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Accoding ipthe compuier forecass,
tebst17yeasae\vayimpotart
becausetsisthe peiodinwhichCO
D entl hic Spoung notheamosphereand
Uhesy sotheeatistenmperaireshoudbe
The amountof carbon dovide and other greerhouse gases inthe aimosphere has PG TreAdtemn
ineesadinthelbst100yearsdenbigepatiohe buning dfiossliueks Soe b dAadhs
geanhousegesesadasaninsLising berketoverheearth heeleddihe oikasi S—
buldup ofgreerhause gases s hatthe earth retains some heathatwould h(l,l&: mmlS“Eﬁi rgtmmy
atherwise escape inib spece. That added heat must cause the average temperaiLre '
acelydsened shonsthetthe
carbon dioxide forecass are exaggerating thewamming
alone. The50% byalgetoo, patasasmuchasa
bidp N cr fd35
bon doxide
gesavnayio Noevidence canbefoundinthe
temperature measurements to support
thetheaydicaiasiophicgaod
warming caused by human adtiviies.
Theemgriessdtedneeioe-
cassadtetlediosebesss
expanmeassuemenisathedmaie,
wil be reviewed nordertoshowwhy
the preddionsdfalargetemparare
feaewong
wiwarmanaddioral2-5°Chyte yeas hpafoe;bte empaale _
year 2100, fhegeenhouse geseskeep dengeshineAdic (continued,pege?)
increasing. Two predicied conse-
Eed2-5Cnte
Eatisiemparaureae (1) deuypion
ofagiouiLial petiems, accompanied
bysanaioand@)toodngof
esHaessandbvyingsandsas
gedasandpoericemetandtesea
levelrises. Such possbie aubomes due
todramaiic and rapid dimete change
desenveserioussldy. Butatthe same
fime, theeconomicimpactofpoicy QaimeCDaeaChipterdLab,
dedsonsioimtfuregeerhouse CaerApdEeg/Reseach
gesemssorswlbeexiemelyacsly.
Whetarethestertictosbetind Thegadl dffis study isto develop newand inexpensive iedhnalogies forthe:
goalwarming? At arethecom- removal of contaminant heavy-metal spedies and radionudides fromarge vo-
puter programs that predictamajor umes of groundwatter and other agueous systems containing low-o-moderate
empeauererbie? levels of coniarmination (<1000 ppm), and their subsequent siebizaion foriong-
Emsoage.
How do we know the forecasts of 100
yeasrpheiLeaebdaa?\We Oeﬂemmmm%m%mﬂms
@t by te te e n ogen kxhysﬁemnrddfmmr&ipﬂaﬁsﬁuna}msswmsaﬂm
MBegasesfromhnmam/Ieswer pe.enmdmnmraebeeemﬂeermmhmneebmmed,

eqr'\/da’tbrea@/aa)%b.uph

(cortinued, pege3)



Tell Terpeauefoni80ppesat
Thegroundasedrecordsshowthatthe
global average temperature wammed
05°Ca=21830 Bumostdite

warming occured before 1930, whie
most ofthe anthropogenic greenhouse
gessseneredtheamosphereafier
1Qie,metdheempeauese
ditebst100yearscauredbeioete
greenhouse gases from human aci-
esecednteamogtee

After 1940, the buldup of greenhouse
geseshiheamosphere acoskeraied,
butthe termperature dropped. One
thingthe greenhouse gasescannatdois
caseaodingastheyinaease Sote
buidup of greenhouse gases cannotbe
thecauseofmogtoftie 05 Cwaming
that oocurmed between 1830 and 1930.
The computerforecasis are exagoerat
ingthewaming that shouid have
areadydlenpaceduenthe50%
buidup of greenhouse gases. The
greenhouse warming to date mustbe
corstallylessten05°C.

