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The Lurgl Buboven
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. 011 shales and other hlgh—ash—fuels 11kB Cdnnel-coals and lower grade
products of .coal-mining are characterlzed as golid fuels of & low; content '
of -fixed carbon and a gometimes extremeii—ﬁ*gh ratio -of ash to.carbon. An
industrial~utilizetion’ of,such fuels naturally’ has to combine carbonlzatlon
with gasification or combustlon of the fixed carbon, because otherwise the
latter could not be utlllzed, and the process of carbonlzatlon would re-
ther unfavorable relation of ash to carbon the combustlon or the ga31f1ca- :
tion of the carbon’ by air or oxygen- generally becomes very difficult, un-
less the ash has an extremely hlgh.meltlng p01nt.'ﬂ_; _ R

For thls reason ga51flcatlon of 011 shales has been trled in so many
pllot—plants in spite of the many fallures, whlch had been experlenced
before. Only in one case a. 11m1ted success has been reached by the: normal

case\/he ash contains -so much chalk that 1ts meltlng polnt is” extremely
hlgh. (Estonlan 0il" shale) S . '

In general heavy cllnkerlng could not be avolded 1n ga51fy1ng fuels -
‘of a high ash content. The cause of, these dlfflcultles lies in.the fact
- that 2 small quantity of air is extremely superheated by passing a rela-
. tively very great quantlty of hot ash before it meets the fixed carbon .
- for combustion. Usually epplied agents sultable for reduction of clinker~
ing.ds steaming or d very reduced combustlon rate have proved: t00- expen~
sive. Linother -disadvantege in utlllzlng the “simple method of carbonizing
by o dircet heating with ths gases-whlch are formed by +the combustion. of
the flxed carbon of tho fuel is that the quantlty of" those gases is too -
small to carry sufflclent heat. from thc combustlon or . ga31fy1ng Zone 1nto
the carbonizing: zone.ACracklng ‘of hydrocarbons or their condonsation’ cnd
ox1dat10n w1thln the fuel bod is tho result-ef’fﬁls method. :

: Inﬁm1nter tlmo,'or 1f curbon1z1ng a m01st fuel the condonsatlon.vlth-
inc thé. £uel bod-may be:so heavy thit-evon combustion ,of the fixed carbon
-can be serlously ‘hampcred. By preheatlnb tho matorial and roclrcllng gasos.
into the fual.bed betwoon tho combustlon and tho carbonlzing zonos, theso
dlffloultlos can bo roduccde : .owe

— Tho oxporlonco galned from.thc condcnsatlon of wator “nd 011s w1th1n
tho uppor zoncs- of tho fuol bed have oncouragcd ‘inventors to roversc the
normal flow .of tho gases as cmployed by the NTU Retort and tho Lurgi-__
'Schweitzor-Systoms In thls caso condcnsatlon of llqulds is roduced anQ:a



‘ro lux of llqulds 1nto thq combustlon zono is prevontcd. But such a proces<
‘cant only be realizod by an intermittcent working. process, becguso’ it Is.im-
'pos31blo to movo tho fuel ih a snaft from the bottom to 1ts top. ~.J‘,.

- This oxporlonce shows clearly “that for tho troatmcnt of bltumlnlous
-hHigh-osh matorial a continucus gasification process is dgsirable which .
works with a2 gas flow .from top. to bottom and in which a continuous dis-
charge of a clinkering ash coan be roclized.- Prohoating or drying of the.
material, if; posslbior—shnuld_bc helpful to control oarbonlzatlon and
ga31flcat10n. The gas should have a calorific valuc of mora than 600 calo-
r1es/%§ gs 1ts cOmbustlon oannot be av01ded (HZS content). ’

The Lurgn.-Huboven is a dO‘V‘.LOO wh:Lch is su:.'babla for 'bho above ment:.on-
ed requiremcntc Detalls of the procoss-'and of its machinery- havn bedén suce
cossfully omploycsd in many: carbonlzatlon plants or in largc scdalo oxperie
‘ments for'bho carbonlzatlon.of low: gr {do Llas oil ‘shale of uuorttomborg.

- The process 1s shcwn on a schcmatic drww1ng N6 1 and works as follows.

