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APPENDIX 1
JORDAN OIL SHALE TO POWER

PREFEASIBILITY STUDY
Project Design Basis Criteria

1. Resource Definition
a. Site

- Sultani Deposit
- Loca~ed about 115 ~ south of Amman adjoining the Desert Highway

b. Characteristics of the Resource
- Available References

o NRA report dated July 1987 by Eng. M. Haddadin

o Technical Cooperation report for Project No. 78.2165.5 dated
July 1985 by Heinz Hufnagel

o 1988 NRA Draft Report on Supplemental Core Drilling

- Typical Properties
o Mean thickness oil shale - meters 32

o Fischer ~say Oil Content of Shale Variation
in (~wt) - 3.2 to 17.2

- Surface Elevation 822 meters above sea level
(variation 700 - 105Qm)

c. Characteristics of the Oil Shale

- NRA Average of 18 core holes
0 Organic Carbon Content 9.2 wt S
0 F. A. Oil Content 7.5 wt S
0 Sulfur Content 2.6 wt S
0 CaC03 Content 37.4 wt S

- Bechtel Mining StudY North Ar!! South Area
0 F. A. Oil Content, (Sw) 7.44 7.61
0 Mineable Shale, (106 tonne) 320 658
0 Stripping Ratio (m3/m3) 2.16 1.71



- Test Saloples Furni shed by NRA
(from top beds only)
o F. A. Oil Content, (wt~) 8.4 to 8.6

..1
~.

I

- Fuel Specificaticn Selected for Stu~ Use

Low Calorific Value Perfonnanc:! High Calorific Value
Fuel Fuel Fuel

F.A. Oil Content, wtt 7.5 8.4 9.25
Range 6.7 - 8.3 7.5 - 9.0 8.4 - 9.9

Composition, wt~

Organic Carbon 10.20 11.30 12.50
Inorganic Carbon (C02) 14.14 13.89 13.37
Hydrogen 1.02 1.13 1.25
Nitrogen 0.58 0.48 0.38
Sul fur 2.38 2.55 2.71
Moisture 3.20 3.20 3.20
Ash 67.30 66.80 66.25
Oxygen (by Difference) 1.18 0.65 0.34

100.00 100.00 100.00
Gross Calorific Value

BTU/lb 2000 2250 2500

2. Climate Conditions
a. Ambient Temeratures Profile (see Tables A&B attached).

b. Annual Rainfall Profile (see Tables A&B).
Snowfall occurs in December to March with mean number of days =
4 days/year. Max;mum nu~ber of days with snow =14 days/year. Maximum
snow depth =40 cm.

c. Surface Wind Profile (see Tables A&B).

d. Ground Water Availability
Very limited - 2.0 million cu meter/year possible
Marginal quality (see Table C).

TOS 757 ppm
Ph 7.36

! J



4. Project Deve1opnent SChedul e
20 MW Cemo U~it on line by end 1992.
First 100 MW Full Scale Unit on line by end 1997

5. Integrated Project Components
o Mine - Based on Performance Fuel Quality

Includes: Mining equipment, maintenance facilities and spare parts

Excludes: Byproduct phosphate recovery

o . Raw Shale Processing - Prepares boiler plant feed
Includes: Crushing, blending, conveying, and three days storage
in silos.

o Boiler Plant - Processes prepared feed consist, (minus 8mm/plus zero).
in Pyroflow fluid bed combustors to generate steam:

Net Plant Output
Steam Rate, 1bs/hr
Steam Pressure, psig
Steam Temperature, of

20 MW
192,000

1,550
955

50 MW
480,000

1,550
955

100 MW
960,000

1,550
955

o

Includes: Raw shale feed d~ bins, combustion chamber and
boiler; ash cooling and baghouse.

Power Generation - Covers balance of plant facilities involved with
boiler and generation of electric power.

Includes: Steam turbines anj generators, ash removal and
treating, water supply and treatment systems, condensate cooling
(air), project maintenance shop/warehouse. project office.
control center and laboratory. site development including roads,
sewers and lighting, fire control and security systems,
communications systems, and employee support facilities.

Excludes: Transmission line tie in to National grid.



,
o Waste Disposal - Handles overburden, bottom ash and fly ash disposal.

First 3 years will be via surface piling and thereafter returned to mine
pit.

Includes: Trucks and dozers - assumes ash is wetted to 20i and
mulled in pug mills at power plant.

o Infrastructure - Onsite: (covered under Power Generation)

Offsite: Housing and cOlll1lunity facilities for 1000+
employees (and families in full scale development.
(500+ in demonstration plant case.)

6. Pl ant Sizes
- 20 MW Demonstration Plant
- 50 M~ Prototype Plant
- 4 X100 MW Comnercial Project

7. Environmental Standards
Kindom of Jordan has not yet adopted regulations that would apply to a
shale-to-power project. It is suggested that World Bank standards be
considered as gUidelines.

,

8. Economic Analysis Factors
o Project Lif~

o Debt/Equity Ratios
o Interest on Borrowed Capital
o Resource Access Cost

o Land Rent
o Import Duties on required equipment
o Taxes

- Sales/Use
- Property, Equipment, Facili~ies

- Income T~~~s for Project Operations
- Income TaxlJs for Expatri ate Employees

25 years
50/50 and 80/20
lOi per year
100 fils/tonne
(1000 fil s • 1 dinar)
(1 dinar • $3.00 U.S.)
Zero Cost
None

None
None
None
None

I )



o Depreciation Rates
- Trucks and Mechanical

Equipment
- Boiler and Power Generation

Facil ities
- Offsite IIInfrastructure

Straight Line

15' per year

lOS per year
3' per year

o JEA Working Conditions
- 6 working days/S days for shift
- 3 shi fts per day
- 8 hours per shift

o Labor Rates - (see Table D)
- Includes all benefits burd!ns
- Includes social security and health insurance costs

o Contract Mining Costs
- ~verburden re~va1 and transport up to 1-1/2 KM

680 fils/cu. meter
- Oil shale mining and transport to crusher

870 fils/cu. meter
- Oil shale transport over 1 KM

29 fils/tonne/KM

o
o

Purchased Power Cost
Purchase Petro1um Fuels

17 fil s/kwh

Diesel
Motor Gasol'lne

Local Production
65 fils/liter

180 fils/liter

Imported
127 USD/ton
188 USD/ton

9. Costs for Aqaba Oil Fired Power Plant (see Table E)

10. Capital
o
o
o

o
o

Cost Estimates for Oil Shale Project
1988 Cost Indices for a USA Gulf Coast site
USA Procurement
USA Design Standards
USA Construction Management
Start-up and Initial Operations with USA Management
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TAILE A

STATION: Fk-a.bb&b 310
16
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"
350 451 E ElEVATlOII: 920 • PERIOD: 1961-1985

1

MOII11I
ELEIOT dM. FEB. MM. APR. MAY ~N. JUL. AUG. SEPT. OCT. NOV. DEC. Y

TEMPERA11IlE CO

Me.n Monthly , 7.8 8.7 11.3 15.0 18.9 21.8 23.3 23.3 21.7 19.2 14.3 9.4 1
Me.n Dany Mu. 11.9 13.3 17.1 21.0 25.7 28.6 29.8 29.8 28.0 25.4 19.5 13.6 2
....n Dally Mtn. 3.7 4.2 : 6.2 8.8 12.0 15.0 16.8 16.9 15.4 13.2 9.1 5.2 1
Absolute Mu. 26.4 28.0 '32.0 33.8 39.0 38.7 39.0 40.4 38.5 36.0 30.0 25.5
Absolute Mtn. -5.1 -3.0 ~3.5 -0.5 3.0 8.0 10.9 10.0 8.0 4.2 0.1 -4.8

NO. OF DAYS WITH MIN. AIR TEMP. EQUAL Z£RO OR LESS -AIR FROST-

Mean MOntbly I Y.arly 2.1 2.1 0.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1.4 6

110. Of DAYS WITH GRASS MIN. TEMP. 85 at. ABOVE GROUIID- EQUAL
ZERO OR LESS 8&ROUND FROST-

Mean Monthly' Yearly 14.4 9.4 5.8 1.8 0.2 0.0 0.0 0.0 0.0 0.0 2.5 9.4 4

RAINFALL MOUNT 14M

Me.n Hontltly 77.5 67.1 62.6 21.7 2.9 Tr. 0.0 0.0 Yr. 4.2 30.0 64.0 33-
Hu. MKmt tn 1 Mofttlt 357.9 208.5 164.5 238.5 36.2 0.2 0.0 0.0 1.3 52.7 119.3 210.8
Hu......t tal ~ 108.0 65.0 55~0 70.0 32.0 ' 0.2 0.0 0.0 1.3 24.0 90.0 91.0

RELATIVE HUMIDITY I

_---~.c.n Monthly 70 66 59 50 42 41 43 46 50 50 57 67 53
.",.-

WIND -KNOT-

".n Monthly 8.4 8.2 8.3 7.5 6.8 7.3 7.7 7.1 6.8 6.8 7.3 7.8 7

Prev.l1fng wfncl tin "fntel:" is W-SWLY 12-18 ktl occasional g.les are experienced fr. a tlLY dlrectton
III 5.-er _fn' - r dfrection 8-15 kts;

....
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°TMLE 8

STATION: !1UJUiP~ _

MOIITH
ELEJEJIT .JAIl. FEB. MM. APR. HAY JUN. JUL. AUG. SEPT. OCT. NOV. DEC. YEML'

....n Mantlll,"'an O.iI, leu.

....n Dati, Mfn.
Absolute leu.
Absolute IItn.

....n Mantlll,

Me.n MonU-l,

TEHPERATlIlE Co

9.1 9.3 12.8 o~6.5 19.8 22.3 23.7 24.1 22.6 18.2 13.6 8.7 16
}5.1 15.8 19.4 23.3 27.3 30.2 31.5 31.8 30.9 26.0 20.3 15.4 23
3.1 2.8 0" 6.2 9.6 12.2 14.5 15.9 16.2 14.3 10.5 6.9 2.0 9

24.4 23.8 29.3 :f2.8 37.4 37.5 37.0 41.2 38.4 33.4 31.0 23.3
-2.5 -2.0 -2.8 2.8 5.8 10.0 11.8 12.2 9.0 4.0 0.4 -4.8 -4

RAINFALL AMOUNT til,
27.3 26.4 18.0 5.4 3.2 0.0 0.0 0.0 0.0 2.3 8.0 20.8 111

RELATIVE HUMIDITY I

61 58 51 51 38 39 39 46 48 50 62 64 51

WIND

~

Wtnter: Mainl, S... ·LY .nd tile .ver.ge speed 10-15 let~. OCC.ston.1 g.le wfnd fs f..- SW-W'LY dtrectton.
til. wind is often .xpert.nctd .t night and -'l8rl, _ming 20-301 of the occasfons.

S. r: Mat.l, W"'LY 8-15 lets. U tnc:....HI fn tile .fternoon re.chtn,. speed 15-20 lets.
ourlll the ntght ud .arl' ......tnt tile wind '1 ....r.lllltght .nd var Ibl••

DUST-
ltie .......r dayl wtth dust reductng the vtstbtltty one ICII or leiS .re about 4 dllS fn .,••r •
....n. the IlUllber days witb dust reduc'~111 the vtstbtltt, 5 ICII or I.ss are IS dayl fn • year.

~

StaffGrp 1



TABLE C

JORDAN SULTANI GROUND WATER ANALYSES

PPM-Electrfcal Conductivity 1230
- , T.D.5.

757
Elemental Analysis

Ca
83

Hg 45
Ha 47
K

4.3
Cl 170
503 101
HC03 320
H03 2.3
TH 392

5taffGrp 1
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T.ABLE D--
LABOR RATES (Total)*

MANNING

Plant Manager
Admin Manager
Accountant
Clerk
Secretary
Nurse
Driver (Truck Drivers and Loader Operators)
Mechanical Technician
Electrical Technician
Instrument Technician
Laboures
Safety Man
Security Guard
Shift Engineer
Foreman
Boi1er Operator
Turbine Operator
Auxiliary Operator
Chemical Technician

·Source: Jordan Electricity Authority

RATE (JD/MONTH)

800
258
266
125

125

125
150
239
239
239
125

151

125

434
283
239
239

239
239



TABLE E

FUEL OIL FIRED THERMAL POWER STATION 2X130 MW AT AQABA

Average annual production cost (fils/KWh) 1987

....

Alternative Costs

Diesel Oil
Fuel on
Maintenance
Operational Costs

Fixed Costs

Salaries
Insurance
Administrative Costs
Depreciation (Life Time 30 Yea~s)

Total Production Costs Generated
Total Production Costs Sent-Out*

(Fils/Kwh)

0.02
8.86
0.27
0.08

0.66
0.07
0.02
2.28

12.25
13.60

Please note that the actual capital costs of the station is 318 Joi~w installed

*Additional 2 fils/kwh for loan interests and 2 fils/kwh for overheads and
transmission losses shall be fncluded.

Source: Jordan Electricity Authority

.,.'. ~.
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APPENDIX 2

SULTANI DEPOSIT GEOLOGICAL DATA

o 1987 NRA Rbport

o 1988 Draft NRA Report on Supplemental Core Drilling
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JORDAN B.ECTRICITY AUTHORITY

Date: '7~: 18 1198 -r

'•..',.•"'-,.'.,.'.i",···'1

~...~;-, -

';-,"

, I
, ,

Mr.Willian Linton,PE.
Manager,Operating Plant Services
Western Power Division
San Francisco Area Office
Engineers-Construct
Fifty Seal Street
P.O. Sox 3965
San Francisco,CA 94119

SUbject:- Jordanian Oil Shale to Power
P~e-feasibility study

Dear Mr. Linton ,

We enclosed herewith the Geological/Core Assay Report
for Sultani deposit as per liRA promise during your last
vi,!'d t to Jordan.

We are in process to ship th~ sample to Finland shortly.

Looking forward to meet with you at your earliest.

Assistant
•

P.o. 80S 2310. Ammu - JordaD - Tel 8156IS-~0 817615-19
•Cable: SAltA - Tela 11159 JEASAlt - 13170 JEA.

, Ii cl u-

M'V'\O_ \'11.\0'\0 _,.. ~_~/~I_,;,~-'(T'· "f"u"

~ TTTV· ..:JI",,~ 1'\1'0\~ ISL. ~J!
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Z. ZNTRODUCTIOH

Tbi. report i. the ~irst pub~ic.tion o~ the Economic

Geology Division which was est&b~i.hed at the beginning

of 1987.

Jordan bas • 1arge oi~ .ba~e potential, 3pre.d ov~r

~b. .aatern p~a~e.u extending £rom the Tarmouk River to

Ras En H~qb. Oi~ aha~e baa been encountered in many

exploratory we~la dri~~ed for other purposes, £or eXG~ple,

groundwa~er exp~ora~ion. It occurs main~y in the MU'lfaqqar

Cba~k Marl Formation (HCM) either actua11y exposed, as in

the northern part o£ Jordan, or £ound at Sha~low depths,

aa in CGntra~ Jordan. Zt a~.o occurs in the underlying

Al Haaa Phosphorite Formation in Central Jordan.

The Government o~ Jordan wants to ••se.. tbe potentia~

o£ exp~oiting tbe oi~ sba~e for use in the generation o~

e~ectric power by the direct combustion.

The Sultani depoait has been selected as a trial

.ite ~or the direct combustion tests £or the £ollowing

reasons I

1. The E~ LaJjun oil sbale depoait vil1 b. exploited

tor producing oi1 by retorting.

2. Tbe Sultani oil shale deposit haa an average oi~

con~.nt o£ about 7.'~ which i. 1esa than that o£

E~ Lajjun oil ahale by 2.'~.

3. The area i. traversed by both tbe Hijaz railway

and the Ammgn-Aqaba Highway.

4. The reaerve. are more or lea. proven and o£ a

quantity that juati£i•• the installation o£ a

commercial proce••ing plant.

,. Groundwater ia available.



II. LOCATION AND ACCESS

j

- 2 -

6. The minins condition. ~or openc.st mining

are 1'a"ourab~e.

7. The area i. :r~at and DO structural compli­

c.~ions are known to exist.

t~l:
11. -

The area o~ investigation is situated ~~'km south

o~ Amman approximately midway between Qatcana and E~ Hasa.

It is ea_tly accessib~e ~rom Qatrana by the many dirt

tracks branching o~1' tbe main highway some 20km south o:t

Qatrana. The HiJaz railway also passes across the

investigated area Whic~ covers about 2,km2 JFig. 1).
'1.?;; ,IV'.I

XIX. TOPOGRAPHY AND REGI.ONAL GEOLOGY

The Su~tani area 1'orm8 the southern part o~ the

~:'O.OOO Jabal Al Mutarammi~ Map Sheet. It is essentially

a :tlat area bordered on the east by a ridge o~ moderately

bigh mountains which ~rend NNW/SSE and :torms the limit

o:r the oil sha~e deposit.

The bighest po~nt 01" these mountains reach 920m

a.a.1•• but .enera~ly the elevation ranges ~rom 800 to

870m a •••1.

Wadi Sultani crosse. the area ~rom NR to SW changing

its direction at the Sultani dam to approximately E-V.

There are many tributaries to Wadi Su~tani which drain

~rom the eastern heights and aevera~ wadis drain from the

NE and also change their course. towards the west.

The are. 01' Jaba~ Al Mutarammil comprises rock forma­

tions ranging in age from Holocene (Mud:tlat) to the

Campanian (Amman Silici~ied Limestone).



I

,,'

ICO

'''l
...1

...
\.
\ '• 'S) .i
\",
·0
\

,~ AAU 01 STUDT

)

ARABIA

,~ ,

0"'"

- 3 -

OJefr

\
\

I.\J
./

../ -
.,

" ...",.
.""",. ..",

.""",...""
.", .

.",.

\,....

'.,
'. "-9\.. .", ~....,,

.>
,/

1"
i

..-.--1
./...-,_.

.I
./

,/,/

,.', ,

0·"·

u·

)I.

I,

r.'; •.._, 1 ..-:,­
, '0



Two ••ts o£ £aults exist in the areaf tbe £irst

set trends NW-SE and tbe other set, o£ minor £aults,

trends N-S.

-. ' .. \

;...;.,.."..

- 4 -

IV. PREVIOUS IYVESTIGATIONS

Tbe Sultani are. vas geological~y inve.tigated

by Quenne~.l and is included on his 1:2.50,000 geo~ogical

map published to accompany Burdon (19.59) report on the

Geology o£ Jordan.

It was mapped by Heimbacb (1962-64) at a scale cf

1:25,000 and was also included within the Phosphorite

Project carried out by NRA in collaboration vith the

UN (1972-1974) during which a geological map scale

1:25,000 was completed and £ive boreholes drilled.

During £urtber drilling £or underground water,

started more than twenty years ago by NRA/UNDP Sandstone

Project, sis water wells were drilled in tbe Sultani area

down to the Amman Silici£ied and Wadi Sir Formation. Oil

shale haa been encountered in these v~lls.

Haddadin (197') made a compilation o£ the known

occurrences or bituminous rocks in the Phosphorite Forma­

tion trom the data obtained trom the borehole. drilled.

During 1910s and early 1980 the Jordan Phosphate

~ining Company carried out detailed drilling program in

the area o£ Wadi Abiad Just 4kms soutb or the oil aha1e

deposit.

In 1982 a drilling program ror oil abale investiga­

tion va. initiated by NRA and seven boreholes vere drilled

in the Muwaqqar Chalk Harl Formation. The Natural Resources

Authority and BGR or Federal Republic ot Germany carried

out • drilling program during the tirst halt or 198) and

19 boreholes were drilled.
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Finally th~ Su1tani area vas included in the

1:50,000 geologicQl map and accompanying repor~ o~

Jabal A1-Mutarammil (EI-Hiy~ri, 1985) which forms

part o~ the National Geological Mapping Project 'carried

out by NRA in cooperation with the British Geological

Survey.

v. FIELD ACTIVITIES

(a) Geological Mapping

Many geological maps at dif£eren~ scales are

available for the area in qu~stion; Blake ,(1939).

Quennell (1959), German Geological Mission (1961­

1966), Phosphate Exploration Team/NRA (1972-1974),

Sadaqh (198,) and Hiyari (1965).

During the present project detailed geological

map of scale 1:10,000 was compiled based on

El Hiyari geological map of Jabal AI-Mutarammil;

aerial photographs. scale 1:25,000 were used

during rield investigation and map compilation

(Fig. 2).

(b) Drilling

A dri111n~ program was carried out tn evaluate the

potential or the'oil ahale sequence of the Sultani

area , a total or " boreholea were drilled 26 or

which were by NRA ~n conjunction with BGR (1982-83)

and the remainder independently by NRA during 1986

throu~h a local contractor. Iditia11y 2050 meters

were drilled by down-hole hammer drilling and

2;,.6 meters by core drilling (1982-1983).



The .econd pbewe o~ drilling carried out in 1986
was considered to be ccmplementary to the

previous pbase since the nev boreboles were sited

within tbe old network o~ close intervals. A

~otal o~ 2087 meters were drilled ot wbich 387
lIleters are core material (Table 1)'.

--' - 6 - )

An open pit mine vas driven in the northwestern

part o£ the graben and work is still in progress.

(c) Logging and Sampling

On site, logging o£ boreboles was carried out. when

the drilling was oYer. The cutting samples £ro~

the oil shale were usually preserved in polytheDe

bags and were lithologically described in the

~ield then loaded to the laboratories in Amman

~or analysis.

VI. GEOLOGY

<a) Stratigraphy

The £ollowing £Qrmations are exposed in the

studied area:

1. !maan Silicitied Limestone FOLm~t~on (ASL)
Campanian

Tbis £ormation is equivalent to the Silicitied

Limestone Unit at tbe German Geological Misslon

(1961-1966). SlIlall outcrops o£ this tormation

occur in the eastern parts of the investigated

area where the expos~d portion attains a

thickness o£ about 4Sm.

