro~ the 1-C~(l Lab 
II I build1i

1

n{7~11 Ill Ill II II I 



2 -

Effluents from the neutralization tank, effluents 
from the oxidation ponds. 

Tr-anslation /Dr. Shrivastava/ of volatile matter 
content '3.Ild analysis in coal and ash. 

Reading the draft report on "Treatment of v.ra.stewate 
by activated bentonite /for the ffi/S Sea Shell, 
Kankha.l/. 

11 March, 1988 -Inspection of wastewater neutralization tank for 
the effluents from the Lab 9hemistry Building. 

Discussion of the draft on "Treatment of wastewater 
by activated bentonite - from the M/S Sea Shell 
Factory. 

Paper writing ~n the "Impact of Industrial Waste 
Landfills upon the Soil and Groundwater" - for the 
ISWA'88 Congress at Copenhagen, September 1988. 

12 March, 1988 - First discussion on incineration of waste in a pilo 
unit. Study's team! Dr. N.C.Trehan, Dr. Keshav, 
Mr. Sambiah. 

Report writing for the first week of present Expert 
.Mission. 

Paper writing for the ISWA Congress - cont. 

13 March, 1988 - Sunday, no official work. 

14 March, 1988 - Final preparation of the paper on "Impact of Indus­
trial Waste Landfills upon the Soil and Groundwater 
- typesetting on computer 

15 r.Iarch, 1988 - Ranipur ·:iastewater Plant /Oxidation l'onds/ - with 
lilr 1·r.aheshvari. Determination of some constituents 
in sewage - discussion with the ChemLab 3taff. 

16 biarch, 1988 - Determination of constituents in wastewater from 
TPS, sludp,e ~nd ash analysis. 

:Uetailed discussion on a pilot UASB-:teactor ::..nd 
draft calculation of the unit. 

17 l"·'-~rch, 1988 - V'i::;i t at the ,/at er ·;/orkz ~~ection ;•:~d "'he:rmi:.l i o·;:cr 
:Jl~mt /'i..'i·.J of dlli~L. 

ld i1,:.!.rCh, l')(j() - .~CVi(~Vlirl(; thr~ ·,:;~r:;L,:•:,;~tcr an;.!.ly:;,;:j ol" thr: :JXlc1;:tion 

~,0rn;:; d'1'.l.ucnt. I·roz,o~;;.I~ for;.!. pLot v.:.:t .~rn: 
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technical solution of the t.1/S Sea Shell Plant '-t 
i-~:.:.n..'l{h2.l. 

Galcula~ions of oxidation po~ds - cont. 

19 r.~arch, 1988 - Revie•ring the sewage analyses of the oxidatio11 
ponds. Preparation of a mailing list of professiona.­
lists - for the planned PCRI Conference jn November. 
December, 1988 at Delhi. 

20 !;larch, 1988 

Preparation of my own abstract for the mentioned 
Conference. Titel: "I~pact Analysis of Solid Waste 
Stockyards on the Environment" 

Sunday, no officia1 work 

21 March, 1988 - Oxidation ponds at Ranipur, r.eet.ing with the Water 
Works Executives 

After noon: Lectures on Environment Pollution Cont­
rol for the new employees 

22 March, 1988 - Oxidation ponds re-design and proposals for modern­
ization. 
Preparation of further lectures on Environment Poll 
ution Control. 

23 March, 1988 - Preparation of lectures /continuation/, draft of 
the Technical Report 

Discussion with Mr A.K.Gupta, Manager, on Conference 
topics, 

after noon: Lectures on EPC /cont./ 

24 March, 1988 - Discussion with the Head of FCRI, Professor s. ?. 
Mahajan on the just realized project consultation 
acc. to the new Job Description 

Discussion on the details in construction of the 
UA..5B-Reactor in Pilot scale /Idr. R. Maheshvari/ 

Visit at the 11/S Sea Shell, Kan.t{hal /Dr.N.C.Trehan, 
Dr. Kesh~.v/. 