~ The 011 shale, crushod to maximum §izo of 4 1nches, is carrlcd to tho ,
bunkar whlch in its lowor’ porteis prov1dod with gratcs-and—roofs for cirocu-
lating hot gases through ‘thg fuol. Whon lodving: tho.- bunkor tho fuol is dry
‘ornid- can bo ‘prehesated to 200° centigradc. It dcsconds-through o narrow shaft
.1nto an. 1nc11nod chombor which is opon ot tho top and closed’ at the sides.
by parallol”walls. An inclinod groto consisting of groups.of parallel .iron
girders such as I or rails arc arranged as a support for the fuel at the
bottom of -thé chambor< THe grate can ‘be partly moved by moans of o gear.

4 gas coIloctlng chﬂmbor is proV1dod~undornoath thormrato. Tho chambor is
connocted at-its lowor end with _a fixod grﬂto and is open at tho ond. 1n
ordeor to dischargo the ash. A soparatc gos collocting chambor for hot gos

is arrangod undoricath the non-movablé grote. -Chambers -éan: bo prOV1dod to -
both sides of tho bunketr. A steady movomont of the fuol_bed is accomplishod
and controllod by moving- part of tho gfﬂto up and down for ono ‘or-iwo 1nchos

Drylng, carbonlzatlon and Las1f1catron of tho fuol IS pcrfornod by
burnlng its -fixod coarbon with air and recovery of tho hHeat which is aceuiu-
lated by tho hot ash. The hoat troansmission 1swcarrlod out by" circulating
goses. through tho fuol’ bod. fiir- for .combBustion is suckod into’ ‘the fuel: by
a slight vacuum.whlch is malntﬂlncd undornOﬂth'tho.grato.by tho oxhaust .
“fan for tho cmrbonlzatlon gos ond at the lowor &nd by, the cxhaUSt.fanvpf.:
thobdrylns'zono. This fan: sucks combustion gis from. tho lower gas chambor
into tho dry1n zon and clrculatos thc_bas_wlth_b_contrgllcd_jompcraturo-

........ A , [ Lo . ) .

The oxygon oontont “and tho tomporaturo offho gas in tHo lowor gos

chambor can bo roguloted by an'introduction of additional—air or combust-
_iblc gos by o burnor whlch is . fixoed to this chamber. This burncr is olso
usod for tho start of tho- plant. In ordor to avoid combustion of oil at
-tho cntrance of* tho  drisd fucl into tho chambor hot gas froo from oxy~on



is uscd for cﬂrbon1z1ng tho . uvporﬁost 1nyor of the fuol bod. For this pur-
pesc pert of tho .clean gas is.roconducted aftor boing heatod to 500° conti-
grado 'in o hoator which is hoatgd by tho hot- gﬂsos flowing ta the drycr.

In order to inoroasc the heat transmission from tho combustlon zonc to. tho
cmrbonlzln zono if o low—gruco 0il shalc- with less then 8% of fixed carbon
+1s. ee rbonlzod 011 froc gas con also e r001rclod 1nto the- m1ddl“ soctidﬁ'of

*“the ch mbGer.
e ——

s ’.
e .

N The residiic of ga s1flcat10n is dlschargod dlroctly 1nto iron cars for
furthor'tr nspdfﬁ'to ) dumo by o locomotive. Tho gos whlch is suckod frorm
tor to
s coolo; and to o scrubbor whore tﬂr 01ls and ll"ht 01ls aro oxtr .cted "from
the . .zas. Tort of thoe mos roturns.-to the. lant und the rest is awvnilablo for
hcating purposos or. for. tho productlon of oloctric Onerey. S

Fromfwn ocononlc X standpoint some prineiples arc of broo.tos*b 1mport~:
anco for'thn sucecess of an 011 shnlo industry.

1. Cost of mochﬂnlc"l trchtmcnt s crushing, scrocﬁiﬁ@, nust bo ro-
ducod to o m1n1mum.'_ T O T T L v_ﬁhgﬁ.

24 A-wdste Qfﬁfincs,'which cormot o usod fﬂr 011 Qroduptlon should
»jDC.:_"‘._Tf.OidOd.. . o L . (o . f—ﬁfﬁ}xw» L ana k —_

'

"3 hmnooncr roqulrod for tho hﬁndllnr of matcrlml and opvrqtlon of
~--—- tho plant must bo knpt:ut o minimum. ' :

“The G;@co of crushing snd thb noccss1ty of fractionating of tho row
'nﬂtcrlal inrgeneral doponds on the load or. tho thrnughvut poer squero motor,
whith which, _tho - furnaco shall ba operotod. This conCﬁrns,ﬂh cqual carbon-