It is composed ot thin chert layers o£ ditterent

colours ranging tram grey to brown, alternating

with limestone and marl. The contact with the

overlyin6 Sultani Phosphate Member is characterised

by the clear gradual increase o£ the phosphatic

lim••tone aad chert.
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B.H.~..) Coordinates Eleva t ion s 0 f
B.Hs

E N

051 2'7,325 55,820 82',70
058 2'9,020 57,000 8'3,14
059 2'8.725 56.790 838.52
0510 2'9,725 57,375 852, l'
0511 247.960 56.350 828.51
0513 2'9.850 55.000 833.31
051'b 2'9.000 5'.530 827.18
0516 250.820 55.355 842.27
OS17 251.925 53.600 859.19
0518 251.080 53.200 8'4.83
0519 249.950 52.900 837.84
0520 249.100 52.590 833.46
OS21 25'..525 51.820 870.22
0522 521.590 51.500 855.'3
OS23 250.550 51.550 8'5.03
OS2' 251.925 52.350 859.70
0525 25G.575 52.250 8'3.'5
0526 2'9.600 52.200 835.62

.0527A 2'6.860 56.915 821.91
0527B 2'6.550 58.150 821.55
0528 277.330 58.320 826.20
OS29 2'6.805 57.670 820.10

Ii:

..
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Thickness of IThickness of Total depth of Stripping
I

over burden(m) IOilShale (m) B. H' 5 (m) rat to
• OV/OS--+-_ ..__._---_.- -----

'3,8 : 25,8 72,80 1,70
56,1 25.1 81.25 2.2'
5'.0 23.5 8'.0 2.30 ......
Ne. Ne. 82,0 - r.-..:-.

69.5 29.4 98.95 2.36
I

Ne. I - 71.0:
60.0 39.7 101.5 1.51.
68.0 i 10.7 79.3 6.36

I
155.0 1.3890.0 65.0

54.0 56.0 111 .5 0.96
84.0 45.6 131.0 1.84

113.0
. 120.0

110.0
100.0 -..

86.0 I35.7 1 121.7 2.41
88.0 52.0 l' 1.5 1.69

63.0
37.5 11 '8.5 3.4
34.0 19 CJ3.0 1. 79
57.5 ~8.5 85.0 2.02
39 13.5

~
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on. :;-·T:~i~:'::·.L:;. IT~'i~~:~'~;~;. -. ~otal depth of

over burden (m) lOt 1 sha 1e (m) B. HI 5 (m)

.- .__ ..-..._. .~----

1.35 (~:.
1.56
1.91

1.06

La5

•

1.05
2.88. ..;,.,
2 .33 ~

3. 19

1.31
1.23
0.98

1.31

2.10

Stripping
rat to

OV/05

70.0
108.0
113.8
92.7
139.0
91.0
108.2
106.25
110.65
93.0
96.0
100.0
90.0
81.5
60.0

75.5
72.0

134.5
102.0

100.7
100.7
Ilo.n

34.0

•

46
34
44

42

42.75
55.65
39

44
21
18
18

26.7

46.5

__ ·_.__ A ._•• ••••• _ •• __ .... _ _ ••

36.0
102
62

53
84
91
55
52.5

55
51
96
100

'6
60.5
42
57.5
72
86.0
102
56
110

105

03

38
09
67
03
60
20
86
66
83
52
26
23
74
19
02
56
10

65
02

14
10

--_. --
D.H.No Coordinates £levati

B.Hs
E N

0532 246.820 58.500
0533 246.020 53.435
053' 2'9.870 53.780
0535 250.830 5'.1'0
0536 251.710 54.720
0537 2'8.960 53.675
0538 249.840 54.390
0539 250.840 54.725
0540 248.500 5'.890
05'1 2'9.250 55.270
05t ... 250.050 55.720
0543 247.910 55.820
OS" 248.860 56.380
0545 247.600 57.050
0546 248.230 57.400
0547 248.950 5'1.735
0548 247.200 56.380
0549 251.520 54.080
0550 248.600 55.610
0551 249.350 56.000
0552 249.690 56.570

-0553 250.180 54.850
'\

-....

..



2 •. Al Hasa Pho'phorite FOl"1lla1;1on~11
Maestrichtian ~I

This formatioD i. equival.nt to tbe Pbosphorite

Unit o~ Bender (1974). It is exposed mainly

at the ea.t.rn borders o~ the ~ultani graben.

Minor .xpo.ur.s exiat .~ th. vestern 1im~ts

o~ this graben. The lower part o~ the ~ormati(ln

(Su1tani Phosphorite Memb.r) ~utcrops in the

eastern part and the Qatrana Phosphorite and

Bahiya Coquina Members are ~ound in we.tern

part or the investigated area, otherwise. the

phosphorite vas only encountered in the bore­

holes.

,,~:)
\,......... - , - J

--'

The ~ormation consists of' pho.ph,C)rite. phos­

phatic chert, phosphatic limes~one, chert,

limeatone and marl. Tb. chert varies in

colour Crom pale grey to brown. The Bahiya

Coquina Member consists or oyster rich .haly

1imestone (grainstone) and is characterised

by large .eale, cross-stratif'ication. The

marl bas a y.llowish to tan colour.

The contact with the overlying Muwaqqar Chalk

Marl Formation is marked by the di.app.arance

of' all the phosphate and chert layers and the
, .

app••ranc. o~ a .oft marl ••qu.nc. of' variou~

colours, mainly y.llowish, re~dish and dirty

white.

,. Muwa9gar Chalk Marl Formation ~ Danian

Mo.t or this f'ormation is cover.d by .uperf'icial

depo.it.. A rew outcrops can be observed within

~ault-bounded NW striking blocks. The f'ormation

consists of' yellowish to reddish marl, chalky

marl and chalk; grey to dark brown chert beds

.. /
I
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are al.o present and th~ l.y.r. o~ granular
•. pbosphat. and pho.phatic chert are occa.ionally

1'ound n.ar the bas. (E~ Hiy.ri'19S,).

A bituminous ~acies is presen~ locally in a

syndepo.ition.l tectonic depression. The

.sact tbickne.. o~ tbis ~ormation is unknown

but tbe ••••ur.d tbickness in the borehole.

range. 1'rom '0 to 100m.

The presence 01' the bituminous 1'acies within

.mall syndepositional, t.~~onic••ub-ba.ins,

.uggests a restricted depo.itional environ­

ment with the bituminoua 1'aci.s developing

where an.robic conditiona existed at .edim.nt

water int.r1'ace (El Hiyari 198,)·.

4. Fluviatil. and Lacus~rine Grav.l oC
Pl,is$ocene Ace ~

. Th••• ·s.di••nt. 1'orm relatively elevated

portions above the grab.n .ro.ional sur1'ace.

They .re compo••d 01' sub-round.d p.bbles,

cobbl.s and bould.r. o£ lim.stone, chert,

phosphatic ch.rt, and phoeph.tic limestone

and ar. poorly sort.d. The gravele are

con.id.r.d to have been deposit.d by 1'lasb­

1'lood during the Pl.iatocen••

,. Alluvium and Wadi Sediments Holocene $0 Recent

Theae .edim.nts cor.sist 01' unsort.d, coars.,

limy and silic.ous grav.l with • coarse grained

sandy ma trix. '
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(b> Structure

Tbe .o.t outstanding .tructura1 ~eature dominat­

ing ~be .tudied area is the S~ltani graben in

wbich tbe Muwaqqar Cbalk Marl is preserved. The

eastern boundary £ault bas a NNW-SSE trend. Tbe

western boundary ~ault bas tbe same over-a1l

trend bu~ it ezhibits a gradual change in .trike

to WNW/ESE; this curvature is concave to tbe NE.

Tbe two ~aults meet in the southeastern corner

o~ the atudied area. Other ~aults cross the

area with a NV-SE" trend.

A small borst structure is present in the north

western part o~ the area in whicb the Al Hasa

Phoaphorite Formation is Cound. There is a

general dipping o£ strata towards the NE.

The structural contour map drawn on the contact

aur~ace between the Amman Silici~ied Limestone

Formation and the overlying Sultani Phosphorite

Member shows • amall NNW-SSE trending syncline

eziating beneath the alluviated Sultani area

(El Hiyari, 1985).

VII. EVALUATION OF THE "OIL §~

Ca> Overburdeh

( b) Lithology

(c> Thickness and Dis1:ribution

(d) Oil Content

<e> Or~8nic Carbon

( £) Sulphur
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Ca) "Overburden

The complete rock succe.sion overlying tbe

oil .bale member is considered to be the over­

burden. It is composed of the superficial

deposits whicb in turn cover chalk and marls

vith few chert intercalations.

The overburden thickness ranges from ,4 to

86m and the stripping ratio (overburden

thickness to oil shale thickness)ranges from

1 to ,.4. although most of the values fall

between 1.' and 2.'.
The overburden thickness vas found to be

minimum in the NW part of the area. tt

increases towards the southeastern parts of

the graben where it attains a thickness of

86m (Fig. 7)

(b) Lithology of the Oil Shale

The lower part of the Muwaqqar Chalk Marl

~onsists mainly of bituminous calcareous. marl.

It is mainly grey-brown and dark grey in colour.

The bituminous marl is characterised by thin

bedded and laminated features.

Intercalations of bituminous limestone, grey

to ligh~ grey in colour exist within the

bituminous marl sequence. Phosphatic marl,

which is slightly bi~uminou8 was encountered

in the lower portion of some boreholes. Thin

beds or black chert slightly bituminous are

embedded in ~he middle and lower parts or the

bituminous marl sequence. These beds start to

appear in the middle pArt or the graben and

increases towards the south.

No marker beds could be recognised in Sultani

Oil Shale Deposit.
I

]

I
I•
•



(c) Thickness and Distribu~ion

The thickness o~ tbe oil shale and its distri­

bution within the graben is based on the

results o~ fifty-three boreholes drilled in

1982/1983 and 1986. The oil shale deposit is

confined to a NW-SE trending graben structure

.ome 8km long and 4km wide.

\ ......'" 13 . j..'

The drilled thickness o~ the oil shale varies

~rom 1.5 meters to 65 meters. Tbe greatest

thickness can be observed in the south-east

part of the graben where the sequence attains

a thickness of 60 meters. The oil shale, here,

forms an anticlinal lens cut by the eastern

boundary fault of·....the graben that see~s to have

divided it into two parts. The axis or tbia

lens appears to be normal to the trend o~ the

graben. faults.

The oil shale in the middle of the graben has

the form o~ a synclinal lens whoae axis trends

NNE-SSW.

Tbe oil abal~ close to the eastern fault seems

to ~ave an extension towards the upthrow side

o~ tbe graben but due to tbe later uplift which

took place, the oil ahale and the chalk marl hava

been removed by erosion (Fig. 6)

(d) Oil Content.

Tbe oil content was determined by Fischer.analysis
oin which the oil sbale was pyrolized up to 520 C

and the amount of oil was determined.



Tbe distribution o~ tbe oil con~ent within the

oil abale depoait can be abbrecciated £rom the

iso-chemical map (Fig. 8).

:.~.'.' ~.......
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It can be a.en that ~here is a positive relation­

ship between the thicknesa o£ tbe oil ahale and

i~s oil contentJ the higher values o~ oil sbale

thickness correspond to higher values o£ oil

content.

(e) Organic Carbon

The organic carbon content waa determined by

LECO carbon analysis af'ter removing the carbon

with HCL. The organ!c carbon is chemically

bound to pyrolizable organic substance. and

depends on the type and maturity o£ the organic

matter pre.ent in the rock (Hu£nagel 1980).

Organic CarbOl'1 was £ound 1.n amounts conf'ined

between 8-ll~.

The content of' the organic carbon can be

correlated with the oil yield and the gross

calori£ic value (Fig. 10).

(1") Sulphur

The total sulphur content o£ the oil ahale waa

determined by combustion in oxygen with LECa

analysis. The value of' sulphur varies between

1.6 and 4.,~ but most of' the au1phur values

ral1 between 2~-'~. The eff'ect of au1phur in

the direct combustion procesa is related to

the environment pollution it generates.

/



The bigh aulphur con~ent o£ ~he retor~ed oil

indicatea ~h.t a considerable par~ of the

sulpbur ia chemically bound ~o ~be organic

mineral (Hufnagel 1980). Mean chemical

.~ompoai~ion of the oil abale of El LajJun.

Sul~ani and Jur£ Ed Darawiah ia ahown in

(Table 3).

VIII. CALCULATION Ot.J!!S:;;.;:E:;;,;;,R_VE....,S

Tbe "are. of influence" method has been adop~ed £or

compu~ing the oil ahale reaerves o£ Sul~ani (Fig. ,).

The interval between the drilled boreholes ia no~ lesa

thaa one km, there£ore the reserves are assigned to the

category "Indicated Reserves". Many boreholes are to be

drilled to 'Yeri£y ~he Ilature of oil shale occurrence.

The polygona around tbe boreholes can be aeen

in Figure ,. and the reserves figures are l1sted in Table

(,). A total of about 1.1'0 billion tons has been

indicated.

IX. COKCLUSIONS AND RECOMMENDATIONS

Sultani area is located in Central Jordan, about

ll'km sou~h o£ Amman. It can be reached by Amman-Aqaba

Highway. I~ is alao accessible from Munzil railway

atatioD by many dirty roads branching o£f the highway

and traversing the area in question towards east.

The oil ~h.le is enclosed within NW-SE striking

graben atructure about 8km long'and 4km wide. On average

~he thickneas of the oil ahale varies between 1.6m and

6,••



As vell a. ~h. dominant lithology, which is a

bituminous sbal., occurrences o£ bituminous limestone

are also £ound.

The overburden thickness ranges between )4m in

the nortbeastern part of the graben and 86m in the

soutbern part o~ the graben. The stripping ratio

(Overburden thickness/Oil shale thickness> varies

bet'Ween 0.96 and ).4, most o£ the values range between

1.) and 2.).

- 16 -

The oil content ranges from 6.6 to

of tbe values fall between 7.' and 9.'~.

oil content i. more or less proportional

of the oil shale.

10.0%. Most

The mean

to thickness

The organic carbon values range £rom 8-ll~. The

inorganic carbon ranges £rom 2.4 up to 6.7~ but most

of the values fall between ).5 and ,~.

Total sulphur content ranges £rom 1.6 up to 4.)~,

but most o£ the values £811 between 2 and )~.

The indicated oil shale reserves are about 1.1)

billion tons.

On the basis of the present study the £ollowing

points have to be emph.sized.

(a> The borehole interval is insufficient £or an

accurate proven reserves calculation, although

.everal more boreholes would be needed £or

this so~t of calculation.
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,b) The iD~.rval structure o~ the graben

merits a geophysical investigation to

explain 80me o~ the que.tions raised

by the drilling resul~s.

(c) Some deep borehole. are required to

pene~rate ~he phospborite ~ormatton in

order to evaluate the phospbate potential

o~ the area since the El Abiad phospha~e

mines are only a ~ew kilometors away.

(d) The potential water resources o~ the area

should be evalua~ed in a special bydro­

geological ~easibility study.
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TABLE 2

Moist- Total In Organic Organic Total
S.H.No ure % Oi 1 % CaCo3% 5% C% C% C%

058 9.8
059 7.3
0510 • Ne.
0511 9.8
05i3 Ne.

I0514b 9.3
I

0516 1 8.7
0517 10.0 !

I

0518 9.8
I

I
I
1

0519 8.7
:

0520 I Ne. I
: !0521 : Ne. ,

0522 INe.
0523

I
Ne. !

0524 9.6 I
0525 9.6 I I

i I

0526 Ne. ~

0527A 7.9 20.0 3.53 2.40 : 9. t.6 11.86
i :0527B 7.5 31.0 3.54 I 3.73 : 9.10 12.75

0528 6.9 55.84 11. 73 i 6.70 ,8.52 15.22
!
i

I

0531 - - I - - I - -,
0532 7.8 33.00 3.84 ; 3.96 :9.1.8 13.44

I
0533 Ne. i
O~34 7.4 43.15 1.85 5.14 j8.99 14.13

I

0~::,5 7.9 32.54 1.63 3.90 9.62 13.53
C~36 7.0 37 . 18 l.B8 4.47 8.1.7 12.92
C-::7 Ne.
e-38 9.4
('539 7.4 31.65 2.21. 3'.85 9.00 12.88
C' 540 7.8 38.64 2.26 t..76 9.59 14.10
eSt.1 7 . 1 35.3 2.1.1 4 .23. 8.68 13.24
0542 Ne. - - - - -
0543 Ne. - - - - -
0544 7.4 32.83 2.56 3.91. 8.90 12.92
0545 9.4 1.6.92 ~.29 5.63 Ill'36

16.98
0546 6.6 .30.1.1 (l.94 3.65 7.90 1 11.55 .

!
I.



TABLE 2

i, ,";....-

Moist- Total In Organic Organic Total
S.H.No ure % Oil % CaCo3% 5% C% C% C%

0547 9.3 49.90 3.71 5.98 11.17 16.76

0548 • Ne •
0549 '7.50
0550 Ne.
0551 8.9 51.1 2.4 6.12 11.3 17.43

0552 Ne. - - - - -
0553 Ne. I

I- - - - -
I!
I

I :,

I
I

! :

I I

!I I I
I I I

I
I i

: I :
I
I
I

I I i
II I

I
I I! !

I
i

I !I

I i
! I

I : i
I I ;

:

I II

i I
I I

I
i I

I
I

I II

I
I I
I

:

I
I

~
I
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, 19 ,488600
I

142,352200
126,082162

10,827000

23,529000
,14,490090

I 18
!46.5
I

i 26.7
I

,601500
I

:506000

542iOO

" a b Ie' ..-aleu I a t i :'.l e f Res e rv e s

0~47

0549
0551

.
"" .

r" ','
I-oJ ....

Ne.OB.H. --area(m2 ) Thickness Volume Weight Ton

051 445500 25.8 11,493900 20,689020
058 330500 25.1 8,295550 14,931990
059 247000 23.5 5,804500 10,448100
OS 11 343000 29.4 10,084200 18,151560
1,)512 281400 1.5 424100 7633~O
CIS 11: 584900 39.7 23,220530 41,796954
0515 731400 3.0 2,194200 3,949560
0516 756000 10.7 8,089200 14,560560
0517 859000 65.0 55,835000 100,503000
0518 974800 56.0 54,588800 98,259840
0519 765000 45.6 34,884000 62,791200
0524 1142100 35.7 40,772970 73,391346
0525 929600 52.0 48,339200 87,010560
0527A 276500 11 3,041500 5,474700
0527B 203500 19 3,866500 6,959700
0528 701000 28.5 19,978500 35,961300
0529 276900 13.5 3,738150 -6,728670
0530 1373700 20.0 7,474000 13,453200
0531 ~14300 39.0 8,357700 15,043860
0532 203000 34.0 6,902000 12,423600
05.34 690300 46.0 31,753800 57,156840
0535 648200 34.0 22,038800 39,669840
0536 570000 44.0 25,080000 45,144000
0538 513400 42.0 ~ 1,562800 38,813040
0539 450500 42.75 19,258875 34,665975
0540 692900 55.65 38,559885 69,407793
05.!.1. 553000 39.0 21,567000 38,820600
0~':'4 397800 44.0 17,503200 31,505760OC:/- 42'-700 21.0 8,918700 16,053660

--::>

OS.!.6 1841800 18 '15,152400 27,274320Ic;, I



Mean Cbellic••~ COllpo.i 'tion o~ tbe Oil 5ba~e o~

El LaJjUllL, 5u~tan1 and Jur:!' Ed Darawish

i:· "J''....- Tab~e 4

El LaJ1un 5ultani Jurf EeJ Darawl,''''• 5i02 (bywt) 16.13 26.26 9.:30

A12O, '.77 2.87 '.76

Fe2°:3 1 • .51 1.12 1 • .5S

MgO 0.85 0.9' 0.2i!
::-

Ca<J 30.43 26.:30 38.73

P20, '.31 3.48 1.53

5°3 4.83 4.38 4.32

Loss on 38.0 :33.0 39.50
Ignition

As (ppm) n.b. 17 10

Cu 92 1~5 68

Mo - 73 94 20

Ni 167 ~39 102

Sr ~Ol.5 707 1187

u 2" 25 17,

Zn 451 649 190

Ba - 113 46 35

Cr 43~ 267 226

V 162 268 101

Mois'ture(bywt) 2.43 ,.47 .5 • .50

Calorific Value
KJ.'Kg 5480 5680 3610

(
" I
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Fig 10 : Relationsfjp between oil content and gross calorific vQlue
of the Suituni Oil Shale. I
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.,": "...- .

' ..

37.5-42.0

42.0-46.5

34.0-:37.0

37.0-44.5

49.0-50.0

,n.O-53·0

57.5-59.'

Apendix.1

BituminOW3 Marl grayish to dark .brown t

lamiDate~

B:Ltuminolls Marl t grayish to dark brown' t...
light gray & dark brown thin layers. •

Bituminous Marl , grayish to dark brown t

'wi:th 'traces o~ fossils Be calcite •

( OS 27 B )

Bituminous Marl , brown , to brownish gray.

Bitumin01lS Uarl gray to brownish sray ,

with dark brown and light gray t~in layers •

SitwniDO'Us Harl , greyish iJrOl'lll t 0 d~r1:

brown •
lSituminous Marl , gray to g:~a)"is~, br!')~,"tl , 1

.~~:Phosphate spots.

Bituminous ~farl. , gra~"is~ to t'rayis!-: brO'l~

wi'th thin bands o~ limestone , r~osr~ate ,

dark bro~~ and 1irht ~r~y , thi~ ~aye~s •

END OF S.H

( OS 28 )

Bituminous !-farl., ~ra~" to brl')'·"n:"s~ :,:-P..;t

traces o£ ~ossils •

Bituminous Marl t bro'~:l!I~ to dark br~~

gray with a1ternatir.~ of ~i:':1esto~e , :rp.~"

to white and marly limestone , ~i;~t STay.