25 I11arch, 1988 - Ne·:1 TP.3 and ash ponds at Khaperkheda, !i!aharashtra 
/10560 m3/d/ - li:r. :-c. Maheshva.ri • .lhscus::;ion with 
the 'l'cchnolor,ical Lab Staff r.:embcrs on the :::>pccific 
rc::;intrmce of nludr;cs to fil tr'-!.tion :J.nd on the 
capill~ry auction time /CJT/ - both par:~lctcr~ ~re 
used in the tec~nolofliC~l slud~e anuly~i~. 

' f . h lo :i o'' - " . l 1 I . I..) 11.rirc , .}u i•1n:.!. ca cu_~tion of the oxid<.:.tion pond~; :~fti:r :::o-

clcrniz:..!.tion~, ~rawi~r.; o:!:' the propo~al~; onto t:hf! 
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plans the treatment plant. 

27 March, 19ti8 - ::iunday, no official work 

28-march, 1988 - Final review of the Expert's work /studies, prob­
lems, projects/ with the specific groups of the 
PCRI Staff 

29 March, 1988 - Final review of the Expert's work - continuation. 
Discussion with Mr. A.K.Gupta, Manager, and Dr.N. 
C. Trehan, 

After noon: departure for Delhi by a car rented by 
FCRI 

30 March, 1988 - 2.3o a.m. d'eparture from Delhi lnternational Air­
port to Frankfurt, 

7.2o a.m. arrival at Frankfurt Airport, 

8.4o a.m. departure to Vienna, 

10.20 a.m. arrival at Vienna Airport. Lufthansa had 
lost one piece of my luggage. Waiting for some six 
hours more for this lost sui tease. Accomod?.tion at 
the hotel at 5.oo p.m. 

31 March, 1988 - Debriefing at the UNIDO Headquarter: Mr. M. Judt 
and Dr. s. Maltesou, Professor Bisvas. 

1 April, 1988 - 11.Jo a.m. departure by ple.ne from Vienna airport, 

12.40 p.m. arrival at the airport of Warsaw, 

2.04. - 8.04. 

16.45 p.m. departure from Warsaw by express train, 

22.04 p.m. arrival at Zielona Gora. 

','iri ting the 5th Technical Report and formal termi­
nation of the Mission. 



'.::::1CX No. 3 

1 ~:1.rt V of .i'rofessor !·.einck' s book on "Industrial .iaster.-:::.ter", 
deo.~_ine: r:i th the toxicological i:r.:rpz..ct of s 0 ::-:c ',':asti::•·:ater compo-
nents on nl .,nts "'nd .,n; n~ ls / ·' ; 'ei· ncl· · T ..,c~-, q~· -,..1· c ~---·'lsse .. • Gus7::->· "- .... '-""• <--• ...._ -·'-!.. -•.l'•· "' ~ •. ~.: ... ,.L.c.-~- .-.:..v~~..._ ... 1 ..,_ 

Fischer Verl~~G, 3tuttc<!rt 1968, pp. 632-694, i ~ Ge:r-::;;.:.n/ 

2 ti:eport of the Scientific .. ;.dvisory :Panel on G-round\·;ater ::echarge 
with Reclaimed ·;;astewater, November 1987, ·...:h2.pter VII: l::;;.!'lagemen 
and ?..eliability 

3 :Potentially Toxj c I;:icroorganic Substances in Jrinking ·,.:;at er. 
:rteport on a Consultation, ""ftlO Regional Office for ~rope, ~i.JR/ 
ICF/C;iS 013 5747i, iUR/HF.'-. target 20, 1987 

4 G.Lindh: Scenarios for the preparation of guicance and auaio-vis· 
ual material for planners and decision-ma...~rs, Techn. Docuuents 
in Hydrology, UNESCO Paris 1986 

5 Das Bhopal-Unglueck im Dezember 1984. Kurzanlayse, Bewertungen, 
Schlussfolgerungen fHr die BRD, Texte 8/87, Umweltbundesamt Ber­
lin 1987 

