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ABSTRACT

AN ASSESSMENT OF USING OIL SHAI.E FOR

POWER PRODUCTION IN THE ltASHEMrl'I_, KINGI)OM OF JORDAN

Lawrence J. Hill
Carl H. Petrich

Robert S. Holcomb

R. Dickinson Roop

Up until the present, Jordan has relied almost exclusively on imported petroleum for its primary energy
requirenmnts. Encouraged by emerging technologies and recent fossil fuel discoveries, Jordanians are _riously
examining exploitation of their own indigenous energy resources to meet proje_ted mid-and long-term power
requirements. These resources include (1) lX_tentially signific,'mt amounts of natural gas and some crude oil
(tx_th only recently discovered and not yet adequately quantified); (2) large ()ii shale deposits in at least four sites;
and, to a lesser extent, (3) renewable energy forms, including wind, sun, and biomass. Planning for future
capacity expansion in the power sector is particularly difficult in Jordan because of uncertainties about the extent
of its oil and gas reserves, the costs of exploiting its large ()ii shale reserves, and the future price of petmleun-_.

This relxm addresses the oil shale-for-tx)wer-prcxluction option in Jordan. Under consideration are 20- and 50-
MW demonstration units and a 40_)-MW, commercial-scale plant with, at the 4(X)-MW scale, a mining
operation capable of supplying 7.8 million tonnes per year of shale fuel and also capable of disposal of up to
6.1 million tonnes per year of wetted ash. The plant would be a direct combustion facility, burning crushed oil
shale through use of circul,'lting fluidized bed combustion technology. The report emphasizes four areas: (1) the
need for power in Jordan, (2) environmental aspects of the proposed ()ii shale-l'or-t×_wer plant(s), (3) the
engineering feasibility of using Jordan's oil shale in a circulating fluidized bed combustion (CFBC) boiler, and
(4) the economic feasibility of the proposed plant(s).

Assessing Jordan's future power needs is complicated by the possibility of power imports from and exports m
neighlx_ring Arab countries, by demand-side management activities, and by uncertainty alxmt growth prospects
for the Jordanian economy. Thus, there is no "best" projection of future power dem,'md in Jordan. Laboratory
analyses of ash residues fronn a recent test burn of the Jordanian shale suggests that there would be no severe
environmental affects from leachates. Sulfur emissions would be largely neutralized by the carbonate in the
shale. NOx emissions would likely be within ranges typical for comparably-sized coal-fired l:X)werplants in the

U.S. and would be well within World Bank standards. The major health and environmental protection challenge

would be the control of fugitive dust and fly ash, both would be at sizes readily respirable and re_finexl in human
lung_. The long-term toxicity of breathing such dust is unknown. Based on results of the test burn and recent
improvements and experience with CFBC technology, it appears from a technical perspective that Jordanian
shale could lx_successfully exploited.

A sensitivity study was conducted to determine the economic feasibility of the proposed plant(s) under different
cost assumptions and revenue flows over the pl;rat's lifetime. The results suggest that the 20-MW plant is not
an economically attractive option under any circumstances. Under the rate level in existence for 1987 and most
of 1988, the 50-MW option is not an attractive alternative either. Under this rate structure, the returns t'or the

400-MW plant approach or exceed Jordan Electricity Authority's opportunity cost of capital under only the most
favorable cost and operating assumptions. Increasing the tariff level results in more favorable conclusions for
the 50- and 400-MW options under various input assumptions. The sensitivity results are extended to include

the major extra-finn benefits of the st.mle-t'or-Ix)wer option: (1) foreign exchange savings from using domestic
energy resources, (2) aggregate income effects of using Jordan's indigenous latx_rR_rce, and (3) a highe,' level of

energy security, i x/_

d
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EXECUTIVE SUMMARY

AN ASSESSMENT OF USING OIL SHALE FOR POWER PRODUCTION IN TIlE
HAStIEMITE KINGDOM OF JORDAN

Lawrence J. Hill
Carl H. Petrich

Robert S. Holcomb

R. Dickinson Roop

In Spring 1986, the Bechtel Group, Inc. of San Francisco, CA, completed a cursory examination of building a
20-MW demonstration oil shale-for-power production plant in western Jordan. Based on this study, the U.S.
a.gency for International Development (AID) agreed to fund through the Government of Jordan (GOJ) a more

rigorous study of the potential for using oil shale for power production. In this report, we address a mine-power
pl;mt complex utilizing circulating fluidized bed combustion technology. Specifically, the feasibility of 20- and
50-MW demonstration units and a 400-MW commercial-scale plant m'e considered. The study addresses four
areas: (1) the need for power in Jordan over the next two decades; (2) environmental aspects of the proposed
plant(s); (3) the engineering feasibility of using Jordanian oil shale in a circulating fluidized bed (CFB)
combustor; and (4) the economic feasibility of the prot×)sed plant(s) and mining operations. The study was led
by the Bechtel Group, Inc., under the AID Conventional Energy Technical Assistance Project, with input
provided by the Pyropower Corporation of San Diego, CA (pilot test work and the boiler designs and costs
estimates) and Oak Ridge National Laboratory (ORNL), The Bechtel Group also provided conceptual designs for
the balance-of-plant facilities beyond the boiler and developed the estimated capital and operating costs for ali of
the integrated project facilites, including the mine and raw shale processing facilities. ORNL also independently
evaluated for AID the reasonableness and accuracy of the Bechtel and Pyropower conclusions.

Energy planning in Jordan is complicated by uncertainties surrounding the extent of indigenous petroleum and
natural gas resources and, given these uncertainties, the optimal use of its sizeable oil shale resources. Jordan is

currently producing approximately 1,000 barrels per day (bblsM) of crude petroleum; its total petroleum needs,
however, exceed 60,000 bbls/d: There is ongoing exploration by three international oil companies which took
petroleum concessions in 1986. The prospects for discovering significan; amounts of crude oil, however, are
still uncertain at the present time. Similar to the uncertainty surrounding petroleum resources, there are
insufficient geological data to speculate on the extent of natural gas reserves at the present time. The
Government of Jordan has two gas wells presently in operation at Risha in the northeastern part of the country
that have been tested at 20 MMSCFD (million standard cubic feet per day). Based on this '_ptimistic t'indin.%
the government is committed to installing 2 X 30-MW gas turbines at the Risha site (to be completed by late
1988 or early 1989) and to constructing a 132-kV transmission line ".wet the 334 km from the capital at Amman
to tlm Risha fields. The government m,,y ultimately add up to 4 x 30-MW gas turbines at the Risha fields,
reaching the capacity of the 132-kV transmission line.l Four oil shale sites have been cored, drilled, and

studied to date, with resulting data published for three of these. The three sites comprise nearly one-half of the
country's proven geological reserves of more than 10 Lillion tons. Possibilities for exploiting the shale include
indirectly using it (retorting) for producing a liquid fuel and directly using it as a high residual ash fuel in power
production. Both options are currently being explored by the Jordanian government.

lPetroCanadaiscurrentlyconductinga reservoirstudyto ascertainthesizeof the reservesat theRisha site. Thestudywas
expectedto be completedby early 1989,butas of thisprintingis not yet available.
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Projected Power Needs in Jordan

The power sector in Jordan has grown rapidly over the past two decades, especially in the late 1970s and eexly
1980s when an economic boom led to increased demand for electricity and a consequent increase in generating
capacity. From 1975 to 1987, electricity consumption increased at an average annual rate of 20.2 percent.
Generating capaci!y in the country increased to 979 MW by the end of I987. More recently, however, growth
in electricity consumption has slowed. In the two-year period from 1985-1987, consumption grew at an average
annual rate of "only" i0.g percent.

An important question for power planning in Jordan is the future growth of ,electricity demand. Estimates of
future capacity requirements to meet expect ',xl 1(_:_1growth until the year 2005 range from 543 MW to more than
1,500 MW, assuming a 3d percent reserve margin. Three aspects of the Jordanian economy and power subsector
make evaluation of future electricity consumption especially cliff,cult:

' t,l There is a great deal of uncertainty about the net impact on electricity sales of the "_otential
interccnnections among the national p,-)wer systems of Jordan, Syria, Egypt, and Saudi Arabia.
Currently, Jordan exports power to Syria. However, in September 1988, the governm,_nks of
Jordan and Egypt signed a technical protocol for constructing a transmission line linking the
power systems of both countries, with implementation expected to commence in early 1989.
Also, Jordan and Egypt agreed to study the feasibility of connecting both their national grids to
Saudi Arabia.

_1 Uncertainty surrounds the impact of both implemented and implementable demand-side
management programs on future electricity demand.

121 There is uncertainty alxmt the future growth of the Jordanian economy. For one, the country's
population is growing at an unusually high 3.8 percent annual rate, and not expected to decline :o

a still-high rate of 3.2 percent until around 2010. Historically, remittances by Jordanians
employed in other Middle Eastern countries have accounted for a large share of gross income in
the economy. With the recent decline in intematlonal petroleum prices, however, construction
programs have been cancelled or delayed, jeopardizing future income from an historically
important source. Uncertainty also surrounds lhc future growth of the industrial sector; it
currently accounts for 40 percent of electricity demand. Large industrial power users in five
industries, producing largely for export markets, account for more than 75 percent of this total.
Future export markets for these industries are uncertain.

Engineering Feasibility of the CFB Combustion Technology

While fluidized bed boilers have t_ven available for decades, they have started Lomake headway in commercial
applications in recent years because of their high efficiency, clean burning characteristics, and ability to burn a
variety of fuels. Rising oil prices over the past 15 years have contributed much Lofluidized bed technologies'
marketplace penetration, Throughout the world, there are 52 manufacturers of three types of fluidized boilers:
bubbling tx_d,circulating, and pressurized.

Circulating fluidized l_d (CFB) is a second-generation technology wherein the boilers are designed to burn low-
cost, high sulfur coal or other waste producks, producing steam and electricity without the need for expensive
treatment of the exhaust stream. In a CFB boiler, high velocity air "fluidizes" a crushed fuel mix in the

combustion chamber, transporting the solids up the chamber, where wate_,alls are heated. Large, hot cyclones
return the unfired fuel and other solids to the combustor chamber where they will, on the average, make several
......... ,i...... h ,h,. _,_,etomhofc_rolonvlng n_ |'Inn _Tn_C'.._or as ash. Low or)erafinlz t¢.nI_eratures minimize NOx

I •
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emissions, and the use of limestone (where needed) can reduce SO2 sufficiently to avoid having to use costly
scrubbers.