68.25-73.'

73.5 - 75.10

75.10 -~o.o

80.0 - 81.0

81.0 - 8'.0

0'.0 - ~4.5

,6.0 - 37.5

39.0 - 42.0

42.0 - 45.0.

Bitwuinou. Marl.,: :_lternating ot brownish
;",

grWir' 't~ dark brOWDi.h aray •

Bituminous Marl , light gray to ligh't

brownish gray with white 8po~", •

Bituminous Marl , alternating ot dark gray

to brm~sh gray •

Bituminous Marl , alternating ot dark

brownish gray to brownish gray with black

shale

Bi'tuminous Marl ," brol~ish gray •

No Samples •

Bituminous Marl , dark brownish gray to

'gray;tracea ot calcite '.

Bi'tuminous Marl , bro~~ish gray to li~ht

brown~phospha'ticmarl •

END OF B.H

r. OS 32 )

Bi'tuminous }farl ; greyish br01ni to darlt'

brown/phosphate. spots •

Bituminous marl ; grayish brov~ tn dark

brown , with black a"ale and ~ra)·~.sh

ba~d ot limestnne,ca]cite co~tent •

Bi'ttiminous marl , rrayiah broW!" to da,rk

brown 11"ith black shale , !,'~os~l'late S?cts.

r!it~inC~ls mar~ , ~ra)"ish b:-"'~m to d2'.r!:

~r"""7: ,,·i th black aha1 e , lizbt ~ray

and darlt bro,m bands •

Bi'tuminous marl , brownish gray to d~rk

brown •

. .

I /
/1)

•



- 64.0

• I
/

Bit~Jno~ ~arl , grayish brown with

trace. o~ ~ossils •

=- 68., Bituminous man1

dark brc,1VD

~r~yish brown to

•

- 70.0

0.0 - 16.0
16.0 - ')4.0

- )6.0

44.0

- 62.0

- 72.0

- 82.0

- 84.0

- 98.0

- 10'\.0

Eitu~ir.ous marl • ~rayish to grayish

. brown , s orne phC?sl'h ••

( OS.3' )

C~alk marl , light brawn to cr.eamy •

Chal!<: ~arl , clayey , brownish to

creamy , sof't •

C~alk marl , brownish to reddish , sof't.

Clayey ~arl , bro~~ish to creamy ,

cha:!.!~ , sone chert ,Lst.

Clla U,: marl , ,\"~ite to creamy , '~i th some

chert •

Chal!: marl , brownish to bro'mish gray

with brm~ish grey chert an? Lat.

Chalk marl , white to light ~rey with

bro~~is~ c~ert , marly Lat.

Marl , brownish ~rey , Lst •

Chalk r.'Iarl , crca~ to 'W~it e~ . , Lst •

( 05.)4 ~

..

0.0 - ~.o , Lst ...soJ. •

2.':'

10.0

- 1.0.0
....... _...

C:'a:!.!~

...... .,... ,

-- .. ~... '. - , :'i~·,t ~ro,.,-:"1 to reddish ,



- 52.0
- 60.0

- 62.0

39.0
52.0

60.0

62.0

74.0

74.2

1S.2

Ch~~m~rl • creamy to white •

Clayey. mar" , greyish to brownish •

Claytty marl , light grey • slight1y

bit •

- 69.0 Bituminous marl , brownish to light

• 'grey, traces 0'£ tossi1s ar~d cn~t'ite

whit~ spots 0'£ phosphate 100~~ •
- 74.0 Bituminous marl , browni8h grey to

grey, whit. spots o'f phosphate,10~.

- 74.2 Bituminous mart , bro~.h grey to

grey , black chert -lI:~ tne bottoD •

- 7S.2 Chert • black with '£ew brownish grey

bit ~arl •

- 85.2 Chert, dark brown to black with

brownish ~rey bit marl and greyish

limestone •

- 91.2 Bitumdnou8 marl , brownish grey to

dark brown , with 'few black chert

phosphatic spots 10~

94.0 - 97.0

97 •0 - 101;.0

91.2 - 94.0 C'lert , dark broWn to black with

brownish gray bit , marl and 80me

greyish limestone •

Bituminous marl , brownish grey with

phC;)sphatic spots 100" •
~ituminous marl , broWT~sh grey ,

greyish &: brown wi.th 'f8'- traces of

'fossils • 10~~

106.0 - 10(t ~8

10R.S -·~~O.~

:it , ma~! , srayis~ brown to brown ,

!,,!"ay:'sh chert • 1~n,~

: •. .g~t t blac!<' to c:Jc.rk brown , bi t~tr:~inot':.s

marly limestone •

Phosphatic marl , brOl'"J1 to greyish

brown , with greyish chert and some

t ~.mest()ne •

,
AI\



chert , brownish soil , Lst.,

whitish to creamy , powder.

yellowish , creamy to white

-'
.\ 0.0 - 4.0

4.0 - 11.0
11.0 -17.0

17.0 -23.0
23.0 -24.0
24.0 -34.0

34.0 -53.0

53.0 -58.5

58.5 -60.5
60.5 -83.0

83.0 -87.0

87.0 -92.7

0.0 -6.0

6.0 -26.0

26.0 -36.0

36.0 -37.0

37.0 -'5.C

45.0 -52.0

52.0 -53.0

( OS 35 )

,( Gravels) •

marly Lst ••

Chalk marl

Chalk marl

soft

·Chalk marl • yellowish to light brown

Chalk marl • whitish to creamy •

Chalk marl • rosy to light brown •

Clayey marl ,light grey ,brownisb ana
grey chert with bituminous marl ,

Bituminous marl • brownish grey to grey ,with

gray marl and black shale 95%
Chert, black; very hard ,Lst., ( core+cutting)

Bit marl , light to dark grey , chert;black,

very hard and Gome phosphate spots , ~races

of calcite ( core + cutting) •

Bit marl, brownish to light grey with some

phosphatic marl (core + cutting ).

Phosphatic marl ; brownish grey , chert ; greyish

to brownish •

as 36 )

Chert • greyish to greyish brown ,'greyish Lst.,

soil

Chalk marl , light brown ,with dark, .

brown a:'tC1 '~rey chert
Cha lk marl , creamy to yellowish , powder •

Chalk mad , light :,rcwn to brownish •

:ha!k marl , light ore",'n at the top then

~rearr.y and yell,;,wisn •

':hal;' marl , c Iternations of brownish, creamy

and yellowish •

Chalk marl , brownish to reddish , powder •

I

I~



o 'I 'oj
~I

53.0-77.0 Chalk marl, alternations of creamy ,brownish

light brown greyish brown and grey , some

chert & Lst ••

77.0-84.0 Clayey marl , brownish ~rey to light grey with

some calcite frag , sl.ightly bitumen at last

meter •

84.0-97.2

97.0-106.2

106.2-118.2

118.2-121.2

121.2-127.7

127.7-128.0

128.0-139.0

0.0-1.0

1.0-4.0

4.0-17.0

17.0-19.0

19.0-40.0

40.0-55.0

55.0-64.0

64.0-80.0

80.0-91.0

Bituminous marl , brownish grey to grey and

dark grey , some black chert nodules and white

spots 100%

Bit marl , bit limestone , alternated , grey to

dark grey with bit black chert •

Bituminous chert ; black , and bit. marl , bit.

Lst., dark grey to grey •

Bit. marl , bit. Lst, gray to light grey with

some black chert •

Bit. marl , grey to brownish grey , white spots

100%

Marly Lst., brownish grey to brown , hard ,

slightly bitumen .100% •

Clayey marl , white to creamy , with some

bit marl and Lst. •

( OS 37 )

Gravels) chert, Lst., soil.

Clayey marl , light ~rown , chalk, some chert, Lst.

Chalk marl , yellowish to creamy , soft •

Chalk marl , reddish to brown , soft •

Chalk marl yellowish, grayish and light brown

to creamy •

Chalk marl , light brown , some chert ; brownish

grey

Clayey marl , light brown , some chert , Lst.

Phosphatic marl , light grey to creamy , clayey

marl , light brown •

Phosphatic marl , grayish to yellowish ,

phosphatic chert , greyish , Lst. , whitish •



•

{ .' .. j
"-""'

0.0-1.0
1.0-4.0
4.0-9.0
9.0-30.0
30.0-43.0
43.0-55.0

55.0-66.0

66.0-68.0

68.0-78.0

78.0-87.6

87.6-89.6

89.6-90.6

90.6-93.6

93.6-103.2

103.2-108.2

0.0-3.0

3.0-20.0
20.0-21.0

, ,
l

(0538)

(Gravels) t chert ,Lst. to marl t brown soil •

Chalk marl t soft t white •

Chalk marl rosy soft •

Chalk marl , yellowish to creamy , white

Chalk marl , rosy t light rose to creamy •

Chalk marl , light grey , med. hard some

black chert at 1ast meter, Bit. marl , brownish

gray

Bituminous marl , gray to dark gray and light

gray 100% .•
Bit. marl , gray ;1 bit. phosphate , with some

black chert

Chert , black , bituminous marl ; light gray

and brownish gray

Bit. marl , brownish gray to dark brown t

greyish , traces of calcite , some phosphatic

spots

Chert ; dark brown to black with brownish grey
bit. marl.

Bit. marl , brownish to brownish grey with

black chert •

Bit. marl , brownish to brownish gray with traces

of fossils, phosph. spots 100%
Bit. marl brownish grey with traces of calcite

fossils, pho~ph. spots ,chert 100%
Phospho marl • gray to brownish grey , chert

and phosph •

OS 39

( Gravels) , chert , white limestone , brownish

soil , marl

Chalk marl , ·..·hite , yellOWish to creamy soft.

Chalk marl , rose •



· .
21.0-32.0

32.0-52.5

52.5-53.5

53.5-54.20

54.20-55.0

55.0-57.20

57.20-59.20

59.20-59.70

59.70-64.90

64.90-70.25

70.25-73.25

73.25-75.25

75.25-85.25

85.25-89.25

89.25-90.25

90.25-91.25

91.~5-92.25

92.25-93.25

93.25-9~.25

94.25-95.25

,"
Chalk marl , light brown , yellowish to creamy.

Clayey marl , grey to light grey , chert •

Bituminous marl , greyish to greyish brown

with light grayish clayey marl and few chert.

Bituminous marl , greyish to brownish grey

100%

Bituminous limestone , greyish 100% •

Bituminous marl grey to dark with black chert

100%

Chert dark brown to black with few bit.marl

greyish to greyish brown •

Bituminous marl , greyish with dark brown to

black chert , phosph. spots •

Chert , dark brown to black with greyish

brown bit .marl

Bituminous marl , greyish to greyish brown ,

chert llnd phosph.

Chert , black with brownish to greyish bro",'n

bit. marl

Bituminous marl ; brownish to greyish brown

with black chert 100~'.

Bituminous marl; greyish to greyish brown 100% •

Bituminous marl , greyish to dark brown • chert

& phosphate spot s.

Chert , dark brown to black with grayish to

greyish brown bit. marl •

Bituminous marl , greyish to brownish grey with

black chert'.

Chert dark brown to black with brownish grey

bit. marl •

Marly limestone , greyish with dark brown

chert

Chert dark brown to black and grayish marly

limestone •

Bituminous marl brownish to greyish brown with

-dark brown to black chert •



" .....'

95.25-91 ~2s

97.25-98.25

98.25-99.25

99.25-102.25
102.25-103.25

103.25-106.25

0.0-3.0
3.0-37.0

37.0-42.0
42.0-54.0

54.0-55.0

55.0-69.2

69.0-70.0
70.0-71.0
71.0-72.0
72.0-72.3
72.3-72.3
73.3-73.5
73.5-77.5
77.5-82.0
82.0-82.5
82.5-91.3
91.3-93.3

. '.J

Chert' , dark brown to black with greyish

marly Umestone greyish bit.marl slightly

phosphate •

Bituminous marl , with dark brown chert ,

phosphate •

Chert , dark brown to black , with bit.marl

and marly limestone , phosph.

Phosphatic marl , limestone with black chert •

Marl , greyish with black chert , greyish

limestone and black shale

Phosphatic marl , greyish , few limestone

and chert

( as 40 )

gravels) ; chert , brownish soil , marl •

Chalk marl , white , creamy , brownish to

light , soft

Chalk marl ,clayey marl • light grey to pale.

Clayey marl , brownish to light brown with

traces of fossils •

Clayey marl , greyish , 'bit.ma'rl , brownish
to brownish gray

Bit.marl , grayish to 'browI'1'" rrac;:es

of fossils 100% •
Bit.marl light grey with black chert •

Bit.marl , grey to dark gray 100% •
Bit.marl , grey to light with black chert.

Bit marl 'very dark grey .100% •
Bit. marl • grey , black chert •

Bit. marl , light to brownish grey 100% •

8it.marl , grey to dark ~rey with black chert .
Bit.marl • dark grey to grey 100% •
Bit. limestone very light grey • 100% •
Bit. marl , brownish grey to grey • 100% •
Black chert dominant • ::>it .marl brownish grey

with brownish marl • some brown chert •



-"

94.3-98.0

98.0-103.0

103.0-105.65

105.65-107.65

107.65-110.65

0.0-4.0

4.0-34.0

34.0-50.0

50.0-51.0

51.0-55.35

55.35-56.00

56.00-58.0

58.0-59.3 .

59.3-60.8

60.8-61.0

61.0-63.5

63.5-63.8

63.8-68.8

68.8-78.0

78.0-81.0

81.0-82.0

82.0-90.0

90.0-93.0

" ':

Bit.marl , brownish grey'to grey , bit. black

chert •

Bit. limestone , dark grey with bit. marl 100%•
• Bit. marl dark grey to brownish dark grey 100%.

Bit. phosphate , with bit marl , light grey 100%.

Bit. phosphatic , bit. marl , grey with some

black chert

Phosphatic , slightly bit , grey marl, some

chert , white marly limestone •

( as 41 )

( gravel) chert , limestone , brown to creamy.

Chalk marl , light brown , reddish to creamy.

Clayey marl , creamy , brown to light •

Bit.marl light grey to brownish grey •

Bit.marl .1rey to dark grey 100% •

Bit marl w light grey , phosphatic marl with

bit. chert •

Bit.marl , dark grtty to gray 100%

. Bit. marl , brownish gray to gray , phosphatic

'marl 95% •

Bit. marl , gray with bit black chert •

Bit. marl dark gray .100% •

Marl , slightly bit. , bit • chert •

Bit • marl , grey to light gray , black chert ,

bit. 100% •

Bit. che~t , black c~ert , phosphatic marl ,

slightly bit •

Bit.marl , gray to brownish gray , with traces

of fossils and at the end dark brown to black

chert 100% •

Chert d'ark brown to black with dark brown

bit. marl •

Bit. marl brownish to dark gray with black chert.

Bit. marl brownish to brownish gray with traces

of fossils and phosphate spots9S% •

Phosphatic marl , yellowish to brownish gray

chert ,limestone , some calcite ( fossils ) • '
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[OS. 42]

, ,,/
.,'

0.0- 6.0 (Uravel). light brown soil with dark brown chert,
limestone silicified limestone, light gray to gray
marl.

6- 19.0 Chalk marl, yellowish to light grayish, white to
light brown with black .chert.

19- 20.0 Light gray to white limestone, marly limestone,
dark brown to bl~ck chert •

20- 25.0 Chalk marl, light brown with slightly light
greyish, limestone concr with some chert.

25- 26.0 Grayish marl with some greyish to brownish chert
and limestone.

26- 38.0 Chalk marl li9ht brownish, light greyish limestone,
dark brownish to pinkish, chert, limestone.

38- 39.0 Clayey marl, brownish with few dark brown chert.

39- 56.0 Marl, grayish with limestone, dark brown chert.

56- 65.0 L1mestone, greyish to light greyish, chert.

65- 72.0 Chalk marl, white to creamy.

72- 80.0 Chalk marl, y~llowish to light tan. Phosphatic
Chert, yellowish to light grey.

80- 96.0 Chert, brownish to
limestone •

grey, white marly

..".', '

[OS.43]

0.0- 4.0 (Gravel); brownish to greyish chert, limestone and
s011.

4- 7.0 Marl, l19ht grey with chert and limestone.

7- 60.0 Chalk marl, ~r~wnish to pinkish, whit1sh to
yellow1sh, creaJl'~ marly limestone, chert concr.



, 'Ii.

.. ,

cher~,brown~o

;'. ':
60- 73.0 Mk~l, ligb~' gray

limes~one, clayey.

73- 77.0 . Chalk marl, li9ht grey to creamy with few grer
chert. -

96-100.0 Clayey marl, y~llowish brown, grey and tan with
Iron coneent and calcite.

77- 96.0 Clayey marl, grayish to liqht brown witb yellowish
brown marl plastic.

0.0- 4.0 (Gravel), brownisb to greyish limes~one, chert,
marl, soil.

;;.-

4- 17.0 Chalk marl; sort wh~tish to yellowish, ~ew cher~,

limes~one and marly l~mes~one. ~

17- 37.0 Marly l~mestone, light grey ~o grey with few chert
and limestone concr. some what ~~~.

Il

37- 44.0 Marl, greyish, brownish, some wha~ b~t. smell.

44- 46.0 Bit. marl, qrey ~o dark grey.

46- 50.0 Bit. marl, dark grey. 100%.

50- 51.28 Bit. marl, dark C1rftY wi~n few phosphate. 100%.

51.28- 51.46 Bit. limes~one, C1rey~sh sligh~ly phos~hate. 100%.

51.4b- 54.50 Bit.
grey.

marl greyi.sh to
') 00%.

54.50- 56.0 Bit. marl, gr~Yish to aark grey~sn w~eh black
chert.

5b.0 - 58.5 Bit. mar J., brown~sh grey ~o dark, white
spoes of pnospn;band ot .i.s~. I<JV%.

:0.5 - 05.5 B~ 'to mar J., .i.J.gh~ eo uark grey, lJ.mestone black
cner~ J.s QomJ.nant..

50.5 - 70.5 ~~e. mari, Drown~sh ~o

qrey, ~races or caJ,cJ.te.
J~rK grey, l~gnt. to aar~

;OU%.

'1'6.5 - 79.5 BJ.c. marl, orownJ.sh eo .L1qnc ~rey.

79.5 - 85.5 Si~. marJ.,
llmestone.

~rowni.sh co dark grey, . band
':tie 5 %.

of

r-
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85.5 - 87.0 'b:o:t.marl dark grey, white, Sl-·,,;:ts of phospho
100'.

87.0 - 90.0 Phosphatic marl, slightly bit. yellowish to
greyish, limestone, some balcr. ch~rt. 95%.

[OS. 45]

00 4.00 (Gravels), chert, brownish soil, some white chalk.

4.00 - 37.00 Chalk marl, whitish to yellowish. creamy, light
brown.

~7.00 - 60.5 Chalk mar}., pinkish to yellow1sh,
phosphatic chert, chert, s11ghtly bit.

brown,

-~

60.5 - 69.5 Bit. marl, dark grey, traces of calcite. 100%.

96.5 - 78.0 Bit. marl, brownishgrey to darkgrey and light
grey, some phosphatic marl. 100%.

78.0 - 81.5 Phosphatic marl, silghtly bit, chert, (Phosphorite
Unit) .

[OS. 46] .

0.0 - 4 Chert, grey,
stone (gravels).

brownish Lst and silt

4 - 12.0 Marl; g~ay ~nd brown1sh, with white Lst, chert.

1 ... 0 - 17.0 Chalk marl, white and l1ght brown.

1".0 23.0 Chalk marl, white,soft, chert grey to light grey.

2;.0 - 33.0 Chalk marl, grey, light grey chert .

.:.:.0 - 3~ Marl, whJ.te, dark to IJ.ght grey chert.

~~ - 41.0 Lst; brownJ.sh, grey marl, dark grey chert.

- 42 Marl; slJ.qhtly b1tnmJ.nous, some chert.

4_.0 - 45.0 ~J. t.
r;:ey,

marl; b~ownish grey, light 9rey and dark
traces of calcJ.te, 80cm band of bit. Lst.

4~.0 - 50.5 Bit. marl; alternating of lig~t to darx grey, some
wn1te spots of calc1te.



SO~5

~1.S

57.3

.,
.. I ,

- 51.5 ~~t. marl; light to dark 9re~" some chert.

- 57.3 Bit. marl' brownish to dark grey.

- 60.0 Phosphatic marl; slightly bit. some black chert.

[os. 47]

0.0 ~.o (Gravels) ; ch~rt, brownish to
limestone, chalk marl creamy.

dark grey,

2.0 - 10.0 Chalk marl yellowish to reddish, some chert.

10.0 - 50.0 Chalk marl white to reddish, creamy to light tan.

50.0 - 52.0 Chert black, limestone, chalk marl.

52.0 - 57.0 Chalk marl creamy light tan, limestone, some
chert.

57.0 - 57.5 Bit. marl light grayish.

57.5 - 71.0 Bit. marl prownish to dark grey, l~ghtgrey. 95%.

71.0 - 72.5 Bit. marl brownish to dark grey, white spots of
phosphate. 95%.

72.5 - 75.5 Phosphatic marl, bit, limestone, some black cher~.

90%.

(05.48]

J.O

35.0

47.0

1.0 (Gravels), soil, brown chert, limestone.

- 35.0 chalk marl, creamy, white to yellowish.

- 47.0 Harl, clayey marl, greyish to light brown, chalk
marl.

- 50.0 Chalk marl creamy to white.

5J.0 - 58.0 Chalk marl light t~n with some limestone and dark
brown chert.

