;e3e)l )i DR 6JTKX { Process for rendering sludges inert The present

I nveni ”mm to a process for rendering sludges inert, in particular
cl eaqm‘mwm\ di rents. The probl ens posed by the constantly increasing
amount's Qfpsbiidges to be renoved, treated-and stored are well known. These
sl udges have many sources. They originate, 10 for exanple, from water
purification plants, fpepctbe doedgendeeing sandgesotheat wat ercourses or
fromvarious industries. The case of sedinents fromthe cleaning out of

wat erways is a particular concern in the light of the anpbunts concerned and
their 15 corflen naresenby polventims suehaheshedoy met abrogrdsor g ¢
matter. A sigpihd gp@é'o- he t S Pif 3 10T, IS
currentl )é bl oc %%Eggﬁs%dgesé%mﬁ:rﬁéri%ﬂ er%‘lygr ?ﬁlﬁ:@haeﬁmilﬁeﬂ%@#&ﬁi ppi ng
t her ei n. STheS@R¥BR2ESr indirect econom ¢ and 20 environmental consequences
of this are very significant. Furthernore, it is well known that this
worrying situation for the waterway. systemis inly due .to the

di sadvant age@l%fp’f%f@ﬂ? rBﬂ?eéoLMt |¥‘Bﬁs cPBrsttaﬁ’&IIE’r TSRS 1A AT Fe of

cont am nat edo$| sllgdges2Toltbes rembeedyseraatedaridnstoeadsarer wdld renoval
of sludges consi stsin_di schargin he at_at s or I.n _conveying them
by nmeans of 1'il%e inTefsle?% %Jg??g?ﬁgﬁa?gp@gg% lsglg'flgsc.esli|o e ,Or\ﬁ?élr?at € sl udges
are conl30 tHor nekenrbe, herom meabes purddigatdon @lgatis, nitowr thehich is
general |y ther&asndi {5 NELSEALABN Suer | GENALnR-LEaRLLEE Bleaniig, out
wat erways), this neans Is obvious unacceptable. |In tact, before being
able to be W%%W%e&nqq%@%geg%}%véaﬁé befr csRRienss ifrom itheorder to
tsati tsfy Eh_e é?é%ﬁiﬁ%)rgn?ntcls)ﬂi Giafl:)érwl?st hil 5 anlqaaxtﬂie:dm ecfﬁ@tgﬁﬁh%ﬂ ne[1 ting
reat ment is_subjec o _|eachi ng, for exanple according -r enc

"TL" or Dut F® NEWEGRandaFds TF | naB@ESw, | FRECFERERa (s o HORT

anal ysed5andcdriteami et @nt dyofpolluténtyasuets ol hebant smésakst @aridenai n
bel ow t hresh set islatio : Lcul there exist "“c¢lass 1
stabilized mgéggenl(gccg%ttlg%gé sta%ndg%aégfggéﬁkor (?gdpio(g}t%roenat +§r gé:%e?rmunts
of sludges waterwaysi efofnortherabEaroper ehdveurremtlyt hlokiedn byo

cal cine themAanMLdO FhXchhemHRauepity Whih ibJurlaul b8 Riders HgGray and
Penessi s, "Engi neering FPI%%pert_l es of sludge ash", Journal WPCF, "Vol. 44,
7-

No. 5, May 19€%eing p. ghigects c P t PAiRERt r e AFOESMiFe vEIGe of
t[\)e sl ugges @ﬁdifm&ﬁ@nt;;]él ppss:ioh:sequ!@yac\eisr_t ueopf thaigol i dafécat very "
obtained, to_ recover them.in _value_in variqus appl]ications, er, en

t he sl udges %Jr%mc%Jncf%ﬁﬁ hat & tb?rﬂlé’ﬁ\?y nkt art§ a‘?ﬁ%ﬂrn Sl cﬂ%gm%&lf’ead, 15
this known tweatyerd ddésatndbnal famv them watdevaendgseemsuis i oaantlly i nert
for themto o] M £55, i Nt kon .S d o ng the
abovenent i on&é)%&dggag%gnmt agesd‘g%ér%lgd%)%g@gepr%%@foﬁé%ﬁgygégt ?_qggt ment of
sl udges cont®?f nafALMENhaad LRI M A aed s luddeh i s sinpl e and

econom @sand converts the sludges to conpact bl ocks which exhibit good

hani cal properti nd whi ch i ndar di f or xicity. 2
mechani cal - proper{Les oot LA b dn ! RAAALII ALY 188  SehiQlal OKeCl Y- 29

sludges consists in discharging them by boat at sea or
in conveying them by means of pipelines to settling
disposal sites. However, when the sludges are con-
30 taminated by heavy metals or dangerous organic matter
(which is generally the case with the sediments
originating from the cleaning out waterways), this
means is obviously unacceptable. In fact, before being
able to be discharged, the sludges have to be rendered
35 inert in order to satisfy the tests for nontoxicity. To
this end, the waste from the inerting treatment is
subjected to 1leaching, for example according to the
French “TL” or Dutch "“NEN” standards defined below. The
leachates are then analysed and their contents of
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Consequently, the invention relates to a process for rendering inert sludge
conprising heavy netals and organic matter in which the sludge is subjected
to a calcination and nmxed with water, and and [sic] the 30 resulting

m xture is subjected to setting and cwing, the process being characterized
tn that phosphoric acid is added to the sludge before the cal cination
stage. The team‘uo&bud:@aldtﬁnﬁmd&ues&@odot@edxamnt eneamv\acmem&ﬁﬁd§ubet ance

conpri si ng sbl ed}%%:h?fggl nor éggt&% in SE'QQEQS' %étsan\(%% ndefd even

gravel). The®¥ S orlglna " € ’cl éani ng ermays
constitute asteba&phedowastaGQQSCEDtancehSKHBdamdent|on applies. The width
of the particle size distribution of - 3 the particles in suspension in
t he sludge can be very large, for exanple fromless than 1 mcron to

several hundfadoFderone. tHeats larges AUt siprs dgehigh o mimf very
fine particlegs Hdirds adpeauen!t rdidve O¥nemof 1tthelé(\/ekﬁmm0ftot heattigsl sl udge

is conposed of particg¢les having a dianeter of |less th ons, , wher eas
t he content G\heg‘na'?’?gst%eg‘ll’\‘avpﬁﬁma mi%ﬁﬁq%‘?n%]fy gMe: [?é}ﬁé%‘?)‘bhrﬁ crons
can reach sewehderpefGrant an8umdmamire, thegpreéithe @lrb@elmtite@gr@m of
some 10 sl udges ;have t,he di t|n i f ure, pf |n t hat
is to say thg? flﬁ(?y & |’b| ggggfuLals"% X rrgatlThe‘lg’l udges Can ‘%’ér?sgnd’ered
inert aslGuch. BAByB868n.15ushse Baearmjeadt ewdures pih raziturentoiurheng whi ch
the Iarger pg&hbgggs ang T ameed. sthe didens whigh iidsudless edg render