6 Nanuscripts of Proceedings of the 3rd International C3C S:niposiu 
on "Processing and Use of Sewage Sludge", Brighton, 27-30 3eptem 
ber 1983, and therein: 

a/ A.Cottenie, L.Kiekens, and G.va.~ :andschoot: iroblems of the 
Ii.o bili ty and Predictability of Heavy l;:etal Uptake by Fi.ants, 

b/ W.Kampe: Cd and Pb in the Consumption of Yoodstuffs de~ending 
on various contents of heavy metals, 

c/ R.D.Davis: Crop Uptake of icetals Cd, l'b, Hg, C!u, Ni, .:n, and 
Cr from Sludge-treated soil and its implica"tion for soil 
Fertility and for the human Diet, 

d/ T.H.Christensen a.~d J .C.Tjell: Interpretation of :;xperimental 
Results on Cadmium Crop Uptake from :.lewage ~:>luC.[e ar::encied 
3oil, 

e/ l1I.D.'Nebber, .~ .• Kloke and J.C.'ljell: ,, :~eview of (,'urrent . ..iludee 
Use Guidelines for the Control of Eeavy i·.,etal r..:ontamin<:..tion 
in :joilo, 

f/ L.Kickeno, an~ f· . • G:>ttcrie: '.Jcport or the :~csul t::; of tr.r: Tnter 
l:::.boratory Gor.J.pa.rison: :ictcrmin::ltio~ of the: :.:ooi.!.i ty o:' :.cc.v:1 

j;,ctuls in :;oil:J, 

rl ,J~i'i.!,cnt0r: :rcr.;encc of tlr{':~ ... nic .. icropollut::.:1t:J i:1 :1:-..·.r~e 
_;ludr,c, 



h/ G.Guidi, and J .~.Hall: :;ffects of Sewage ::>ludge on the phrsical 
und chemical iroperties of Soil, 

i/ H.H&ii, and s.Gupta.: Choice of an Bxtract~nt for si~ulating the 
Availability and Absorption of Heavy ~etuls by ~lunts, 

j/ H.Kuntze, E.Fluq~et, J.H.Stark, and S.Coppola: Current ?echni­
ques for the Evaluation of I1"ietal Problems d.ue to Sludge, 

k/ B.J.Alloway, and A.R.Tills: Speciation of ~.ietals in Sludge 
amended soils in Relation to Potential Uptake, 

7 3.H.Diet·;rich, J .:M.~lenderson: Urban Water Supply Conditions and 
Needs in seventy-five Developing Countries, ·,rno Geneva 1963, 
Public Health Papers 23 

8 M.Korczak, Sz.Koziarski: Biochemical Reactors f 0r Laboratory Stu­
dies /4 pages/ 

9 The Langelier's nomogramme of the bi-carbonate and free CO~ balan 
~ ce in natural waters 

10 4 tables with Quality Standards for feed and boiler waters - from 
different s 0urces. 

A stock of leaflets and inrormation materials on different laboratorJ 
equipments. 



?rofesso~ ~dw~rd 3.Kcn~~ 

I. ~esif'1~ o: the ye~r 1966 

:"o"..l.r ponds hG>.ve been built h~vinc the !J;:i.in dimensions ::-~s follc·;:2: 

4 x /L x -.: x H/ = 4 x /!.. 60 x 100 J: 1.15 / n 

~he surface aree is, therefore 
.. 

.!"".Ii. = 4 x 160 x 100 = 64,000 
2 

m ' 
~..nQ the theoretical voltlne 

V =A x H = 64,000 x 1.15 = 73,60J 

The total daily sewaee flow /as given by the ·;:at er -.Yorks Executives/ 

is 
"' 3; Qd = 14,000 m d. 

----------------------------------
Theoretical detention time /theoretical means in this case th~t ~11 

ponds are in operation at the designed aepth H, there is no slu&[e 

cie!)osi t in the ponds, 2.nd finally, there 2.re no !::'draulic short-cir­

cui ts inside the ?Onds/ shoulci be: 

v -- 73, 600 --
Qd 14,000 

5 .26 d = 5 d 6 hrs. 