58.0 - 65.0 Chalk marl, brownish grey ~o 9rey wi~h some
brownish mar1 •

bS.O - 72.0 Clayey marl, light 9rey to grey, some limestone,
traces of brownisn chert.
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.. (OS. 49]----- ....-..-

0.0 2.0 (Gravel) soil, brown chert, white limeston, marl.

2.0 9.0 Chalk marl, li9ht to creamy with dark grey chert.

9.0 - 19 Chalk marl, yellowish to creamy powder.

19 - ..9 Chalk marl, li9ht, creamy to yellowish.

49 - 51.0 Chalk marl, rosy, soft.

51. 0 - 55.0 Chalk marl, white to creamy. Soft.

55.0 70.0 Chalk marl, rosy, yellowish to creamy.

70.0. - 81.0 Chalk marl, yellowish to creamy, powder.

81.0 - 86.0 Clayey marl, 9reyish brown, marly 1st, chert dark
l.:..own with some phosphatic chert. 100%.

I

86.0 - 90.5 Bitumdnous ma~l, light to 9reyish brown. 100%.

90.5 - 93.5 Bituminous marl 9reyish brown, traces of calcite.
100%.

93.5 - 97.5 Bituminous, greyish brown to dark brownish grey.
95%.

97.5 -103.5 Bituminous,marl limestone, 9rey to light grey,
with black chert. 100%.

lu3.5 --115.5 B1tuminous,marl dark to brown 9rey with black
chert.

115.5 -118.5 Bituminous,marl dark to brown.'i.sh, marl; creamy
to white.

lid.5 -122.5 Bit. marl brown1sh to dark brown, marl; creamy to
white wieh black cher~.

1~2.5 -125.5 Bit. marl, brown eo light, Bit. marl; creamy to
yeilow1sh traces of gypsum.

1~5.0 -129.0 Bit. marl; 9rey to light brownish grey. 100%.

10::9.0 -131. 0 Bit. Limestone; grey. '100%.
..

131. 0 -132.5 B1t. Marl brownish qrey to grey, with white
spots
of marly l.imestone. 100%.

132.5 -13".5 Phosphatic marl, slightly bit. marl; brown, marl;
yellowish to white. 100%.



88.0 - 90.0 Limestone, chalky white and marly limestone
brownish grey to grey.
Marly limestone brownish grey to grey, marl with
some white limestone.

Gravell Chert, clay, soil, light brown.

Chalk marl, brownish tv reddish.

•I

I....."

[OS. 50]

..
".J..~:,;:

Chalk marl, some chert, limestone light brown to
creamy.

Claye·" marl, some chert, light brown.

Chalk marl, white to creamy, greyish to whitish.

Clayey marl, creamy; light tan to creamy, light to
dark green.

Clayey marl reddish to brownish with greyish to
light and chalkl reddish to brown.

Chalk marl, white, to creamy, traces of calcite.

Marly limestone brownish grey to light tan.

Clayey marl, dark tan to brown, some chert.

0.0 - 1.0

1.0 - 3.0

3.0 ".0

".0 - 6.0

6.0 - 28.0

28.0 - 52.0

52.0 - 59.0

59.0 - 67.0

67.0 - 85.0

85.0 - 88.0

(OS. 51]

0.0 - •• 0 Chert, brownish grey to grey limestone, light grey
to light brown soil (Gravel,.

4.0 - 6.0 Chalk marl; greyish to lignt brown with brownish
to brown1sh grey chert and l1mestone.

6.0 •. 45.0 Chalk marl; brown1sh, yellow1sh to creamy Dowder,
some chert at the end.

~5.0 - 52.0 Clayey marl; yellowish to light brown.

~2.0 - 55.0 Chalk marl with chert. limestone.

55.0 - 56.0 Clayey marl, slightly bitumen, light grey.

56.0 - 75.5 Bitumineous marl, brownish to dar}\, grey. 100%.

~t
\



" ' ,)
"75.0 - 78.5 &":'·~um1n.ou8 marl, light ,.oJ dark grey wi.th

phosphatic marl and 8o~,e chert. 100%.

78.5 - 80.5 Phosphatic marl, slightly bit, chert and
limestone.

80.5 - 82.7 Bitumineou8 marl, light to dark grey, some
phosphatic marl. 95%.

82.7 -100.7 Phosphatic marl, chert, lime8tone, slightly bit.

[OS. 52]

0.0 - 2.0 (Gravel) chert, brownish grey, limestone, soil.

2.0 - 28.0 Chalk m~rl, browni8h to light brown, creamy to
light with chert.

28.0 - 32.0 Chalk marl, brownish to rosy brown with brownish
grey chert.

32.0 - 43.0 Chalk marl, greyish, creamy to light with
some
brownish grey chert. Sometimes creamy to yellowish
brown.

43.0 - 48.0 Chert, light greyish to brownish grey limeston~ ,
hard chalk marl.

4:,.0 65.0 Chalk marl, greyish to liCjJht, yellowish with
brownish to brownish CjJrey chert and limestone.

05.0 - 68.0 Marl, greyish with greyish to brownish grey chert
and limestone.

08.0 -103.0 Chalk marl, yellowish brown, creamy, white to
light grey with chert and Lst.

1v3.0 -110 Marl, CjJreyi3h to light brown with brownish to
liCjJht grey chert and limestone with phosphat.

[os. 53]

0.0 - 2.0 (Gravel); ch8rt,
limestone, soil.

greyish to light greyish

2.Q - 20.0 Chalk marl, light brown to creamy with da~k brOwn
chert.



20.0 - 35.0 ~.lk ma~l, Q~owniah to 9~e•.~h Q~own, che~t and I
limeatone. .....~

35.0 - 37.0 Marl, b~ownish to Qrownish 9~ey with few chert and
limeatone.

37.0 61.0 Chalk ma~l, Qrownish to greyish, creamy to light
with chert and limestone.

61.0 - 62.0 Bitumineoua marl; greyish to light brownish grey
with limestone and few chert.

62.0 - 85.0 Chalk marl, white, yellowish, soft.

85.0 97.0 Chalk marl, brownish grey to light grey with some
balex che~t and Lst.

97.0 - 99.0 Marl, brownish grey, slightly bituminous.

99.0 -101.0 Marl, light grey limestone with brownish grey
chert.

101.0 -105.0 Limestone, whitish to light grey, chert
Qrownish and greyish.

/
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Sll~ t:lui. n.i· :;' i~lll l)Hp.,tdt

n. .. • N.. o:~ - 27 A
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~
'01

le_ AI·PCIa IIollllll''' C"'~03 Carbon :j'JlphUl' IMrg. Organic Oilta) • I 'l'ctAl .·ot..'1 ~, c. I"#, ! ! --L- ~ ..- ' ,.1 37.5-J6., 1.4 21.22 10.07 2.64 .!.55 7'152 0.14• 31.5-3'.' 1.3 13.92 g.dl J.22 1.,-7 8.14 6.7.3 31.5-40.~ 1.2 14.94 10.71 J.75 1.79 8.12 7.404 40.5-41., 1.3 1~.44 8 .9Z 2.97 1.73 7.ao 'ell
, 41.5-42., 103 14.04 '.71 3.11 1.&.8 8.03 I.", 4a.5-43., 1.3 14.13 10.B9 :,).9') 1.«-9 9.20 7.647 43.'-44c' o.e l~.~l 1U.12 3.65 l.eO 8.32 6.toI 44.5-4'.' 0.9 1'.23 12.71 :'.£2 2.31 10.40 1.6SI 4'.5-4(,., 0.8 1411.50 13.411 4.82 1.74 11.67 ,.,.>" 10 46.5-47.' G., 4C.97 18.51 "le80 4.92 13.'9 11.2.11 47.5-41., 0.6 31.68 lS.64 3.07 4.52 11.12 ,.IStit'
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Sultani Oilshnle Deposit

D. II. No os - ~n

Ita D.p," lIoi.'''' C~OJ C TOCal " T~ta1 Clnof GOIW cn
-lL- ~~ c --L-. . ! --!.- ..J-...-- ,, ".WI.' I •• • 41.01 ,a.3' '.0' '.76 ..S' I •• -

(~;• ,I.,.,•., ,.3 '0.07 '4,60 ,.a7 6.01 I." '.0
I ".,..., ,.. 6:1,31 1.07 0.36 7.61 1.41 ,.1
4 '0.1-6'.' Gel 7••74 "." 0.38 ,.57 ••34 ,..
S ".W•., 0.' ".'7 ,1.54 ,.98 7.,8 "136 1.1

• ,.., ••., ,~ ".., ".t, ,.N ,.Ia .." ,.,, 'S:I-M ,.. -+t.a, ".70 a.I' ,." t4.1. ".•
I

.'"'.
,6-6, '.1 4'•• ,••,a 1.06 '.14 '0." 1.4, .,. 0.. 41••• ,I." 2.S' s.a, '1.3' '0.,

,. t! IW, 0.' to.,. '6.13 '.7' 7••, ,." "I

" .,...,. t.O .,." ".01 ,.34 ••,a 6.'0 J.,,. 70-71 0•• ""7 ,1.44 I.a, 6•• ,t.,1 ••4
11 "-71 0.1 S~.M ,'.71 1.16 7.'4 ,.'1 ,., ,

'4 '·-71 0•• .'.46 1'.60 1.'3 ,.70 ".to t'.4
" 7a-,. 0.' 41." ,1.10

.
a.til ,.06 'i.h ",I

P.>--....

- - ••eI



- ~

Sultani Oi.lshale D&!posit

B • II. No OS - ,1)

Ia- Dep," IfD1"ui oaco3 . C Total $ Total C lnore COJ'f all
(a) ~ ~ ). ., x S •It' -- .

" 74-75 '.1 54.1' ".10 '.87 6.5' ,.a. 7.'
" ,5-,' 0.4 "74.16 '1.48 0.68 8.~, a." I.t "

'\.':,.:-,. ,'-" 0., ·68.64 '1.15 0.8' 1.:14 s.a, I.'
" "-7' 0.7 6'.14 ,,..,. 0.90 1.37 3.3' I.'
10 71-" '.1 57.'. 13.28 ,." 6.9' 6.31 S.t
It 7"'0 0.7 3'." ,0.3a 3.28 4.32 14.00 ".,.
II 10-1' 0•• 46.7' '~.64 1.46 ,." 7.0S '.1
as 1s-14 0.' '33.10 ,7.31i a.90 4.06 '3.30 '0.'
14 ,0

...., 0.4 61,,15 ,0.14 '.10 7.53 3.4' 1.1

..

~..



I. I

1

5.11 t:\ld. 0·!-"1 ::" ,'. I. :\,~ ••:d t:

D. If. No os - )2

I I

It_ a..* ....tat.. caeol C !foUl • !lotal C JDOI:• c_. at•
(a) " " " " " " ••

1 11-.7 1.2 ..2.21 11.34 3.'1 5.07 U.27 1.2
I .

2 I'-J. 0.1 11.71 e.53 1.75 2e-OO 1.51 .'-'"• •••• 0 •

I • 1-•• 1.1 5'.2• 12.38 2.18 6.87 5.11 ...... J'" 0.' 1'.1' 18.10 5." 4.52 14.11 11.1
S ..61 0.' •••25 15.04 31.10 5.'1 1.1J '.1

• u-.a 0.7 ....., 12.15 3.•00 5.57 '.0. 1.1
1 .aeG 0.7 .15."5 1.00 20 33 4.25 4." I.'

• ..~ 0.' M.SI 15.SI 30 8' 1.55 1.14 Y••
t "-"I 0.1 "1." 13.31 20 11 5.00 8.31 1.1
10 ...... 0.1 10.05 la.'4 4.,60 7.21 . 11.41 1.1
11 ....., 0.' 11..a. 12.3 I~O 3.77 ••51 '.1
12 47__ 1.0 11.2a 17.01 4.20 3.'. ti.U 10.1
11 .... 1.4 1a.1S 16.'7 4.52 4.57 12.1 11.1 \: .. '
14 ...50 0.' 42••7 11.46 5.01 5.1. 14.12 11.1
15 10-51. 2.0 21.S. 17." 5.45 2.13 14.'1 11.1
1. 11-11 I.' B.'. 14.11 4.71 2.61 11.1 I ••
17 la-I. 1.4 12.11 11.45 1.23 3.11 7.17 ••1
II lieN ••• aa.sl 11.51 ••13 2.'0 .... 7.1

-- .- ../1



II

I) _- ..
5n11·.:I:d. OJ 1 S';" 1 "\I:~ ••• :'l; !

n. II. Nr. 0:: - ,:':

IU- D.,.. lid... C&COI Ct'otal • !'Qtal C IAoq COq 011
C.) • • " " " " "-- •

1. ...11 I.' U.07 10.1 I.N 2.51 1.27 1.1 !.......
20 ..... 1.1 U.l. 10.3 J.4t 2.53 7.7' ....
U. . S...., ..., 1••14 •••• J.'l 1.17 1.11 •••
al 1'-'1 .... 1••1. ••tl 3." 1.70 1.21' I.'
II ..... . 1.1 11.1' 10.M 3.12 2.20 8.14 •••
M· -- I.' 17.J4 10.·1. 1.73 ••07 1.07 •••
al _1 a.7 17.10 1.13 3.5' 2.13 '.10 I.'2. .1-.1 a.1 21.1' I." 3.48 2.10 5.N •••2' .a-a I." 21.M 10.2 3.5' 3.31 1.12 s••
al ..... 1•• al.7• 10.77 3.77 2.15 7.'2 1.1
a ..... I.' .11.10 11.33 5.45 1.'1 15.SS 11.'
I. ..... I •• 11.'1 1'.'1 5." ••31 15.'0 11.1 I. '.

11 ....7 1.1 II." 17.11 5.7. 4.01 11.17 11.1
II .,... I.Ct 17ell 1••7. ".22 4.51 10.2• •••
13 ..... 0.' ..••al 13••5 • 3.'1 5••' 7." '.1
M ''''0 1.a •••,a 10.5. 2.24 5.'7 ••51 J.l

~-



J '. .' .,.) Sultani Oils'lale C 'j05:i t.
' ..... )

.'

B. H. No OS - ,4
%~eft' r.eptb ' :-toisture caco3 Total Total Incrg. OI'g. Oil

'f ,.l!!lL .,
% c. " s.% C." C.! ;-,' ,.

" 1 1 62-63 1.23 47.41 20.61 2.11 ,.6 15.01 12.'
'-" 2, ~3-o4 1.92 '4.1 16." 1.7' 6.4 10.19 1.3..

.r 64-05 1.8' •., 11.01 2.21 ,., 12.41 .10.' .
4 65-06 3.19 '6.' 17.1' 1.75 6.1 11.16 "'.1, 66-67 2.17 ".4 15.' 1.63 7.1 1.1 7••

;( , 67-61 2.48 '1.2 18.96 2.53 6.1 12.'6 10.6
\ 1 61-tit 1.48 45.6 20.40 2.'3 '.4 15.06 12.4 .

8 '9-70 2.5a 44.' 1~.42 2.1 '.3 11.12 '.1, 1o-n 2.0 ".41 11.93 2.42- 7.' 10.13 I.'··
10 11-72 1.26 32.7' 24.04 ...~~ 3.' 20.14 16.6 ..
11 72-73 1.2 50.17 1'.53 1.52 6.7 8.13 112.
12 13-74 1.16 5'.33 11.20 2.17 7.12 10.08 8.3
13 74-75 0.33 59.37 13.40 1.33 7.12 6.28 '.1
14 75-70 0.4 2~.45 7.2 0.51 3.53 3.b? 3.Q

'"
76-77 0.45 29.66 7.13 o.al 3.5fi 4.27 3.'

16 71-78 0.48 31.n 10.(:4 0.89 4.52 5.52 4.5
17 78-79 1.06 .5'.82 12.93 1.41 6.70 6.23 '.1
18 79-80 0.9 G3.~' 13.49 1.56 7.ti-4 ,.8, 4.8

(" eo-el 0,,57 48.6«;; 10.32 0.:.;6 5.8-4 4.48 3.6
20 81-82, 0.56 5~.7e:t 12.01 1.09 6.46 '.'5 4.6,
21 82-83 C.!3 '6.6 1'.99 1.64 0.70 9.29 6.01

I..- 22 83-If4 0.72 48.05 12.9 1.21 5.7 7.2 '.9!-
23 84-85 3.24 41.8' 8.81 0.63 ~.~ 3.79 3.11
24 85-86 4.15 ~1.4 ;.49 1.92 2.5 6.99 '.7j
25 86-tf7 41.85 2;.e.04 9."2 1.53 2.6 6.92 5.6 i

I
26 81-ti8 1.35 21.21 9.23 1.67 2.' 6.73 ,.sl
21 86-t!9 1.99 23.4 10.11 1.54 2.8 7.31 6.0
28 89-90 1.83 40.6 13.4' 1.t»1 41.1 • .65 7.1



··t~ .... ·4

,,

~

Sultani Oilsh~le Oepo~::, ::

n. P. No OS - j4:

"

/' , -,/' - 2
/'

--"
I~s DeDth Moisture caco3 Total

-1

Total Inorg. erg.
(m) % % c. " s.% c.% c.%

29 90-91 1.31 20.4 9.73 1.69 2.4 7.33
30 91-92 1.04 26.0 10.57 1.39 3.1 '.47 i

t -
31 92-93 0.79 24.4 8.85 1.16 2.9 5.95 -
32 93-94 0.96 35.2 14.67 1.76 4.2 10.47
33 94-95 1.07 34 17.37 2.52 4.1 13.27 1~1
34 95-96 1.09 44.32 17.92 2.77 5.32 12.6 14"\

35 96-97 1.28 44.24 19.88 3.15 5.31 14.57 1-

36 97-98 1.83 30.21 ' 17.29 3.72 3.62 13.67 11
37 98-99 1.8£ 26.10 4.46 0.15 3.20 1.26
38 99-100 0.5 81.80 11.88 0.28 9.el 2.08 • 1

39, 1('10-101 2.4 35.44 13.1~ 2.28 4.25 8.94
40 101-102 2.29 : 28.86 16.23 2.03 3.46 12.77 1 L

{ 41 102-103 1.15 42.bl 16.07 2.87 5.11 10.96
42 103-104 1.67 36.87 17.93 2.66 4.42 13.51 1
43 104-105 1.55 47.47 20.13 2.96 5.70 14.43 11
.:v4 105-106 0.88 52.,18 14.53 2.15 6.26 8.27 ;;

45 106-107 1.58 42.58 12.71 '1.42 5.11 1.60 6

4G 101-108.8 4.01 53.41 12.01 1.25 6.41 5.66
(\\$;..'\&~e. ,.g5 If·CfCf i-
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• z •

.-"

:3 -
5".1 ta·~~. (:'5." ~hp.;' c D~pQs:i t

n• H. N (~ CS - :34

•

"rial. I» ..... .2°5-'p, -.LaL-
1 101.1 - 10'.1 1.0

a lOf~1 - 110.' ,.,, 110.1 - 111.' 1.7'

• 111.1 • 112.1 11.'

l , 112.8 - 11,.1 '.0

,



1

5:altahL OilshdlC! DCfl'l-';st

n. H. l'! 0 OS . :3 5

...

It. Deptll Molat... CICOS C Total I Total C Inorg COrg Ou
(-) , , S ~ " ~ J-, 5,.,. I." 41.4' ".,a 3.52 5.09 14.IS 11.a

a 54-" 1.'3
.

,I ·".M 1a•.- 0.76 8.08 4.38 3.6
3 'S-" S••'

\ ,0.SS 11.a6 0.86 7.24 ,.02 4.0,
4 "-,., 4•• ...." ,'.a, a.28 ,.t' '4.14 ".., ,.,-,. J.U , ••03 ,1.11 ,.91 7.08 ,~ .. '.7, ,W, ,." '1.1' 14.73 1.23 7.06 7.67 6.,
7 '1-60 0.71 II." '.'7 '.12 1.1. 6.7' ,.,
I ,o-a, ,." 41 ••1 ".,. 1.32 ,.02 ".,0 ,.,
J 't~1 t.tt 44.01 ".Ia '.1' ,.a, 10." 1.6
'0 '1-61 ,.,. 11.1' ".'6 ,.a6 ,.99 7.77 ,.•
" ,~ I.,. 47.1' ".6' ,.54 '." i.to 6.,
1. ...., ,.a Sl.,. '4.11 ,.64 3." 10.91 I.,
,S .,... 1.1' "'.10 1.3a. '.67 1.64 6.6' ,.,
t4 ''-47 7.1 11.'4 10.a. '.47 a.73 7.'0. 6.,

"
,,-6, ,.14 ".SS 1.74 ,.~1 a.08 6.66 ,.,

" 'W, I.', II.,S ".21 ,.16 3.'4 ".67 ,.,

-
'"



I I

- '.. ..

~:ull:.t;:j Oil8'",JC' U~I',,~;i I

O. II. No OS - :J~

_'~i.:~ ":'~';!~}

Ie. D.p~ ItDllCue a~oJ a total S Total C lnorg C Org au
ta) " , J J X X I-" '1-7. ..7. ".'1 '.0' 1.a, 1.1' 7.17 ,.. ' : , ~

'"-- .'I 70-7' I.a, a, ••• '.73 0.87 2.62 7.11 '.1,t 7'-7. 0.14 17.1' ,.,. 1.17 2.16 7.,a ••110 7a-7S 0." 2S.7, '0.17 '.1' a.84 7.SJ ,.~a, 7J-74 0.11· aa.47 I." 0." a.', '.30 ,.,
.1 74-7' '.01 ft.., mrell t ..". I." I,~ ~,1
IJ 7'·7' 4.11 . 4a.ea "., 1.al '.14 'O.~, I.,
14 ,t.·77 a.ol J,.la aO.24 a.74 3.aa ,'.42 13.SI' 77-'1 . a.04 at.75 ,I.,. 2.88 3.'7 ".01 ".,., 71-07. 1.00 "." '7.02 2.'1 a.35 14.'7 11.,., '1-10 a.,. as.,. 14.3a a.02 a.83 ".4g 1.4II 10.1, 0.14 as.1l' ".72 ,.ao a." 1.93 '.1It .,..a '.01 It.'6 t,." 1.36 2.5' 1.60 7.010 aa-as I." al." ".71 1.11 S.4a ,a.,. to••s, .'-14 , ••1 a4.S' 1~.7' 1.33 1.92 1.1, 7••sa ......, 1.aa a6.'8 't.86 1.'6 3.14 '.72 7.,JJ 85-86 '.'4 24.sa '0.9. 1.'8 a.9a '.06 ~.,

34 86-17 ~J.I' 47..17 ".71 2.ao 5.67 13.04 10.'