_1zat10n os wall,&s tbgmg”31ilc tlon w1th ro srcct to cllnkorlnr nnd bas
quality. T ' -

- Pt . . N .
e - - -

, Morc than any othor-inﬂustfv tho'cdfboﬁiZGtibn of oil shalo nccds
~ardts of 'rOWt c°ﬁ"01ty but with n rolwtlvolj small thrﬁughnut per squ
- mgter. : '

In this rcspect tho quo)von scoms .&o. moot hlghcst demands s qun“llng
oFf shalo and r051duo is vcrv 51mwlu ﬁnﬂ ne 554§ no compllchtod ﬂmchlnqry.

S thq one chmﬁbbr o1 botﬁ gides of tho dryc and = w1dth of thu cnﬂﬂbor

—Of—G‘ motors—w vror? g surfoce of—thopg orato—of- 126—squ§.r~mo‘cm*s~ G'TII—C“‘TS‘.L_}.“V“’"
. be congtructed and cpsrated in one unit. Viith the low zasification voloc1t“'
" of 04161, por hour, which. has provod satlsfﬁctory fﬁr‘rolntlvclw lunpj N

clinkqfing'shalo,wthouch>wc1ty of sucb o unlt rcaches ST 4

-lZO_x 0315 x 2% = A32 tons por daya e

o e -

It con be.incroascd considerably if the fusionﬁpdint of the ash and



'tho phy51c ] structure of the shulo are: fwvorablo and if tho crushlng to
‘a max1mum 31zo,of 60 - 80 mm 1s not too oxponslve. “4- ) e e
.. An- oxporlmcntal furnacc w1th o d&lly'cmpaclty of 50 = 70 tons wes .
'croctod in 1944 in Wuerttemborg (photogrnphs=# 2 and 3). Tt wes . oparnted
for nod rlx_ono yeatr with:Lins pil shale. Tho: chember of this furnaco is
243-m wide and 6 m lons, with 2-depth of: tho fuel bed of only 1.3 m. It
wes. also oncratol during onc wook with o moist oil shalo from Brunswick.
Tnls sholo wos extromoly ‘crumbled by wéathoring and ropeatod handling with
hovol Both sholes havo an oxtremely low content of Vrgqnlc substwnco

*by tho facts, that crushdh matorial’ ncvar, coula be uollvored to the plant
and ‘the oporn tion was froquently irterrupted for- ‘savoral hours by cir-raids;
lack of cloctric enorgy or coboling wotor. Thoroforo, the -opera tmng of this
plent was morc or loss o study of dotanils of tho procoss® -and-ofl.tho mochan--
10%1 dovice. Tho plant was oporated during 10 or 12 months. and showo& that .
tho prlnclnlos of ' thc procoss orid tho coslgn vf tho furnacc’ woro ontlroly
corroct. e : . :

‘a.t:h Qonst%ﬁt 1gn1t10n of thc shale and an unrlsturb@d flrebod could
:bo maintained oven with: unscrocnod leafy cruhblou shalc of 30%

_*mglsturq\hng 0.%2 .30 mm .sizc. In both casaos tho fixgd carbon wos

. loss thon 5% calculotod or dry shalae: :

be Tho movemont of . tho lﬁycr of tho matorlal through tho ch&moor

Cwag absolutoly uni form ond stoady ﬂnd without ony movumonh'wlthln
tho luyer in tho vortlool dircction.

jé; ‘Tha movcmont nf tho mnterlwl could be Dorfoctly controllod and tho
o dlschargln ﬁffcrod ne di fficuldy oven with € hlbhly clinkorod ro-
.. skduo. o ' e S . s
de Tho quantity of solid mntorlml and. dust passing through tho, srato
. was vory low ovon: witi stroight vorbicel outlots (15 mm.w1do for
. tho gas. This first. unlt_hnu no gos rocirculation ond tho drlcd
and 0r0hcﬂtqi shalo was 1ﬂmou1mtoly ignitod by sucking in cnlg'
"air. Undoer sShuehimwmfavorablégonditions tho rocovery ¥ 6ilsend
tho quality of tho gas could not bo oxpocted to bo vory gocde- Tﬁo
oamount -of recoverad- 01ls;wws ohly 40 to 50% as comparcd with' the
Flschar ussay. Hovertholoss, tho rosults of opera tlon have. cloar—_s

o3,

—laxlng—ei—sono_gns a.gaoa thormal_and_chomlckl_cnqiro1_n£_$ho_prp-'
coss-can bo reachad oven with such o low earbon content. i good -
.cil rccovery, as woll os combustlblc,h LS, for ind ustrlml usc, ocon
bo oxuoctah. . _ S - T o