The ~resent situation differs somewhat fron the Ccsicn: 

l/ only three ponds c.re in operation, the fourth or.e is fed rro~ c. 

scp.:::..::-c;.te pu.rnpint; ::;tc.tion; 

2/ the o:;:ieration dei_')th of the oxid2.tion )Onds ;:: I i::; 

' C. 7C r.1; 

3/ j_~_-1 the internal r:;,~11 oct•:;ccn r~onc: :ro. 

. , . ' , 
·······, ·.·:r: _, ... : . J 

. . . ·) .. ' : . , ,' ~) ... ' ; ·: L ''· .t :i. o:: t :.i :.~(: I • • 
(;. ' r: 

;, : r; ~ : / ~ ... : ., 

no more 

~,. con:-:.,.~ctio: 

, ' ~ ' . 

~ (\I: 



t :-: 
th 

3 x lGO :: l ~O :: 

to tl:c 

~. J c: = l c1 hr~":. 

~~:fter co;:r:Jletion of the c::.na!~itical rest:.l ts, c.. cer:e~cl cz.lcul~ .. tio::: cf 

the ponds' efficiency c;ave tte follovrinc d:::.tc.: 

efficiency in BODr;;: terns ,.., 60-· - ... , 
.I 

efficiency in COD terms ~ 66>, 

efficiency in SS ten1s ~ 56~. 

These e.nalytical results cannot be generalized as they have been t;e"t 

froc one sewage upta_~e only. In the Expert's opinion /cased ~.o. on 

the visuable conditions of the sewage/, the total efficiency of the 

treatment plant should be assumed and is in fact higher, particularly 

in SS and BOD
5 

terms. Analyses of the se~age, taken up at differer-t 

points of the ponds, should be repeated several times. 

'i'he :tater ·.:orl:s Authority is considering the enlareernent of the 

it exists, s~culd be added: 

A = 64,000 x 2, 

v = 73,600 x 2. 

II. ·~ec~2.cu~ation of the nond:::; o.nd :Sxncrt' s '"::):rO;)Osals 

~~:· .. :. C"J . .!.::·. ti o:--~ 

I• 

O ~ t~" ~0J -Toad· - ··~ :.J .. r:: - '- " 
'.) 

been /"~ ~ ~ na1·"~ ~.. '-•-> .!. 0 - - '-·" .:i - t · I " con1,,.1 ions, ... 

'.'") "'50 1-r· T>ri·) /c....,p ~· ,1 '-•V --G ~--~ 5 '-" .. , .. '-• 

-- ••
1 .'1,t;1)() :: <;.';~ ·: 1 t;(\.- 1 1-:· i1111 ; 

•,I ,I ••, • . ;. 

~ ·: ·. ·:: 

I () 

:;r·'.:: ,.,, /: ·.r. ('.. ~- 'l 

1 ~')'; ;.: !.')()) 

.LI:'','~)() 

. ~ '. : : : ...... : : . r·. , •. ,,, ,, 
' . 
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'.:.'.~:i::: vc.luc co:nes close to tl:c I>OJ
5 

fo'..md i~ t!le 3;:_::::Jl'2:::: :~:::.l:::~0·::. 

_:;::;c.r:w~~- c~.!! oe, ~:.s for the!:Jt: ::c::c:·:·. ·_ c;-_;_c~,_L-.tio~:::, ;·. 'i(.'J ':Y 1 '\:"l ,. i ... .:. - :.::. __ ::_::_~·.:.:..::::._~ .. .:...·.::_~ ---_,, --- ---- - ··-------

C:'..'OU.."'ld\":2.ter tenperP.ture ~t ~anipur /•·:hich CO:r!.€:3 

close to the average teo:;?er<:ture / is rJ 24°c, 
ne<::.3ured se~->'2.ge tel:lperature 24.5°c. 

Q ~luc flow, the dispersion factor d = O • 

.. sst.ll::e c. = J.l for l·:hich the :!_)roi3.uct kxt /frora 2- t::.ble/ = 2 .8. 