I II' I



· . ~)
Sulteni Oi:sha~e 0' s;t

I

a. ~. 7-:0 os - 35 .'

11,

s. 110. ·20,

B H-DS.35
87-88 11.50

88-89 11.25

89-90 7.25

9D-91 11.00

91-92 9.75

92-92.5 6.25

7

" ~



- 1 '-

S" 1. t nlli Oi 1:;~ ".! (. U":lqti'j;

n. If. l'! (J Of; . J (j

. ..- . . .... --..-. _ .

lua Dep~ _lat._ CICOJ C !'otal a Total C IndtJ 001'1 Oil
(a) • • • ) ~ ~ •-, 14-1, J.O J'.44 ao.os 3.73 4.73 ".3 t••,

I .,... 1.1 4'.M ,,." a.70 '.48 '4.0J tt.,
3 16-'7 . '\.I.' ,t.,. '6.54 2.01 6.19 .. 10." I.,- ..,4 .,... ,.4.' '7.00 ".44 '.39 6.14 ,.0. ,, ; .... 4., 7,.IS ,I.S) 0.69 t.03 3.' ..,
• It-IO 3•• 40.30 t6.44 '.96 7.24 9.a 7.'
7 to-tt .., 43.S' 'S.S, '.70 ,.a, e." '.7

• I'''' '.1 41.'. '3." ,.76 ,." ••04 ,.,
• 11-11 J•• St.3t ".g. 3.10 3." 11••• '0.'
to IJ-M 4.' SO.4' ".18 1.40 3.6' ".,. I."
" M-ts t.4 1'.S7 ,1.', 4.36 3.,a ".s. ,..,t. '5-16 1.1 ".7' 17.,S 2.20 6.93 to•• '.1
'3 ." I., 'S••, ".14 '.73 7." 7." ,., t ,"#~ .

14 17.... a., 64.14 '4.61 '.'4 7.69 G.n ,.a
" ,I-It ,., ".0 13,al ,.23 7.92 '.'6 4.4

" .t-100 0•• 3'.44 16." 2.4' 4.73 'I.' '.0
17 ,oo-,ot 0.' 4,.M '6.71 a.34 '.'04 ".11 I.'

...... 1/•••



,.;1,

'J

Se 11 ftr-.i Oi ~ C~·.h ~" Oc'pd~;i '

D. H. H:J m: _. )~

•

It_ Dep~ 1ID1ahN C.COJ C Total 8 Total C IIIOl'f COrf OU
(a) I X X ,

~ , ,- -,. 'O'I-,c. ,.0 6••a, 11.S' 0.81 7.47 S.I' J.1 ..

" ,-,OS 0•• 41.6. 14.6. 2.13 '.12 '.'0 7.'10 'OS-104 0.' 41.', 14.74 10'87 ,.14 '.'0 I.,a, 104-105 0., 11.17 ,." 1.04 4.6. '.27 4.1aa 105-1. ,.1 a'.75 6." 0.67 3.08 S.6. 1.0
II t 06-10'1 ,.1 I2.M 7," 0.64 S." S." I.,
14 107-101 0.7 ·...42 14.a, 1.8, S.I, 10..S. 1.4a, 101-101 ,.. 41.t 11.64 1.,a 4.' 6.'4 '.4.6 tOl-"O ,.6 I,.,a 8.60 1.34 3.3' '.1' 4••a, "0-'" 10., 10.7' 7.10 1.30 2.4' 4.', I.,a. "'-"1 '.J 1••71 7.St ,.t. a.37 4.94 I ••., """1 ,., 1i." 7.~~ 1.00 a.a7 '.06 4.,

., .. :-10 "S-"4 I •• ',.,J 7." 1.33 1.10 ,." 4., '- .

" 114-11' ,.4 11 •• ,." 1.21 a." 7." '.131 "5-"6 0.14 U.I S." 1.12 1.67 ,.,. 4.1JI "6-", ,.0 .8." 11.8a 1.56 3.40 '.48 ,.•
M 117-,,1 i~O ".'.01 11.1' 1.,. Sllta I.ot ,.,
" "1-", 1.41 31.40 14.72 1.88 ".61 10.', 1.1M ",.,aO 1.4 Jt.l. ".1, 1.90 3.12 9.tt I ••17 '••0-1., 1.80 1'.a6 14.91 2.40 J,', 11.4 1.1



- '}

Sul tan! :.n 1~~,i';: e n\'!r,·.~i

n • It • t!o O~ .. )6

,,,,',

~.

6"-_

Iu- DI,tIt JIelat.._ cacoJ C ~1 S 'rotal C borg eorw ou
..JIlL- --I-- " " ~ " " ..L--

• 121-122 '.0 . 1'.21 14.'• 3.63 2.31 12.31 10.1 ... '

I ;,.

» . 11a-ln '.2 17.11 12.78 3.60 2.05 10.73 1.1

• 1a~la. '.1 11.3' 1.32 1.95 2.2 7.12 5.1'
tl lH-J..IS . 1.1 13.71 10.50 2.10 1.'. '.1' 7.1
..a lal-la, 10•• 1•••0 15.27 2.49 1.75 11.52 11.1
a IH-127 ••1 . 42.41 12.24 1.40 5.09 7.15 5.'.. 127-121 ••• ".• 9.1. 1.110 5.3.\ J.13 J.l

"
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: ...... ;.,. . /
'.;:..""

- "
Su1t?ni· ('l::.lshlilln D8:,!nsit

B. IT. No OS - 36

....1. • •• .,0, _

_.os-"
121 - ,.2, 1.1'

{ 12,-a:so 1.0'

1'0 ., 1'1 0."
1'1 - I'Z I.Z,

1'2 - 1" 1.01

1" - 1'~ 1.10
1,1t - 135 1.30
13' - 13f 1.65

1" - 137 1.'0
137 - 1,8 1.lto

1,1 - 1'9 1.'0



Sultani Oilshl11e "._.'1' osit

B. H. No OS - 38

•
It_ (II) S S " " " " "DeptIa IID1... e.co3 C bta1. a !'otAl C!De&- Ceq Oil

1 73-74 1.53 22.31 ll." 1.21 2.68 I.N 7.4
2 74-75 1.22 SI.Ge ll." 1.20 1.49 5.4' 4.5
3 '5-7' 2." M.15 12." 1.0& 7.7' 4.'3 4.0

- • '&-77 0.12 .2•• t.a. o.aa 5.10 44"7' 3.'-
5 77-71 1.01 51.00 15.14 1.6& 1.12 '.02 7••

• 78-79 2.15 "'.'5 17.30 2.54 5.31 11.N t.a
( ., 79-80 2.21 31.11 10.07 1.1' 3.74 1.33 5.1

• 10-81 4.4' 23.30 1.81 1.13 2.80 1.01 ••9, 11.a2 1.20 11.18 7.60 1.38 2.27 55.33 4.3
10 82..3 '.21 17.57 7.82 1.42 2.11 5.71 4.7
11 13-84 1.0'1 17.35 7.21 1.39 2.01 5.13 4.1
12 14-85 3.45 21.77 8.10 1.11 2.11 5.49 4.5

.13 Is-al '.12 23.44 7.20 0.97 2.81 4.39 3.5
14 1&-87 3.00 25.48 10.35 1.1& 3.06 7.29 &.0
15 .7-88" 4.95 24.'7 7.14 0.79 3.00 4.64 3.7
II 81-89 2.35 32.44 9.50 1.10 3.89 5.61 4.6
17 89-90 5.01 28.7~· '.11 1.2. 3.44 5.17 4.6
18 90-'1 2.29 35.31 15.. 75 2.40 4.24 11.51 9.4

( 19 91-92 1.43 35.00 18.79 3.17 4.20 14.59 12.0
20 '2-93 1.... 31.a. 19.07 3.14 3.73 15.34 12.1
21 '3-14 1.72 24.3' 15.93 3.33 2.92 13.01 10.7
22 """'5 1.53 41.0" 11.4' 1.42 4.93 1.56 5.4
23 I SAM 2.09 25.20 11.17 2.23 3.02 8.15 7.1
24 "-'7 1.73 31.33 14.90 2.26 4,;12 10.7. 8.9
25 '7-t. 1.45 40.13 1.5.77 2.58 4.12 10.95 '.0
M ''''95' 1.44 41.58 15.12 2.57 4.99 10.13 8.3
Z7 .t-loo 1.50 4'.·.. 1'.21 2.44 5.'1 13.21 10.'
38 100-101 3.13 53.24 11.t7 1.25 1.39 5.58 4.1
a 101-102 1.71 53.14 12.14 1.25 1.3. 5.76 ••7,. 102-1Q 2.11 40.14 13.10 2.11 4.82 1.21 1.1
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Sultan! ·Oil.hale Deposit

B. H. No OS -,8

....ial •• .,'11 ••05-'9. ---taL-
1 10'.2 - 104.2 a.o
a 10".2 - 10,.1 '.2'

( , 10'.2 - 106.2 14.7'

It 106.2 - 1°7.2 11.2,, 10'7.2 - 108.2 1".00



~1I1 tap:i Oi" nh;.l 0 Or-pos:l t

B • it • rJn n:; .. J?

Ie_ ri.pell. (a) Moisture c.c°3 Total Totd lnorg. Gr,. OU--L- --L: c. , ,. ;l c. 2i s...L ..L.1 5'.5-54., 1.:2 67.32 13.03 1.03 8.07 4.M 4.1• 54.""" 0.1 73.61 12.58 0.73 1.83 3.7' 3.1
I ".",'.! 3., ,a.9 13.31 2.30 6.3' '.OJ 7.4 '........4 '6.S-'7., 6., 27.42 17.61 3.71 ,.2t 14.31 II.,, '7,"'1., 0.7 10.31 8.7. 1.6. 1.44 '.M ,.1, 'I.,."., 0.1 43.0~ 11.76 1.21 ,.17 ,.,. 6.1, ".5-60., 1.4 43.4' 1'.23 2.51 ,.01 10.14 1.1• 60.5-'1., 1.0 '.'7 ~1.1' 1.81 1.11 10.0 1.1• 61.5-'••, 0.7 41.4' 110.26 1.99 4.98 '.21 '.110 6a.,...I., 0., 40.67 1,.1 a..., 4.88 10.aa ••111 6'.5-64., 0., . 4D.IO 16.0' 2.37 4.SO 11.1' 1.1

II '4.,..,., J.O 31.91 9.06 1.31 4.67 4.S' 1.6
11 ".,..6., 10., 22.34 7.7 1.a, 1.68 ,.0. 4.114 ".5-"., ,.. J.2.,a 6." 1.5' 1.,U ,.4' 4.,l' ".,....., .., 14." 7.'7 1.4' 1.71 0 '.7• 4.,l' ,•.5-6,., I., 14.08 6.89 1.22 1.6. '.11 4••l' 6'.5-70., 4.1 14.33 10.3a 1.M I •• 7.40 •••l' 7O.S-n., 4.1 27.01 7.'2 1.2 3.14 4••' I.'I' n.5-,I., J•• 13.'1 .." 1.1 •••• '.77 4.' .i ...

"'-' - .
'.
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Sultoni Oi15hl\10 flo(losit

n • " • No OS - 39

II\~I,~! • ~ x'::::::';',-~1t:f!~~
.:. .'
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Sultan! Oilshale Deposit

B. H. No OS - 39

'-.pl. • •• PaO, •-...",
"., . ".' ,.,

~ n., · ,a., 2.2

,a., - "., '.0
"., - 100.' 7.1

.~ '.0100.' - 101.'
101.' - 102.' 1.'
102.' - 10'.' 2."
103.' - 10'-., 2.,0'

10".' - .10'.' 0."
10'.' - 106.2' 1.01

I•
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Sultnni 0:i.1$1I0I10 Deposit

n • II • No OS - '10

Ie- Deptll 11011'" alCOa C total S Total CIao.., GOI-f 011
(a) • " • " J' • •...

t '1-5' I." 54.'7 ,,." I.sa .r. .. ,." 'I•• t•.,:.:: .'
• "-', I.q· '1.10 "." 3.24 •••• '1.17 t'.,
I 5'·" 1.01 ".41 '6.7' a.27 7.1' '.to '.1
4 ,..,. ,.1' 5'.SO ".,a 2.37 '.1. 10.'4 I.,, ',..0 4.'4 ,.... '7.40 a.a1 7.07 ,o,n 1.4, ,w, ,.n 54." 10.33 3.23 '.5' '3." ,t.1, ".., 4." 4'0'. '..1'.80 a.la '.02 tl,7' '0.,
It 'WI ~.t' II.M ".00 s.ao 4,'1 '4,11 tt.,
I 'J-&4 1.14 . ....1' t'.74 s.a4 5." ,...,. ,t.,
'0 '4-6, 4." 7'." t3.46 ,.,a 1.60 4 ••' 4••

" 's-M ••00 '0.1' ".42 1.00 7.a, 1,17 ..,
11 6M7 '.10 "." 14.71 1.7' 6sl0 7••t '.1.
'1 67-6' 7.'7 54.44 '8.61 2.53 6.'3 11." '0.•···
'4 ,W, 4.'0 '1.04 ,'.61 1.52 6.a4 ,,." '.1

~
-::S-~

• I .~ , I • I



....

.'. . .~. .
I I '1J

-2-olea DepCIa ..lat.. caCOJ C Ifotal S Total CIllOI" COIW on(a) • 3' " " % • •-" '''70 1.10 ....,. 1a.00 '.46 ,.,a ,... ,.,
" 70-1' lel4 S1.0.5 14.47 2.61 3." 10.74 1.1t7 "-7. 1.7' 45.41 14.43 1.1. ,.Ia t.at ,.,,. 71-7S 1.aa M.37 '4.61 1.3' 4.'. to.,O I ••:,. 7J-74 '.40 4'.'4 13.'0 1.15 '.4a 1.4' ,.•tao

.
74-7' 0.10 3'.1' 11.ao 1." 4.S0 6.to ,.....,
'''7~ ,.,. 41." '3.44 '.8, '.0' '4135 ,.,~_.

II '6-" 1.30 40.0 13.'2 ,." 4.10 ••n '.1as ,,-,s '.'17 41.35 11.'8 2.93 '.01 1S.'O ".•I. ,1-,. I.', 1'." 19.46 3.71 S.al4 ,6.U '1.1I' ,1-10 •.•, U.06 '.'4 1.87 a.6' 7.01 1.1., ...., ,.• :t'.I, •• ta t.6. 3.aa '.70 ,.,., .,... .••11 ""!as' '.'0 1.'0 I.,a 17.04 ,•.••• -S 7•• 14.1' 10.1' '.7. I." ,.1' ••••• IW4 '.14 'I." 1.10 1.17 1.46 6.'4 ••4
30 ~, '.0 '.~7' .." 1.17 1.'1 '.'1 ,.,
I' I,.., t." "," '.'7 1.la '.4- 6." . I.'SI .Wf 7.14 ".07 '.7. a.oo a.al '.4. •••••SI ,,-1, 'o." ".17 7.a, 1.64 1.J4 J ••, ....
S4 ...., 1.0 ".47 '.41 1.7a ,.,1 ,.4t ,.•
" .... 10.' t'.'7 '.aa 1.a, a.,. ,.84 4.7
I' IOIt ,." ".M t.M 1.7. a.a7 7." •••

• I f.
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- ) -
Sultnni 011811n10 Iloposit

n . 1I . ~:n N: '10

Ie. Deptll ...1..... a.co, a ToCd ~to1.al Clnorr o CoI't Ou(a) • • J J • , J-, -" It.. I." 10." '.16 '.7' 1.41 ,.+1 ••0JI -.a ' ••1 a,.~ J." 1.41 S.OI 6.4' '.1,. 'J-M '.10 'J.S' '6.30 '.1' 6.40 1.11 I.,40 It ., 4.c. 31.a, 16.1' 2.43 4." ".'0 I.~4' ... I~II 40.11 10.10 3.47 4.11 ".JI 'I.'4. MWI I.M 14." ".a6 S.,' 4.1' ".07 '1.443 ".. 4.11 11.40 13.33 3.34 I." !~.,. 1.144 -, ! ..II 11.!7 ".44 2.64 4." ".6' •••4' I...,. .... 47•• '7.44 1.71 '.7' ".,. •••4' '..,01 1.11 S,••• ".M 4." 4.7. 'I." ,...
4' '~'e-I. 4.,. 51.11 10.40 3." ,." '4." ,t"41 '."11 '.11 4'.1' '1.17 '.'1 ,... '.15 '.14. !-.,.... ,." 4••07 ".11 1.37 '.1' I.SI 41..,. ,OI-tOS 1.14 4'.1, 1••7 '.'4 ,.so 4.01 1.1S, ,.... 4.1' 4'.1, ".64 2.44 '.'1 .... .~...'I ,...,.., ,.• 1'.'11 1.4' '.01 '.,J 4••1 4.'
'I ,..... ,... 4'.H ,J.,S 1e" '.44 ,.,. '.1'4 '0I-t0l I •., 4S.6' ,S.44

'~', '.14 1.10 t.,
" '''''0.'' •.,. 1'.4' '.30 '.41 4••' '.11 ..'\

~ •
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- t
Su)"tani Oilshnlc Oepos!t

D • II • NCl OS .• '. 1

It_ De,tII.(.) _1.."&11". oaC°S foCal U fotlJ. i InaI'U- C org • C (,11
J • );. #.'

" X X,. ,.-- .-, s,·,a '.J' ••11 10.01 4.10 3.lt 1ti.,a 1:1.S' \,
, .-

• ,..,a '.10 ".57 "4011' 3.1' 6.67 13.1. 10.14

J '1-54 ,~" '1.10 14.01 1.4' . 6.97 7.09 5.81
4 ,.." 4.1' 6'." '0.19 '.06 7.90 2.29 1.to
s ,,.56 I •• 'I.', 1'." 3.19 7.52 9.67 I.OS, ,.." I •• MI.D 14.97 a.76 7.24 ~.73 6.42

7 ".,. 1.10 4"oa -10.81 4.4' 5.88 14.9' 12.3'

• ,..." I.a SI.U ,1.'5 4.13 6.27 12.3e 10.2', SHO ..., 41.1. 11.47 a••, '.91 5." 4.(,'
'0 &0-6, 0.7' •.,. 14.33 a.l, 4.'. '.7' 6.a,

" 61-6. 1.17 I'." 10.11 '.66 3." 1t." 11.t3
1~ 'a-61 ,.• ".M '1.17 ,.17 7.99 ,1.8. 4.0S

~-

-

....

-
1/•••
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Sultani Oilshnle Deposit

D • II • No OS - '11

Ie. ..ptll(a) ...i.e.... 0":0 fOCal C '.i.' .: ~1 •S Ino:rg. C oz.t. C Oil ~..... ,:.'S
-J....

. )i 0' e ..L-c c

l' '38M 0.1' 37.1, ~1.06 1.", 4.54 6.,a '.4'
'4 ~, e." 20.'2 6.!45 0.95 2.41 4.'3 3."
" 'S46 0.60 ~9.31 'fl22 o.t' 3.S~! 3.70 J •.,,. .6-'7 0.7' 43.83 ~1.7' ~h4a ,.au 6.,s ,.41

" 67-6' 1•• 41.3a 1~.40 '.99 '.08 '.3. '.1',. "..... '.SCi 50.02 12.t2 a.it5 6.00 6.11 '011
lew 48.1 -'0 a.3 39·"" e." 1.1- Ii. '1'1 .3.CJ5 3.2

\ ...



/q.

.) -
Sultllni Oils1ialu 'Jipfl!.ilt

n. tr. t!n OS - ' J 1

c.) • • " " " " "a- DJU'" 1Id.__
~J C ,.tel S ~ta1 C!nerg. Ceq. 011

20 ' ...'A 7.01 JO••• ••41 1.75 2.52 5.89 ••1
2t 71-'2 '.IS 1I.la 7.12 1.SJ 1.10 1.02 4.t
22 72-11 '.21 11.41 '.3. 1.4' 1.e1 5.6. 4.7
2] 73-'4 I.'S 11.11 '.3' 1.t2 ,-.11 7.11 5.'
21t '''''1 I." 11.11 7.43 0.t7 2.58 4.15 4.0
25 75-" 4.58 11.U 1.'1 1.1. 1.67 5.94 4.1
26 7&-77 J ••2 11.1' 7.'1 1.11 2.1d 5.73 4.7
27 17-11 1.15 22.71 11." 2.05 2.73 1.11 .,. 'J

28 ''''I 1.01 H.'I 1.'1 1.1' 3.57 6.1" ~.o

29 ,,... 0." a5.H 10.27 1.45 3.N 7.23 5.',
JO 10-81 0.12 10." '.'5 1.4. 3.'. I." 5.1.
)1 11..2 0.13 2'.11 I." 0." . 3.35 5.09 4.1
32 .2-11 2.11 31.'2 15.72 2.14 ....5 11.07 t.l
33 IJ-M 1.4' 2'.M 1'.'3 3.72 3.23 11.70 13.1

I I

)It 16-15 2.11 25.06 l'.M ••32 J.Ol 1••(1] 12.2
35 15-81 3.10 11.1' 12.11 2.60 2.1a 10.00 a.2
36 U-17 2.'1 1'.13 13.1' 2.30 2.34 10.a5 I.'
17 17.- 1.00 .M.to 17.30 2.56 4.32 12.11 10.7
38 -- 1.1' 1'.33 15.25 2.55 ...... 10.77 1.1

39 11-.0 2.10 40.'" 1'.41 .2.72 ....5 1•• 56 12.0
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.. t

Snltnni Oi 1 sl:;.1f! f)r':H.sit

n. rr. tlo OS _ !: '.