Te2 CGhragneaiesfonsaes
-htebst1yeas\ayperse
reedngsdfemperaiLieovertheertie
earth have become avalable from
satelites, which made measurements
giokaly. The compuierforecasis say
thatthebuldupdfigeenhouse gasesis
nowsolagethetthe gobaltempera-
tureshoudbewaming02-05°Cper
decack. Buthe saigiereadings show
thetthetemperature hesnatchangedat
dntebd17yeasneqrsedte

buidup of greenhouse gases. The
seeereedngspoeagantette
compuerforecasis ae exagoeraingthe
global warming.

Te3 Adereaiesfonssees
-TheArdc, acoadngiothecom:
peheasssvaysasEente
marHmade greenhouse effect. The
Tecasssayhette Adciegn

should have warmed by as much as 5-
8TntebstS0-10yeasAdte
Arclicshoud havewarmedby 15°Cin
thepedt17years duingtepaiodof
sselermonioing Nosgndts
wamingsinthedaa Aganthe

saidlie readings prove the computer
oecassareexappeaingthegod
warming by avery large amourt.

Somereseardhersaguethataerosal
paluion-smogandheze-hes

masked a large greenhouse warming.
Pauionshedesthe sufeoefiomtne
sinandkeepstelbndoooker. So
ncreased cooing by paluionmiht
Jstoouniehancetheinceasad

warming due o the buldup of greer+ Exaggerated warming -f

house gases. Recentarguments have puerorecassaeeagyeaigthe
beenfowarded thet the combination of greenhousewarming, whatisthe
geenhouse gasesandaerososinthe maximum amount of warming due to
computersimuisionshave atlst inoeased greenhouse gasesthet canbe
produced agreement between the epeded boor, fne bnertefoe
observed and proected giobal tempera: cassbteimis doned by e tem-
ueegedEyoatesDyeas perature measurements? The answeris
Thsagreementhesbeenniepreied o thetthe corededwaminginthenext

mean that the human component ofthe ey, a pesat kB o oesse
greenhouse sgnal has nowrisenabove geehoue gges W bekes ten 05
teraudiucLeiorsndreie Bu Spread overacentury, thatwarming
suchdamsdonotageewihthemea: wibensyicartandindsingugh

suemens nwoimpotantrespeds. aefomterauaioLeiorsinte

A te ankbos pedd kBge wam eathstemperaure.
g hte Adc oe te 2 Pyas Bu

thetemperature records showthet the Wyaetepecﬁrssofad'? The
Adichesnovwamedntratinenvel computer smuiations which generate
Thesecond proemistrettheregondl hsehet:asskxqumbdged
forecasts of North America and ELrope, Weﬂmdlfeadmdemqu
where the temperaiLre and agrosol -themgorgeenhouseges—-and
records arevvel documenied, contra doudsondmetechenge. Thesimuee
dathedoberesis Thelemparaie fonsassumethetweterwlamplfy
profectionfor North Americaand noeasesncatbondoddeandaher
Europe has been significanty worsened minorgreenhouse geses, sothe
byindudrgheaerosdefiet Other p_rquusaegaaﬁeedbpuima
estimates showthatwordwide sgnicertwaming -bthe assump-
pauionsmaskingatmestonly one- fonmayhbeursiied
fourth ofthe prediced warming. And
narycesepdliminteAdcsn Buwhetiwe arewrong?
sraitettcenatheheepbren evilercefomhe emperaire eoas,
frtelckavweminghere: whetfamgorgobalwamings
ooouning, butwe cannatyetabsenve
Brenthoughthe ssigierecods more migerprf?'l‘neperdyfsjnm
precise than the grounckbased tempera: noessedfemperaientenedt
uesadstuygaeincoeeget century by deyng redLctons of
ssometimes dsmissed because Qmmwiﬂmwsa v mlhe Slof)alm For
sampesthetoposhereatseverd , assume the global warming
Where the ground-based data overlap 2100 (@waming we know'o be
nooeagewihhesaeiersts eegyeed tecseeeta
theageementisaneayperect enpeatieietawies tfona
desahave\edynuse (coninued pege3)
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pimtgeerhose gesemssnss
kessten02°C Thspardlydan
edaewenhsdfadeges, gread
oeracuywibeenielyregk
ghkeagansthebeddopofraiual
Huduaions kwaudbeaverysmdal
piceiopaywhewaingioddan

better information onwhether the man-
made dobelwarming isof any pract-
cal consequence.