First introduced begim,ing in 1979, there have been about 75 CFB boiler plants built worldwide. They have
been designed to burn a wide variety of fuels: wood waste, peat, lignite, _Atuminous coal, coal washery tails,
anthracite culm, indu_,rial wastes and sludges, petroleum coke, and others.

The technology has be_:_,successfully demonstrated in units as large as 60 MW, but not with high-ash fuels
such as the Jord.'mian oil shale. There are no indications that there wou'_dbe any problems in successfully

demonstrating larger plants except that managing the implications of the fuel's ash content will certainly be
challenging. ,'

Combustion tests of Jordan's oil shale were conducted in the Ahlstr0m CFB test unit at their R&D Center in

Karh,,la, Finland from January 11-20, 1988. The i.est program consisted of a series of runs in which one or
more of the key operating parameters was changed for each run so tlmt the effects on the combustion
performance could be determined. Conclusions are:

The Jordanian oil shale, because of its high ash content, is a more challenging fuel than

bituminous coal, for example, for use in s-aling up to larger planks. The large quantities of ash
•_, which would be circulated through the combustor and returned by the hot cyclone would place a
,, heavy demand on tlm return leg and loop seal.

i I21 The Sultani oil shale's high volatile content should make ii easy to start and would burn

generally well even down to low loads.

ILL Low SO 2 (10 to 200 ppm, or 95 percent sulfur removal) and only moderate NOx (60 to 120 ppm)

emission levels would likely be achievable through use of the circulating fluidized bed
combustor, utilizing the calcium carbonate present in the shale and requiring no sorbent or
chemical additives. These values for stack emissions are well within World Bank standards.

ILl The primary potential problem areas associated with the high ash content would be (1) bottom
ash removal from the combustor, (2) high flow rate of recycle solids through the hot cyclone and

- return leg, (3) fly ash deposition and erosion of the convection tube banks, and (4) erosion of
superheater tubes in the combustor.

Technical risks associated with each of the proposed unit sizes are:

ILL The technical risk should Ix: fairly low for a 20-MW demonstration plant. Eighteen plants of this
size or linger have been built by AhlstrOm or its subsidiaries; these plants have operated for a year
or longer and have experienced availabilities of 95 percent or more.

The technical risk is moderate for a 50-MW plant. There is some operating experience with

planks of this capacity firing coal or other low- to medium-ash fuels, but there is not yet any
experience with high-ash fuel in plants this large.

The technical risk is fairly high to build a 100-MW plant as the first unit. There is no plant this
large operating or under construction which is designed to operate on high-ash fuel.
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Projected Major Environmentai Effects of the Proposed Oil Shale-for-Power Project

The major environmental effects of the pre.posed project revolve around control of the enormous quantities of
waste ash and overburden that would be generated from a 400-MW facility over a 25-30 yc_lrperiod. This
control effort takes two forms: (1) control of the fugitive dust from mining, transporting, and processing tile raw
shale, and from disposal of the overburden and o_pentash itself; and (2) control of the final disposition of the ash
in terms of groundwater protection. There are minor concerns about general water availability. The concerns
abo'x dust control are both in tenns of occupational safety and in temas of the surrounding residents and the
' mediate biota.

' Jordtm has no comprehensive environmental standards regulating industrM development such as the proposed oill

shale plant. Absent comprehensive standards to guide industrial development, the GOJ relies on the Department
of Environment in the Ministry of Interior to monitor and sometimes prevent the more egregious affronts to the

' environment. For major projects such as the proposed oil shale plant, the Department of the Environment
would look to U.S. standards and World Bank guidelines in the interirn until the country adopts its own
regulatory standards and procedures.

The materials handling problems associated with moving vast quantities of rock and shale encompass several
major environmental issues discussed below. The importance of the materials handling challenge is underscored
in the Bechtel Group's project plan, where it is said that the need for a 50-MW step is more for answering

i questions centered on "design issues for optimizing a I()O-MW plant, in particular materials flow, rather than
,'my need to pr,we the technology feasibility." At peak, operation of the 400-MW plant would generate
approximately 1000 tonnes per hour of wetted residual ash for disposal.

Conclusions (for a 400-MW, or "worst case," phmt option) at×mt the different key concerns are:

Ai" qualiiy and dust control

LI Although there has been extensive work undertaken in the U.S. public and private sectors to
determine the degree of pollution control that must be used by managers of oil shale facilities to
protect air quality, it is not possible to predict with confidence (with only a prefeasibility
analysis) what precise impacks oil shale mining and CFBC technology would have on air quality
at various levels of shale oil production lxzcause no large-scale facilities exist to date ar_:1because
the proposed Jordanian project employs an innovative technology.

ILl Tlm incidence of respiratory diseases in other minerals e'araction industries indicates that

exposure to the shale dusts and ashes at the Sulmni project could be hazardous, potentially
causing pneumoconiosis. The dust particles from the ash or from the raw oil shale fines would

likely be low in silica content (except when cherty materials wotfld be run through the boilers),
therefore minimizing the threat of silicosis to plant and n-fineworkers.

Emissions of SO2 and NOx from the plant's boilers would likely be within intenmtional

environmental and health protection standards.

2

i Groundwater protectionILl According to laboratory analyses ot the leachate from the ash obtained from the test burn, ash

III disposal from the prolx)sed facility may pose some risk of groundwater contamination, although
' low rainfall and properly cllgincclcd' ' "".............. :............ '" " " 'L)LI_I_IIIIk3U t)pClaLltn:a wt)UlU _i'iiFdi'iiiZC laue -:_.1.
/

2
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ld Jordan has, from the national perspective, very real water resource problems facing it. There are
sigr, ificant current and future demands placed on the limited groundwater resources in the Sultani
area. There would, however, likely be adequate groundwater of sufficient quality and at reasonable
pumping depths for operation of the proposed plant/mine/waste disl_osal complex and for meeting
future competing needs. The amount of water the GOJ has allocated for this plant is realistic and
adequate.

13 The Sultani area, while seemingly remote, will likely play a secondary role in helping major
" municipalities meet their municipal and industrial water needs as early as the late 1990s.

El Groundwater flow regimes in the Upper Wadi Mujib drainage suggest that leachate from the fly
ash that enters the water table with inadequate filtration and dilution could cause drinking water
problems with municipal users in Amman or Karak, now and increasingly in the future. Such an
event would have a low probability of occurrence because of the area's low annual rainfall.

i

13 Care must be taken in the fly ash waste disposal and reclamation engineering to optimize
filtration of fly ash leachate through replaced overburden before it can infiltrate the Amman Wadi
Sir groundwater.

13 Monitoring wells and insu'umentation or regular sampling would be necessary to assure that
water safe from chromium and/or selenium contamination is being pumped from the Sultani and
Qatraneh well fields.

Land reclamation

There is ample surface area available at the Sultani site for permanent storage of mine and plant
wastes.

The Bechtel Group's land reclamation program proposed for the Sultani project is generally
reasonable and responsible.

IZl Consideration of using the fly ash as an amendment to cement, asphalt, or other construction
materials both as a profitable venture and as a means to decrease the quantities of materials to be
disposed is premature at this stage of the analysis. Jordan has ample cement production now
should into the forseeable future; viable new export markets for cement do not presently exist in
the Middle East and are unlikely to open up in the near future. Transportation of a bulk material
such as cement from the Sultani site to the port at Aqaba is currently too expensive for Jordanian
cement to compete other international suppliers.

Erosion and sedimentation control

13 Erosion and sedimentation controls, both short- and long-term, during mining and waste disposal
appear adequate.

Effect on the biota

13 There are no likely significant impacts on plant or animal resources.

........... '.... illRnRIIR]III§l_IIIl_l_ll_lllllllllm_lipIIP_iI_IIIIImIIII_I_l_lqlJl_ll_,lIIII|IRII_IIIII!|llPllI11!'I[
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Noise control

_1 Controlled use of explosives (,sequencing the charges), enclosing the crushing plant equipment,
and through muffling truck and other mining equipment exhausts would likely minimize project
noises. Permanent residential populations are too distant to be significantly affected. Seasonal

shepherds and their herds move through the area, but would likely be fenced away from the project
sufficiently to be unaffected by any project-related noises. Protection of workers would be the
chief concern.

Economic Feasibility of the Proposed Oil Shale-for.Power Project

The economic analysis consists of a series of sensitivity studies for 20-MW, 50-MW, and 400-MW options, i'
calculating the present values of net benefits and the internal rates of return. For each plant size, the sensitivity
studies included different assumptions about the operating characteristics of the plant: (1) capacity factor (50
percent, 60 percent, and 75 percent); 2 (2) average price of electricity, 6.0 C/kWh obtained by JEA in 19873 and
two alternatives (7.5 and 9.0 C/kWh); (3) minins/processing and residual ash disposal (a 50/50 and 80/20
debt/equity ratio); a and (4) five capital expenditure scenarios, a base case provided by the Bechtel Group (noted
Base) and four alternatives: an assumed 25 percent reduction in the base [Base(0.75)], a 25 percent increase
IBase(l.25)], and 50 and 100 percent increases [Base(1.50) and Base(2.00)]. 5 A total of 270 sensitivity studies
were conducted, 90 for each plant size. Four major conclusions were drawn from the study:

The 20-MW plant is not an economically attractive option for Jordan under any of the scenarios
considered in the study.

Under the tariff level currently in existence (6 C/kWh in average revenues), the 50-MW option is
not economically attractive.

E

_1 Under the current tariff level, the 400-MW option is attractive, cc,ltingent on assumptions made
about the operating characteristics of the plant (Table S. 1, dieoct!5s_.,dbelow).

t...l Increasing JEA's current tariff level by 25 percent to 7.5 C/kWh makes the 50-MW option
economically attractive under only the most favorable operating assumptions (Table S.2,
discussed below).