...

~

-0

I'. Deptla Molatun CIQ03 Total t(ltal Inorg C.~rf1. 011(a) • " ~arbon SUlphLAl" \:arocn CarboD .J'
': X .. -l(.

1 46-47 a•.., 36.76 20.23 4.36 4.41 15.12 13.13a 47-41 1.7 40.47 20.34 4.38 4.86 15.96 13.25
~-.7-S 41-49 2.' 61.18 14.70 2.37 7.34 8 .36 6.94 ,......., .4 4t-,0 4.2 15.06 11.91 1.03 9.01 2.90 2.41 '.5 '0-'1 3.0 70.'6 13..11 1.46 8.49 3.62 3.016 '1-'1 1.5 70.78 14.80 1.89 8.49 6.31 '.247 ,a-53 '.4 46.28 19.92 4.70 5.5' 14.37 11."• 'S-'4 4.1 "4.99 14.48 2.12 7.80 6.61 '.54, ,..." 1.3 39.64 15.23 2.':'1 4.16 10.47 1.6'10 ,,..,, 6.6. 3'.34 16.59 3.99 4.72 13.87 11.5111 56-'7 1.0 44.91 16.35 3.:l5 5.39 10.9' 9.1011 51-51 a.o 40.84 11.92 1.26 4.90 7.02 5.1'13 ,a-" 0.' '3.48 11.59 1.40 6~42 5.17 4.2114 '9-60 J.' 34.31 18.88 ~.27 4.12 14.76 12.a,15 60-61 a.o 43.32 le.23 3.11 5.08 13.1' 10••16 61-62 1.0 34.30 18.69 3.(,1» 4.12 14." 12.Of17 62-63 1.6 43.74 11.94 1.«;,7 '.2' 6.69 .,."II 63-64 1.6 49.60 12.40 2.18 '.95 6.4' '.3519 64-6, 1.' 21.l? 10.92 1.86 . 3.38 1.54 6.a,80 65-6' 10.0 19.82 9.b1 2.35 2.38 7.23 t".0021 ~1 7.9 35.91 1.47 1.21 4.31 4.16 ·3.4,at 6.,..1 10.0 14.6' 7.72 1.70 . 1.76 '.16 4."23 61.0' 1.4 18.61 9.4b 2.01 2.23 7.23 6.0014 69-70 '.1. 15.ci9 8.09 2.30 1,,,88 6.21 '.1'

.1.



2 ._

Sultan! Oilshll]e ()nJl()~jt

D • If • r: 0 os - '.',

·, ..

~...

ItOil D.ptll Holature C.c°3 TotAl ~otal Tnorg. OI'g. o t 1(a) • ~ Carbon SUlphur Carbon a_boa ,
! (. _X ....la, 70-71 I.' 1~.90 6.94 1.~3 2.03 4•• 4.0' i, ", .16 71-71 11.' l1fl197 5.96 1.u4 1.44 4.52 1.7'

-.. -- .
27 72-73 14.1 9.6. 6.4b 1.86 1.16 '.30 4.4028 7~74 7.' 19.5' 9.31 2.40 2.35 ,." '.'1at 74-7' I., 19.36 8.93 2.24 2.32 6.61 ,."30 75-76 10.' 16.7. 8.09 1.90 2.01 '.01 ,.o,n 76-77 i.' 20.47 8.51 1.8' 2.45 6.06 '.0332 77-7. 7.0 49.7' 11.~4 1.78 5.97 '.57 4.'133 71-" 0.' . 32.87 11.05 1.99 3.'5 7.10 '.1'34 79-80 2.3 36.17 19.16 4.49 4.34 14.82 11.30S, 10-11 1.' 33.77 20.04 4.39 4.05 15." 13.273.' el-12 2.0 45.55 14.01 2.79 5.47 1.54 7.0'37 12-IS a.a 25.31 15.'7 3.99 3.04 12.73 10."3. 1)-14 4.4 31.23 13.47 2.90. 3.75 9.72 8.07J' .....8' a.J "'2.&»0 J:5.~8 3.85 '.11 10.77 1.'440 85-16 1.' 44.'0 19.83 4.56 ~.34 14.4' 11.0J41 16-17 1.7 49.75 17.'8 3.70 '.97 11.61 t.,.·42 '7-88 I.a 37.31 10.83 2.32 4.41 6." ,.a7 '-...,43 Ie-I, I., 43.15 8.98 1.51 '.26 3.7. 3.0'44 1..10 '.0 35.67 11.37 2.57 4.28 7.0' ,...



r:'t . '"'1 • l ....,U. ftll' ..J;. :;, ....,&. ,. _I'-! . •. :.

H . II r fJ .; : 'I ~ 0:) - 'i

~~

It. D.pt~. Moisture C.C03 Total Total Inor". org. OU-'!!L --!.- ! 9" nx
c " C! ..l1 60.'-61.' 1.0 62.95 16.99 3.97 7.'4 '.46 7.1'2 61.5-62., 1.9 51.84 ~1.08 ~.20 6.22. 14.86 12.333 62.5-63., 2.9 4(,.41 21.59 7.18 '.57 16.02 13.30 . -

~ • t •4 63.1-«-4., 4.8 43.31 19.84 5.69 '.20 14.64 12.15 .:.., 64.5-65.5 3.6 41.23 22.25 6.53 4." 17.30 14.36·6 6'.5-66., 3.1 34.38 20.66 5.71 4.13 16.'3 13.727 66.5-67.' 6.6 52.89 19.33 4.67 6.35 12.18 10.77• 67.5-68., :5., 32.87 18.78 4.54 3.94 14.14 12.32, '1.5-69.' 8.4 35.28 1~.81 4.02 4.~3 10.,. 8.7810 6'.5-70.' 5.7 32.09 15.14 4.18 3.05 11.2~ '.3711 70.5-71.5 2.1 32.95 22.03 7.14 3.95 18.08 1'.0112 71.5-72., ~.3 40.63 19.64 '.79 4.88 14.77 12.2613 72.5-73.' 2.' 42.25 18.33 5.23 '.07 13.26 11.0114 73.5-'4.' 4.' 62.56 12.35 1.80 7.'1 4.84 4.02l' 74.5-75.5 - - - - - - -16 7'.'-7G., 10.! 56.24 13.99 2.57 6.7' 7.24 6.0117 76.5-77., 1.4 59.34 15.98 3.47 7.12 8.86 7.3'18 77.'-71.5 5.6 .67.76 13.67 2.05 8.13 '.54 4.60l' 71.5-79., 2.7 5b.39 11.31 1 .. 97 b.77 4.54 3.7720 79.5-80.' O~' 55.40 11.35 2.22 6.65 4.70 3.90 ;.
'.n 80.5-81., 0.4 31.72 10.57 1.92 3.81 6.94 '.76

~



~j111 1."1 i I::! ~.' ~' •.. )e- ".:i; I.

J.. . .• ; .. , ~ l:..i - I: (,

i • I

'Jr. -

;;

Itea Dopth Noi.ture CaCo3 Total Total InGrI· 0..,. 011.J&. ~ .X C"A S% ~ a- .J1 42-43 9.4 17.72 7.20 1.41 1.13 '.07 4.aOl2 43-44 7.6 11.18 7.'3 2.4' 1.34 6.1' '.1373 44-45 10.7 14.41 7.93 2.42 1.73 '.20 ,.1464 4'-46 1.6 13.35 7c63 6.20 1.60 6.03 '.004 .. : .,, 46-47 10.7 17.72 9.33 2.64 2.13 7.21 '.'14',<..., 47-4' 7.8 18.76 10.87 2.70 a.a, 1.6a 7.1'47 48-49 10.9 3.35 9.14 2.31 0.40 8.74 7.a54• 49-50 2.1 51.52 1(,.59 3.07 6.11 10.41 1.'40, 50-51 1.P' 42.68 .
15.06 J.07 '.12 '.M I.~,O.10 51-52 1.0 61.51 13.71 1.38 7.31 6.33 ,.a"11 '2-53 3.5 34.10 14.66 4.06 4.0' 10.'7 1.713·12 '3-54 2.6 29.61 13.03 4.24 3." '.4' 7.16.13 54-55 2.5· 33.92 17.45 4.37 4.07 13.38 11.10'14 55-5' 2.9 41.06 llJ.08 4.19 4.93 . 11.1' 9.2'415 5'-'7 3.0 43.54 10.58 2.58 'ia2 '.36 4.44816 57-'8 2.0 4(,.02 7.82 1.35 5.'2 2.30. 1.90917 '''''9 0.7 40.~7 12.25 2.33 4.84 1"41 6.15018 5,.60 0.7 26.64 11.12 1.99 3.20 92 6.'73.11 I

:



of

5,,1 tilni 01 1 ~!Iill 0 j)nposi t

n.1I • r~1I Of, - 1:7

os - ~:

. It. ...... "I...... caCo, 7.'.1 Toe.l lAor...... Or•••".
~:~..Carbo. Su11)hu. Carb•• Can••

--1al- --'- " -L- Iii --L.- ~.
1 57.' · ".' ,.,., ...." 11.'1 '.26 '.1' IS." U.'.
I ,I., • B.' 1.'1 ~7.'2 1'." ".07 '.7" 1'.oa II.", "., . M., ,.Ia ,1.°7 11.ao ,.1a '.a, 11." ,.,., M., . 'I., ,.., '7.17 ZI.28 7,'3 ,." 1'.'. I,.", 'I., •.-., ,.11 . ".'17 1,.a, 2.2" 7.77 1.,1 '.M, 'I., •"'S '.1' ".M 1,.21 a.7' '.91 '.'1 '.If, ".' •".J '.1' lti.'7 1'.1' ".23 It.,o J.a.a. le.I'
I A_, •"" '.1' 6,.,-. 17.7° '.2' .,.M 10.10 I.,., "" •".s •••• sa." 1'.'1 ".a, 7.0' I •• " 11'."

10 "., -".' ,.M ".1' 11.31 3.17 7.0' 11.al ,.,.'.~

1.1 "" . M., I.M ,It." 1,.1, 2.12 ,." I." ,.e,,.. "., •".s ,.IJ '1.'1 1,.,a ,.81 '.7' 11.... ,.1'

~.-



Iii ~

- ,~

Snltnlli O:i.ls
'
:;tln U.:H1s"i.t

n • !f • i!u (}!"; .. 117

10 "

~

laorga'Ua
:";..- .

It. ...... .,.,..... Caeo) To,al To,al 0........ V.·:
'-'-'

Carbo. • ulphur Carbcaa C...... 8 I &
--.I.al.- -'-- -'- .. _..:L- 1r --i- --'-

lJ "., -te., I." '''.35 17." '.'7' ".12 1,.1' 18."

l' '0.' - ,J.., ,..., 27.'7 1,." '_.0, 3.31 11." Ie•.,

l' 71.' - ".'
,.a, ",.:»6 16.81 2.97 '.92 ,.,. 1.1'

l' ,..,·"., '.10 '2.92 13."9 1.99 7." ,.1, ....
17 "., -"., 1.1" '1.'1 16.2'1 :».It, '.1' 10.o, I."
II ".' ·"., '.• '''.:17 1'.3" ,.:slt '.52 1.la ,.,.

\ ......



Sultani Oilshale Deposi~ O~ - ......

i B. u. r:o os - lJ!1 j
'-'

ze. ~... ..i .... DH....t.st•• 7.ta1 £u C;... Ol

C.) ,.I.er ..... ..... c.a,_ Le•• "• " " • -( a .,.., .... 0.1' •••• ".a ,., ,.
• I~,... a.,1 I." ,., M.' ".2 ••, -, 1." 0.01 '.0 ".' a." I., 1,.,0 2." 0.8, ,., 80.' 7.' I,, ,90-'1 J.I, I." ,... '1.1 ,., 11., 91-'2 ,." 1.10 7.' 77.' ".0 11.
7., 12-" 2.1' 1.'7 It ... 7'.' '.1 12.

• ".." '.'7 I.'" .... 71.0 ,., 11., ,,,-,, '.'1 2.22 6.2 I,." ,., ,.
10 9)-" '."7 0.93 't.It 84.' ".6 '.
U 96-97 ".19 0.61 At.8 1:'.4 •• 2 6 •
12 97-91 ,.19 1.21 ..... 80." It. It 10.
13 ,1-" '.:'7 2.'3 6.0 '4.8 2.6 ,.
14 "-100 '.07 0." ,.6 79.1 4.a &0.

l' 100-101 a.oo 1.60 3.' 80.1t '.1 12.

l' 101-102 1.'7 0.'" ,.It i 71.0 6.0 1~.·

17 102-10' It.o' 2.'. '.1 77.' ,.1 10.e
11 10"1~ 2.0' 1.'1 ,., l4a2 4.0 I.:
19 10\.~O' 0.'7 1.0' 1.6 II.' '.0 '.e
ao AO,.l06 . 0." 0.'1 1.2 ,o.0 z•• 6.1
21 104-107 a." 0.'7 1.2 ".2 a.1 ,.l
12 107-101 0." 0." 1.0 '1.1 ,., ,..
a, 101-10, 0."2 1.11 1.6 ".0 1.2 ~.J

24 lOf-l10 '.'9 0.'1 7.6 "." '.0 6.c
2, Uo-lU 6.', 1." 1.0 11.1 ••0 '.1., UI-J,U ".2' ,." 10.6 '1.1 '.0 ,.,., u.a-u, 1".,a 1.'1 16.0 77.1 1.1 '.0

./.

)

()



;," ,i
..-' Sult:tT'i 0: :511:11e DeIlo::iit

D • H • No OS - 119.

J ... Dep'" ........ Dee_po·"tt_ t'.'a1 t·.. Ou .........~-, ~...
(.) • ...... ...... I.e••

• -'- -'- -'- ~

---- -.. U"I~' 10." 0." u •• 1J..4 ,.. a.I., 11'-U., '.11 0.81 .10.0 .,., '.0 '.0,.. 11"'11' '." I.." '.0 .,.. I.' '.0-
'1 116-U7 •.s, 0••' '.0 .,., 1.1 ".e,. 117-111 ~.-' 0." '.' 17•• ,., ,.c

( " 1~I-U' 1.'1 I.Of ••0 .....a 4.1 7.&,. 11t-12O ,., 0.7 6.a .a.a '.0 7 ••

" ~ZO-121 '.1' ' ..1'
,.It 10.1 It., I.~

" 121-122 ,.67 ~.7' 6.1t 11.2 Ie.a I.:
'7 122-11' '.1' 1.2'7 ,.. 8'.2 '.2 7.:,. '.23-12' '.0' 0.7' 6.1 I'." 2.6 7.:

" 12".12' I." 0.27 9.0 7,.6 :;.0 1.1i
Ito 125-126 7.11, 0." I." 11.' '.0 7.c
Itl 126-127 '.01 ".19 '.2 12." 2." '.c
'2 127-128 6.17 1.13 1.0 81.4 3.0 7.'
ft, 128-12' 0.1It 0.16 1.U 8,.1 ".8 1._
lilt 129-1'0 1.11 0.~2 1.1t 86.0 It. It 1.2-
It, 130-131 2.7' 1.6, ".It 12.2 It." 9.0, W 1'1-1'2 2." 1.11 ,.6 11.0 ,.1 11.ci-., 131-1"., 1.'0 1.' '.0 10.2 '.6 12.2

A••race ,.. .'.1 ,., 7.'
".... ,



I ••0 •

.': "',.j f

Sultan! Oil.hale Depos1t

B • n • ~0 OS - 49

••Be ".4'
132.' -133.'
133.' -134.' .~



I, •..J
B .'H • No OS - 5 1

).•,

- tem Deith Moisture cac03 C Total S Total C inorg C urg. Oil-
! ! % % "

., c' -(m .. c: ,.
1 56-57 1.99 ~8.4 16.91 2.55 5.80 11.11 8.7
2 57-58 1.21 59.33 18.82- 2.31 7.10 11.72 9.2
3 58-59 0.97 53.50 20.04 2.22 6.40 13.644 10.8
4 59-60 1.05 53.98 20.73 2.64 6.~0 14.23 11.3
5 60-61 1.18 45.02 22.0 3.37 5.40 16.60 13.3-
6 61-62 1.55 46.13 19.52 2.96 5.50 14.02 11.1

62-63 1.76 49.40 21.60 2.69 5.90 15.70 12.5
· 8 63-64 1.44 53.05 17.71 1.87 6.30 11.41 9.0

f' 64-65 1.90 53.08 14.72 1.09 6.37 8.35 6.5
!LO 65-66 2.73 56.40 18.57 2.30 6.70 11.87 9.4
11 66-67 2.81 58.40 18.09 2.30 7.01 11.08 8.7
12 67-68 1.78 50.83 19.02 2.79 6.10 12.92 10.2
l3 68-69 2.73 52-45 17.90 2.39 6.29 11.61 9.2
14 69-70 2.27 36.54 17.98 3.01 4.39 13.59 10.8
1'5 70-71 3.72 39.14 15.19 2.23 4.70 10.49 8.3
16 11··72 1.40 37.36 20.53 3.67 4.48 1G.05 12.8
17 72-73 1.69 41.35 19.62 4.43 4.96 14.66 11.7
18 73-74 1.55 67.73 13.43 1.45 8.13 5.30 4.0
19 74-75 2.15 67.74 13.75 1.47 8.13 5.62 4.2
....J 75-76 1.25 5,.11 16.32 1.90 1.09 9.23 7.2
21 76-77 3.44 57.10 1&.42 1.71 6.85 9.57 7.5
22 77-78 1.07 47.63 20.12 3.40 5.72 14.40 11.5
23 78-79 0.63 46.64 10.94 1.54 5.60 5.34 4.0
24 79-80 1.14 55.49 9.57 0.72 6.66 2.91 2.0
25 8D-81 0.71 44.38 17.05 1.98 5.33 11.72 9.2
26 81-82 0.53 38.19 18.94 3.31 4.58 14.36 11.5
27 82-8a.5 0.54 61.24 15.11 1.84 7.35 7.76 6.0
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Power Company

Ca. 94119

-
$t~\?- \ L3~33
e~ I BIl9BR•

Mr. W.H. Linton
Project Manager
Bechtel Western
P.O.Box 3965
San Francisco,
U.S.A

\) ~\w___ ' ~
Of:..· ~A.- ...rfl' /'

\VlVV~b~ect: Oil Power
,()~-(.J Pre-feasibility Study

Dear Hr. Linton. W '~
He refer to your letter da y 21.1988 which includ~s your
comments on our previous communic tiou. please find below our
response:

Rd. :

)

\ i ".-- -(.., r~ ..:.·,
. .-~~ _.JL.c.!~ _ '
~ ..~ I I

I'l' ........~ . I'''' (;.:..I~..-V' -

~:~t: . J08llU.~.~

AA- Background Data:-

1-. Noted

2- New Borehole Assay Results:-

Please see attachment No 1. NRA comment indicating
preliminary evaluation of the mining area at Sultani
Mine.

. ~.

)

3- Contract Mining Bids:-

Please' note that informations provided to you on May 7th
19~8 regarding the average mining costs are real and
represent the commercial mining operation costs derived
from Phosphate Mining Company.

You can consider them in your project economic analysis.
however you may use different values (max. min and
average) for the purpose of the sensitivity analysis.

4- Estimated Cost of Power:

'~.,i;" . The ,~present. average cost of producing power (sent­
.:. :'?~,.,out)' ..£rom all~':IJEAts power stations is 15 fils/kwh

,', "::·'\·~:Using·:the international oil prices. The same cost
'using local oil, prices is 17 fils/kwh.

" ,

(,
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b- Estimated present local purchase cost for motor
gasoline is 180 fils/liter and for diesel fuel is 65
fils/liter. The international present purchase cost
are tor:

Diesel : 127 USD/ton
Gasoline: 188 USD/ton

You may consider two senarios. first to keep aIm
value congtant. and seeond ~o ~dd 1% for annual
escallation.

5- Labor Rates:-

a- The total labor rates provided to you includes all
benefits burden but you may add 5% to cover unforseen
costs in the future.

b- The social security and health insurance costs are
al~~ady included in the total labor rates.

BB- General 'Comments:-

1- He have received the outline attached to your letter
dated 21 July for the final report. Please find in
attachment No. 3 our comments on this outline.

2- He agree that Pyropower base their boiler design to burn
not less than 2000 BTu/Lb oil shale and we expect that
blending at yard have been considered to meet the minimum
design requirements.

3- We still consider that the combustor operating
temperature ot 870. °c is too high and Pyropower should
reduce it to minimize the calcination and to improve the
efficiency.

4- Noted

5- Noted

6- Noted
. ,. .

.: ·7- Noted

8~. Noted
<.j.~'= ..•" .
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JORDIN ELEC11UCIlY AUTHORITY '.. .... . r'''~· . ,.",.~.. ·'I'·~'··

Ref. : __.._' _

.:..-;..~.

Date : • i:LJ\:A

9- Please refer ,to the enclosed attachment No. 2 containing
current up to date cost data for investment and operation
requirements for recent oil fired power plant rated 130
HW at Aqaba for your consideration in the economic
analysis.

10- Noted.

11- Noted.

) 12- Noted.

13- Noted.

14- Noted.