inert can co a varia anount of wat er, dependi ng. on their
source. |t §o&sdaiflfcéfclpﬁe aptaiqad t otBe #W%dthﬁ@rtm oVaéngrie an

gn?unt béomvgb%ggé Y‘?ﬁ)ﬁh@étﬂéﬁﬂemévﬁ\ﬂ?@o%@gf @ﬁ@unglhag%uaéfé/

et ween an 0 i.S era ess 0 P s
accordi ng t oCPREAMATBREFAORY fREVY] \éﬁﬁ ‘@1 @ﬁd{:iﬁ}é ][ﬁ)acﬁm ght of
wat er oflgreghts khamm3@¥Heatmener flossi el al]]dwmrmm taen tiserodexggd@at er

t han 70% or, Lﬁfiég?ﬁ "i‘%ﬁnegg qugéet%g{nbgoa#g%g@g ?gr{g@g)éﬁi_ncrease t he cost

of the proces ority he~s éated have a
content by weight of water varying between 30 and 60% it is generally

unnecessary ghbNelntenadn e er tcgrggé{é@startacwb&cemnaepeqaét oy

settling, evaporation, The, term "heavy netal s’
under st ood tB‘eaéﬁeﬁédnﬂlélaél‘ﬁmtﬁgésdéﬁélE”f/o‘é%dq-%%sﬁ Bge&eSEo f5>rg/‘§:1?% as

vell as derykkietbineats &t 0s1§@¢;@@| uasnaadaaaitbaorby heatvgCcaedange amd h the
general ly acce ted definition ni z}}/y Met al s V\ast%gwater and SI ud

Treatment  OTH2RRFocBRIEET v CRC PFé@g ad is a
parti cul arl ycshgertscartie esauﬂbest mnr eobmpgcterblctcskshawhﬁuh eebﬂadduton t he

human body. %ggfizl uq%%arnq%%rum%lrﬁgérpye he ﬁﬁgces%hqg%or difg 40o-5 he S

i nvention ca O conprise a m net a e organic nmatter can be in
the |iquid ssseadardigeghsesssi 805t kPEiFAtYhe sludge. It can, for exanple,
conpri sefonpol ar hydrocarbons, aliphatic or aromatic

Consequently, the invention relates to a process for
rendering inert sludge comprising heavy metals and
organic matter in which the sludge is subjected to a
calcination and mixed with water, and and [sic] the
30 resulting mixture is subjected to setting and curing,
the process being characterized in that phosphoric acid

is added to the sludge before the calcination stage.

The term “sludge” 1is understood to denote an aqueous
35 substance comprising silt, mud and inorganic matter in
suspension (sand, indeed even gravel). The sediments
originating from the c¢leaning out of waterways
constitute an example of sludges to which the invention
applies. The width of the particle size distribution of



10 (nmono- or polycyclic) hydrocarbons and hal ogenat ed sol vents. According
to the invention, phosphoric acid is added to the sludge. The anpunt of
phosphoric acid to be 15 enpl oyed depends on the precise conposition of the
sludge to be treated. Wthout wishingt®be commtted to a theoretica

expl anation, the inventor believes that, follow ng the addition of
phosphori c acheé mattticlagpyinpbaspeakseons ifrortiee dlndpg tdam dse cvraeayi on. 20

Thi s pyrophosphate pfave SCcav. r e t ) uently,
t he precise éﬁﬁgﬁT d%x%h%§%ﬁ8?§cqgéﬁh:ﬁ%gﬁet%%%lgygﬁxﬁgﬁbﬁéi %%egﬁgﬂcontent
of these heamndeed smiarohe.s| Thge. sludgesictdfden awoapmise bg weight of at
| east 1% (pr -abl-y | i [5%? to o the wei dryphmtigg is to
be enpl oyed. %]Icot%t%?tproﬁ/o.evrégglt telEJ'frgerS t etlarrpunt of ﬂ%og{?%%‘?%% acid toGEe | ess
than 15%5 Anednt §hef weigeen 2f anth®udiede a8y BisghFemeaeedblef 30 The

cal ci nation iggrthtaededhsPifgstd oMibhRtergastCc 1edd eithahhes cal é1oRsi on s
generally carried out at a teggerature f. greater than 450C in order for

‘the organi c WREEERS SR SOREERFerd S royeRes| favingg i sahrReter avoi d
an excessi ve offerjppesaaicd ehathisd0 3o ovured dey erddeh reswkta Dfpaapeenzi ng a
portion of the_heav t al I n_practj.ce, t.he calci J t egper eis

| ess than 1 %616& © ﬁlog:%preﬁ%lrer e(f%zi%tledrlr?atiévlez o%ﬁ%ﬁﬁ#}agﬂ%ro%gssg%@%ordi ng
to the ih¥entilodigeshe heateci nblné ondiehpeguighéngs deaduee t h S0€thand | ess

- 3 than 80G(: chigo@eder {iabesRardd Cubgl lonal  eALLYAliast soverg the
organic matter and in volatilizing as [Tttle as poSsible of heavy netals,
it is particUR¥M-advant ageous for the calcination tenperature to be 5
greater than 550C and | ess than 750C. It has been observed that the

calcination is advantageously carried out. under a contrall ed, at nosphere. 10
To this end, T asﬁlb‘i%‘??i Ea8nR%i ﬁﬁﬁge&edt MR bcdSs S8R diT§Yt oC#he
inventi ons thilscatv®sphbrfecikcedoxiali ai mretHuatnadriter dating fwdrimalf achéi t at es

the setting qf _the rtar. In i it is possible, 15 for exanple, to
use anbi ent glarr.glélrt s tlﬁfélr?sngé%s%aer&%%%g'take care that a sufficient anount
of air is available in the furnace. In another specific enbodi nent, the

at mospher e i g0 éﬁgag?éggwﬂ%s gebadi ngasi &gl r&opaféﬁ&&arin@;ean&&geous in

that it inhibits t ormation of chromumVI). The duration of the

cal ci nati on GEPORASCR M IERHOSMIWIT AT (HRET udRPIRAHRE rFudERRHE i ner t

and on 250t hgoaticangerenti of ublialmeter i alhd nstii€gesl cidabeonréndevee. |t
nmust al so be.,sufficient _to destr%the organi c mat.tekzr) and. to Eroducg enough
hs &tvel®

pyr ophosphat é2Bbr i h§ t Rt TF nd oAMEPRGe, ®Yt Weld fat %one 30
sl udges, i n paeaten ahanh@dE.riMiis rameaird tiey upgweel Iy Seettvoeermne3 § oamdit | on of

pozzuol ani ¢ pRLerial §¢ y&grgggg}og%%gnt@lgnngbg_pr onounced when the
eeds 7

cal ci nation tenperature-exc . Inthis case, it is not necessary to
add a hydraulic binder to bring about 35 setting and curi ng.