Thereis noobserved changeinmean
femperatLre orvariationintempera
ueedamestetisoustete
boundscimairahvarillly. Theres
global warming produced by the
buidup of greenhouse gases from
fosdidbuming Poioymekersare
consdeingfosdiudandcabon
dockresitrstewlbe
devastatingtothe US. economy. The
cagprelesnthesquandeingof
resourcesthatooudbe betierusedior
redl pobems.

DrBA ressanadqphyddat-anad
Uhiesy ads Sar SBE
CMasdhstenadigo DC
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IEA COAL RESEARCH

New IEA Research Publication
Available from the Center for
Applied Energy Research

Gas Turbine
Developments

Chris Maude and Andrew Kirchner
IEACR/84, ISBN-92-9029-261-X,
September 1995

aeaoevened

IEA Coal Research Publications
may be purchased from:
Ms. Theresa Wiley
f\“' University of Kentucky
4‘ Center for Applied Energy
NS Research
3572 Iron Works Pike,
Lexington, KY 40511-8433
606-257-0308 FAX: 606-257-0220

eledrical ponerrequiremenisaftne

assoceiedpurpsandiiesae
mertof Chemisty,aredevelopinga remeckinss
forheremedaioncfmeland lonBhengeProperies il igries
radionucide contaminated systems. A Lioniesarednaraderizedbylow
schemaiciepesaniaiondite M ¢d Spedicenany,aswelashighaxygen
Remway, Stz And D o and moisiure conterts. The high
(MERSAD) process is presented in mosLiearentdirelrieseads
Foure 1 The proposed process uiizes eficent combustionand mustbe
theratural caionexdnenge capedly of removed by energy consuming
lowank coals b adsoh heawy meial processes prior o combusion. A
viaan ionexchange mechanism. The make lowdrank coals generally unac-
calioncspedes noed above are com- ogpiableasiugsoucesioraonvernt
plexed from soluion throughthe fomm- reesdculypbrsahouh
alionafsiable metal carbaxylaie bonds geoyephicatacnscandozieteuse
wih cabayicadd fundionelgroups ofonankaoalred ponerpernisin
ety pesertonte el suiace aeniegors
The unioue aspect ofthe proposed The high oxygen content oflowrank
sysem, however, iesinthe compete ooaks alow, honever, the nique
ulzsindteacd Treused capetlyforiieremoecaions
trediionalionexchange resintbased fromsoluion viaion exchangewih
systemsfor heavy metal and radionu- cabaxyic acd and phenoic hydroxyl
doeteatmentrequiespaiodc ndondlgoupsanthecodlssuface.
regeneraion oftheresncomn Theionexchange popertiesofseverdl
producing an aadicioomasive second- North American ignites have already
ary waste stream. The MERSAD beendharaderized athe CAER Earfer
pocesssugentetheinegaed experiments shoned that metalswitha
treaimentsysemw produce a hohdragedendy arepreferentaly
viriied, norveachete product Whist adsorbed.
the nomaly deleterious oganic
oxygenconentnaiuraly preserntin Mareover, he adsorpiion selediy of
bwankaoelssusedastheadsop- briestristodatardinmed
insechtechicaretad gaypsitowvtatdaniving:
minedmaterdbeexioiedina Wmsaderindcatingthethe
themmal freaiment system o produce a groupinvolved inthe metal adsorpion
Sehized produdtioriongerm coransetheranirogenoraxygen
soage Thecbicariertdthe aom,andsmostielyacatoxyic
meiateded coelsusedipiLeline sie TheequiumpHofthe ocel
combustion systemwith any excess
energy being usedto suppementthe (coninued pege4)
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solution mixure hes beenshownobe
tepingeiaoranidngte
edentofmeid exchange fomsolution.
Maintaining the equiloium pH ofthe
Igniefeial souionaboveavale o
dnlersuetetemgoiydite
caboycaddndordissonte
coalsuaoedssoceie, produdnga
negpiively drerged sie capeblef
fomingasiable complexwihthe
medcionsnsalin
Thesebescsudesiniothein
exchange propetties oflonvank coals
have beenrecenty extendedoindude
anevd aiondteposstdissdt
usglowarkcoalsforacdmine
drainage remediation.