General
,

OD/ha

)
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Attachment No.1
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PRELIMINARY EVALUATION OF THE MINING AREA/SULTANI MINE
== = === === ===== ===== ================== ==== ==== == == ===== ====

The Natural Resources Authority implemented a drilling programme in

Sultani area for the development of the existing mine at Sultani. (Area 1 •

marked green and red in the attached fig I. and area 11 marked yellow

in the a ttached fig. 2) •

The programme aims to study the quantity and quality of the oil­

shale.

The programme included drilling of boreholes in both areas with

spacing of 150 meters with some minor exception •

Calculation of the oilshale strata thickness is based on the

lithological logs and chemical results of the drilled boreholes •

In most of the drilled boreholes the lower part of the oilshale strata

which has an oil content less than (4%) was excluded from the calculated

oilshale thickness in the attached tables (l & 2) •

The overburden was penetrated by hammer drilling and the oilshale

strata by core drilling •

Nine boreholes were drilled in area 1 and 16 boreholes were drilled

in area 11 • Borholes MA6 and M 14 have negative resu~ts,so the area

marked in red colour was excluded from area I •

Table 1 & 2 show borehole number, overburden thickness, oilshale

thickness, total depth and average oil content of each borehole •
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As a result the follwinq calculations were maee for both areas:

Area I marked Gr~en Fiq -1:.................................
Total area

Stripping Rati~

Area II marked.Yellow Fiq -2:

Average thickness of ()verburden

Average thickness of OilShale

Overburden Volume
...

)

Oilshale

Oilshale

Volume

Quantity

135,000 m~~2

30.64 m

18.57 m

4,136,400 mJl(~~3

2,506,950 m~~~3

4,512,510 ton

1 · 1.65·
••• It .

Total area 416,100~~2

Average thickness of Overburden 42.72 m

Average thickness of Oilshale 25.9 m

Overburden Volume 17,775,792 m~~~3

0i1shale Volume 10,776,990 m~~~3

Oilshale Quantity 19,398,582 ton

)

Strip~inq Ratio 1 : 1.6

3/...
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N.R.A may continue the drilling programme to cover the area marked

blue on your drawning (Bechtel M & M 3/24/88 preliminary draft) •

In order to define the quantity and quality of the Oil Shale, over

burden thickness and oilshale thickness in the North Pit ~!'ea

suggested by you, at least additional (42) borholes must b= drilled

in this area and' the cost of thes"e boreholes must be included in

the evalualion of the feas.bility study •

NOTES

Calculation for area 11 was based on .the influence area of boreholes

as shown in fig [3 ] and table [3]

Isopach map of oilshale, for Area 1 and Area 11 is attached •



AREA I

- .:....
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-1 ...~ Item B.H Thickness Thickness Shale Total Remarks.,... No. 01lshale OVerburden Oil Depth
m m * m

••••••••••••••••••••••••••••••••••••••• < • • • • • • • • • • • • • • • • • • • • • • • • • • • • • ,., K1 0.5 30. 7.6 30.5 In Kine I.

j

2 KA1 3.5m Pbost ~19. 37.5 8.05 60.

3 K5 17. 30.5 7.3 50. 2.5 "
4 KA17 19. 43. 7.05 65. 3. "

( 5 KA3 17. 37. 7.7 56. 2. "
6 MA2 12. 31. 7.3 48. 5. "
7 HAS 16. 36. 7.4 56. 4. "y

.....................................................................
AVERAGE 18.57m 30.64 1.75%

(

30.64
--------- = 1.65
18.57

Stripping Ratio= 1 :1.65

Table ( 1 ) Average Of Tbicknesses and Shale Oil of
sixteen drilled boreholes in NW site of
SULTANI area.
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Item .B.B
No.

Thick.oezss
01lzshale

m

Thickness
Overburden

m

S'bale
Oil

%

Total Remarks •
Depth

m.......................... ~ .......................................... )
1 HA4 24. 44.5 8.3 76.5 8. m Pho~

2 K13 21. 43.5 7.2 65. 0.5"
3 HAS 15. 42. 7.3 61- 4. "4 HA7 14. 36. 7.5 51- 1- "5 tl15 10. 36. 8.4 49.5 3.5 "6 KA16 14. 40. 6.9 66. 12. "7 HA9 31.5 40. 7.1 75.5 4. "8 KA10 33.5 41. 7.4 76. 5. "9 MA11 25.5 43. 7.5 70.5 2. "( 10 M16 18.5 52. 7.6 73.5 3. "11 M12 40. 40. 9.1 86.5 6.5 "12 KA12 35.5 40. 7.9 80. 4.5 "13 HA15 20. 54. 7.3 74. In~ro9rel

14 HA14 39. 40. 8. 79. "15 MA13 25. 42. 8. 67. "16 H17 48 • 49.5 8.5 101.5 3. 5m Ph~~

. · •..... •.•iVERAGE·"·25:9062·';" · ·42: 7; 875... ·.. 7: 75%... "... · ·'61i~ "(;:
42.7187 l1- A.1

-;~~;~;;- = 1. 64 ~.-l ~

Str1pp1nq Rat1o= 1 : 1. 64 \~.~ ~,.

Table ( 2 ) Average Of Thicknesses and Shale Oil of
sixteen drilled boreholes in NW site of
SULTANI area.
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i ,.';"';:'" Item B.H Area of Thickn. Oil Thickn. OilShal. OiL Ov. burd.
~£:~:.. . No. Influn. Ore bod conten. Ov.burd Ton. Cont. cub.m
~:.:.. sq.m.E6 m " m E6 to.E6 E6.....,;.. ...
....:l.-..;;.!c".. -~.

~~ .::'." 1 MA4 0.0450 24.0000 0.0830 44.5000 1. 9440 0.1614 2.0025
~.. .

0.0918 1 .4675~, " 2 M13 0.0337 21.0000 0.0720 43.5000 1 .2752

\~<. ~
MA8 0.0337 15.0000 0.0730 42.0000 0.9109 0.0665 1 .4169
MA7 0.0056 14.0000 0.0750 36.0000 0.1416 0.0106 0.2022
M15 0.0056 10.0000 0.0840 3S.0000 0.1011 0.0085 0.2022':', ' 6 MA16 0.0337 14.0000 0.0690 40.0000 0.8501 0.0587 1.3494

... 7 MA9 0.0337 31.5000 0.0710 40.0000 1.9128 0.'358 1 .3494
8 MAlO 0.0225 33.5000 0.0740 41.0000 1 .3559 0.1003 0.9219
9 MAll 0.0225 25.5000 0.0750 43.0000 1 .0321 0.0774 0.9669

;.::.;.~ . 10 M16 0.0225 18.5000 0.0760 52.0000 0./488 0.0569 1.1693
~.:,:~' 11 M12 0.0337 40.0000 0.0910 40.0000 2.4290 0.2210 1.3494.' _..

12 HA12 0.0225 35.5000 0.0790 40.0000 1.4369 0.1135 0.8994' ..,
13 MA15 0.0225 20.0000 0.0730 54.0000 0.8095 0.0591 1 .2142
14 MA14 0.0337 39.0000 0.0800 40.0000 2.3683 0.1895 1.3494
15 MA13 0.0225 25.0000 0.0800 42.0000 1 .0119 0.0809 0.9444
16 M17 0.0225 48.0000 0.0850 49.5000 1.9428 0.1651 1.1131

Total Oilshale = 20.2708 ~E6 ton
Total Oil Content = 1.5971 ~E6 ton
Total Over burden = 17.9184 ~E6 cub.m
Total Area = 0.4161 ~E6 sq. m

'-
./.

..::1'_

Table(3) .• Oilshle Reserve Of Area II NW Site
Of SULTANI OILSHALE DEPOSIT.
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ATTACHMENT NO 2

FUEL OIL FIRED THERMAL POWER STATION 2Xl~O MW AT AQABA

Averagoe annual production cost (fils/KWh) 1~87

(

(

(

)

Alternative Costs

DIESEL OIL

FUEL OIL

MAINTENANCE

OPERATIONAL COSTS

FIXED COSTS

SALARIES

INSURANCE

ADMINISTRATIVE COSTS

DEPRETIATION (LIFE TIME 30 YRS)

TOTAL PRODUCTION COSTS GENERATED

TOTAL PRODUCTION COSTS SENT-OUT

(Fils/l<~h)

0.02

8.86

0.27

0.08

0.66

0.07

0.02

12.25

13.60

)

Please note that the actual capital costs of the station is 318
JD/Kw installed.

~ Additional 2 fils/kwh for loan interests and 2 fils/kwh for
overheads and transmission losses shall be included.
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ATTACHMENT NO.3

JORDAN OIL SHALE TO POWER
PREFEASIBILITY STUDY

FINAL REPORT OUTLINE
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A. BASE CASE

JORDAN OIL SHALE TO POWER
PREFEASIBIT.ITY STUDY

SECTION 8.0 ECONOMIC ANALYSIS

New 400 MW coal and oil fired power
plant installed at AQABA 1995-2000.

Imported low sulfur. high heating
value coal laid in at AQABA for:

A. tJS50/Ton
B. U$70/Ton

Imported fuel oil at AQABA for:

A. US 70/Ton
B. US 90/Ton

B. OIL SHALE CASE STUDIES

)

I'·
'"

Case 1

Case 2

Case 3

Case 4

Case 5

..:.

400 MW fully integrated shale fired
power plant comprising 4~100MW boil~rs

supplying steam for 4xlOOMW turbine
genp.rators.

(Same as Case 1) but shale mln1ng and
ash disposal via contract opp.rations.

50 MW fully integrated shale fired
power plant comprising lx50 MW boil~r
and lx50 MW turbine generator. .

(Same as Case 3) but shalp. mining and
ash disposal via contract operations.

20MW demonstration project based on
contract mining and ash disposal •
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C. OBJECTIVES

1. Develop Order of Magnitude Project Investment Costs
and Operating Requirements.

i
2. Determine Years Required for Fuel Savings to Payout

Incremental Investment for Oil Shale vs. Coal and
fuel oil Fired Power Plants at Present Cost at Power
in Jordan.'

3. Determine Cost of Power at Several. Alternative ROR
on Required Project Capital Investment CORts for:

A. Debt/Equity
B. Debt/Equity

= 50/50
= 80/20

) 4. Identify Conditions That Make Power From Oil Shale
Economically Viable.

Define Subsidy Required for the 20 MW Demonstration
Project.

)

5. Create Cash Flow Tables for Selected Key Case
Studies.

6. Identify Area Needing Further Engi neering study and
Testing.

'.
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APPENDIX 3

AHLSTROM PYROFLOW PROCESS BACKGROUND

1.1 OPERATING EXPERIENCE

There are more than 60 Ahlstrom Pyropower units in operation or under
construction worl dwi de wi th over 100 uni t years of operati ng experience.
Five (5) of the operating units are in the United States, with sixteen
(16) more under construction in this country. Together, Ahlstrom and
Pyropower offer the most comprehensive experience with CFB technology
available in the world today.

This extensive operating history is of value to the customer because it
saves money in terms of plant efficiency and operating cost. Ahlstrom
Pyroflows are located in four of Ahlstroms own paper mills. This makes
Ahlstrom unique among boiler suppliers - focusing our designs on user
sensitivity. As a result of our experience, many improvements have been
made to the Ahl strom Pyrofl ow boil er to enhance re11 abi 11 ty and to lower
maintenance costs. The Ahlstrom Pyroflow has consistently demonstrated
availabilities 1n excess of 95%J even in the most demanding operating
situations such as pulp and paper mills, chemical plants, etc. No
Ahlstrom or Pyropower unit has ever failed to delivery 100% of the rated
steam conditions inclUding those pennitted in accordance with the
strictest emission limits. Acomplete. Pyrof1ow installation list as well
as boiler availability data is presented at the end of this section. A
summary of selected key projects is presented below:

~lte Bruks - ~lte Bruk. Sweden

The Pyroflow boiler at Hy1te Bruk (143,000 lb/hr) has been operating
very successfully since its startup in August 1982. Hy1te Bruk AB
is one of Europe's major newsprint producers with an output of
540,000 tons of newspaper per year. This plant has two base loaded
boilers, one fired with sulfite liquor and one with bark.
The Pyrofl ow uni tis used to carry the pl ant I s load swi ngs.



It is fired primarily with coal and supplemented with caustic
de-inking sludges. The availability of the ~lte Bruk Pyrof10w unit
has been extremely high, averaging nearly 100~ since it$ startup.

Kauttua Paper Mill - Kauttua, Finland

The Kauttua cogeneration plant has been in operation since June
1981, producing 200,000 1b/hr of steam and electric power for a
paper mill. As an Ahlstrom owned unit, this boiler has been used
for product development and demonstration tests. This unit has been
tested at full power with 2.8~ sulfur British coal and Swedish
limestone as well as with petroleum coke containing more than 3~

sulfur. High sulfur retention and low NOX generation have been
demonstrated with all of these fuels.

Kemira, Oy, OUlu, Finland

Kemira Oy, a major Finnish ch~mica1 producer, utilizes a 155,000
1b/hr Pyroflow unit which cogenerates steam and electrical power and
also supplies district heat to a nearby town. This unit burns a
mixture of coal, wood waste, Koppers-Totzek coal gasifier fines and
peat. This unit has been operating extremely well since its
start-up in December 1982.

Frantschach AG Pulp. and Paper Mill - Frantschach, Austria

A154,000 1b/hr Pyroflow unit was started up in mid-1983 in
Frantschach, Austria. This unit burns high ash brown coal which is
very similar to U.S. lignite. This unit has operated very
satisfactorily since 1983.

OCI - Inchon, Korea

A 264,000 1b/hr Pyrof10w boiler was commissioned 1n 1984 at the
Oriental Chemical Company plant in Inchon, Korea. This unit is

.-



designed to burn petroleum coke and coal separately or in any
combination and to use limestone for sulfur removal.

CalMat Co. - Colton, CA.

In 1985. Pyropower Corporation furnished the Pyroflow CFB unit for
the California Portland Cement divison of CalMat. The 191.3000
lb/hr unit burns Utah coal, and is part of 25 MWe cogeneration
project to provide steam for electrical ge"eration. The project
supplies all electrical power to the plant. and approximately 10 MWe
is sold to the local utility. No external air pollution control
equipment other than baghouse is required for operation in one of
the most stringent areas in the country in terms of air pollution
control. The unit was commissioned in 1985.

B.F.. Goodrich Co. - Henry, ILL.

A125.000 lb/hr Pyroflow unit was started up at the B.F. Goodrich
vinyl and specialty chemicals plant in Henry. Illinois in September
1985. The unit burns high sulfur Illinois coal. and utili~es

Illinois limestone for sulfur retention. Actual emission levels
have been significantly lower than design levels, and boiler
performance tests were successfully completed in February 1986. The
boiler is used to generate process steam for manufacturing.

General Motors Asseml>ly Plant - Pontiac, MI.

The Pyroflow CFB for General Motors' Pontiac Motor Divisions burns
high sulfur coal to generate 300,000 lb/hr of steam for process
manufactur'jng space heating and electricity. Boiler erection was
sUbstantitlly complete by May1985. and first firing and boil out took
place in July ~f 1986. The Pyroflow unit is designed to generate 27
MWe through a turbine generator. as well as steam for manufacturing
and heating of approximately 12 million square feet of the assembly
pl ant.

-s
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Colorado-Ute Electric Association - Nucla, CO.

In 1984, Pyrnpower Corporation was awarded a contract to design and
construct the world's first utility-scale CFB for the Colorado-Ute
Electric Association's Nucla, Colorado plant. The application is a
repowering of the refired Nucla Station, and the new Pyroflow unit.
produces 925,000 1b/hr of steam at 1510 psig and 10050F to generate
110 MW(e) of electricity. The unit burns a Colorado bituminous coal
with limestone. Erection of major components and hydrostatic
testing was completed in September, 1986. The refractory was cured
late in 1986 and boi1out completed in mid-April, 1987. The boiler
is currently in start-up, with generator outputs up to the 110 MWe
having been demonstrated. Performance and acceptance testing was
completed in August 1988. The Electric Power Research Institute
(EPRI) will conduct a 2 year ~est program to demonstrate the
feasibility of CFB combustion for utility applications when
acceptable testing is complete.

Gilberton Power Co. - Gilberton, PA.

In January of 1986, a Joint Venture agreement was finalized betNeen
subsidiaries of Pyropower Corporation, Bechtel and RiCorp
Development, Inc. to build, own and operate a cogeneration power
plant in Schuylkill County, Pennsylvania. Two Pyrof1ow units will
supply 710,000 1b/hr of steam at 1500 psig and 9550 F to generate 80
MS(e) of electricity and steam fo~ a nearby coal drying plant.
Steam blows were successfully completed in February 1988 and full
power production is scheduled for latter half of this year.

Iowa State University - Ames, IA.

Pyropower Corporation received a contract award in April 1986 to
design and construct two Pryof1ow CFB boilers for the Ames Campus of
Iowa State University. Each boiler will generate 170,000 1b/hr of
stea~ for cogeneration of 15 MWe for University use and for heating
University facilities. Hyrostatic testing was completed in 11arch of
1988 and commercial operation is expected in September of this year.



Air Products and Chemicals, Inc/Corn Products - Stockton, CA

In 1986 Pyropower Corporation was also awarded a contract to deliver
a 500,000 lb/hr Pyroflow to Corn Products' St~ckton, California corn
wet milling CFB boiler plant. The cogeneration project will produce
steam needed for the corn wetmilling process, and for generation of
electricity, 49.9 megawatts of which will be sold to the local
utility. First coal firing was successfully completed in February
1988 and the plant has operated at 100~ MCR, producing 53 MWCe).
Commercial operation is scheduled for July of this year.

J. A. Jones/Duke Power - Fort Drum, NY

Acontract for 3 Ahlstrom Pyroflow units was awarded to Pyropower
Corporation by ol. A. Jones Construction CompanY who are building a
cogeneration facility for the new light infantry development Army
base at Fort Drum, New York. The cogeneration plant is owned by a
limited partnership in which Pyropower and Ahlstrom Capital
Corporation are both participating. The 3 Pyroflow boilers, rated
at 175,000 lb/hr. of steam each, will supply 525,000 pounds of steam
per hour to provide the U.S. Army with high temerature water for
distribution at the base, and 49.9 megawatts of electricity for sale
to the Niagara Mohaw Power Company. Construction of the
cogeneration facility began in early 1987, and initial steam service
to the Army will commence in the third quarter of 1988.

P. H. Glatefelter Co. - Spring Grove, PA

The first Pyroflow unit in the United States for use by the pulp and
paper industry was contracted to Pyropower in late 1986 by the P. H.
Glatfelter Company located in Spring Grove, Pennsylvania. The
400,000 lb/hr unit will cogenerate steam and power for uses at the
pulp and paper mill. This is a multi-fuel unit designed for the
combustion of coal in combination with wood waste, anthracite culm,
fuel oil and sludge. The unit is scheduled for startup in early
1989.

, I I



universf~ of North Carolina - Chapel Hill, NC

The University of North Carolina, Chapel Hill, contracted for two
250,000 lb/hr Pyroflow units in April of 1987. The units will
generate steam for heating and power for the Chapel Hill Campus,
including critical research and hospital facilities. The new
system, to go on-line in the forth quarter of 1989, will refurbish
the University's existing utility system.

Southeast Paper Manufacturing Co. - Dublin, GA

In OCtober of 1987, Pyropower received a contract to deliver a
400,000 1b/hr Pyropower boiler to the Southeast Paper Mfg. Co. as
part of a $300 million expansion of their Dublin, Georgia newsprint
mill. The steam will be used in the newsprint production process
and ~o generate electric power. The boiler will burn Eastern
bituminous coal and su1dge from the pulp-making process to generate
the steam and approximately 65 WE(e) for use by the plant. Delivery
of the pressure parts for this unit is scheduled for August 1988,
with startup beginning in mid-1989

~oise Cascade/Rumford Cogeneration - Rumford, ME

In September, 1987, Boise Cascade awarded Pyropower a contract to
furnish twcl(2) Ahlstrom Pyroflow boilers to the Rumf~rd Cogeneration
Company, a cogeneration project in which Boise Cascade is the
general partner and an affiliate of Pyropower and Ahlstrom Capital
Corporation is the lead limited partner.

The two boilers, each rated at 415,000 lb/hr of steam, will generate
85 MW(e) gross. The two CFB units are replacing three of fo~r older
oil-fired boilers at the plant and will fire coal, biomass and oil.
ApprOXimately 75 MW(e) will be purchased by the local utility, and
Boise's Rumford pulp and paper mill will purchase steam for its
process and heating needs. CFB combustion will improve air quality
in the Rumford area by reducing emissions. Particulate emissions
will be lowered by an estimated 60~, and S02 emission by about 40%.
Pressure parts for the boilers will be delivered in late 1988, and
commercial operation is scheduled for January of 1990.

,,
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Mt. Paso Cogeneration Co. - Bakersfield, CA.

Acontract for a 500,000 1b/hr Pyrof10w unit was awarded to
Pyropower in June of 1987 by the Mr. Poso Cogeneration Co. The Mt.
Poso plant will· be owned and operated by Pyropower Corporation,
On-Site Energy, and Bechtel Corporation. The boiler will burn low
sulfur coal t9 generate steam for supplement oil recovery from the
Mt. Poso Field - West area and for generating 49.5 MW(e) of
electricity for sale to the local utility. Construction is
presently underway, and hydrostatic testing of the pressure parts
has been completed. Commercial operation is expected in July of
1989.

ACE Cogeneration Co. - Trona, CA

In April of 1988, the ACE Cogeneration Company was fonned to build,
own and opearate a 96 MW(e) cogeneration demonstration facility neer
Kerr-McGee Chemical Corporation1s Trona, CA., facility. An
affiliate of Pyropower is a general partner in the $270 million
project, and Pyropower is supplying the 910,000 1b/hr Pyrof10w
boiler. The ACE facility will provide an average of 60,000 1b/hr of
steam for use within Kerr-MeGee's Chemical complex and supply up to
96 megawatts of electricity to Southern California Edison Company.