'l2 .. l:ing into ~ccou..nt the temperature factor /T = 32°c/ for Si.l!!lr2e~ 
ditions 

k32 = 0.25 /l.06/
32

-
20 

0.5 

0.5 x t = 2.8, 

3X)ected detention time 

2.8 5 6 t = 0.5 = • d. 

The desired volume of the ponds: 

v = 5.6 x Qd = 5.6 x 14,000 = 78,400 

r-.va.il2.ble volUI!le = 73,600 

volu:'.le defici te 4,800 

.~ucl: 2. Clefici te is ::~cceptable. 

of ser12.ce ::'.JOnds 

!!l 
3 

.. , 3 
-:. 

r.: - 6.1 ., 
= 'J. 

/2.cc. to r.:etcz.lf 2.nd 

loc.d, g/rn
2

d /in ter:-.1s of 30D/ 

:·.c:r::ioic-: 0.n::-.crobic 1.7 

::..1:~0 i)iC, ~.cr2.tcd b:r r'.li:i:inc 6. 7 

5G 

5.G 

lJ.4 
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Patl/Tl/89/ 
Dated:~J.1~8 

MINUTES OF MEETING CN OXI{)l\TICN PCNDS 
dtFtc' nm. RELD m , i .3 .12aa <10 ,45:\M) 

Attended by:-

l, Dr.£,S,Kempa 
2. llr. S.N.JU.shra 

3. ~. Yerma 
4.- •· N.C. Trehan. 
~. Jlc', R.Mahestwari. 

Follcwin·g points were discussed & decided:-

1. Analysis results of samples collected from oxidation ponds 
with performance point of Yiew are satisfactory. Ho..ever, only 
a fr3ction of wastewater ( "'-" 50~) is used in oxidation ponds arrl 
rest is used directly for irrigation in BBi form. If all the 
wastewater is led through oxidation ponds, problems are likely to 
be enco:Jntered and these may give poor performance. Hence it is 
necessary to modify and reconstruct the existing ponds to give 
optimum performance. 

2. Major modifications werF: suggested by Dr.Kempa as given belo.., :­
(a)The ponds should be operc>.ted in series. 
(b)All wastEMaters -indust~ial and domestic should be collected at 

one place and thea · di•jtributed in the first pond. 
(c)Inlet and outlet arrangements for all the ponds need to be 

mod!.fied, to avoid hydraulic short circuits. 
(d)Seepage from ponds should be collected in a channel built around 

oxidation ponds. ntis water can be used for irrigation directly. 
(e)Planned should be a long time operation o! all four ponds. The 

first will wort first of all as a sedimentation tank for 
settleable solids and as a sludge lagoon. After some years of 
operation (e.g. 5 to 8 years) this first pond should be closed, 
the sludge after d8'1atering under natural condition removed and 
used as soil conditioner. for this time, roughly some months, 

the second pond will play the role of a settling tank. After 
that period the plant should be operated as previously. 

3. Jitr. llishra was requested to give 'bro sets of new drawing so 
that Qr:. Kempa could wort out and depict the n.C.ssary changes in 
the ox~ation pends. 

4. Dr. ~a suggested another Yisit to oxidation ponds on 
23.3aa. before finalizing tht llOdifications in it. 

c.c. :-
\.../""1- Cr. E.S,Kempa, 

,_ Head/Manager(PCRI) 
3- All members present. 

-
( Dr. N,C. Trehan ) 

Sr. Scientific Officer 
(POU) 
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INPLUENCE OP INDUSTRIAL •ASTE LANDPILLS 
UPON THE SOIL AND GROUND•ATER 

A.J~drczak, E.S.Kempa 
College of Engineering, 65-246 Zielona Gora. Poland 

INTRODUCTION 

The storage of solid waste on ground, although most 
often in use c-95~ of all was~e generated in global 
scalci, inspires more and more anxiety. The impact 
of the landfills reveals i~ pollution of the 
surrounding environment, i.e. in pollution of 
ground- and surface waters, of soil and air. The 
symptoms of impact are: a change of pH values in 
water and soil, the increase in soil salinity, 
higher concentration of micro- and macroelements; 
sometimes the pollution is manifested by substances 
normally not present in the nature. 