25 For the process according to the invention, the sludges
which comprise amounts by weight of water of greater
than 30% are very suitable. However, amounts of greater
than 70% or, in some cases, 60% are to be avoided as
they increase the cost of the process. As the majority

30 of the sludges to be treated have a content by weight
of water wvarying between 30 and 60%, it is generally
unnecessary either to add water or to abstract it (by

separation by settling, evaporation, and the like).

35 The term “heavy metals” is understood to denote metals
with a density at least equal to 5 g/cm®, as well as
beryllium, arsenic, selenium and antimony, in
accordance with the generally accepted definition
(Heavy Metals 1in Wastewater and Sludge Treatment



In a specific enbodi ment of the invention, a hydraulic binder is mxed with
t he product of the calcination. - 6 The hydraulic binder is comonly
conposed of Portland cenent. However, the use of blast furnace slag cenent
(comprising metal lurgical slag) pronoteg the reduction of chrom un(Vl).
Pozzuol anic materials, such as coal 5 conbustion ash, nmay al so be suitable.
It is necessaryckasadd, I ng tOrRCNMPredg ofnd helbgur ayage @)ndereadt h the
product of the calci n%t.i orltai r1tended tg.forg]the rta;: an _anounf of m xing
wat er whi ch 8 suf PG5 g oBbTR &1 pFEEL i %. CRRESRhourd BER
hydraul i ¢ 10ibsndearmbube efifp¢otyedrdepdreds homavar body . paTheet £ledgesn
particular o dr .G binder | e t iti 0 he

sl udges and gﬁhpﬁggér og'glrét]ftes )ggsi rtg fgé!e%%%i ng cggggﬁét &%nt héehé

t r eat ment5 pr do¥sstietorannglee chEprrasenalvpinigmpaetpéul ar its 15

mechani cal strength. In practice, it is recommended often to enploy an

anount by wei ght of binder of greater than_ 1% .of the weight of the

cal ci nati on &BR. CKEEBLG AGLESTt KT Rferddl dite iV 1TW HsHathIF tigt 1R wei ght
of the hydragbilgdbi sdatet 0ile l@®s tuARN% and Hamot fidy exsestble,
preferably, 30% Il n an advant agﬁogs altgr nativelfg%a;g. use i s _made of an
amount by weFGRPTAFChHFRR 1T br¥GEPCBF °gP&at &1 o6 Shd Te¥LEHan 20%
of the mr®ddug¢imonb-t hercalpolyaticdic)25 hle doamhorfs t lends ol hall ogpessatodad ai ned
on concl usi op Q(Iehp_g curing, which can | ast several days, is that under

whi ch the morfar “has - been shaped. It can conprise, for exanple, briquettes
or spherical or prismshaped 30 blocks. It is conpact and substantially

devoi d of gagckBehyaboRs 2B iMQenithios,’ @ARIPhoRiR Ridiy GePhdwshan cal
properties, in particular a sufficient hardness and a sufficient inpact
strength to &PPowSiLH A6 - be ThEndPERUREYd Sfor RPAHRBFIC didFitultd e 35 The

solid anﬂ')dCoéﬁprbyQ&SSdéIﬁeﬁﬂbs'tc&m itHd yptrl&e'd gtseV\:i bﬁmpespegbnt 0c|>ﬂt mh heric
agents and co rms to . the toxicity standards, with regard to | eachates
extract ed acég}‘g?ﬁg % ]%“?rf:ﬁsgh?dpr @et P%s,sz%’}d@rp%sgghé’?e confnlittcf‘e i ned by
the "TL" or thEN sthewcetsallhexplemeltitn,pl eheeathivenytodL belstves
descri bed '“tBFF., Fr %‘i‘io%%gd?ftﬁxé%ééi@%%n TEF p#)?ﬁ)?s??lloﬂfc the 3t est

m i ria e able to

consists in 'ng the mat so as to _ pass it through a 4 nm
sieve. This ARLFéumnRYEPPRPSPhasabiEctfoames NG It ik igation.
deni ner al§ zegnhWat QyrdphodgHatld Besbésl £at i efuatatendfr Wokh KQnst ant

stirring. On conclusion of each |eaching, the 10 content_  in the washing
Viquid of {hBSREASy SEPSEEERETYY he HobErcLt®) eEPERCL G RAQERIORAE

nmeasur ed. Thacbdt ddo " NEN'eniEidyaxbndepeadsf an | thepardntent f ofielthesd | i ng
the sanple (H2Q$§ %%ééf? metﬁQ EQQEGQ.W%ﬁHpractice, an amount by
weight of at least 1% (preferably 2%) with respect to
25 the weight of dry matter is to be employed. It is
preferable for the amount of phosphoric acid to be less
than 15%. Amounts of between 2 and 6% are generally
highly suitable.

30 The calcination is intended to destroy the organic
matter. The calcination is generally carried out at a
temperature of greater than 450°C in order for the
organic matter to be sufficiently destroyed. It is
advisable to avoid an excessive temperature, which

35 would have the result of vaporizing a portion of the
heavy metals. In practice, the calcination temperature
is less than 1 000°C. In a preferred alternative form
of the process according to the invention, the

calcination temperature is greater than 500°C and less



15 to it in a water: solid ratio of 50. It is then maintained at pH 7 for
three hours and then at pH 4 (which is the m ninum pH of rain water), also
for three hours. Adjustnment of the pHis carried out continuously using a
IN solution of nitric acid 20 (nonconpl exinhg acid). The content in the
biquid phase of heavy netals is then determ ned by analysis. In a

parti cgl arly t&ﬂmrﬂ?@%rs mayordde set tbmgpﬁﬂdibheaemy: l't@fbﬁcﬁfihﬁé MRAt alr are
carried out i .i_na storage site. This site w ,. f.or exanpl e,
advant ageousl%i(/esé: 3) Sk edtl?q%arorr a9 4 %E%?rar%?diawt Wmtdﬁjizt”% B8sired
to fill in. Ritthe cevingssiblei of ahkavisi metclwi,t hitwat ®rpartisilarbpt be
necessary 10 ARkERINLXELAC! chie LaikehartBa SELibBgafe! NE30yguri ng
of the nortar being’in no way inpede y the presence of Water . °Di Slised
quarri es ar e 9FgAtieEultiany SpOC aad d@seo thiza IB68°&ge of the sl udges
rendered inert by the process according to the invention. 35 According to a
particul arly adviajlra]t agegzuﬁsﬁ enbodi nent of the process according to the

i nvention, atfedulffig K i vePEETVRLor pbhat ed §1F t hE2ACIPAG1RBt eris By way
of exanpl e, tdivanzddiebusdycan dagrieldect editf r oinddw®n, ABNIEHEEEo11is@N(!11)
conpounds, @g‘%gﬁgl%%gl) conpounds - g _ or reducing salts of alkali
netals. In tAi's énbodirrent of the process, the reducing agent is added in
an anount0by wei ght of between 0.1 and 1% of the weight of dry matter