2The economic analysis here is not being conducted in tandem with a least cost capacity expansion planning model such as WASP

III. An analysis such as this is beyond the scope of this prefeasibility assessment. In the event that a feasibility study is undertaken,

a capacity expansion planning model would presumably be used. A model such as WASP would estimate the actual utilization

(running time) of 20-, 50-, and 400-MW plant options based on minknizing system cost, given assumptions about (1) the operating

characteristics of ali other plants in JEA's system and the shale alternatives, (2) projected fuel costs, and (3) forecasted electricity

demand. In the present study, we simply assume three different capacity factors for each of the three plant sizes.

3Most recently, electricity prices were lowered for at least some customer classes as part of an austerity program announced by the
government on November 6, 1988. See The Wall Street Journal and New Fork Times, November 7, 1988.

4The debt/equity ratios refer to the assumed capitalization of the mining/processing and residual ash disposal operations. The

80/20 debt/equity assumption implies a lower cost of capital because the cost of debt is assumed smaller than the return required for
equity capital.

5The :t:25 percent scenarios are commonly used in sensitivity analyses. The +50 and +100 percent scenarios were included

because estimates of capital expenditures for power plants are notoriously uncertain, especially when operating in a foreign

environment. Another important consideration is the foreign exchange needed to import materials for constructing the plant. Most

recently, the Jordanian Dinar has been depreciating in international exchange markets, increasing the cost of importing materials for

constructing power plants. On December 31, 1987, the Jordanian Dinar was worth $3.04. The exchange rate stayed fairly stable

during the first third of 1988, equalling $2.95 at the end of April 1988. ltowever, since then it has steadily declined to the point .

where on December 15, 1988 it was $2.13.
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Table S. 1 provides results for the 400-MW option, using tile average revenue realized by JEA on its electricity
sales in 1987 (6 C/kWh) and the most favorable assumption about the capital structure of the mining/processing
and ash disposal operations (80/20 debt/equity ratio). The results show that, assuming a very low capital cost of
the plzmt [Base(0.75)], the returns for the 60 and 75 percent capacity ['actor scenarios exceed JEA's opportunity
cost of capital (which is 9 percent). The same is true under the Base seen;trio, assuming a 75 percent capacity
factor. The results deteriorate substantially assuming higher capiud expenditure, s on the plant.

Table S.I Selected sensitivity results under current tariff structure a
by capacity factor and capital expenditure scenarios,

400-MW option (In percentages) b

Capzacity Base(o,75) Bztm Base(I,25) Base(l,5O) Base(2,oo)
Factor

75% 13.41 9.77 7.33 5,54 3,02
(-,0% 9.75 6.66 4.57 3.00 0.77
50% 7.01 4.30 2.43 1.02 .

Source: Chapter 9

a The current tariff structure yichls on average 6.0 c/kWh for electricity, sales, Also, the results include the 80/20 debt/equity
assumption for the capital structure of the minir, g/processing and spent ash disposal operations.

b A "." signifies that the internal rate of return is less than zero.

Increasing average revenues improves the resulk_. Table S.2 presents the results under the 7.5 C/kWh
assumption for both the 50- and 400-MW options under different scen,'u'ios. Assuming that the average revenue
received by JEA for its electricity sales were increased by 25 percent from 6.0 ¢/kWh to 7.5 ¢/kWh, Table S.2
shows that the 50-MW option would txz economically attractive (IRR approaching or exceeding 9 percent) only
under the most favorable conditions: very low capital expenditures [Basc(0.75)] and high running rate (75 percent
capacity factor). Because of scale economies, the results for the 400-MW option are significantly better.
Assuming a 75 percent capacity factor, the simulated returns for the 400-MW option exceed 9 percent in ali
cases except under the most unfavorable assumption about the cost of the plant [Base(2.00)]. Assuming a 50
percent running rate, the returns approach or exceed 9 percent under the two most favorable assumptions about
the cost of the plant.

The sensitivity analysis conducted in this study was undertaken at the individual firm level, that of JEA. There
are three important extra-firm benefits - benefits that accrue to the economy or society as a whole - that must
also tm considered when evaluating the oil shale-for-power option. One of the most impo_mt is the foreign
exchange savings resulting from using indigenous oil shale in conaparison with importing petroleum or coal.
Second, mining and processing tlm oil shale and disposing of the residual ash in comparison wilh importing
coal and/or petroleum will have a significant net impact on employment in the country. Finally, there is an
energy security benefit to Jordan in terms of using domestic energy in comparison to iml×m!ng petroleum. If
the proposed plant were not economically attractive from the standpoint of the electricity authority, tlm premium
that policymakers piace on this difficult-to-quantify, energy security benefit- and the foreign exchange and
enaployment benetik,_- will determine if the plant should be built.

il
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"Fable S.2 Selected sensitivity results under an assumed tarit'f increase a,

by capacity factor and capital expenditure scenarios,

50. and 400-MW options (In percentages) b

,_

Capacity 5o MWC 4ooMW_
Factor o,75 l,oo 1,25 1,50 2,00 0,75 1,0c) 1,25 1,50 2,00

75% 9.16 6,15 4,08 2,54 0.31 19,92 15,IS 12,07 9,83 6,73
60% 5.92 3,32 1,51 0,14 , 15,43 11,46 8,82 6,90 4.20

50% 3,40 1,09 , 12,17 8,72 6,40 4,69 2,27
Source; See Chapter 9
a The current tariff slnlclure yields on average 6,0 c/kWh for eleclricily sales, This scenario assume._that average revenues were
increased by 25 percent tc) 7,5 C/kWh, Also, the results include the 80/20 debt/equity assumption for the capital structure of the
mining/pro¢.:,_ ,ing and spear ash clisposal operations,
b A .... si[' ,es lt]al the internal rate of recurn is less than zero,
c Number headings refer tc)the five capilal exp_q_cliturescenarios,



1. INTRODUCTION

1.1 HISTORY OF PROJECT

In Spring 1986, the Bechtel Group, Inc. Completed a cursory examination ot' building a 20-MW demonstration
oil shale-for-power production plant in western Jordan. Based on this study, tile U.S. Agency for International
Development (AID) agreed to fund through the government of Jordan a more rigorous study of the potential tk)r
using oil shale for power production. ORNL was asked to participate in four areas of the study: (1) ,'m
assessment of the need for power, (2) a review of environmental aspecks of the proposed plant and mining
operations, (3) an assessment of tile technical feasibility of using circulating fluidized bed (CFB) combustion
teclmology, and (4) a financial and economic assessment of the project. The study was led by the Bechtel
Group, Inc., under the AID Conventional Energy Technical A,_sis_mce Project, with input provided by tile
Pyropower Corporation of San Diego, CA (pilot test work and the boiler designs and costs estimates) and Oak
Ridge National Laboratory (ORNL). The Jordan Electricity Authority (JEA) anl"the GOJ's Natural Resources
Authority (NRA) provided the resources assessment dam, the design basis criteria for the Sultani site, the 75-ten

sample of oil shale used in the pilot plant test program, and a variety of cost records and demand projections for
the IX_wersector. ORNl_,also indelxmdentiy evaluated for AID the reasonableness and accuracy of the Bechtel
and Pyropower conclusions. The Bechtel Group assembled ali of these contributions into a 6-volume report
published in May 1989.1 This document is an account of the ORNL contributions to the entire project and to
the Bechtel-coordinatext document.

The first major activity of the study was tile shipment of a sample of the Sultani oil shale to Pyrolx)wer's parent
company, the AhlstrOm Corporation, in Finland for a test burn under a wlriety of combustion environments.
The results of the test burn proved encouraging. Eleven tons oi"the residual ash were shipped to ORNL for

testing and evaluation of the ash's potential for use as an amendment to construction or paving materials. Tests
for carcinogenic, acidity, caustic, or other residual ash characteristics potentially hazardous to human health or
the environment were also encouraging (Chapter 7) in light of negative findings. Simultaneous to the testing of
the ast_,a team visited Jordan in April 1988 to discuss engineering, environmental, and economic aspects of the

proposed plant. The team consisted of representative, s of the Bechtel Group, Pyropower, AID's Office of Energy
in Washington, and ORNL.

1.2 PAST OIL SHALE STUDIES IN JORDAN

Industries involved in oil shale have existed in 14 countries at one time or another, some existing prior to the

discovery of oil in 1859. Known oil shale deposits exist in many countries with the full extent of reserves in
each as yet unknown.

1.2.1 Global Use of Oil Shale

At present, commercial quantities of oil shale are mined and used for tx_wer production through direct
combustion in tile Soviet Union, China, and Sweden. In Sweden, however, shale is used prim_.u'ily for uranium
preparation. The Soviet Union is the leader in utilizing oil shale directly in boilers for power production.
Besides power prodttction, the Soviet Union uses oil shale to obtain petroleum feed stocks and for combined
power generation and industrial processing. Annual production of oil shale in tile Soviet Union 'is 35 million
tons, with three-quarters of this used as a fuel input for power production. The power planks u,;ing oil shale are

1PrefeasibilityStudy:Oil ShaleUtilizationfor PowerProductionin the llashemiteKingdomofJordan, Volumesl-VI, A rcporlof
the Officeof Energy,Bureaufor ScienceandTechnology,U,S.Agencyfor Internationall)evelopment,preparedby BechtelNational,
Inc., 1601NorthKent Street,Suite 914, Arlington,Virginia22209,USA, ReportNo. 89-02,May 1989.
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located in the Baltic Republics. Two of the largest are the Estonian Power Plant (1600 MW) and the
Pribaltiiskaya Plant (1450 MW).