Mining operations in hardock
fomations create porosty and perme-
abiiyforgroundwaier o, Weier-
soLbenogancsulaes, fomed

during mining operations by exposure
dacemrassbaaetas

ported fomthe mines as dissolved and
suspended soids. This phenomenoniis
referedbasacdmnedainege
becausediherebively bivpHathe
welerdeotepesenedaibes
Levesafimeebinthesedieamscan
vay flomze o severa thousand
parts per milion. Foroptimum
adsopionresuisusg bwwank aod,
the pH ofthe acid mine weter should
berasedibavale gpproeching40ar
geser. Oredtersagerisinest

gated for usein pH controladiusiment
wasasample of caldum carbonate
sudgeformed asaweste stream
dungtheprocessaisLgareinng,
Weaesioyrngheeasily o

adding caldum carbonate sudge o
rasethewater'spH, whichseemsiobe
the mosteconomical souiion, asths
meaEisadbtenebd/age
queniesfomagareiigidies

We have obiained recentresuiis by
treaingasampe dfmnedanage
water from Colorado (Argo mine) with
aNavich ignie from North Dekoia

conssedd06gdigriend0omi_of
minewater (fatio of 1 ¢/100mL cry
weigh),andthesecondof3gin40mL
(Ao af5gA00mL cryweghi). The
mixiureswere shaken for 18 hoursand
tenfieedhogha045pmie:

The pH ofthe solutions was measured
andtheconceniaionsdftecaiios

were determined using DCP/ICP-AES.

TheamountofCd, Cu, Fe,Ni, Pband

Znweresgniicantyreducedinthe forCd,Qu,Fe Niand Zn The adsop-
minewaterwhie the Na concentration tion of Fe goes throughamaximum at
inoeesed indcainghetNasbaing acaoumcaboneieucgeraioof
exchanged with heavy metal contami- 01g100mL, asmore sudge s added,
rersantelrie thepHafhesauionsinaeased,de
D animese h te et o dssoEn
AdlegsdaCobachneves; .
;ﬁlmwwwmwm with pH.
be@eiarsigm)
Thermal Treatment of Exchanged
Wateras Treated  Treated 9
Wlﬂg)%)g/ me?oo L Tessoondammostimpoentsepd
m m the MERSAD process, isthe immobii
pH 26 35 428 zaondfhemetals conamnentviin
As <004 0ot <004 gmﬂn&iyﬁﬁ&rﬁ?
cd 014 o018 aB coninuing sy sascaeckdonn
Cr <004 <04 010071 model of the AGCOMM combustor
Cu 557 ™ 0261 developedbythe insiiuie dfiGas
Technology. The AGCOMM unitis a
Fe 1235 ? 126-78 patented wwo-stage fuidzed bed/
N_‘"‘ cydonic aggomerating combustor.
Ni Q164 01% (0/0574 When contaminated systems are fed
Pb 0033 o <0016 nothedLicizedbed thecomusie
7 415 5 169 partundergoes rapid combustion to
! produce gaseous components and the
Tredieddt G I ooria’rt_enssd"ermdytrars-
X addng . fomedinthe hatzone and aggomer-
sudgesinthe Agominewaterto s Dgpesypekts
optimize the ionexchanged process
wes asoinvestigaied Midures FAgo L.
miedeiregewaerwihigiena Trecisrnatsatbnkper
rafio of 1 g/100mL were prepared and ntevir8s.edE regea
dieertoonoentaiors fom0liol
¢/100mL) of dry calcium siudges were CaoimelabdlessiedhaPhDin
added TheresuisarepreseniedinTable AgACerayatelhiasyd
2 Asexpeded, headdiondfcaldum+ KaloySesamadndesader
ithd coeotelrieresiedinan ateCAER
inoease ofmetal adksopion, espedaly
Tak2
Wmlmmmmmnmm
Analysis no sludge added 01gA100mL 059g100mL 1g/100mL
pH B 720 767 7%
As LA LA <A <A
Cd 0118 00287 00161 0000
Cr <004 <004 <004 <004
Cu ™ 00274 (0057 0071
Fe 28 00e2 04%6 1
Na (5] & 67 &
Ni 01% 0/033) oo 0019
Pb (0022 <0016 <0016 <0016
Zn K33) 1B 20 045