present int dge In.a pr d al Nl form_of thi

enbodi nent, ?ﬁesérﬁei%cfﬂg' addi t?vgg%agggi uﬁ@%exﬁe. 8liort%[ehe£%%%ﬁ%ati on
of the proce3§coEEdREi ngt?o tthe 10invieehitan, ttHussourtwmospbhelhe slimlges is
not critical oxIBezRhgcessriead), hokeexabpke, beoapp! irgdi1itarkhe siwdges
resulting fromthe seéaftaraill on gy sett]i ng of wastewater of industrial or
muni ci pal or B§ERFPE5 % othfe MOEFATeNt P oFPgPNAARSRy fBmith\ERE g or

cl eani ngidut fok rexeers e pondsuseckhidientsayiers, Itt dst M eredid®isary

originating (o] c in t of s, (e._g. ports, lakes, rivers
or canal s). gé %&gger%ggﬁe ?H%gntgongﬁég%ﬁ?{!?%ul%?‘%ngui?éd 34" t He® sl udges
conposed of gwdikebie dni gheatumgateom t he cl eani ng out of waterways. The
invention is illustrated by the follow ng descrip25 tion, with reference to
t he appended_draw ngs. Figure 1 represents the diagramof a plant enploying
a specific eﬁﬁod?ﬁ‘@gp%f ERECALdCes SROSIIENTy t Fhene dtmpsrhiane Figure 2
is a hi gegresuatihbe paibi ehdosiizend0 i@ Sty idustd i efr aadldiiagyesdily ect ed
to the process gﬁc rd%ng ho tge Lﬁvegtion',Figure i S,anal ogous to Figure
2, in the casB bPEEndFhEPREPhATe RenECNaht OF eBF e SBAPBH B YELF armat i cal Iy in
the figure is 35 intended for the treatnment of cleaning-out sedinents 1,
conpri si ng heawy I nd gapj t-efs. 1. conpki reacti.qn chamnber
4 in which a%géff{%:rgﬁfioglmuﬁ o?h%hggcipal%orlinc?tagﬁld 2é§%§%%ti Shal |t3fe i f
necessary, ofCORAPEELt3BONsoXdddir t oludge cteamengrendered inert and on

25 the arrangement of the material in the calcination

furnace. It must also be sufficient to destroy the

organic matter and to produce enough pyrophosphate.

During the calcination stage, it was observed that some
30 sludges, in particular those rich in calcite, give rise

to the formation of ©pozzuolanic materials. This

phenomenon 1is more pronounced when the calcination

temperature exceeds 750°C. In this case, it is not

necessary to add a hydraulic binder to bring about
35 setting and curing.

In a specific embodiment of the invention, a hydraulic

binder is mixed with the product of the calcination.



_ g _sedinent 1 to form by mxing, a punpable mass 5. The punpable mass 5
is withdrawmn fromthe reaction chanber 4 and is introduced into a
‘calcination furnace 6 where it is heated at a tenperature in the 5 region
of 650C in the presence of air for a tige-sufficient to deconpose the
organic matter. The calcined material 7 extracted fromthe furnace 6 is

t ransf erred The ahgidriang i ehdrederd 0i wheioamsatler Sompslsed hpdr ardrtd didhder 9
are added to_it i@ apgount s adjtthseted 10 ifn olrd r %}g focr:én tﬂ(l m xing with the
cal ci ned matSFTERC7, PRWEVEF aul it nBFFartiPlonte MOFRATS131RE S from
the m xi ng cheoyeridingnmetedteygdceila ligws plomotes ditbes etednearion 13,
into which ibei LpQieth (vEe MBbL2Gotdnk s AL SUDI SCt g b0 settddg and 15
curing at the sane site of its storage to forma stabilized waste 14. The
exanpl es Sdeseemipest et odshi | Maevab$ot ke &Widimbdge oftt A n|cEasasy. 20

First seriest@f 2885t qukAnEXaha esididy &t €BEChiBedudeLow: ndltdggsy enoved
froma canal were treated. The conposition bys*_\/\g%ggqﬁ%é)f 25 the sludge is

given in thet®®l PRAMGTaBE e the TRELFAPALLPE ritSut FeRmofthehe
sludge is i |1{r1]<bt6%d_iﬂl edni Ian}catgﬁf eo?, m@iﬂliwbi Watidie vﬁl;ii?d:lef 0k tsimleffami@n?czae
represents the diangter t-he particles, the scale t be t - han

ordi nat es re?)?e?gr?t%ectehegpé)rjﬁscqolec sP7&%%0 a"ﬂé r PBaHon ?ﬁ Mﬁ{ﬁ ¢Units
and t he 19cal kinder heorbghempangedr depands pepregéous pPagamemearst, i ua
fractions of . i i i i d r. - Tabl e
1 Gonst 1 uerRCont Shr oy i She (CRyTElLE! Sinde (REIEBLRR), on) B 1

my/ kgCr 200 nEPRREEATDORY/ REN the nf§lrgePEs50ang/ ketr gahiec waOPSTLE RS

g/ kgCaC031183 44 ket g6 kabkFiRsamMyodudtods | Phacelkdanes tWidrdddaa

invention) 5 Portjons of sludges corresponding to 1 kg of dry matter (i.e.
2 kg of crud®PEHRI wr® plti€ed FRVEBFLIRoL t atRontRf T cdHSi ned for
1 hour as a mermpetibdal e afrofHE .(start ppgctiicaaceicolil raiceathend@e@00C over
1 h). 10~ of _prdinary Rortland cenent. i.e 12 g.of 10 cenent,per 108 g of

%gte?nw:tré/e suasleocfuer‘_?l 355‘8885 t%yt h‘%g%% Ti i rilnﬁdre%dué) . These

calcined slu
sanpl es of I@geatewr thahed tniokdthet Weagbsf fdfci e aabahanabionasmsh.to
produce a plastdLaPast @o | the ARRINUGH €l Y¢S5 M de?'ﬂ@a%@%e f?’f‘ Itl.?l%o
pol ypropyl ene centrituge tubes wth a 15 di aneter of 37 mm After 28 days,

the sol i di f ieREERE eEWEPE PYAEGEA 1 HENARE fsuIRR HR%S cBRpReS8fvandest

speci mteny Wrhdt a-dedghdedf e farayproxiomiely were produced therefromw th
a dianond saw. After dressing the faces and drying at normal tenperature

for 20 two days, the densities of the sanples were neasured. Finally, the
sanpl es wer eIrsudm eatiedntagebes” alltereathiiveg ficast, defe netel mbdeeofTha results

of the density, easyy CJENLANGs ohybPEu) E8CBE AGEe8E L8a0kYCRKAA 3Pl e 2:

and less than 20% of the product of the calcination.