Serious U.S, experience with exploitation of the vast U.S. reserves of oil shale (an estimated 630 billion bbls
of oil) began in the late 1970s with the establishment of the Synfuels Corporation. Crop:ted by the U,S,
Congress under the U.S. Energy Security Act, the Synfuels Corporation subsidized development of new
technologies for exploiting unconventional fuel sources, After the price of oil peaked in 1981, the impetus to
seek alternative or innovative sources of fuels waned and Congress eventually shut down the Corporation in
1985. To maintain progress after that time in understanding ,'rodsunuounting the obstacles to successful
commercialization of these technologies, Congress guar,'mteed price supports for fuels )' ;ing produced from four
plants, one an oil shale pl,'mt producing liquid fuel through a retort process. The Unocal Corporation's
Parachute Creek plant in Colorado has produced more than 600,000 bbls of synthetic oil, while so far reaching
only half of its 10,000 bbls/d produc!.ion capacity, The U.S, government's subsidy to Unocal (it currently
guarantees Unocal $46,50/bbl) amounted to $17,4 million in 1987, and will extend to $400 million or 10 years,
whichever comes first,

1.2.2 Jordanian Experience with Oil Shale

!
Jordan's oil shale reserves are estimated to be more than 10 billion tons, The use of shale in Jordan dates back

to tlm beginning of this century, A production plant using Jordanian oil shale to feed a primitive retorting
process provided oil fuel for locomotives prior to World War I - berl)re such processes were even tried in Europe
or the United States.

More recently, studies of the I×_!.entiallk)rusing the El Lajjun delx)sit (Figure 1,1) as a source of petroleum
fuels were started in 196E by lhc Natural Resources Authority (NRA) of the Govc,rnment of Jordan (GOJ), The
studies involved core drilling mid laboratory analyses using the Fischer Assay prcx'edure t'or determining oil
yields, Other analyses included determination of the inorganic constituer, of the ore and its calorific value anti
identification of trace elements, NRA consulted British, West German, and U,S. oil shale experts in
conjunction with conducting the studies, Tlae studies were terminated in 1969 because the estimated cost of oil
shale processing greatly exceeded the then current and projected cost of using imported petroleum, In the 1968-
69 period, 53 t_)reholes were drilled,

The NRA reopened the investigation of the El Lajjun deposit in early 1979 because oi"the precipitous increase

in the cost of imported petroleum and Jordan's rapidly increasing petroleum needs, The NRA's current program
at El Lajjun - an assessment of lhc retort potential of the shale oil - is being assisted by West Germany. In the
1980s, the NRA began to study the SUl_.misite in detail for the feasibility of using oil shale in a direct
combustion process to provide power generation in Jordan.

1.3 LOCATION OF PROPOSED ()ILL, SHALE PI, ANT(S)

The Sultani site is located approximately 102 km south of Amman, the capital of Jordan, just off the main
north-south Desert Highway (see Figure 1.1). The highway connects Jordan's northern neighbors with Mecca,
the Holy Cily of the Islamic world The proposed oil shale plant, although seemirlgly in a remote location,
would have high visibility in Jordan.

1.4 OR(_ANIZATION OF REPORT

This draft prefeasibility assessment of the proposed oil sh;de power plant in Jordan contains eight additional
chapters. The next chapter presents an overview of the Jordanian energy sector, including primary energy
sources, energy conversion facilities, and final energy detoured, lt also discusses regulatory institutions in the
energy sector of the economy, Section 3 addresses the need for power in the Jordankm economy over the next

I
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two decades. The discussion includes a descrip'_,m of electricity consuml_tion over the past decade and two sets
of forecasts of electricity demand, Three complicating factors in evaluating future electricity demand are then
discussed: (1) the possibility of interconnections with -and power exports to -neighboring Arab countries; (2)
the potentiv.l effect that pric 'z-and nonprice-induced demand-side management meaisures could haw on electricity
demand; trod (3) the l'uturc_economic growth of the economy, including growth prospec.ts for major industrial
electricity consumers, Given these uncertainties in evaluating future electricity demand, three ft)recasts ot"load

growth are presented and the implied amount ot' additiolml generating capacity required in Jordan to service that
load growth is computed.

The fourth chapter discusses Jordmfs indigenous energy resources which could potentially be used to meet future
power require,ments. The candidates are crude oil, natural gas(shale, and renewables, Chapters 5 and 6 present
technical aspects of the protx_sextplant. They include, a description of tile circulating fluidized bed (CFB)
combustion technology that would be used in tile proposed plant(s) and brief technical descriptions of the plant
and mining operations. Much _:.,l'what wa:; riginally Chapter 6 has been wilhheld because of its proprietary
nature. Details may be pursued with the Pyropower Corporation, ('hapter 7 discusses potential environmental
effects of the plant and mine. C)t'particular ilnporRmce hero tv'_ discussions of the results of tile chemical
analyses ot"the residual ash produced t'rom bunling the shale, of the availability ot"water, and o1'the relationship
of ash leachate to groundwater resources. Chal)ter 8 provides a technical risk assessment of the proposed CFB
combustion technoh)gy; it is in part based on obse,rving the technology in operation at Colorado UTE, a rural
electric cooperative in the United States. The final section contains a financial/economic analysis of tile
proposed oil shale plant(s), including sensitivity studies of 20-MW, 50-MW, and 400-MW options,

I
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2. AN OVERVIEW OF TIIE JORDANIAN ENERGY SECTOR

The most salient characteristic ofthe Jordanian energy economy is its historical rcliance on imported pctroleum,
' With the exception of a nominal amount of hy(trotx)wer and renewable energy resources, Jordan has histor ically

relied on Mktdle Eastern oil-exl-x)rting countries for its energy, Jordan dees have indigenous energy resoul:ces,
but it did not begin intensively studying the extentand economic feasibility of using them until a decade ago,l
A precipitous increase in Jordan's fuel import bill in the 1970s and early 1980s - caused by the rapid increase in
the international price of petroleum and jordan's robust economy - led policymakers to give indigenous energy
development a high priority in economic planning, Emerging technologies have also played ,'l role in studying
the feasibility of using Jordan's energy resources, That is especially true tk)roil shale, The primary reason for
this study - examining the feasibility of using oil shale for power generation using a circulating fluidized bed
combustion process - was prompted by the emergence of an improved boiler technology for burning high-ash(
fuels of relativ01y low energy content, Besides oil shale, Jordan has ,'tI_umber of other potential energy

resources which could signillcantly lessen the historical foreign exchange burden of oil inapork,_, Although not
prr.,sently tapped to any signit'icalat extent, there is a promise l'or the use of renewable energy in Jordan, More
imlx_rtant, recent discoveries of crude petroleum and natural gas oi'lhr the hope of even more significant t'oreigtl
exchange savings,

This chapter lays the tbundafion lhr the remainder of the study by providing a background on the Jordanian
energy sector, emphasizing energy institutions and capacity, Figure 2,1 provides a schematic representation of
the Jordanian energy sector as of the end of 1987,2 Sources of prim;try energy include petroleum and a limited
hydropower potential, The Jordan Petroleum Refining Company (JPRC) is the sole user of the crude oil
imported by the government, refining it and selling products to end users, 3 JPRC also sells diesel and fuel oil
for electricity production to (1) the Jordan Electricity Authority (JEA), the primary generator of electricity in the
country, (2) the h'bid District Electric Company (IDECO), (3) municilmlities, aitd (4) various industrial users l't)r
sell"power generation. AllJ_ough JEA sells some power to end users, it sells a large portion of the power it
pr(×tuces to the prin_at'y distributors in the country -. IDECO and the Jordan Electric Power Company (JEPCO),
Besides generating their own ix)wer, large industrial users also ptlrchase power from the central grid, The largest
end user {)1'enc:t'gyis the transport sector, Each o1'the three activities depicted in Figure 2,1 (primary ezicrgy
supply, conversion, and constmlption) is discussed in detail below,

2.1 PRIMARY ENERGY SOURCES

Table 2,1 displays the supply of primary energy to Jordan tbr 19'76 and 1986, divided between domestic sources

and foreign imports, Total primary energy consumption increased by more than two and one-half times in the
decade from 1976 to 1986 (from 1.1 million TOE to 3,0 million TOE), reflecting substantial increases in total
economic activity in the country,

1 Jor(tat_'soil shalewasusedto a limitedextentpriortoWorldWar I, ()ii andgasexplorationbeganafterWorldWar11,but the
internationalell companiesabandonedJordanbecausetheybelievedthat it did not havesufficientlylargefieldsto rival thoseof
otherMiddleEasterncountries, A furtherdiscussionof Jordan'sindigenousenergyresourcesis providedin Chapter4,

2 For clarityof presentation,the useof renewableshasbeenexcl:_dedfroml-:igure2,1,
3 A portionof Jordan'srefinedpetroleumrequirementsisnot attributableto the outputof JPRC,but is imported,
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Table 2.1 Primary energy supply in Jordan, 1976 and 1986
(amounts in thousands TOE)

1976 1986

Source Amount % Amount %

Domestic:
Crude Oil 0 0,0 15 0,5

I IyclI'() 0 O,0 31 1.0

Sublotal 0 0,0 46 1,5

Foreign:
Crude Oil 1,112 100,0 2,282 76,9
Fuel Oil 0 0,0 582 19,6
Diesel 0 0,0 51 1,7
LPG 0 0,0 8 0,3

Subtotal 1,112 1()0,0 2,923 98,5

7btal Stcpplv 1,112 1()0,0 2,969 10(),()

Source',WorhlBankand(]ovemmentof Jordan,Minisllyor Energyand MineralResources

In 1976, all primary energy supply was obt.'lined from foreign sources. I)omestic sources of energy accounted
for only 1,5 percent of primary energy rcquiremenls in 1986, (-)t"this alnounl, a nominal amount of crude ()ii
productioll from the Amzah region accounted tbr 0,5 percent and hydroelectric production only 1,0 percent of
primary domestic energy SUl)ply, ltydropower potential in Jordan is limited lo 24 MW (87 GWh/y); an
additional 7 MW are ctwrently developed: 4 MW at the King Talal dam on the Zarqa River and 3 MW o1"the 20
MW potential at the Maqarin I)am on the Yarmuk River. Foreign imports of petroleum .%counted for tlm
majority of primary energy supply in 1986. comprising 98,5 percent of tlm total. Crude oil imports accounted
for 76,9 percent of total SUl)ply, while fuel oil accounted l'or 19.6 l)ercent, The remainder was provicled by
imports of diesel and LPG.:li

2.2 ENERGY CONVERSI()N

The petroleum Sector in Jordan involves JPRC and the governmenl, JPRC is a privately owned firm, The
government, however, holds 12percenl of its stock, lt operates the sole petroleum ret'inery in the country, and
is located 35 km north of Amman, lt has sole responsibility t'or ret'ining the crude oil purchased t'or it by the
government, lt is also responsible t'or distributing and marketing ali of the rel'ined products. JPRC is regulaled
by the Ministry of Energy ,'rodMineral R,esources (MEMR) in accordance with a concessi(mary agreement which
ensures that the company earns a fair return on investment.