Lo,
<

jﬂxtonde&*'oxpprimonbing,‘Which has boon carricd ovut in cylindricel.
{farnacos of Y th,. 3'm of diamoter with various o0il sholos and rosiducs from
cocl mining, ‘has. clocarly shown that with loss than 4% fixcd carboh the

- 4.



formatlon of - such 2 g131flcatlon i e}sle] as is roqulrod for o good ylela of
w011 and gos ‘is very difficult. Othcrw1se, 30 tg 100% cof cilg and a calorlflc
“value of tho gas of 800 to 1200 kcal/ﬁ havo oasmly bcen rcwchod w1th oil
shalos of moro than 10” oil oontont. . .

With an oil- shalo of - lO 011 content wnd tho . corrosponding orgenlc
»nﬁttor, which is morc than twice os high as thet of tho. 0il shalcs which .
werc tried in the 3110t plant, a rccovery of '80% of’ tho oil prosont in thq
“shalo end o calorific value of tho zos of ot Iomst 800 -keal per .Wm3 (90 .
. BaT sUa "por cft) can doubtléss bhe oxpcctod foria first commorclql furneco.,
"In tho S'tD.thIl"ry«szl_;;‘l.drlc ro’cort 90 - 100%: roCcovary was' noms-lly obtainod.
Such-acommcrecial unit of 400 - 500 tons capacity contalrs as o contral .
.port "bho bunkor and '3r<ahoa'bor of 5 to 7 m cross soction wh:.ch eroc made out
.of concroto or ‘stool. Tho' gear for tho movomont of “tho bra‘bo and 2 oxhaust
fans- for +the’ dryer aroyplacod on a qutformﬁundurnguth~tho dryor. Lnother -
‘oxhaust fan f£or tho, CﬁrbOanuthﬁ pases i—""lmcod undorncmth this platfcrm.
‘Both tho chambers. for carboniE¥tion and g981fICﬂtlon arc conncctod with the
lﬂnﬁ'S1dos of™ the dryer. Thoy arc mountcd.-on steol pillars.-ThHe' grates -are—
subdivide? s;nty-é soctlona. £ 2 % 10m and’ ono ‘mon~movable grato at, tho’
‘lowor cnd which is 6'x.2 m lqrco. The lowor pﬂrt of the groate is coclod by
vater. The pas cvllcctlng,chhnbors -arc. made of .shtot irens They arc linod
with bricks” ln—bﬁv Lower part only. The- “thicknoss of tho fuol bod is pre-
‘vidod . with 1.80 t02.20 n.“ccorq1n~ to tho ghy51ca1 structurc and -the sizo

~-of ~tho shrle. T ““\fv ) L e

i
~

A “Thu mppﬁrqtus for thc trowtmont of - tho ' ‘cas 1s ﬂlacod 0031dc tho fur-
naceo mnd=a contral sos purification ﬁl..t for seveoral units may be providdd -
as practigccd in many bi; corbonization plants. Tho standard oubtfit of such
plents, which ‘consists B Vloctnmcﬂl oruc191tgtors,~1nd1roct Wﬂrc1n{ sas
eoolars and 611 scrubbors,'chn bc usod. L B : , —

-44?1, e s : _._..Q :;——+— b,

Bolt: convcyors (3] Or“v1dod for'bhc transﬂﬁrt of _tHo shalb. ,ﬂgans or
1crrles, 28 usunl in tho mining industry, con bo usoi fcr Qumﬁln the msh
1nto thu plt or 1nto o nwtural vwlloy. i . g

- T [ :

I ptant for trowtlﬁg 4,/000 tous of shalo per day c“n51st1ng ,f 10 R
units compriscs the following itoms anad costs of oroctlnn (costsi \rq ba xsad

on condltlﬂns rnd . 3r;cos Lf Gofmony 1938 to 19&5) S ';;;; RS
. | e T
e Inwostmcnt Costs-f"£. M;;.;'j B v"-l-ffiiffff_hﬁf—ﬁbiM'
"t'a:f'Dltch Stongo‘fg; shale CGrqoonbunkor) "‘f:_]'fééO{OQb'
iﬁg‘ dbchlﬁory for loaulnr wnd trangport '-<m_;"§__;;;;'M§Qo£ggg;v