ButDas CarertrAqdedEagy Reseach

Anadvaniage dfatendngamesting thatfeatures reseach
aherthenyouronndsdpine sthaetyouare presented
somedihe same meterial buthadfierentwiapping, and
thsghvesyoupauseforthougt Soivweswihthenvied
ledure presenied by Dr. Richard Brook, professor at Oxford
Saences Research Cound, United Kingdom, atarecent
meeting held during September 24-27 at The Pennsyhvania
Sate Unverdly. Thefdlonngisbesed upon noes iaken
during Dr. Brooks presentaion and, as frequiently heppens,
teesanaystelkehooddaninoaredatiouion

andiorthe tainting of Dr. Brooks commeniswihthe
wiersoanbieses.

Proiessor Brook presenied aprovocative look attne Saie of
funding forresearch, eaving the isenerwonderinghovwe
gathereandistherehopeforthe fLiure? Dr. Brook looked
beckin 1637, povding hstansbiionofDescartes et
se5eit

-Thereare somany expanations dfiered thatalwhichwere
proposed as probeble musthe fakse.

-Apersongppeasibrecsvedte moeaedithemoe
hisherideas deviate from common sense (mpling that the
personwdl need more witand cunning o make the ideas
seem probable).

Dr. Brookpresertedalookatheexpedaionsandine
fundng forresearch, and reduced his complexissLe othe
figure shown below:
‘ Inregon A, the LOW
PROFILE region, aperson
D B .
fundngandistherefore
g alowed aimost compeete
= fescomfadion-imied
:E: anlybyaesMyand
I et
ieshrooeseack
C pusefomasowsear b
¥ | . tasiomiadinogod
Expectations " Region D, PARADISE,
wherethefundngis
abundantand the expedtations approach zero, was dis-
missexctie4yby D Brock cryaewimiedgroups

Obvioudly stentiss and engineers stive in atiain PARA-
DISE,andonoocasn suchasinthe 1970senergy aiss,

fuel soentisis may pproech this oy posiion When

denied PARADISE, steniists andengineersstive o atiain
tegonB andheshaterheeqedaimiretebete:
LogcdoesnatgppybthedivebatanregorsBarD.

Duingthe 19605 godeneradfsaence)” aUnversly of
Foidaadminstatormeceapatshoning tretftheraie of
noeasensdenissandengneaswesibaoninue by

about 2040 every man, woman and chidinthe U.S. would

some degree ofreslity, and acoept het the best STEADY
STATE CONDITION that they can hope foris region B, a
region of HIGH PROFILE and therefore one that demands
HIGH EXPECTATIONS.

Dr. Brook indicated that region C was the STEADY STATE
CONDITION envisioned by politicians, the POLITICAL
REGION. Those ofusinscence arecerianybengmace
anare ofthe factthat industrial management membersare
becoming more and more ke poliicians: they expect more
andmoeresUisoriesserandlesserexpendiures Heok

calywe have become accustomed to following the patiway
dqedasA B Cresrteesidcaetetmerege
mentwlacoeptanypethweyA E CadiretEseud >

natbevelyepensie.