Tile power sector as il. is presenlly organized in Jordan is a relatively recent phenomenon, JEA was established
by enaCtlnent of tm electricity law in 1967, The purpose ot' the legislation was to centralize responsibility for
power provision, with JEA acting as lhc coordinator. Under the legislation, JEA cotlld designate existing power
slations to el)crate under its direction, acquire the st_.lliOllSii"it was deemed apl)ropriate, and al)an(Ionuneconomic
power generation facilities. However, JEA did not initially flmction as a utility, II acted as a conduit l'or
gc)vemment loans for power development tc) the existing electric distributioI_ COml)anies, The role of JEA was
delineated in 1976 with enactment of the General Eleclficity Law, According tc)the slatute, JEA is a l'inanci,'Uly
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and administratively autonomous electric utility. Its responsibilities include power generation, transmission,
and distribution in addition to its responsibility as regulator of power consumption in the country. JEA is
governed by an eight-member board appointed by the government and responsible to it for formulating JEA's

general policy direction, including the setting of tariffs. JEA is also responsible for the formulation of the
national rural electrification program in consultation wiO_MEMR and the Ministry of Planning (MOP).

The legislation allows local distribution systems to operate and !o be owned by private investors, but JEA
regulates the distribution utilities. JEA_ however, may take over the local distribution systems through mutual
agreement, subject to the government's approval.

!

In addition to JEA, which sells some power at low voltage besides its bulk sales to distributors, there are
presently two distribution companies operating through concessions from the government. JEPCO is a private

: company, owned by the public (77 percent), JEA (13 percent), and the municipalities (10 percent), lt has
I responsibility for electricity distribution iv the city of Amman and it.,;environs. 4 IDECO is a semi-private

company owned by JEA (46.5 percent), the municipalities of the Irbid governate (42.5 percent), and private
investors (11 percent), lt is responsible tor power distribution in the governates of Irbid and Mafraq, with the
er.ception of lhc Jordan Valle7 area. 5

The government agency presently responsible for the energy sector is the MEMR. Created in November 1984,
it formulates the "werall energy strategy of the country, including pricing policies in the petroleum and power
subsectors, lt is also reslx)nsible for coordinating activities in the energy sector.

As depicted in Figure 2.1, there are ztnurr,ber of non-utility generators of power in Jordan, including private
industrial generators, mining interests, and municipalities. Table 2.2 shows the extent of private ownership of
power production facilitms in Jordan at the end of 1987 by ownership type and prime mover. Of the 979 MW
of to_d capacity in the country, JEA owned 869 MW or 88.8 lx:rcent of the total in 1987. Of the other po,ver
generators in Jordan, the diammonium phosphate fertilizer company had the largest anaount of capacity, 44 MW
in 1987. Tw() of tim other electricity generators were interconnected with the national grid in 1987: the potash
mine and IDECO. Their 21 MW of generating capacity combined with 869 MW owned by JEA Iotals 890 MW
of capacity on the interconnected, national grid.

4 JEPCO used to be both the largest IX_wer generator anti distributor in Jordan prior to formation of JFA. JI'IPCO was fonned in

1963 as a result of a merger between Jordan Central Electric Company (distributor in the Zarqa concesr.ionary area) and the

Transjordan Electric Power Company, Ltd. The latter company was formed in 1947 as a rcsuh of the unification of several small
_ eleclric power companies which were operating independently in Amman and its environs.

; 5 IDECO was created as a private company in Irbid in 1957. In 1961, II)ECO was converted to a public company and granted its

!! present concession.

h ' II ,,. ,rrl_l ,_ , _ _ ..... ,
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Table 2.2 Installed electric generating capacity in Jordan
by owner and prime mover, December 31, 1987

(MW)

Category Steam G_,; Diesel ,, Hydro Total
Total 696 182 94 7 979

JEA 623 182 57 7 869

Others: 73 0 37 0 110

Refinery 14 2 16
Arab Potasha 15 15
Fertilizer 44 44
IDECOa 6 6

Cement (Ferheis Plant) 9 9
El Hasa Phosphate 12 12

Municipalil;es 8 8
Source:Jord,., ElectricAuthority,f_nnualReport,1987
a Partof the interconnectednationalpowersystem !

2.3 FINAL ENERGY CONSUMPTION

Table 2.3 provides the end-use consumption and percentage composition of ali energy consumed in 1976 and
1986 by sector. Energy use in the transport sector - 475,000 TOE in 1976 and 1.11 million TOE in 1986 -
accounted for the most energy consumed, comprising over one-half of total energy consumption. The household
sector consumed 15.1 percent of all energy in 1986, down from 20.7 percent in 1976. The industrial sector
consumed less than 20 percent. However, as the next chapter shows, the industrial sector accounted for nearly
40 percent of total end-use electricity consumption in Jordan in 1987.

Table 2.3 End-use energy consumption in Jordan, 1976 and 1986
(amounts in thousands of TOE)

1976 1986

Sector Amount % Amount %

Household 189 20.7 330 15.1

Transport 475 52.1 1,110 50.7
Industry 184 20.2 421 19.2
Other 64 7.0 195 8.9

Nonenergy Use 0 0.0 132 6.9

Total 912 100.0 2T189 100.0

Source:WorldBankandGovernmentof Jordan,Ministryof EnergyandMineralResources

-i



3. THE NEED FOR POWER

The scope of this prefeasibility study does not encompass developing an electricity demand forecast for the
Jordanian electricity subsector. However, two electricity demand tbrecasts have recently been prepared: (1) the
annual Jordan Electricity Authority (JEA) forecast developed as part of its planning process and (2) projections
of electricity demand made by Meta Systems/Hagler-Bailly/Bechtel in March 1988.1 These two electricity
demand projections will serve as the basis of the discussion on the need for power.

Before addressing the question of future electricity requirements in Jordan, however, it is instructive to look at
historical electricity consumption. Electricity consumption from 1975 through 1987 is the topic of the next
section. After reviewing the electricity demand projections of JEA and the Meta Systems et al. study in Section
3.2, the discussion turns to complicating factors in assessing the electricity demand forecasts in the subsequent
section. Economic projections are notoriously uncertain, contingent on specifying assumptions about the future
state of domestic and international economies. Section 3.3 discusses some complicating factors relevant to

assessing the future electricity growth in the Jordanian economy. These factors include (11actual and planned
power interconnections between Jordan and neighboring Arab countries, thereby creating the possibility of
increased power exports by Jordan; (2) more efficient use of electricity created by both price- and nonprice-
induced demand-side management programs; and (3) future growth of the Jorckmian economy. The latter includes
a discussion of the major industrial users of electricity. 'The chapter concludes with an evaluation of the n_-d for
power in Section 3.4.

3.1 HISTORICAL GROWTH IN ELECTRICITY CONSUMPTION

Table 3.1 summarizes total electricity consumption in Jordan for selected years from 1975 through 1987 and the
percentage comtx)sition by sector. Total electricity consumption increased more than ten-fold from 1975
through 1987, progressing from 236 GWh in 1975 to 2,668 GWh in 1987. On a sectoral basis, electricity
consumption in the residential sector accounted for a little less than 40 percent of the total in 1975, declining to
28.5 percent in 1987. The industrial sector is the largest user of electricity, increasing from 19.1 percent of
total elec'.-icity consumption in 1975 to almost 40 percent in 1987. Electricity used to pump water increased
significantly in the past three years. In 1985, water pumps accounted for 10.0 percent of total electricity
consumption. The percentage climbed to 15.6 two years later.

The significance of electricity use for water pumping is further quanlified in Table 3.2. The table provides the
average annual percentage growth in electricity consumption by sc,ctor and in total over the 1975-1987 peri_×l,
by various subperiods. Over the tc)ml 12-year period ftore 1975 to 1987, the average annual growth in

: electricity was 20.2 percent. The industrial sector grew the fastest, increasing at an annual rate of 26.4 percent
over the period, The rate of increase of electricity use for water pumping was the second fastest, increasing at
22.2 percent per year.

Disaggregating these results into different time periods, however, shows a declining trend in electricity growth.
Total electricity consumption grew the fastest in the 1975-1980 period. It increased at an annual rate of more
dmn 26 percent over that period, spurred in large measure by 38.3 percent average annual growth in the
industrial sector.

In the 1980s, growth has slowed. In the first five years of the decade, the growth in total consumption declined
to 17.9 percent per annum. In the most recent two years, growth was under 11 percent. Growth in the
industrial sector slowed considerably, declining from 38.3 percent in the last half of the 1970s to 8.2 percent in
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1 the 1985-1987 period. 2 Tlm rate of g-rowth in the residential and commercial sectors "alsodeclined from
historical levels in the most recent two-year period,

Table 3.1 Jordanian electricity consumption, amount and percentage
composition by sector, selected years, 1975-1987

Percentage Composition by Sector

Toted Water Street

Y_u" (G.Wh) Domestic Commercial Industrial Pumps , Lighting Other
1975 236 39.(/ 16.9 19.1 12,3 4.2 8.5

.[ 1980 877 36,6 12.2 34.9 8.7 1.8 5.8

[ 1985 2,151 30.4 12.5 42.0 10.0 2.1 3.0
1987 2,668 28.5 10.6 39.9 15.6 2.5 2.9

Source:JordanElectricityAuthority,AnnualReport,variousyears.