The paper discusses the impact on the environment 
of two selected storage yards supplied mainly with 
industrial wastes and studied by the Authors for 
many years. The fir&t of the stockyards in question 
has been located under favourable hydrogeological 
conditions <K=0.1-1 mid), but it is not properly 
operated; the second is directly adjacent to the 
groundwater layer. 

DESCRIPTION OP THE srOCKYARDS & SCOPE OP STUDY 

Pirst Case Study 

The storage yard with an area of 0.05 square km is 
located in a local cavity. The volume of industrial 
wastes and municipal refuse which is tipped of 
there every year. amounts to 124,000 cbM and 21,000 
cbm, respectively. Sludges and depo•its from 
electroplating shops, ~aint and varnish wastes, 
scales from mechanical cleaning of ship hulls, 
wastes polluted by oil-bearing compounds and 
fishing industry waste of high salinity should be 
considered ~s hazardous. 

-· . . -~-- . . . - --~ 
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The surrounding of the tip ls cropland. These are 
lixlviate brown soils belonging to the good rye­
complexes. The terrain slopes to NE. Rain waters 
Clow through drainage ditches Into a river. Arround 
t~e yard up to a depth oC 1 meter occur sands oC 
various grain-size distribution and clayey sands; 
below this thin layer occur clays and clayey sands 
with interbeddings of dusty clays and silts. 
Groundwater occur as interbeddings inside the clay 
layers, as tense water leve~ ,r as very shallow 
Cree level waters inside the sandy-gravel deposits 
of depressions of the sandy clays roof. The real 
aquiferous layer one can Cind at a depth of some 40 
meters below the surface. 

The operation procedures at the yard do not follow 
those prescribed for sanitary landfills. The diffe­
rent kinds oC wastes delivered are not storaged 
acc. to their physical and chemical properties but 
mixed together. No covering layer with inert soil 
is practiced, though the tip is a source of dust. 
The heap is now 3m high over the surface. There is 
no outflow of leachate& which fill the bottom of 
the tip and infiltrate in part to the ground. The 
composition of these leachate& ls shown in Table 1; 
data of leachate& from refuse landfills are 
attached for comparison. 

' 

Table 1: Composition of leachate& 

Parameter Unit 

pH 
Alkalinity meq/L 
Hardness meq/L 
Conduct iv. Sim 
TDS g/m3 
COD g02/m3 
Chlorides g/m3 
Sulphates ppm 
Phenol ppm 
Na ppm 
Zn ppm 
Hg ppm 
Po ppm 
Ni ppm 
Cd ppm 
Cr ppm 

Case 
study 1 

7.26-7.28 
133-160 
90-140 

8.8-10.3 
116-124 
3.5-11.8 
50-61. 7 

155-265 
0.34-2.0 
36.0-51.0 
2.2-4.3 
0. 5- 1 . 3 
0.2-1.3 
0.2-2.9 

0.07-0.22 
0.01-0.16 

Case 
study 2 

3.05-5.9 

0.24-1.38 
658-1600 

0.02-3.20 
0.03-0.19 
0.10-0.34 
0.21-0.84 
0.01-0.09 
1.52-4.84 

Leachate& 
from re­
fuse 

7.30-7.85 
84-122 
78-122 

0.93-1 .25 
693-866 

0.98-2.49 
1.34-2.63 

32-105 
0. 04- 1. 20 
0.85-2.65 
0.90-5.2 
0.03-2.0 
0.10-2.0 
0. 06-1. 6 
o.o -o. 1 
0.0 -0. 1 1 