1.2 COMPANY BACKGROUND

Pyropower Corporation is a U.S. corporation and.a wholly owned subsidiary
of the A. Ahlstrom Corporation. The A. Ahlstrom Corporation, established
in 1851, is a multinational, privately owned, integrated industrial
company headquartered in Helsinki, Finland. The company has been
involved in fluidized bed combustion since the 1960s, when it began
building FBC boilers for a variety of process applications. The
company's business sectors are Engineering &Automation, Special Papers,
Packaging and Converting, and Building Materials. Sales in 1987 exceeded
$1.1 billion. The number of employees is approximately 12,000.

In the late '70s, A. Ahlstrom Corporation's executive management made a
major decision to commit extensive resources to develop the American
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market for their pulp and paper and energy products. This commitment
involved the creation of four operating subsidiary companies. One of
these companies - Pyropower Corporation - began as a joint venture in
1980 between GA Technologies of San Diego, California, and Ahlstrom to
market Ahlstrom Pyroflow Circulating Fluidized Bed (CFB) combustion
boilers in the u.s. Today, Ahlstrom is the sole owner of Pyropower, and
the subsidiary company has achi~ved a high level of success in marketing
the efficient and environmentally sound solid-fuel fired boilers to
industrial process, cogeneration and electric utility customers for steam
and/or electricity generation.

Since its establishment in 1980, Pyropower has booked in excess of $230
million in sales, including the world's first circulating fluidized bed
boiler for a utility; Pyropower supplied a Pyrof1ow boiler for the
Colorado-Ute Electric Association's refurbishment of its Nucla generating
station. Pyropower has been awarded 38% of all CFB boiler contracts in
the U.S~ in the last five years, with the other 62% divided between 7
other competitors. This is a remarkable accomplishment for a company
that had five employees in 1980. Pyropower employs about 220 at
present. Along with the Pyrof1ow system, Pyropower also provides the
U.S. market with the full range of boiler related services.

In addition ot its own facilities and personnel, Pyropower has complete
access to Ahlstrom's testing facilities and personnel. This type of
backup support is essential in the boiler supply field.
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INSTALLATION LIST
AHLSTROM PYROFLOW UNITS IN OPERATION

~

CUSTOMER FUELS STEAM CONDITIONS APPLICATION

ll!2.
Savon Voima Oy 100:t peat 160 psig; 2500F Dist. Heating
Suonenjoki, Finland 100:t oil hot water; 22MMBtu

Suomen Kuitu1evy Oy 100:t peat 1230 psig; 9700F Cogeneration-
Pih1ava, Finland 100:t woodwaste 45,000 1b/hr Retrofi t

1981

A. Ahlstrom Corp. 100:t peat 1235 psig, 9300F Cogeneration
. Kauttua, Finland 100:t coal 200,000 1b/hr

~

~vinkaan Lampovoima Oy 100:t coal 160 psig; 3550F Dist. Heating --

Hyvinkaa, Finland 80:t oil hot water; 85MMBtu/hr
80:t peat

1982

~lte Bruk AS 100~ peat 960 psig; 8400F Cogenaration
~ltebruk, Sweden 80~ coal 143,000 1b/hr

Ske11eftea Kraft AB 100~ peat 160 psi g; 3550F Dist. Heating
Ske11eftea, Sweden 1OO~ oil hot water; 22MMBtu

1983

A. Ahlstrom Corp. 1OO~ woodwaste 885 psig; 8950F Cogeneration-
Varkaus, Finland 55,000 1b/hr Retrofit

Gulf Oil Exploration Co. 1OO~ coal 2500 psig; 6700F Enchanced Oi 1
Bakersfield, CA., USA 1imestone 50,000 1b/hr Recovery

80:t quality Once Thru Design

Kemira Oy 100~ peat 1305 psig; 9600F Cogenerati on
Onlu, Finland 8~ coal 155,000 1b/hr

Oy Alko Ab 100~ peat 610 psig; 8400F Process Steam
Kosekenkorva, Finland 100~ oil 55,000 1b/hr

Zel1stoff und Papierfabrik 100~ peat 1250 psig; 9680F Cogenerati on
Frantschach AG 100~ oil 154,0001b/hr
Frantschach, Austria 67~ brown coal

1imestone

1984-
Oriental Chemical Co. 100~ petroleum coke 1580 psi g; 970°F Cogeneration
Inchon, Korea 100~ coal 264,000 1b/hr

limestone

1/



INSTALLATION LIST
AHLSTROM PYROFLOW UNITS IN OPERATION (CON'T)

CUSTOMER FUELS STEAM CONDITIONS APPLICATION

1985

B. F. Goodrich Co. 100% coal 500 psig; 4700F Process Steam,
Henry, ILl., USA limestone 125,000 lb/hr

California Portland 100% coal 650 psig; 8250F Cogenerati on -
Cement Co. 100% woociwaste 190,000 1b/hr

~'11
Colton, CA, USA

Central Soya 100% coal 190 psig; 3840F Process Steam
Chattanooga, TN, USA limestone 88,000 lb/hr

Kerava Energy Works 100% coal 145 psig; 3550F District
Kerava, Finland 901, peat 220,000 lb/hr Retrofit

Metsaliiton Teollisuus Oy 901, wooc:!waste 1215 psig; 8960F Cogeneration..
Aanekoski, Finland 901, peat 220,000 lb/hr Re~rofit

Ostersunds Fjarrvarme AB 100% peat 160 psig; 3550F District
Ostersund, Sweden 100% wood chi ps hot water; Heating

100% coal 85MM Btu/hr

Papyrus Kopparfors AB 100% bark 857 psig; 8870F Cogeneration
Fors, Sweden 100% peat 159,000 lb/hr

1986

Espoon Sahko Oy 100% coal 145 psig; 3550F District
Espoo, Finland 1imestone hot water; 237MMBtu Heating

General Motors 100% coal' 1460 psig; 9550F Cogeneration
Pontiac, MI, USA plant wastes 300,000 1b/hr

1imestone

Kohler Papierfabrik 100% coal 1667 psig; 955°F Cogeneration
Oberkirch, W. Germany 1imestone 220,000 lb/hr

.ill!
Colorado-Ute E1ec. Assoc. 100% coal 1510 psig; 10050F Electric Power
Nucla Station, CO, USA limestone 925,000 1b/hr

Kemira Oy Vuorikemi 100% coal 1218 psig; 9770F CO~j\,; ,Ieration
Pori, Finland 90% peat 222,000 lb/hr

1imestone

II



INSTALLATION LIST
AHLSTROM PYROFLOW UNITS IN OPERATION (CON'T)

CUSTOMER FUELS STEAM CONDITIONS APPLICATION

1987

Lenzing AG 100% brown coal 1130 psig; 9320F Cogeneration
Lenzing, Austria 100% coal 265,000 lb/hr

KW Wactberg 100% borwn coal 2582/551 psig; Electric Power
Wachtberg, W. Germany limestone 986/7970F Reheat

386,000/394,000 lb/hr

Leykam Mur~taler AG 100% coal 1755 psig; 9680F Cogenerati on
Gratkorn, Austria 364,000 lb/hr

Solvay AG 100% coal 145 psig; 3550F District
Ebensee, Austria 50~ woodwaste 110,000 lb/hr

70~ oil, natural gas
1imestone

TWS 100$ coal 1073 psig; 932.oF Cogeneration-
Stuttgart, W. Germany 50~ gas 311,0001b/hr

limestone

1988

Corn Products 100$ 1550 psig; 9550F Cogeneration
Stockton, CA, USA 1imestone 500,000 lb/hr

Gilberton Power Co. 100$ anthracite 1500 psig; 9550F Cogeneration
West Mahoney, PA, USA waste 2x355,000 lb/hr
(Own/Op~ritte)

Iowa ~tate University 100~ coal 410 psig; 7500F Cogeneration
.fJmes, iowa 1imestone . 2x170,000 lb/gr



INSTALLATION LIST
AHLSTROM PYROFLOW UNITS UNDER CONSTRUCTION

CUSTOMER FUELS STEAM CONDITIONS APPLICATION
- 1988-

Aluminium Pechiney 1OO~ coal 2045 psig; 8330F Cogeneration
Gardanne, France 1imestone 320,000 lb/hr

Fort Drum 1OO~ coal 1525 psig; 9500F Cogeneration
Fort Drum, NY, USA 1OO~ anthracite 3x175,000 lb/hr

70~ oil
limestone, wood chips

Kuk Dong Oil Co., Ltd 100~ petroleum coke 1566 psi g; 9680F Cogeneration
Seosan, Republic of Korea 70~ oil 264,000 lb/hr

1imestone

Kobe Steel, Ltd 1OO~ coal & 1323 psig; 9320F Cogeneration
Chofu, Yamaguchi, Japan limestone 119,049 lb/hr

Qmi-Kenshi Co. Ltd. 100~ coal & 882 psig; 9050F Cogeneration
Kakogawa, ~ogo, Japam limestone 77,1621b/hr

Somedi th COF 1OO~ coal 696 psig; 8600F Cogeneration
Marseilles, France natural gas 144,000 lb/hr

limestone

Stadtwerke Pforzheim Power 100% coal 2074/428 psig; Electric Rehea
Pforzheim, W. Genmany limestone 1004/9950F

198,000/184,000 lb/hr

Sunkyong Fi bres 100% coke 1334 ps i g; 9500 F Cogeneration
Suwon, Rok, Korea 286,513 lb/hr

Yuen-Foong-Yu Paper 100% coke 1886 psig; 9860 F Cogenerati on

J
Mfg. Co. 100% coal, 286,513 lb/hr
Taipei, Taiwan

1989

Caledonian Paper 1OO~ bark/coal 363 ps;g; 4360F PrDce~s Steam ~
Irvine, SCotland, GB 100% coal 143,653 1b/hr

Kajnuun Voima Oy 100% peat, coal 1973 psi g; 9950 F El ectric power]
Kajaani, Finland woodwaste, sl udge 794,000 lb/hr

mixture

~Lucky
Yeochun, Rok, Korea 1OO~ coal 1450 psi g; 8870 F Cogeneration

462,707 lb/hr ]

1
,\f\ '



INSTALLATION LIST
AHLSTROM PYROFLOW UNITS UNDER CONSTRUCTION (CON'T)

,gJSTOMER FUELS STEAM CONDITIONS APPLICATION

1989 (con 't).... Mt. Poso Cogeneration Low sulfur Utah coal 1550 psi9i 9550F Cogeneration
Bakersfield, CA, USA limestone 500,000 lb/hr
(Own/Operate)

Nippon Steel Corp. 100% coal & 1522 psig;10600F Electric Power
Hirohata, Japan 1imestone 551,1551b/hr

PAMA 100% oil shale 624 psigi 9500 Cogeneration
Spring Grove, PA, USA 50~ culm, 50% oil 400,000 lb/hr

1imestone

Southeast Paper Mfg. Co. Low Sulfur eastern 1300 psi9i 9500F Cogeneration
Dublin, GGGA USA bitum. coal, 400,000 lb/hr .

de-inking slUdge
1imestone

Sun Kyong Fibres 1oo~ coke 1624 psig; 950cF Cogeneration
U1 san, Rok, Korea 441,2781b/hr

University of North 100% coal 1300 psig; 9000F Cogeneration
Carol ina 1OO~ natural gas 2x250,OOO lb/hr

Chapel Hill, NC, USA 80~ oil
limestone

1990-
Ace Cogeneration Project bituminous coal 1525 psi g/l 0050F Cogeneration
Kerr McGee. Chemica1 Pl ant limestone 910,000 lb/hr
Trona, CA, USA·

Kanmerer 1OO~ coal . 1682 psig; 9770F Cogeneration
Osnabruck, Gennany 176,194 1b/hr

KW Berrenrath 1OO~ brown coal 1305 psig; 9500F Electric Power
Berrenrath, Gennany 2x547,6251b/hr

Rumford Cogeneration Co. coal, biomass 1300 psig; 9550F Cogeneration
Rumford, ME, USA oil 2x415,000 1b/hr

1991

Vaskiluodon Voima Qy peat, bitum. coal, 2306/696 psig Electric Power &
Seinajoki, Finland 011 10040F/l0040F District Heating

881,848/767,4721b/hr Reheat



APPENDIX 4

NRA SULTANI BLENDED SAMPLE REPORT
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a blended sample based, on
The Pollowing quantities

J; .

SUL'.. A;.lI OILSHALE BLEnDED

SA:1rLE R8PORT

In accordance with the agreement signed between Ministry of
£nergy and Mineral Resources and Pyropower Corporation, member
of the AHLS'l\l~Ot-1 group, U.~.A. NRA had prepared and shipped (7S)
tons of crushed (25 mm. size) blended oilshale sample from
~ultani open pit-mine with an oil content ranging between (7)

to (8~) to karhula.· This was based on the resUlts of the
average oil content of 18 boreholes drilled in Sultani Area.
A~ ~hown in l~ble 1.

1) Sample Site And Oilshale Characteristic.

Nr~ excavated a small open-pit-mine in Sul tani Area.
The excavations were carried out only in the overburden
Or the oilshale.

The sample was taken from the top layers of the oilshale~

These layers are interbeded with low bituminized shale.

The upper part of the oilshale in SUltani Area (which
is about 4 meters thick) ~as divided into sub-units- in
order to take a sample representing this part. Samples
were taken from these subunits Por lab. analysis to
determine mainly the oil content in these units. Table
2, shows the results of the lab analysis •

•
}o'or the purpose of prep~ing

th.e results shown in table 2.
were collected. j

Sub - Unit Quantity

~ 20 m3

~ 20 m3

81 10 m3
~.

B2
20 IIl3 ,~
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S\lb - Unit Quantity

Cl 10 m3
C2 20 m3
Dl 20 m3

°2 10 m3

II) Sample Preparat ion.

According to the oil content in the sub-uni ts , two heaps
\IIere collected -.Erom the above,. as .Eollo\lls:-

H1 = ~+ B1 + C1 + °1

H2 = ~ + B2 + C2 + D2
H1 = Bl ack coloured heap represents the high grade

oilshale.
H2 = Brownish grey coloured represents the low

grade bituminized shale.

III) Crushing And Screening.

Crushing and screening vere carried out in an aggregate
crushing plant located at about 30km. .Erom the mine.
Primary crushing wasmade by a jaw crusher with an
opening size of 100 x 125 cm. In the secondary stage
g hdmmer mill vas used. ~creening WdS done by a double
deck vibrating screen. Crushing and screening were
carried out at two stages.

First Stage: Primary crushing .Eor H1
The jaw crusher was set on 6" opening (reduclion size
1:6) screening was done on 50 mm. screen, Which is the
smallest screen size available.

Second Stage: Secondary crushing was carried out Eor
the plus 50 mm.

.1.
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IV)

v)

3

~he oversize was crushed and screened on stages using
only the hammer mill, until the whole quantity passed
the 50 mm. screen.

ResUlts Of Crushing And Screening The Hl Part:

The lotal lossp.~ were about 3~~ by weight as follow~:-

a) For Cleaning purpose the first truck ( about lOcu.m.)
was discarded after crushing.

b) Loading and transportation losses.

c) Crushing and screening losses.

Depend-ing on the resUlts of crushing and screening
obtained and due to the fine nature of the H2 part,
this part was not crush and was discarded.

t-!anual Crushing And Screening.

Three screens 150 x 100 cm. each, were manufactured
at the N.;~.A. workshop with 1" size decks. Hand
screening was carried out 'on the two heaps Hl and H2
separately.

The oversize of Hl is about 17% and that of H2 , about
30%. The o/ersize from Hl was crushed by hand hammers
and screened to pass 1" •

Analytical Control Analysis.

Several representative samples were taken from the
Hl pdrt for chemical and size analysis. ~esUlts of
these analysis ar~ shown in the £ollowing:-

.1·
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.1.

Oil Content
US 1-1 8.4
US 1-2 8.6

US 1-3 8.6

Sy ~eight from Hl part.
ay weight from H2 part.

=
=

H1 - 1 10.8% Oil Content
Hl - 2 11.2% =
Hl - 3 9.6% =
Hl - 4 8.49% =
Hl 5 7.2% c:

Hl 6 8.4% =

Finally blending of the sample was made according
to the average oil content of ~ which is 9.26% and
of H2 which is 1.2%.

According to these results the average oil content
of the sample is 9.26%'by weight.

Several trials were done to obtain the required
range of oil content 7-8% •

90%

10-"

Blending Procedure.

90 tons 01 Hl and 10 tons from H2 were mixed thoroughly
by a loader. A representative sample was taken Prom
the blended material. Three portions of the sample
were analysed for oil content. The resUlts are shown
in the f01lowing:-

Packing And Shipment.

The blended sample was filled in 668 dpuble layer
plastic bags. The average weight of each sack is

VI)

VII)

rJ..
:1
~1

J
J
J
J
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about 115 kg. The sacks were loaded in four con­
tainers. The capacity of each is 20 cu. ft. The
containers were transported to Aqaba on 21.9.1987.
Then the sample ~as shipped on 6.10.1987 to Helisinki
Port in FinJ. and.

Worked By: Eng. Misbah Haddad

Eng. SUleiman Abu
Alim.

I'
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Table No.1

The Oil Content Average each borehole and the head average of the 18 boreholes
the chemical analysis

I'
:,;~..~~~

-E" D.H.I DATE TOTAL ELEVA- TOP OF COORDINATES 0\1.8. OIL_SH OIL X CACO] ORG X INORG S X C X
t'EPTH TIOH OIL 5H PHOSPHo EAST NORTH THICI( THICK X X

• OS-27A 1/87 48.:50 821.91 784.41 773.41 469 569 37.:50 11.00 7.B6 19.93 9.46 2.28 3.:51 II.B6
2 05-278 1'87 53.00 821.55 787.55 768.55 466 :SSI 34.00 19.00 7.31 31. CoO 9.03 3.70 3.S4 12.75
3 05-28 2/87 82.00 826.02 768.02 744.02 46S :SS5 58.00 24.00 6.91 56.111 11.53 6.69 1.73 1:1.22
4 05-32 12/86 79.00 824.03 78a.03 74:1.03 469 :5B:5 36.00 43.00 7.72 33.40 9.32 3.94 4. II 31.44
:s 05-34 4/87 108.00 833.09 771.~9 725.09 499 538 62.00 46.00 7.~6 .... 99 9.02 5.8 I.S414.17
6 OS-35 2/87 97.00 839.67 796.67 752.67 509 547 53.00 34.00 7.38 39.35 9.0S 4.90 .2. I 13.9
7 OS-36 2/87 128.00 9:53.03 769.03 725.03 :SIS 547 84.00 44.00 6.94 36.79 8.:53 4.47 1.88 12.92
8 05-38 3/87 103.00 831.00 7:58. 00 7~8.00 499 5"2 73.00 30.00 6.54 35.46 7.96 4.18 1.79 12.17
9 05-39 2/87 94.50 839.68 786. 18 745. 18 509 :547 53.:10 4 •• 00 6.46 34.71 7.85 4.20 1.90 11.57

10 05-40 2/87 83.00 824.66 768.66 741.66 485 549 56.00 27.00 7.1.6 37.38 8.73 4.48 2.70 13.21
II 05-4. 1/87 69.00 824.66 713.66 7:55.66 492 5S3 51.00 18.00 7.11 46.87 8.:59 :5.62 2.85 14. I~
12 SO-4IA 3/87 90.00 822.:10 752.:10 732.:50 492 553 70.00 20.00 7.20 24.90 8.64 2.99 1.94 11.76
13 05-44 U87 90.00 . 836.23 790.23 746.23 489 :$63 46.00 44.00 7.26 37.38 8.73 4.49 2.65 13.2.
14 05-44A 3/87 68.00 939.30 794.30 770.30 489 563 54.00 14.t)0 7.'57 21.('8 9.64 2.53 2.27 12.22
15 05-45 11/86 81.:10 828.74 768.24 747.24 477 570 60.:;0 21.00 9.43 46.S 11.06 :5.59 4.29 16.99

6 OS-46 2/97 60.04 836.23 790.23 776. 19 482 575 46.00 14.04 6.:;4 JO.U 7.&:5 3.6:1 2.92 11.55
7 05-47 1/81 75.40 844.02 785.02 768.62 49') :578 59.00 16.40 9.52 47.!J7 11.36 :1.76 3.78 16.97
8 05-:51 3/87 83.00 836.23 780.23 753.23 493 ~60 :i6.00 27.00 S.44 :50.99 11.31 6.13 2. 3~ 17.43

----------~-------------------------------------------------------------------------------------------------------~-------~
yi~AGE :54.9 27.4 7.5 37." 9.2 4.5 2.6 13.7_____________________________________________________________---------------------r-----------------------------------------

.- 1;- Ir-jl 1;--, Ir-i, 'r-il 'I~I I~, 1;--'1 Ir--I',
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(Table No.2)

Sub-Unit Moisture CaCo3 In org. C. Total Carbon Total Sulfur Org. Carbon Oil
~ .'~ ." . " ~ % % ....!

~ 2.30 17.5 2.10 22.44 4.89 20.34 15.0

A2 6.09 30.33 3.64 6.49 1.92 2.85 1.2 ~

81 0.70 38.42 4.61 26.71 4.93 22.10 15.4

82 7.02 26.67 3.20 4.63 1.72 1.43 1.2~

Cl 2.25 43.92 5.27 13.78 1.44 8.51 5.8

C2 6.26 36.33 4.36 11.99 1.77 7.63 6.4

°1 2.76 36.92 4.43 11.83 1.00 7.40 5.2

°2 3.40 41.17 4.94 10.63 1.59 5.69 5.0

."

Results of analys ~ of samples ~'ere taken from the upper part of oilshale in sultani

.",

<£

mine •