'6."7crushor.plﬂnt (o unlts 100 tons,"ar hour, 80 ton )
. S _ crushor 400,000 -

i ‘
v

#. Belt c37ivoyors for shals™ . 170,000 ..
’ S | 1,320,000 -
Lo



RY
1,320,000

‘o710 Carponizers - . 1,800,000

ff C:nﬁoﬁSﬂtidn ﬁlant o : o ,2;3003600

'ﬂg:l 1hsh oil: Dlstlllntlon plant 150 ¢bm por hour .,;,jr'QQQ}QOO

he Stornge tanks ‘Cﬁ“&01ty 12,000 buns", .. 300,000

i, Dlstrlbut1on systom.far onorgy, Stoam and wntorL, S L
v e L,,hﬁh T . lncl. moters 800,000

;k;*“Rocoollng systom ,3' L ; ;f_ , QA Y'Z~4OD}OOQ

i:» Boilor h“use (bas f1rod) anﬂ “wwor Stut1on R -
.. 100 atﬂdsphoro , . _ W ;_.”v,‘Z,OO0,000
- 2 x 5000 kw turblnus = T L »

pn e

',‘<_ -

m. Roads an“ tracks | ;ﬁ?l_ ;;ﬁg};';;{ L . .. 250,000

n. Lnborgtory, offlco wnd soclal DUll 1ngs . 7057 . 400,000.
SRR | | © 10,470,000

uMﬁécBiiﬁnooﬁs i.. L STET --vw T 530,000

Oporating Capitsl -~ .~ 1,000,000
- Nf'TOTAL BT 12,000, q/g

. Tha 1nvostmonts for mlnlnb and. dumplng of residues are not 1ncludod¢'

R

“-Be Onorqtlng flguros for 340 worklng uﬂys Qor yowr.4 . ?{?—m__ﬁ

S1. Tntgl 1nv0stmont cost¥ R B Gormany it USL. .
: . ' .= . RM g

N 11”000 000 ~f 6 000 000

Oporating. Caﬁltﬁlw Sl 1,ooo ooo__“.w__«so@T@oo

‘**«4

- * . k’:'——— ‘Yi._n
2. 011 Shale (lnn” tnns) -

— f T % *,ooo 15 360~ooo tuﬁs/&cmr S

3.7 Frosh W tor 250 x 8, 600 2,150,000 cbm por yoo



.-Ar...-' ] e . [

4, ‘Laborers and omploycos

-

Shnlc StOFOE0 e o » o ,s o o 3 mon
‘CONVOYOTS o o o o o o o o o o
~ Crushor plant: . o « oo e o o -
Carbonizars e e eie o e e e
Condensation plant o ¢ o o d o

Wash oil plant o oo o= eve o o
Tanks ond Loading . e o e e e

Powor. stotion o o o o e s o o

Eloctrician, Repair .« o . « .
Guwrds e e s 6 eae e e e e
S a 48 por shift

. . N e

~ o

3 shifts — 144 . _.
L shift-- 7 .

-y &murshn ;f‘ﬂﬂxgwﬁflp@dr
. Outsido-work,: clcaning‘;fjlw:yoj W
f“:'LDb~r"tory I I S

" Officc .fnd drivers « « « .« /10 .-
_Soeial-TomS v ee a5 e B "

e

107 tor vaontiom- 18 TN
' Total Lﬂoﬁrcrs : 202
'”bffiqqrs:, g ‘:.,m“ wm;_ﬁ4 foromon
er L . ¢ 3 onglnoers -
STy T 4.'-‘ 1 mana -goT -

,5..,?r9(uct1Jn wf alls (12 ~11 cﬂntont of shalo)

1, 350 000 x 0.12 x 0. 8 .. .130,500 toms
'é“%_pgr,olls P o 117,480 Béms

10% light oils - . ... 13,050 tons.

, ;ra uctlcn cﬂsts . .

.h .