------------------------------------------------
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Table 2: Surface and groundwater characteristics 
--------------------------------------------------
Parameter Unit Pond Drainage 

ditch 
Piezo­
meters 

--------------------------------------------------
pH 7.7-8.3 6.9-7.6 7.1-7.2 
Alkalinity meq/L 2.7-4.0 4.4-4.8 1.0-1.6 
Hardness meq/L 9.2-10.6 16.5-17.8 14.7-20.8 
Conductivity mS/m 48-52 56-62 65-75 
TDS ppm 332-447 485-692 402-811 coo ppm 55-98 37-68 11-28 
Chlorides ppm 50-78 55-150 65-75 
Sulphates ppm 31-35 65-72 55-72 
Phenol ppm 0.04-0.42 0.0-0.02 0.0-0.001 
Na ppm 40-50 20-35 17-18 
Zn ppm 0.32-0.65 0.8-1 .60 o.41-1.05 
Hg ppm 0. 15-0. 17 0.14-0.65 o. 18-0.63 
Pb ppm 0.00-0.14 0.01-0.os 0.01-0.17 
Ni ppm 0.28-0.42 0.02-0.34 0.02-0.34 
Cd ppm 0.01-0.09 0.01-0.02 0.01-0.02 
Cr ppm 0-04-0.10 0.02-0.09 0.00-0.01 
--------------------------------------------------

Por determination the impact oc ~he wastes storaged 
upon the soil and water environment,the Collowlng 
elements have been studied: 
(1) Waters from a pond, from the drainage ditch as 

well as Crom the piezometers situated on the 
run-oCf direction and at a distance of some 300 
meters from the yard. Results are listed in 
Table No.2. 

(2) Chemical properties of soils arround the yard. 
Soil samples were removed directly from the 
surface CO.O-O.Jm); the first one in each case 
in a 3m distance from the yard oasis. The dis­
tance batween the sampling points waF SOm. The 
soil samples have been extr~cted with water 
(0.1kg/0.3L) and the fo~:owing parameters 
determined: conductivity, chlorides, sulphates. 
figure 1 shows the plan of sampling and soil 
salinity. Table 3 shows the chemical characte­
ristics of the soils arround the stockyard. 

(3) Plants especially growin~ arround the landfill. 
These were: oat (Avena sativa L.) and pea <Pi­
sum satlvum L.).Terms of plants harvesting: 
over~round parts in June, pods of pea in tne 
phase of milk maturity, oat some days after 
comin~ to ear. The main elements in plants are 
In Table 4. 
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Fig.1. Salinity of soil around the dump & soil profile. 

The second stockyard 

T~e second case study includes a landfill located 
in a worked out gravel heading with some 20,000 
tonnes of wastes tipped of per year wherein 94.4% 
of precipitation sludges come from a chromium 
tannery (wastewater treated with FeS04). The 
composition of the chrome tanning sludg~ is as 
follows: dry matter content 69.9-83.3%, organic 
~atter 50.2-63.5- d.wt., TKN 3.3-4.2- d.wt., 
Phosphorus O. 13-0.28- d.wt .. oil & ~rease (as ether 

-• .. ·-·--·~i 
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extract> 12.1-14.9- d.wt., K 0.03-0.22- d.wt. Fe 
7.71-7.8 -d.wt., total Cr 2.4-4.0 d.wt. 
The rest oc the sol id wastes are those from the 

Table 3: Soi 1 characteristics 
----------------------------------------------------

D i r e c t 0 n 
Parameter Unit N s E Jal 

D i s -- a n c e m 
3 300 3 150 3 200 3 200 

----------------------------------------------------
pH (water) 7.7 6.4 5.2 5.0 6.7 5. 1 5.3 4.4 
TKN ppm 672 952 840 620 072 672 784 728 
p ppm 272 309 409 240 2~7 270 490 360 
K ppm 682 930 930 380 980 320 1100 330 
Na ppm 150 135 190 87 120 81 140" 41 
Pin ppm 218 240 97 12 190 55 210 , 70 
Zn ppm 25 47 18 12 23 1 7 13 25 
H~ ppm 7.4 1 7 13 7.2 14 5.8 12 7.4 
Pb ppm 30 14 21 16 24 6.2 38 15 
Ni ppm 24 a.a 12 17 13 4.7 22 2.7 
Cd ppm 2.0 0.9 0.7 o. 1 o.a 0.4 2.0 0.3 
Co ppm 1 . 1 o.a 1. 2 1 .o 0.7 0. 1 2.2 1 .6 
----------------------------------------------------