Lessonsthatthose ofus concemedwih saence shoudlean
aelstaedinanaidebyRaphLandau( Resaadh
Technology Management  May-June, 1992) . IN1946, Landauwes
acofounderd Saertic Desgn Co, Inc (eierHabon

Intemational and Haloon SD Group). During the 19461966
goldenyears of Americals postwar dominance ofthe intema:
tional economy, the company made rapid groath from
wihin In1966theyfomedajontveriure (Oxane)wih

Alaric Rchied Co. bexpatanewiechndogyhethey

had developed forthe manufadiLre of propyiene axide. The
jortveniurefoushed, andgewduing 1969197910
reveruesafi Rl donperyeat.

Gangdftegodsandad theenergyaissdf1973 and
saignbintretisssdteUS pimeneesised

21%al contouied o Haloonfindng themselesinthe
posionwherea dfher ceshionwes gongiotreberks.
Sudderly the technologicaly suocessfl Haloonhed ipum
isaenionfomiedhndogcalstakegybsheersunielin

the bushesswadandbfindingaway bmake the next
nerestpayment

Discussions were underway with Arco to renegotiate some of
thetems ofthe arignal firancing arangement. Landau
iecabwiyoned/Anssirenddeeiessayig 1
teachyouthevalue afmoney jvs.tednaogy}” Haloon's
rapid growth and techndlogical innovation did natimpress
Awosinencalwizad, andHaoonsodherhefdihe
patresipi Ao, Inthereawold herealneysseamsio
bea‘deep podketaroundto hepp out’ suchan unfortunate
incvidual or company. Inhard times many sufierwhiea
sseatevpoge:.

Theheathafsaenoeingenera dependsaiicaly ponthe
kenghdfthelne ABCandupontheheghtoftheine CB.

Today marny wouid contend thet the length of ABC is even
longer, andthat CB s even shorter, thanwhen Landau
kanedtheaudiessndithergpdy dengngveles o
technology andfinance.

(Continued, page6)



hytedters sholyo .
meteribeL e Imtheremy American Carhon

Riirs hte US ag byte e o  NedteEnoigiesmoelno

Ak P A adretofedieouts Society Workshop

EstalS Seretrhesarysiyeas srdoegen - Themastceranwey _

befrereebdindecess coessor Wm‘i’ mm“a@ $bmuamk Wild Dunes Resort,

ueaTioterekcedolebiaeeen —— emphaszedthe needipbefarreaching Isle of Palms, Charleston,
’ on e oot for sucoessid nmecherisicsudeshysping et South Carolina, USA

anas hep FieckichSchirivdcaedhette

e aitsio i potidond rerbirenieysas rze June 9-12, 1996

shaenoronhichireymaydaimite ’

engreesstaveredexpentirstet Wsm“ﬁg | EME Thewarkshopwhighighthe

ofeqenyBrsotardiese m' s Em"“emmmmm dverseways nwhich carbon

haveledibanernecusmodelthetis soscemEhepcr e The meteriss are usedioprevertand

ceromosplErs al problems Stuormjdseemsrrpleanappoam rermeciste envionmentipol.on.

money funding research? “Arofrencilanad tethevaleot - e

Therehasalwaysbeenaresdual Whenro sr

hoslyrrecherisicstdesty %hasmvahebdl cogysiorsde,

thosewhocoiolhe pusestings.

Futhemore, the open expression of The prodlemisthattednalogy hes

thshosilyebsandions aneysin become much more sophisticated and

conoertwihihereelorperoeved hesbecome sodiicukioundersiand

threet The Menhatian Proectould not teteenadvepadionesidt

costiomLchin 1944 Liense e dificuio comprehend Abusy CEO,

pressure of WMl was great enough so evenfiecricalytained cossnat

trethedevelopmentafiLidcatchic havethe‘imeiobeaught’woud

aaddng by Booncoudnatoostioo teebressemtatheonyveble

much. Twenty years leter Presidert appoachistodevetop ustbetween

Kennedy deadedthettheracetoputa menagementand the technologists. In

person onthe moon could notaost oo sathoedsnsETe must

muchfintepusLiciteseily somehow become more conversant

goels, some ‘ongrhaired professors” wihthe language andhe probems of

hed fun'dongmechensicsiuoes, the fnandialwizards of managementso

tewesapatothecdadunEss tethedeveopmentafitustcanbegn
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