Table 3.2 Jordanian electricity consumption, average annual
growth by subperiods (percent)

Water Street

Year Domestic Commercial Industrial Pumps L.ighting Other Total
1975-87 17.6 16.3 26,4 22,2 15,7 11,1 20,2

1975-80 25,0 19.7 38.3 19,3 9,4 18.7 26,3
1980-85 14,3 18.4 21,6 2(1.8 21.1 4,5 17.9
1985-87 7.4 2,9 8,2 33,1 18,0 8.6 10.8

i Source;CornputedfromJordanElectricilyAuthority,AnnualEeport,variousyears,

I
The annual rate of growth of electricity use for water pumping, however, has increased over the past decade,
From 1985-1987, electricity use increased by more than 33 percent per annum. Electricity use for water
pumping is expected to grow in the future. Water resources are becoming increasingly scarce in the Amman
region. North Jordan has at least 95 percent of the country's population (Amman accounts for 70 percent of the
country's water demand), but has only 55 percent of its surface area. Groundwater and surface water supplies in
the North are extensive, but are insufficient to meet all of the competing demands (irrigation, domestic, and
industrial applications). Groundwater resources in the southeastern part of the country are extensive, but remote
from demand centers. Water requirements for irrigation in 2015 are estimated to be only 6 to 15 percent higher
than the 1986 level; however, municipal water requirements are expected to triple over the next 30 years.
Higher usage levels and remoteness of supplies tx)rtend larger electricity requirements for pumping)

Especially important for a need for power analysis is the peak load of the system. In Jordan, the peak is usually
in September. Table 3.3 provides the peak load and its growth for selected years from 1975 through 1987. The
pe'& grew at an average annual rate of 16.0 percent from 1975-80, reflecting the rapid increase in electricity
growth, but substantially below the electricity demand growth rate of 26.3 percent over the same period (see

' 2 TheindustrialsectorwillDediscussed in greaterdetailin thent3xt,.,cctiun,
I 3 Issuesassocia|edwithwaleravailabilityarediscussedat lengthin Chapter7.

til ' , i_ , , ,, ,,,,
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Table 3.2). From 1980-85, the growth rate in lxmk load increased slightly. Most recently, peak load growth
slowed considerably. From 1985-87, it grew at an average annual rate of 11.1 percent. However, the percentage

growth in peak in 1987 was only 6.1 percent.

Table 3.3 Peak electricity load in Jordan, selected years, 1975-1987

Year Pcaka Grcwthb

(MW) (pei-!:enl) ' ,
1975 88

16.0
1980 196

17,7
1985c 475

11.1
1987e 593

Source: Jordan Elect ric Authority, Annual Report, various years
a Peak for ali Jordan: interconnected system atm others

b Average annual growth rate
c Includes the amount for expotls

The combination oi"979 MW ot"installed capacity (Table 2.2) and a peak load of 593 MW (Table 3.3) for 1987
indicates a significant reserve mzu'gin on Jordan's electric system.4

3.2 FORECASTS OF ELECTRICITY I)EMANI)

As part of its corporate planning efl'ort, JEA t'orecasts electricity demand annually. The methodology used to
forecast electricity dem,'md by JEA does not involve executing an energy demand mc×lel integrated with a model
of the rest of the economy. Rather, it is a sector-specific approach, taking the forecast results of six sectors and
then aggregating to total electricity demand. The six sectors are domestic, commercial, industrial, water
pumping, institutions, and others. Within each of these sectors different methodologies are used to t'orecast
demand. The three most common are simple extral_olation of historical trends, market surveys, and specification
of econometric models. Extrapolation involves examining historical trends and projecting into tlm future. A
market survey approach is used for bulk-supply industrial customers. The difference between electricity needs
and self-generation by these Customers is determined by on-site visits and interviews with knowledgeable
engineers. An econometric apt)roach consists of specifying ecluations with independent variables theorized to
influence the consumption of electricity for Slmcitic sectors (electricity price, income).

Table 3.4 summarizes the annual forecasls of demand made in consecutive years t'rom 1982 to the most current

period, 1987. The table highlighU_ the declining growth rates projected by JEA over the decade of the 1980s. In
1982, R)recasted annual growth was 9.2 percent over the 1985-2000 period, reaching 9,935 GWh o1"
consumption in the year 20(X). However, since that pericxl, the forecasted growth rate over the 1985-2(X)0 period
has declined with the exception of the most recent forecast made in 1987. The 1987 forecast shows electricity
consumption increasing at an average annual rate of 6.9 percent from i985 to 2(X)0, reaching 7,639 GWh in the
year 2000.

4 The reason for this large margin could be a lack of demand, a capacity reqt,irement to cover nonscheduled downtime cm the

system, or a combination of the lwo. lt is no1:possd_le to determine from data made available to lhc study team what the specific
reason(s) were.
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Beside_ file lbrecasts of electricity demand provided by .JEA, there have txzena number of other demand studies
conductet', The most recent, completed in March 1988, was undertaken by a Meta Systems/Hagler
Bailly/Bechtel team. The study team used an energy-economy mc×tel which was developed earlier, mc×lified, and
then transferred to MEMR. lt is a general equilibrium model of the Jordanian economy, capturing the
interrelationships tx:tween the energy subsectors in Jordan and other sc.ctors of the Jordanian ex:onomy..5

Use ot"the model requires a number of exogenous asstmaptions about economic conditions both external to
Jordan (the world price of oil, for example) trod internal to the Jordanian economy such as policy inslJ'uments
(mx policy, for example). The authors posited a number of assumptions to project energy demand under 12
scenarios, including assumptions about both domestic and international conditions to the year 2000. Their base

' case scenario was developed by the project team and various ministries of government to reflect wbal the
planners believe is a reasonable set of domestic and l'oreign conditions that Jordan will confront over the

,1 forecasting horizon,

Table 3.4 Jordan Electricity Authority sttmmary of electricity demand
roreca_,;ts, 1982-1987 (percent)

Y_lra 1985-1990 1990-1995 1995-2(X_0 2(_()()-2(_)5 1985-2(X)(}

1982 l 1,7 9.1 7.0 9.2

j 1983 9,9 8.8 6,9 8.5
1984 10.7 7,7 6,8 8,4
1985 9.9 6.8 5,8 7.5
1986b 9.1 5.7 4,2 3.9 6. I
1987c 9.7 6.9 5.2 4.3 6,9

Source; Computed from Jordan ]ileclricity Authority, Annual Report, various years

aThe year of the annual report in wl,lch the fu,cca,q appeared

b Inch|des one actual year and four forecasted years, "lqae 15-year furecast from 1985-2000 includes forecasts for 14 yeats from
1986 through 2000,

c Includcs two years actual and three forecasted years, The 15-year ferc.cast from 1985-2000 includes forecasts for 13 years
from 198')' through 2000,

i Table 3.5 summarizes the forecasts of electa'icity demand fron-i the base case and, for the sake of comlmrison,
presents JEA's most recent forecast of electricity demand over the same period that was provided in Table 3.4.
"Fable 3.5 shows a significant difference between the most recent JEA forecast and that of Meta Systems et al.
Over the 1986-2(X)0 planning horizon, JEA projected a 6.9 percent average annual growth talc iii electricily
consumption in comparison with a forecast by MoI_.I Systems c'lal. of 4.2 porccnl. The growlh rates in
subperiods pre,';ented in Table 3.5 are correspondingly dilTerent.

Besides the base case scenario presented in Table 3.5, the Meta Systems el al. study projected electricity denmml
under 11 other scenarios, comparing the results of diltErent exogenous assumptions on future macroeconomic
conditions, wt)rid oil prices, and the treatment of domestic energy prices (adjusting to changing international
prices or nel). The highest annual growth rate of electricity demand over the 1986-20(X) period under any of
these scenarios was 5.3 percent. In this particular scenario, tlm most optimistic assumptions about t'uture
macroeconomic conditions were invoked, a gradual increase in the international price of petroleum was assumed,

and domestic energy prices were assumed to remain constant. Under the worst case scenario for electricity
demand growth, the base case macrocconomic assumptions were assumed, there wore flucttmting changes in the

5 A detailed description of the model is beyond the scope of this study, The interested reader is referred to Energy Economy Model
of Jordan; Impact Analys@ Using the Model, Meta Systems, Inc,, Study 117, March 1988,

i
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international price of petroleum, and domestic energy prices were adjusted instantaneously to reflect the
international price changes. In this scenario, the average annual growth rate in electricity demand over the 1986-
2000 period was projected to be 3.6 percent.

Table 3,5 Comparison ot' electricity demand t'orecasts, 1986-2900 (percent)

Source 1986-1990 1990-2 rX)() 1986-20(X1
JEAa 9,7 6.0 6.9

. Meta Systems, et al. 4.9 3.9 4.2
, Source." Computed fr(nn Jordan Electricity Authority, Annual Report, 1987, aral.Meta

Systems, llagler-Bailly, Bect_tel, Report on Long Term Energy Policy and Investment,
' March 1988

a Includes the actual amount for 1987 and three forecasted years. The 14-year forecast

from 1986-2000 includes forecasts for 13 ),ears from 1987 through 2000.

3.3 COMPI.,ICATIN(; Ii'ACTORS IN ASSESSIN(; FUTUIIE t_I_IgCTRICI'I'Y DIgMANI)

Energy demand forecasts are replete with assumptions on future economic conditions which are highly uncertain.
The preceding forecasts of electricity demand in Jordan are no exception. There are a number of especially
uncertain aspecks of the Jordzmian economy and lX)Wersubsector which must be considered when evaluating
future power requiremenks. With respect to electricity demand, three awe inalx_r_mt. First, potential further
interconnections of the national power systems of Jordan, Syria, Egypt, and Saudi Arabia could significantly
affect electricity sades. Currently, Jordan exports power only to Syria. Another area of uncertainty is the extent
to which demand-side management programs (including price reibrm amdconservation activities) will affect
future electricity demand, Jordan revised its electric power t_u'il'l'sin 1986. However, a recent study showed that
there still is room t'or using the tariff structure to increase the efficiency of electricity consumption, Nonprice
demand-side activities include the possibility of signiticant energy savings in the transport and naanufacturing
se.ctors through appropriate conservation measures. The fintd area of demand uncertainty is the growth of the
economy ikqelf. Of particular impommce here is the future growth of the industrial sector in Jordan, As
discussed above, the industrial sector currently accounts for 40 percent of electricity demand in Jordan. The
remainder oi"this section will address each of these issues in more detail,

3.3.1 Power lnterconnections and Exports

Jordan is currently exlx)rting a nominal amount of power to Syria after constructing tie lines to connect with
Syria's grid. Power exports to Syria began in 1985 with a total of 20 GWh. In 1986 and 1987, the amount of
power exported was 214 and 334 GWh, respectively. The level of these sales to Syria in the future is uncertain.
However, JEA has expanded the capacity of the electrical interconnection with Syria in the recent past. And,
J_"g plans to undertake a feasibility study with the goal of synchronizing the electrical interconnection between
tl_cJordanian and Syrian systems.