Table 4: Chemical components Of the plants 
--------------------------------------------------
Plant Total Corms,~ d.wt. Plicroelements, EEm Sample") N p K Na Pin Zn Cu Ni Cd 
--------------------------------------------------

10 N 50 0.67 0.29 1. 8 o. 150 123 16 15 1 . 2 0.65 
20 N 150 0.78 0.27 2.4 0.022 127 25 14 2.a o.oa 
30 E 3 1. 40 0.47 5. 1 0. 154 654 39 22 3.2 1. 02 
40 E 50 1. 68 0.38 5. 1 0.046 208 31 28 1 . 1 0. i 7 
50 E 200 2-~0 0.58 3.4 0.030 227 31 37 0.6 0.04 
60 s 3 1. 46 0.33 4.8 0. 130 349 43 15 24.6 4.36 
70 s 50 1. 82 0.31 4.3 0.048 298 28 16 6.8 3.45 
80 s 150 2.42 0.29 3.6 0.038 181 28 20 4.0 0.06 
9P w 3 2.02 0. 13 4.4 0.080 180 68 21 1 1 . 8 3.02 

10P w 50 2-32 0.22 3.4 0.065 133 44 1 7 2.2 2.61 
1, p w 200 2.91 0.39 2.7 0.057 45 41 14 1. 4 0. ~ 4 
--------------------------------------------------
:s ) Consecution of Symbols: Sample No; type Of the 

plant: 0 - oat, p - pea; direction and distanC"e 
from the landfi 11 in meters. 
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finishing process oc skiris and hides. Leachates 
composition the Reader can find ln column 4, oc 
table 1. At the SE side oc this tip there is arable 
land, Crom the other sides the tip is surrounded by 
forest. The slope oC the terrain is Crom SE to NW. 

At the location of the landfill up to a depth of 
0.5-1.5m occur dusty humus, aggredate muds and 
clay. Below this layer are present sands, gravels, 
sand-gravel mix, with no numerous pockets of silts 
ar.d clays. The groundwater level ls 1.5-2.6m below 
the surface. High water levels in the Bober-river 
are above the bottom level of the landfill. The 
direction of the groundwater Clow is identical with 
the slope of the terrain. 
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Fig. 2 Hpogeotogical structu-e of the area. 
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Starting in 1978. the quality oC groundwater 
arround the tip has been analyaed ayate .. tically. 
The hydro-geological conditions are ahovn on Pig.2. 
On Pigs. 3 & 4 concentrations oc chromlu• and sul­
phates as well as their expansion in yearG (i.e. 
aCter 5 and 10 years oc operation) are shown as 
examples only. 
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SUftftARY 

A distinct impact of the Cirst landfill on chemical 
properties of soils can be observed at a distance 
of no more than 300m from the yard's body. It is 
manifested particularly by higher salinity as well 
as by high chlorides and sulphates concentration. 
Increased concentrations of heavy metals have been 
observed in a zone varying Crom 30 to 50 meters 
only and directly adjoining to the yard. Plants 
growing there show higher concentrations of cad­
mium, nickel, manganese and sodium, and lower. con­
centration of nitrogen which gives, in effect 
yields of so~e 30% lower. 
The lack of an insulac1on layer between the stocked 
wasteG and the groundwater (Case No.2) brings about 
that we note a distinct impact of wastes upon the 
chemical composition of the groundwater. During the 
passed years of the tip's operation, one could ob­
serve the increase in groundwater pollution as well 
as an increase of the contaminated area. Although 
this case study gave - in term5 of environment pol­
lution - objectionable results. it gave, from the 
other hand, the backgrounds for forecasting of the 
range of pollution in the r.oming years. 