25
The form of the solid mass obtained on conclusion of
the curing, which can last several days, is that under
which the mortar has been shaped. It can comprise, for
example, briguettes or spherical or ©prism-shaped

30 blocks. It is compact and substantially devoid of gas
inclusions and, for this reason, exhibits good
mechanical properties, in particular a sufficient
hardness and a sufficient impact strength to allow it
to be handled and stored without difficulties.

35
The solid and compact mass is substantially inert with
respect to atmospheric agents and conforms to the
toxicity standards with regard to leachates extracted
according to stringent procedures, such as those



- 11 Table 2 Density"TL" Triple |eaching(kg/dnB)1lst2nd3rdpHCr(VI)

(mg/ 1) pHCr (M) (mg/ 1) pHCr (V1) (ng/ 1) 1.3011. 60. 2611. 50. 0711. 40. 006 Exanple 2
(in accordance with the invention) In Exanple 2, the sane procedure was
carried out as in 5 Exanple 1 except t-hat,-in accordance with the
fnvention, 29.5 g of 85~ by wei ght phosphoric acid per 1 kg of dry matter
wer e added t defhaedr pymahterTLY herhoNEYyénsrahdardbei ng provi ded by a hand
nortar m xer. The results of the nechanical and | eaching tests are 10 given
in Table 3: Table 3 Density"TL" Triple | eaching(kg/dnB8 )1st2nd3rdpHCr(VI)
(my/ 1) pHCr ( VIThe( Ryen@HCEE VP e ( rgachirg| 1TB0. ¢28kl. £9. descridedD iThe

sharp decreagfel NrLOMRMAYAXTPY xBk( Yh) 208 . 1orRDS @b edin bRe ¢ rd

| eachi ng, the anounts are not detectable. Contam nations with |ead are
undet ect a'fb! etBytt FoRsLess (a8 Wﬂ@%)?hﬁxﬁ%ﬁélél( Bt aSn te R BER with
theI i nventi ﬁab %sgwewaanr@ﬁgﬁedurel\r;wmsﬁ@%i %mut nds lied et eal but
replacing the "TL" test with the ¥ " test, . IS, nore,strin I test
makes it possfhl Eupéeagﬁaﬂns{g?at‘értgf?ani‘ﬁ%‘f}?bﬁ% vﬁ”t’%l e%?)“.‘”ﬁfga ¥eiffts are
given in 25 wabke,4:in a liguid/solid ratio equal to 10, with
constant stirring. On conclusion of each leaching, the
10 content in the washing liquid of the heavy metals from

the powder subjected to the test is measured.

The Dutch “NEN” test consists, for its part, in finely
milling the sample (under 125 um) and in adding water
15 to it in a water:solid ratio of 50. It is then
maintained at pH 7 for three hours and then at pH 4
(which is the minimum pH of rain water), also for
three hours. Adjustment of the pH is carried out
continuously wusing a 1N solution of nitric acid
20 (noncomplexing acid). The content in the ligquid phase

of heavy metals is then determined by analysis.

In a particularly advantageous way, the setting and the
curing of the mortar are carried out at its final
25 storage site. This site will  Dbe, for example,
advantageously a disused quarry, a lake or any cavity
which it is desired to £fill in. If the cavity is
initially filled with water, it will not be necessary
to completely extract the latter, the setting and the
30 curing of the mortar being in no way impeded by the
presence of water. Disused quarries are particularly
well suited to the storage of the sludges rendered

inert by the process according to the invention.

35 According to a particularly advantageous embodiment of
the process according to the invention, a reducing
additive is incorporated in the mixing water. By way of
example, this additive can be selected from: iron,

manganese, iron(II) compounds, manganese(II) compounds



- 12 Table 4 Cd (ng/1)Cr (nmg/1)Ni (nmg/1)Pb (ng/ 1) 1N

Hl ~103added(mn ) 0. 070. 150. 050. 4819.1 Exanple 4 (in accordance with the
invention) 5 The sane procedure was carried out as in Exanple 2 but
replacing the "TL" test by the "NEN' tegf.- Table 5 Cd (ng/1)Cr (ng/ 1) N
(mg/1)Pb (ngy/1) 1N HNO3added(m ) 0. 050. 130. 060. 1318.3 10 The results recorded

in Table 5 SBQWI@dwmgsiwnsie@f eauaiw mefkas. nai o&hwt&%@@ﬁn&ytvi rtue
of the treat i n accordance

th tg c lL.nvention ggéggles of tests
15 In Exanpl 8 "sehfly REOGHTTh JEEARCRBE pATEHE sﬁdj‘ md%ed™Fr om
anot her canabhmoene byeatedghtThd dapesnt il Bndwifghtf ofhe heesdhidgef i s
given in the h aghl size distribution of 20 the
sl udge is i|FL§t#§?§§9 ﬁggggure § %h@ 5 P h%the scal e of the abscissae
represents the diameter of the partlcles the scale of the |eft-hand

ordi nat es re@he%e%%éﬁé?%é@ﬁ%@ﬂéf%&%rﬁé(¥6¥M'Jlﬂﬁﬁﬁb'éhﬁéﬂfﬁéﬂ€ uphd s and
the scale of the right-hand ordlnates 25 represents the cumul at'i ve

fractions ofrﬁﬁécapgtPﬂS&FFUﬁ 1§s SQARYMENARIISE dry matt er. - 13 Table
6 Constltuenthntent by wei ght ([l acuna] melght of dry matter)Cdl4

ng/ kgCol0 ng k Q0 ny/ kghi, 150 Pb520 kgOr gani

matter 160 g/ ;%Ehgfﬁ ¢2803949 gg I%ﬁ g@co? nce

mﬁthtfmﬂ@nvenVenm)oﬁ | rthehi soexraepbé, theu$lm@gésomstm@bﬂ¢mtﬁ£naath t he

conposition e b roged carried out as in
Example 1 bu?h%hgfégﬁggr%gg’nfg?he§g &%t % E?grggﬁlc bi nder used: 18 g of

Portl and cen®nt tperthe?2 %Jlléﬁig%%l giefad singgdrom ethes-§epapatrapne y
settling of wastewater of industrial or municipal

origin,
15 e to the sediments originating from the dredging or
cleaning out of rivers, ponds, wells or sewers,
e to the sediments originating from the cleaning out

of waterways (e.g. ports, lakes, rivers or canals).

20 However, the invention is particularly suited to the
sludges composed of sediments originating from the

cleaning out of waterways.

The invention is illustrated by the following descrip-

25 tion, with reference to the appended drawings.

Figure 1 represents the diagram of a plant employing a
specific embodiment of the process according to the
invention; Figure 2 is a histogram of the particle size

30 distribution of a sludge subjected to the process
according to the invention; Figure 3 is analogous to
Figure 2, in the case of another sludge.