The Syriar_ 'nterconnection is the first phase t)f what is anticipated to be n_ulti-country interconnections in the
1990s. Expleratory discussions on future intcrconnections wittl other neighlx_ring Arab countries are ongoing.
In concert with other lX_werparastatals in the Arab world, JEA formed the Arab Union of Producers,
Transporters, and Distributors of Electricity. The goal of the union is to promote cooperation between Arab
countries in developing generation, transmission, and distribution facilties in the Arab world. As part of this

.... P,, li,
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increased emphasis on cooperation, the union's goal is to coordinate electricity-related activities of the members,
including the interconnect.ion [x_twecn national grids of the Arab countries,

Besides the power sales to Syria, another concrete example of this cooperation involving Jordan is the feasibility
study of connecting the national power grids of Jordan and Egypt, JEA and the Egyptian Electricity Authority,
through a joint technical committee, conducted a prel'easibility study of interconnecting the power systems of
the two countries, Based on the faw)rable conclusions of the prel'easibility study, Jordan and Egypt (aided by
France) conductext a technical and economic feasibility study of constructing a marine power tr,'msmission line
from the southern part of Jordan along tlm Gull"of Aqaba to Egypt, The interconnectior, project entered the
executive stage in late August when the Ministers of Energy of both counti'ies met in Cairo. 6 A technical
protocol for cooperation in energy-relatexl matters was signed by the ministers of the two countries. Egypt and
Jordan agreed to exchange expertise arid intormation to determine the route of the marine cable linking the power
systems of the two countries, They also agreed to ccx)perate in jointly seeking out funding sources for tlm
project, It is expected that implementation of the link will commence in early 1989 after additional technical
studies are completed,7

'l-'heimlmCt of constructing the m_u'ine u'ansmission line between Jordan and Egypt on the power sales of Jordan
is uncerulin. Because the peak power load periods of the two countries dift'er (Egypt in October, Jordan in
September), one possibility would be load shaving for both power grids. However, with the uncertainty
associated with Egypt's power system, the effect may be a significant amount of nut sales of power to Egypt
l'roln Jordan,

Another colnplicatilag factor is the possibilily of an illlerconnt_cted grid between Jordan, Syria, Egypt, and Saudi
Arabia, As part of the al'oremcntioned feasibility study o1"connectiiig the Jorctariiariand Egyptian Ix'_wergrids,
the participants also agrc;edIo include a study of the 17asibility of connecting the power grid in Saudi Arabia.
With Jordan's current transmissitm link with Syria, lhc iinpendirig link with Egypt, and the possibility of
connecting with Saudi Arabia, the goal of a pan-Arab electrical connection is closer to fruition, Hero again,
while the purpose would be in part peak load shaving for each o1'the countries, the net impact on Jordanian
power sales is uncorhain.

Finally, there is a possibility of linking an interconnected Arab power system with the systems ot" Europe.
Discussions anmng Middle Eastern Arab countries are under way on the possibility of linking Arab power gr'ids
with those ct' Turkey and other European countries iii the early 1990s. 8 l-lore again, the.net impact ot"these
possibilities on the Jordan ian power system cannot be deternained with any degree of corralnty,

3.3.2 l)emand-Side Management

One of the ways in which JEA can meet its l'uture load requirements is by reducing electricity consumption
throtigh demand-side measures. Demand-side naanagonaent (DS M) refers to the intervention o1"a utility to
influence its load curve. 9 Broadly defined, the types o.!"interventions inchide both technical and lxzhavioral ones.
Examples of technical interventions inchide providing etTicient equipment for energy con;.;ervation and energy
delnand control equipment, Innovative pricing strategies and public relations campaigns for efficient energy use
are examples of behavioral measures which a utility can undertake to influence energy constimption,

6 1'tie Egyptian Gazette, August 31, 1988,

7 771e Egyptian Gazette, Septemtx,.r 2, 1988,

8 7'tie Egyptian Gazette, August 31, and Septeml_er 1, 1988,

9 I)SM activities have six generic load shape ot_jeotives: conscrwition, peak clipping, wllley filling, load shifting, load growth,

and flexibh. load shape. The objectives are not mutually exclusive. For example, a utility may desire both to clip its peak and shift

load to improve load factor on the system, 'lhc: objective of ally individual parastatal diq)ends on conditions iii its power supply

system at any given time (using excess el,pacify, shedding load, eliminating brownouts, and the like),

'i!
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The Jordanian government has undertaken both technical and behavioral measures to various degrees as part ot'
their demand-side program, With the creation of the Ministry of Energy and Mineral Resources (MEMR) in
1984, Jordan has proceeded on an intensive program to quantify the l×_tential role of conservation measures to
rationalize energy use, Before creating MEMR, GOJ proceeded on a course to raise energy prices (bath

petroleum and electricity prices) to levels approaching the economic cost of supply, At present, however, there
is still room for both technical and behavioral DSM prt_grams to improve the elTiciency of energy use, Each of
the measures will be discussed in detail below,

3,3,2,1 Energy pricing

Over the past decade, Jordan has moved toward correcting pricing inelTiciencies in both its petmletml and power
stJbsectors, The rationalization o1"petrole,ml prices was imlx)rtant ['or the l×)wer sector because of Jordan's total
reliance on petroleum for power generation, As with many developing countries, the l_etJ'oleumsubsector of
Jordan was a net conlril_utor to revenue gencraticm o1"the government prior to the first international otl price
shock in 1973 because of the amount of taxes levied on gasoline and diesel, However, the petroleum subsector
was subsidized by the national government as a result of the precipitous increase in international petroleum '
prices in 1973; internaticmal price increases were not passed on to Jordanian petroleum users for political,
economic, and social realsons, By the end of 1978, the subsicly to the petroleum subsector amounl.ed to $66
million, At'tor the second oil price shock in 1979, the government's policy changed, lt concluded lhal, ii' the
price increases were not passed on tc)consumers, the impact on the government budget would be profound,
Therefore, the government decided to gradually phase out the swbsidy to petroleum consumers, Since the first
petroleum price increase in July 1979, there have been seven l'urthor adjustments (Fc,,bruary 1980, February
198l, April 198 l, Novem ber 1981, February 1983, December 1984, and Junc 1986),

Because of the recent decline in the international price oi' petroleum, the price oi"each individual lX:,troleum
product in Jordan is :there its economic cost of supply, This ix the case even though in order to promote
economic competitiveness, the government decided to pass along price decreases to certain custc)mer classes
(large industrial users and llle power sector) thrcmgh ils laritT revision in Jtmo 1986,

Eleclrichy prices Ik_lloweda similar pattern, The average annual real increase in clcclricity rates was only one
percent from 1975 to 1981, During that same period, JEA's fuel bi li increased at an average annual real ralo of
10 percent, JEA waz not allowed to pass along the petroloun_ price increases of 1981 to consume;rs because of
social and political considerations, A rapid increase in electricity prices was perceived as a threa_tto civil order,

In the past decade there have linen t'otir ulril'l' changes in the power sector (March 1977, February 1980, Decetntx_r
1984, and Juno 1986), Presently, JEA's tariff"structure consists of demand rates and time of day rates for large-
volume sales (bulk sales) to distribution companies and large and medium industries, increasing block rates for
residential and public buildings, fiat rates for conlmercial consumers, and a declining blcm'krate for small
industrial consumers, A fixed charge per month is levied tm residential and small industrial consumers. With

the taritT change in Juno 1986, the government reduced the prices to certain customer classes, This came in
conjunction with the reduction in petroleum prices, The petroleum price dc.crease reduced the fuel oil bill to
JEA by about 21 percent,

The World Bank estimated that as of 1987 the current overall price o['cleclricity in Jordan is 85 Ix.went ot' lhc
estimated economic cost of supply. Although this ix lhvorable in comparison with many other developing
countries, the government agreed to a marginal cost pricing study to determine the extent of lhc subsidy to
individual sectors and, if warranted, tc_adjust tarilTs to economic levels, ()1"particular concern is that elea'Iricity
prices to bulk consume.rs, medium industry, and small industry are only 75 percent of their estimated economic
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cost of supply, based on the analysis conducted by tile World Bank, The resulkq of tile marginal cost pricing
study were to supposedly serve as the basis for adjusting electricity tariffs further, 10

3,3,2,2 Conservation

Since its creation in 1984, MEMR has been actively involved in promoting energy conservation, Several
studies and programs have been initiated,

For general energy conservation activities, two conservation centers have been established to promote and
technically support more efficient energy use, The centers have benefitted from tile financial assistance of
UEAID, The first, tim Energy and Electricity Information and Advisory Center (EEIAC), is located in Amman
and is sponsored by MEMR and JEA, Tile second center, located in lrbid, is sponsored by MEMR and IDECO,
One of the primary functions oi*the conservation centers is to inform the public about energy savings by
collecting arid disseminating information about energy conservation, Activities include holding seminars,
advertising, and preparing and distributing publications on energy conservation, A, second major activity of the
centers is conducting energy au(tics ;led providing technical advice based on on-site inspections, The advice has
encompassed using thermal insulation, dc.signing passive-solar-heated buildings, :,nstalling solar water heaters,
and using electrical equipment more efficiently,

Besides the conservation centers, MEMR is engage,,l in sector-specific activities, In the residential sector, tile
most iml×_rtant activity is promoting the use of solar water heaters, Presently, 25 percent of houses use :olaf
water heaters in comp,'lrison to less lhan 5 percent before 1980, In addition to promoting the use of solar
heaters, the MEMR is engaged in establishing sb'tndards (design Sl_ecit'ications) for tile technical quality of solar
heaters to intprove their pe:'l'ormance, Related t., this is a program to enhance the technical know-hew of
workers engaged in the manufacture ot' solar water heaters, Another major conservation activity ill the
residential sector is related to wimlows. A study was conducted to deternlino tile oplinml design ot"windows to
prevent air in I'lltration,

In the industrial sector, MEMR contracted with tile Bechtel Group, Inc, for a study o1"potential energy savings
through conserwttion measures in large industries, The study, condt|cted in con.iunction with Technical Attdit,