011 shmlo (:i_nc',luﬂ:.nfF ’umﬁing.of ﬂéh)”:~GOrmany - Usa ~=
- . oo R ' ¥
1,380, ooo t~ns_- 1 .50 BRI 2,040,000 - =

1,360,000 tons @ 75 ¢ -~ 1,020,000
' T T - 2,040,000 - 1;020,000




LU RM- L E
'2,040,000", "1,020,000-

- Wator _ L

2,150,000 cbm w 0.05 RM - 107,500 -

2,150,000 ‘ebm ~ - B¢ . - . - 1,500
I o LT . . BN -

. . L ) | RN r
Tages e T

Laborers 202 @ Wi 3,000 - . -~ :606,000 = -
C"To 202§ 2,000 0 0 L T\ 404,000

Mo

Engincors: - - g e 60,000 30,000

w—

g _n Lo
Ropair ond matorial for oporation

2.5% of R 11,000,000 |~ . 275,000 :
2.5% >f § 6,000,000 h o e i 150,000 °

Lmortization Cosh i ) - : e
" ... §- . .

8% o RM 11,000,000 o 880, 000

8% of § 6,000,000 - . % T ... 480,000

Intorest

5% ~f RM 12,000,000 ° T 3603000 -

Frpia,

A g,

%of % 6,500,000 . - . .. " . . 195,000

Taxes and Ldministratiom -~ - ‘400,000 200,000

Total Costs pof;yoagt : ‘_ 4;728,5001 2,543;500

Production cost por ton of oil

11%4,728’500;- . | . e , ) - %A\\% _- . .
130,500 RIA _§6,29 ) ' '

2. 24,543,500 ¢ 7 i .. —
130, 500 - $‘-19.§G“

The hoating vnluo of tho surplus grs

ot lonst 300,000 €l por ton =f shalo™

is availebleo frr productioson of Dowor
nr for salce It is not accountcd for.



on'.tlnb Costsgpor ton Tf 011 shalo

4,728 500 - 2 0 O

OOO

| 1,360,000
or

RM™ 198"

1; 360 OOO

e

Opercting- costs—

- per. ton of oils
e
0.096

2,543,500 ~ 1, ozo.bbo

.

" 1.12

'RM 20.60

il

559 *1-125.

gt )

Cost of

il shalc por ton:

[RS—
e
PR

S 11.70

25,040,000 _

gffoilgjj””ww

N ,”T36*5oo -

~~Rm'I5.so 8 _7.80

‘The absve- flguros shall give but a raurh cstimnto an the rolative .

influcnco of the mining costs,.

tho ovorﬂtln costs, and tho loss of .

0il duo to tho nccassity of tho Wnsto ﬁf fanS or-dus- teo- an 1nadoquptu

offlcloncy of tho procoss. _

Figuros corrOShﬁnclng to

' 95% officigncy of 5il rceovory or to an

1ncro“soc 11l content (1l4. 3% ;nstoad of 12%) arc as follcows: -
'_,ﬂ@ sorating costé,pgéﬁggn Sf nils 'Q‘ o 'i'
i S . ' 7 - _,'”:'"
‘5T X 1L.70 = "o | - § -9.86
Cost ~f 5i1“éhnlb-pér fqﬁﬂﬁf oils -~ - il
32 =702 T8 et

‘rjductlon costs

por. ton of 011s

S 16,:3 3or ‘ton

Jl’th

l. 2 wiasto of tho "flhus

an 011 c“mtont of la.3¢ and 95” rucvvory
tho Droguctlon costs ars furthor_rouucoa “to 16.43 x 80 -

.

95
whlch c"nnﬁt bo trogtod, 1nfluonco

$ 15 84

th0+c st f tho raw HQturlﬂl only.



é; Hi~hor costs of opurwtlan (cnmltnl nnd l‘bor) is Af = A élativp-
ly hi.ghor 1nfluonco on tho totnl 0roduct10n Qosts.,,

Be A hiz zhor offlcloncy wouln reduco tho cﬁst of'tho rww ﬁﬂtorl”l?
-and tho cost of oporatlun. * : : R o

In caso "f trontlng higher r"rzv.clo shalos Wlth ﬁn.01l—cantont of
'20”'Whlch probably ncecd undorgrﬁund mining, tho cost 'f tho- shalo
i ght bo 1ncroasouﬁto $ .3 ;por ton. - A

I e stiiter

of o - . L
With 95%. offlcloncy'6_§§l§_6_§ 5.3 tons of shalo arc roquirod
-wf ong tﬁn of 011.-

AL,

" for tho fromuctl

The proauctxon costs aro~a§ follcws:
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