The plant represented diagrammatically in the figure is
35 intended for the treatment of cleaning-out sediments 1,
comprising heavy metals and organic matter. It com-
prises a reaction chamber 4 in which a sufficient
amount of phosphoric acid 2 and optionally, if
necessary, of water 3 1is added to the cleaning-out



Density"TL" Triple |eaching(kg/dnB)1lst2nd3rdpHCr (V1) (ng/ 1) pHCr (V1)

(mg/ 1) pHCr (VI) (no/1)1.2811.40.27 111.3 10.039 111.3 ~N. Exanple 6 (in
accordance with the invention) 15 Exanple 6 repeats the conditions of
Exanple 2 but while also increasing the amount of hydraulic binder used: 18
g of Portland cenent per 102 g of cal cined sludge (i.e. 15-~). - 14 Table
8 Density" TL'seBimene [leaohi figfkg/ thyB)niistiZrd 3ralppiGmpeb) e( trgdsk) BHCr Tive)

/1) pHCr / 6 4 ~0..151 21 D. T d
fggco)nfam ga#%“% (rgﬂ%glcont r |lljosut e#%hd%%g?t r él‘ggr%{entt aéggo?%gég ?lgc{ ﬁgse

i nvention 5 Cbaa@&ﬁrn 4ob5@mded lEExamptaOW(:ed acotralanee wkahcihatiowention)

In this exa e ¢C o] f e d t ile
addi ng, durrlr%h%nhtglémsxﬁ{lﬁi Eéeqcsaﬁéfé%g%&pgv%d% téﬁﬁé@ﬁ%ﬁ%@drlﬁ |P({:\Qb| nder,

0.25 (by %wi gRgien de§ & &P t BBes|RKRRONGSH §c§d|®h¥SLﬁ‘1¥h| fie TiBRuci ng

agent). 15 T@ﬁlfgl%le%mta/o(kaédaﬁiasrséw JtHe tBeghhist IhRAMRHMYI The
(nmg/ 1) 1. 28Not det.ectable It f found that, gf%ovm ngFth additiqgn of the
e

reduci ng agef@ €& uMLeLH? BFEVRT LR Bn§ RIS 8. i s
confirms thatrbhefbfmédﬂuu;aﬁmikmng chamber 10 where water 8 and a

hydraulic binder 9 are added to it in amounts adjusted
10 in order to form, by mixing with the calcined
material 7, a hydraulic mortar 1l1. The mortar 11 is
pumped from the mixing chamber 10 and conveyed via
pipes 12 to a disused gquarry 13, into which it is
poured. The mortar 11 is then subjected to setting and
15 curing at the same site of its storage to form a

stabilized waste 14.

The examples described below will reveal the advantage
of the invention.

20
First series of tests

In Examples 1 to 4, described below, sludges removed
from a canal were treated. The composition by weight of
25 the sludge is given in the following Table 1. The
particle size distribution of the sludge is illustrated
in Figure 2, in which the scale of the abscissae
represents the diameter of the particles, the scale of
the left-hand ordinates represents the particle size
30 distribution in relative units and the scale of the
right-hand ordinates represents the cumulative
fractions of the distribution, as % by weight of dry

matter.



20 Cr(Vl) inert has been strengthened. Third series of tests In this series
of tests, sludges renoved froma port 25 were treated. These sl udges
‘conprise sea water. Their toxic and/or heavy netal conposition is given in
Tabl e 10. - 15 Table 10 Constituent Comtent by weight ([lacuna] weight of
dry matter)Cd10 ng/ kgCr26 ng/ kgCu39 ng/ kgNi 7.9 ng/ kgPb158 ng/ kgzZn2 470

ng/ kgCaC03300 g/ kgOrganic matter130 @akgleerd -- 2 100 g/ kg Exanple 8 (in

accor dance M t h the | nvnnf 1 nn\ l: ln thic aAavanmnl A + hn S-aR—PE nnndllrn but

11 C i J u/\ULIIHI T3 AL = S A A=A A - A =

starting frpm sl udgeGohatungenbe conposifti on i;mménteday méﬁagjﬂte 10, Was
carried out|as in Exanple 2 except that Ay d put for
two hours ap—625€c—eant—that—btast—furtac sﬁég%%%} Jé Al 10
lurgical slpg) was used, &b as to reduce the Cr(VI}14 mbékgesults of the
nmechani cal and Ieachl ng t@osts are given |n Tabl e 119 L-“r Mﬁill Densi t y"TL"

Tri p| e |l eac Tllu\ r\g/ Cl'uo) Fst2nd3t upnO (‘v’i ) \ g/ 1\ HE Y f 15 HO'(‘V )

(my/1)1.25~{ 12 1<0.002 1 ©xr 1<0.002 111.9 1<0. 002 @5)0(@9/&@ 005 ng/1;|Cu
<0.02 ng/ 1;| Zn <0.05 ny/ ,, Pb <0.04 ng/ 1) Exanple %d in{b/qggcordance wth the
i nventi on)

Ni 190 mg/kg

Pb 950 mg/kg
Organic matter 157 g/kg
CaCo; 118 g/kg
Water 1 kg/kg

Example 1 (not in accordance with the invention)

5 Portions of sludges corresponding to 1 kg of dry matter
(i.e. 2 kg of crude sludge) were placed in terracotta
containers and calcined for 1 hour at a temperature of
600°C (starting furnace cold, raised to 600°C over
1 h). 10% of ordinary Portland cement, i.e. 12 g of

10 cement per 108 g of calcined sludge, were subsequently
added to the calcination product. These samples of
120 g were then mixed with a sufficient amount of water
to produce a plastic paste, i.e. approximately 55 ml,
and were run into polypropylene centrifuge tubes with a

15 diameter of 37 mm. After 28 days, the solidified cores
were removed from the moulds and compressive test
specimens with a height of 40 mm approximately were
produced therefrom with a diamond saw. After dressing
the faces and drying at normal temperature for

20 two days, the densities of the samples were measured.
Finally, the samples were subjected to the “TL”
leaching test defined above. The results of the density
measurement and of the leaching test are given in
Table 2:



20 In this

exanpl e, the sane procedure was carried out as -

16 5in
Exanpl e 8 except that the |eaching test was carried out with sea water,

t he

conposition of which is given in Table 12. Table 12 Constituent Content by
wei ght (ng/ 1) Nal0 560K380Ca380Myl 270€118 980S042 650 The results of the
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(ng/ 1) pHCr (
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and | eaching tests are given in Table 13: 10 Table 13
Triple | eaching(kg/dn8 ) It red3 dpHCr (VI) (ng/ 1) pHCr (V1)
1—2516—8<6—06216<6
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Example 2 (in accordance with the invention)

In Example 2, the same procedure was carried out as in

Example 1 except that, in accordance with the
invention, 29.5 g of 85% by weight phosphoric acid per
1 kg of dry matter were added to the dry matter, the

homogenization being provided by a hand mortar mixer.
The results of the mechanical and leaching tests are

given in Table 3:

Table 3
Density “TL” Triple leaching
(kg/dm?) 1st 2nd 3rd
PH Cr(VI) PH Cr (VI) pH Cr(VI)
(mg/1) (mg/1) (mg/1)
1.24 11.6 0.028 11.5 0.002 11.4 N.D.
The sharp decrease in contamination by Cr(VvI) is
observed. In the third leaching, the amounts are not
detectable. Contaminations with lead are undetectable

by this test (< 50 ug/l).

Example 3 (not in accordance with the invention)

The same procedure was carried out as in Example 1 but
test with the “NEN” test.
it possible to
are given

replacing the “TL” This more

stringent test makes demonstrate

contaminations with 1lead. The results in

Table 4:



- 17 5 10 the remaining materials are subjected to a floccul ation
Intended to facilitate the solid-liquid separation; the resulting sludge
is subjected to pressing through a belt filter until a content of dry
matter of at |east 40~ is obtained. Theigoaposition of the sludges is given
in Table 14. Table 14 Constituent Content by weight ([lacuna] weight of dry
matt er) Cd2 ng/ kgCo<3 ny/ kgCr 24 ng/kg@@ﬁlamﬂnglll ng/ kgPb395 ng/ngn590

n'g/ kgo‘ ganl ~__1mmittor 1nn al I/nf“nmt)l;j ol lc\Abt or ENN Al leo vyl {) (I n

-2 IIMI LAY | U \\J AT I I T Ul I\UVML A\ | EAYAYJ ul [\U I_I\MIIHI \4 -_

accordance wad (g i)nvedti émy/1b | Wit ng/éxarerle (ndel Bajre 1 ¢RJur ¢ was
carried out{as in Exanple 8 startihg from sl ugge renoved fro?d@e ake{ The
results of fhe mechani dqal and | eaching tests are given in fB - 18
Tabl e 15 Depsity"TL" Triple Ieaching(kg/dnﬁ)1st2nd3rdeCr(VI)“nl)

(rmg/ 1) pHCr (W) |:n IJ_) UL \Vl) (g ) 10511 2<6 00211 2<616021t12<6-0602 (Cd
<0.005 g/ 1| Cu%<B702 ry/ 1;0-Ni5> <0. p5 nr85 zn|<0. @9 48y/ 1) 19.

Example 4 (in accordance with the invention)

5 The same procedure was carried out as in Example 2 but
replacing the “TL” test by the “NEN” test.

Table 5
Ccd (mg/l) Cr (mg/l) Ni (mg/1l) Pb (mg/l) 1N HNO;
added
(ml)
0.05 0.13 0.06 0.13 18.3

10 The results recorded in Table 5 show a very sharp
decrease in contamination with 1lead by wvirtue of the
treatment in accordance with the invention.

Second series of tests

15
In Examples 5 and 6, which are described below, sludges
removed from another canal were treated. The
composition by weight of the sludge is given in the
following Table 6. The particle size distribution of

20 the sludge is illustrated in Figure 3, in which the
scale of the abscissae represents the diameter of the
particles, the scale of the 1left-hand ordinates
represents the particle size distribution in relative
units and the scale of the right-hand ordinates

25 represents the cumulative fractions of the
distribution, as % by weight of dry matter.



5 Exanple 11 (in accordance with the invention)

In this exanple, the

sane

procedure was carried out as in Exanple 2 except that the cal cination was

‘carried out for 2 hours at 775C and that no hydraulic binder

The results of the |eaching test are giyegn-in Table 16 and show t he

excel | ent

inerting of the toxic substances:

| eachi ng(kg/ dnB) 1st 2nd3rdpHCr (V1) (nufdhlRb  ng/ 1) pHCr (V1) (ng/ 1) Pb

(mg/ 1) pHCr (

Y (/1N Ph (/1) 1
——Hg—y =g =

10 was added.

15 Table 16 Density"TL" Triple

<0. 005 ny/ 1

t hese sanpl ¢s proved to possess a high cp

despite the
formati on of

Cu <0. OZomgtirulint<0. 05 ng/

absence of hydraulic binder.
pozzuol ani ¢ 25 conpounds du
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and m xed wi

th water (8) C@nd t he resul tfi

ing mxturg;qldd, kg subjecte

1 to

setting andjcurmy, —ctaractertzed T that—phosphorTtc acr d \4) rs—added to
the sludge hefore the cal®nation stage| 10 2. Prot@dgn Ol ai m
1, charactefized in that y hydraulic blnder (9) is130 %kg/M4th the product
of the cal cimattom (7~

Pb 520 mg/kg

Organic matter 160 g/kg

Water 1 700 g/kg

CaCo; 149 g/kg

10

Example 5 (not in accordance with the invention)

In this example, starting
composition given in Table
carried out as in Example

amount of hydraulic

cement per 102 g of calcined sludge (i.e.

binder used:

from the sludges with the
6,
1 but while increasing the
18 g of Portland
15%).

the same procedure was

Table 7

Density

“TL” Triple leaching

(kg/dm?) 1st

2nd 3rd

Cr(VI)
(mg/1)

PH

pH

Cr(VI)
(mg/1)

Cr(VI)
(mg/1)

pH

1.28 11.4 0.27

11.

3 0.039 11.3 N.D.

15

Example 6

(in accordance with the invention)

Example 6 repeats the conditions of Example 2 but while

also increasing the amount

of hydraulic binder used:

18 g of Portland cement per 102 g of calcined sludge

(i.e. 15%).



15 3. Process according to Caim 2,

characterized in that the cal cination

tenperature is greater than 500C and | ess than 800C. 4. Process according
to the preceding claim charac20 terized in that the cal cination
tenperature is greater than 550C and Legg than 750C. 5. Process according

to any one of the preceding clains,
is 25 carried out under a controlledfmﬂﬁmal&h2|ng at nosphere.

characterized in that the calcination
6. Process

accordi ng t p—anry—one—of—Catw—2t6—5+—characterzed—+nthat—dse—+s—mde of
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Example 7 (in accordance with the invention)

In this example, the conditions of Example 6 were
repeated but while adding, during the mixing of the
calcined powder with the hydraulic binder, 0.25% (by
weight of dry matter of the sludge) of sodium sulphite

(reducing agent).

Table 9

Density (kg/dm?) Cr(VI) in the first
leaching (mg/1)
1.28 Not detectable

It is found that, following the addition of the
reducing agent (sodium sulphite), Cr(VI) is no longer
detectable. This confirms that the rendering of the

Cr(VI) inert has been strengthened.

Third series of tests

In this series of tests, sludges removed from a port
were treated. These sludges comprise sea water. Their
toxic and/or heavy metal composition is given in
Table 10.
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calcination was carried out for two hours at 625°C and

that Dblast furnace slag cement (comprising metal-

10 lurgical slag) was used, so as to reduce the Cr(VI).
The results of the mechanical and leaching tests are
given in Table 11:

Table 11
Density “TL” Triple leaching
(kg/dm?) 1st 2nd 3rd
pH Cr(VI) pPH Cr(VI) pPH Cr (VI)
(mg/1) (mg/1) (mg/1)
1.25 12 <0.002 12 <0.002 11.9 <0.002

15
(Cd <0.005 mg/l; Cu <0.02 mg/l; Zn <0.05 mg/l; Pb <0.04 mg/l)

Example 9 (in accordance with the invention)

20 In this example, the same procedure was carried out as
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5 Table 12
Constituent Content by weight (mg/1)
Na 10 560
K 380
Ca 380
Mg 1 270
Ccl 18 980
SOy 2 650

The results of the mechanical and leaching tests are

given in Table 13:

10 Table 13
Density “TL” Triple leaching
(kg/dm’) 1st 2nd 3rd
pH Cr(VI) pH Cr(VI) pH Cr(VI)
(mg/1) {mg/1) (mg/1l)
1.25 10.8 <0.002 10 <0.002 8.9 <0.002

(Cd <0.005 mg/l; Cu <0.02 mg/l; Zn <0.05 mg/l; Pb <0.04 mg/1l)
It is observed that the presence of sea water does not
15 in any way harm the effectiveness of the process

according to the invention.

Fourth series of tests

20 In this series of tests, the procedure was carried out
starting from sludges originating from a lake, these
sludges having been subjected to a pretreatment during
which, successively:

e the particles of the sludge having a diameter of

25 greater than 60 um are removed;
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109%& () - 1# 0% & ) —1#109%&(—) YS9 &)— M09 &—()—1O0EE16EE
Constituent Content by weight
([lacunal weight of dry
matter)
Ccd 2 mg/kg
Co <3 mg/kg
Cr 24 mg/kg
Cu 59 mg/kg
Ni 11 mg/kg
Pb 395 mg/kg
Zn 590 mg/kg
Organic matter 100 g/kg
CaC0; 570 g/kg
Water 1 500 g/kg

Example 10 (in accordance with the invention)

In this example, the same procedure was carried out as

15 in Example 8 starting from sludge removed from a lake.

The results of the mechanical and leaching tests are

given in Table 15:
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10% N&l & () %hat the calcination temperature is greater than 500°C

and less than 800°cC.

4. Process according to the preceding claim, charac-
20 terized in that the calcination temperature is greater
than 550°C and less than 750°C.

5. Process according to any one of the preceding
claims, characterized in that the calcination is
25 carried out under a controlled nonoxidizing atmosphere.

6. Process according to any one of Claims 2 to 5,

characterized in that use is made of an amount by

weight of hydraulic binder of greater than 2% and less
30 than 20% of the product of the calcination.

7. Process according to any one of the preceding
claims, characterized in that the setting and the
curing of the mixture are carried out at its final

35 storage site.

8. Process according to the preceding claim, charac-

terized in that the final storage site is a disused

quarry.



aaaaa&amvt/ 4X 109 N& & ()-X 10% N& & ()-X 10% N& & () - X5WK4(1 X
109 N& & ()-X 10% N&l & () - &a+a2a7a>a?a@l ./ 4X 10% N&I & () - 5WK4(l X
"10% N& & ()-X 10% N&I & ()-X 10% N& & ()-X 10% N&l & () - @~aabbbbb| [:/4X 10%
&$l 109 &&' ()-3 L"109% && () - 310% &&' ()-2b!'10% &&' ()- 10% &&' () -
.10% &&' () - bbbbbbcckB4X%A09% &&' () - ¥4d0% &&' () - 0940% &&' () - Y409 &&' () - Y40% &&
"()-9%40% && () %409 &&' () -cccccccdD$Yd0% &&' () - 9409 &&' () -F <U
u%d 09 &&' () - 0% 0 - cccececcenP4%4.094 09 ) ()-%40%
a8 () -oa0% 88 () IE6UPa T ovaOYRe: (5 At ) o one pREOLh
clc"co%, ¢’ @)I@A%MO%MM@;J-%@%L&& %ba@/&@%w iy agdditive is
uf%iO% && () - Q.%og.@ Ngn?g%gor@g}%@%ﬂg& ().- %40% &&' () -%40% &&' () - %40% &&
"()-940% && %i Q@ Xc[ cbci €l ¢_?4940940%40% &&' () - %40% &&' () - ¥40%
| &&' () - %4D% &&' () - %09 &&' () (%10%&& ()-Tcscteyc~ce{[;
?4%4.0%4.0% &&10).- YBRUYL&&s( Jadddisly (Do GEheU recedlng claim, charac-
u%d 09 &&' ()-cccgecee ’>4%0W%A &8 éé( %09 && g) %4.0% && () - fV(iO%ﬁné:;l %40% &
& () - 9%40% &&TEFi2eLccii [ :FMA0 kBR10TFLRCLNY 0 ROAERVE) - YR 0% G <U
u%d o9 &&' () - sddpheeecevU4%d0 TL! 108 & ()- 9 109 & ()- Y:10% & ()-101010
v 9y8! 109&' ()- 9y8!10% &&' ()-ekffoggg h|[:vU4%d0 T gL % 10988 %& () -
vV LIN10%*& ()- L'10% & ()- hL!'10% & ()- h' LI 109 & () -
P$ L! 104 & ()11 hhBirdicess) | ffcondOng ; 40%agy ) ong 109 &tiy- @rdtadBR () - -
¥ 109& () - glmslo%‘&r@c'ter e@ ]J.%%tfiﬁa(t) de Jé‘l‘ﬂ@#\b%sloc&npagéé%& ()- F
F10% & () - sT P Headi ng_ 13] ¢
"Headi ng 23] éealﬂéaﬂﬁng %}Q&lna‘[—@'é@il n&rAPE] c' thﬂea(ﬁliﬁflr’:‘alf:‘]% OI-‘Iéadlc?r% 63] c"
"Headi ng 73] gateadisng 83] c" "Heading 93] c"A "Default Paragraph Font/b_"*
17 =CBF. KNRVZ] bg) i nprtvxz|~, i $, 5DEOV] e) | KLMNOPQRSTUVW. N Gar
") B, . Z2597: p=8 @EANY ABEqEEEEEEpGGGGEGH J+J6JPJJ! K- K
KQK- Nt NNNNOQPK PPPPPQQOR - RGRKRSCTUUBVSVr WHWKKXXXYYVZZZZ([ . [ ][} []
" Ta&a@bccc, cNel cccide_hj) I XyZ[\]~_"abcdef ghi j kl mopqr st uvwxyz{ |
s s New RomanAri al Courier New'h Root EntryWrdDocunent
"HEUR ()*+,-./0123456789: ;
<:>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] " abcdef ghi j kI mopgr st uvwxyz{| } ~

17 _8_\_
}~6Ti me