Ltd, of England, was carried out in 1985,11 A thrce-stel_ procedure was used to idc_ti fy individual industrial
plants tk_rintense scrutiny, resulting in detailed audits o1"14 industrial plancs. Included in !.he plants chosen for
detailed audits wore the oil refinery, cement plants, phosphate mines, and a fertilizer plant, which accounted for

nearly 60 percent of the total amount of electricity used in tile industrial sector in 1987, Eleclricity use by
major industrial users will be discussed in detail in the next section,

The results showed that 80 percent of tile total polenlial energy savings from tile 14 audited plants comes l'rom
petroleum refining, the fertilizer plant, and pi,,_sphate mining, For electricity consttn|l_tion, the estinmted
savings for phosphate mining was al_proximately 10 percent of total 1985 consun_ption in the mines,

In tile transport sector, an energy conservation study was conducted for tile five htrgest translx_rt companies--
Jordan Syrian Land Translx_rt Co,, Jordan Iraqi l..and Transp(_rt Co,, F'ublic Translx}rt Corporation, Royal

10 The marginal cost prMng study entitled "l.ong Run Marginal Cost Analysis and Electricity Pricing" was completed by Meta
Systems and I lagler-l]ailly in March, 1988, The study inatle a number of recommendations for changing lhc level and structure of

Electricity prices in Jordan, l lowevcr, by tile authors' OWl1admission, tim sttldy did not inchlde the impact on llel revenues of

changing eleclrlcity tarifl's for bolh JEA and Jordan's other electric utili|ies (the preceding chapter discusses the power system in
Jordan), 'llfis proved to be one of the primary problems of 'he study, Ahhough the results of the str, ly were generally perceived as
reflecting a "theoretically correct" rate structure, the decision to propose it to higher management was imslponed because ii did no!
present the impact of the sin+crete on revenues, JEA is especially minclful of it.q self-financing cOVellallt with the Worhl llank, which

targets an annual self-financing ratio for the Jordanian electric system of 25 percent of ali capital expenditures.

I I Overseas Bechtel, lhc, and Technical Audit, Ltd,, Energy Conservation Study in Jordan, 1985.

"1_
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Jordanian, and JPRC, The re:;ults show flintconservation measures could save between 7 to 15 percent ot' toUal

energy consumption; valued at 4,5 million JD pcr annum, An economic fe..asibiltty study for establishing a
center for training drivers in energy efficiency was also coMucted, The center would lyeset up in c(×_peration
wlfll the vocational training corporation,

3,3,3 Econemlc Growth

Table 3,6 provides the growfll rates for Gross Domestic Product (GDP) and Gross National Product (GNP) for
selected periods from 1975 to 1987, From 1975-1980 economic growth in file Jordan economy was more than
14 percent rmnually as measured by berl1 GDP and GNP, In the early 1980s, growth slowed considerably,
falling as low as 2,4 percent pcr annum in 1987, The rapid increase in total economic growth during lhc 1975-
1980 period explains in large measure tim prolific growth in electricity demand during that period (26,3 percent
per annum from 1975-1980 from Table 3,2),

Table 3,6 Average annual growth in GI)P and GNP, 1975-1987 (percent)

Period G DP O NP

1975-80 14,7 14,1
1980-85 5,0 3,7
1985-86 2,6 3,9
1986-87 NA 2,4

Source:CentralBankof Jord_m,MonthlyStatistical Bulletin,January1988

The primary reason for the difference in growfl_ rates between GDP and GNP is fl_eamount of remitUmces to the
Jordanian economy, Table 3,7 provides an analysis of fl_ehistorical importance of remiitancesl2 to the
Jordanian econolny from 1976 through 1986, In Table 3,7, Gross National Product is comprised of Gross
Domestic Product and net factor income, The latter is composed of foreign remittances and net inveslanent
income earned abroad,

Table 3,7 Analysis of gross national product, selected years,
1976-1986 (millions of current Jl))

1976 1980 1981 1984 1985 1986

Gross Domestic I'roduct 421,6 984,3 11(/1,2 1499,4 1573,3 1613,6
Factor Income - Net:

Remittances - Net 131,3 190,7 288,9 377,5 310,0 366,0
Investment Income 9,5 15,1 29,6 -22,4 -34,1 -62,2

Gross National Product 562,4 119(/,1 1482,7 1854,5 1849.2 191"7,4

Remittances- % of GDP 31,1 19,4 24,8 25,2 19,7 22,7
Rclnittances- % of GNP 23,3 16,0 19,5 2(I,4 16,8 19,1

Source:Central Fhmkof Jordan,MonthlyStatisticalBulh:tin,January1988

12Remittancesare factor(labor)incomeearnedbyJordaniansworking_lbroadandsent backto Jordan,

ii



Tile NEED FOR POtfER page 3.10

i

ThE table illustrates tlm large share of GNP t,ccounted for by remittances to the Jordanian economy, Irl 1976,
remittances accounted for nearly one-quarter of GNP, However, the percentage is substantially lower in recent
years, Those remittances have been historically important in explaining the largo rate of growfll in electricity
demand over the past decade, However, the future amount of these remittances to the Jordanian economy is
uncerUfin, lt is contingent on Events ill the tnternatkmal economy which m'e largely beyond tile control of tilt
Jordanian government, ThE majoriW of remittances have historically been derived from Jordanians working i{1
lhc Middle East, The infusion of "petrodollars" associated with the large increases in petroleum revenues of
Middle East oil-exporting countries during the 1970s led to large-scale consu'uction projects, inducing Jordanian
workers to seek employment [n the oil-exl×_rting countries, The level o1'these renlittances in the l'utllre is tied
to the international price of petroleum, With the recent decline ill international crude oil prices, many
construction projects have bean cancelled in the Middle East, leading to a decline of t'oreign remitumces to tlm
Jor(:lailianeconoFily.

The amount o1'rmnittances is only or,." uncertain factor in estimating future growth in the Jordanian economy,
Both domestic and international conditions will impinge on that growth, Mole Systems et al, simulated the
performance o1'the economy over the 1986-2(X)0 w, riod under different assumptions about t×)th domestic and
international economic conditions, using a general equilibriunl model of Jordan's economy, A base case
scenario was executed along with 11 other sensitivity studies, The ba_;ecase scenario reflected "re,'tsonable"
assumi_tions about tile international economy, energy supply conditions, and economk:policy until the year
2(X)0, International petroleum prices were assumed to increase gradually, while domestic energy prices were
assumed toadjust instantly in the base case scenario, Fore.casted growth in (}DP under this scenario is 3,4
perceIlt annlmlly (+vet"tile 1!386-1'/O()period and 5,2 percent per annum l'roln ',990-2(X)(J. Art;rage annual growth
of GDP over the entire period was simtllated to be 4,7 percent, This rate al,preaches the actual growth of GDP
from 1980..1985, but is significantly above the most recent growth in tits 1985-1987 period (set Table 3,6),

The other 11 scen;uios bracket the' base case, ranging from an average annual growth ot' 4,1 percent over the
1986-2()(}()perkxt ota the low end and 5,6 percent using the most optimistic set of exogenous assumptions, On
the low end, the forecasted annu;ll growth rate o1"4, l percent is less than what was exlxzrience(t by the Jordanian
economy from 1980-1985, but significantly higher than the 1986 growth rate (Table 3,6), On the high end, the
forecasted growth is larger than that experienced over the 1980-1985 period, The 4,1 percent growth rate was
derived from tilt same macroeconomicassumptions as used in the base case, but, in contrast tothe base case,
international oil prices were assumed to rise rapidly in ttle forecast horizon an(t domestic energy prices we.re
assumed to be constant. The scenario with the most Ol)tilnistic forecasted growth of 5.6 tmrcent anntw.lly
included very favorable exogen(ms macroeconomic assumptions with a gradual rise in international Ix'troieum
prices and domestic energy prices adjusting to the increases,

An imporlant consideration in assessing the future growth of the Jordaniarl economy and, hence, future
electricity reqtfirements, is growth prospects for the major industri,'fl users of electricity, Table 3,8 presents total
industrial electricity consumption and tile percentage composition of large users of ele,-tricity in the industrial
sector by industry and the total amount and percentage composition oi"electricity used by small and medium
imtuslries l'or selected years from 1977 through 1987,

The last entry ill tilt table reproduces the inl'ormatioll contained in Table 3,1, indicating the percentage ()t' total
electricity sales accounted for by sales to industrial consumers, Tile tal)le shows that industrial users of
electricity in recetlt years accounted for 40 percent of total electricil3, consumption, The share of total industrial
electricity consumfJtion accounted for by large-volume uscwsincreased from 59,4 percent in 1077 to 75,6 percent
in 1987, The increase is due in large part to the introduction of po_lsh mining and fertilizer production since
1980, The production oi"cement ha,,:historically accounted for a hwge portion of industrial electricit., sales, In
1977, more than one-third of total industrial electricily use was accounted for by cement l)roduction, declining to
a third in 1980, and, most rEcEntly, falling to 26,0 percent of total industrial consumption in 1987, The use of
electricity by small and medium industries as a percentage of total industrial Electricity consumption declined

ii
[
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from 40,6 percent in 1977 to 24,4 percent in 1987, reflecting in large measure lhc introduction of potash
mining and fcrttlizer production in the Jordanian economy since 1980,

Table 3,8 Industrial electricity consttmpthm, amount and percentage
composition by source, selected years, 1977-1987

1977 1980 1985 1987

Source GWh % GWh % GWh % GWh %

Oil Refining 20 20 26 8,5 66 7,3 68 6,4
Cement 63 63 102 33,3 253 28,0 276 26,0
Potash 0 0 0 0,() 153 16,9 188 17,7
Plaosl)hate 21 21 47 15,4 81 9,0 99 9,3
Fertilizer 0 0 0 0,0 136 15. I 147 13,9

Total

l.,arge 104 59,4 175 57,2 689 76,3 802 75,6 ',
Small/ 71 40,6 131 42,8 214 23,7 259 24,4 ,'
Medium ""

Total Industry 175 100,0 306 100,0 903 100,0 1061 100,0 ._;

Industry 34.1 34,9 42.0 39.9
(% of total)
Source: Ccm_puted from Jordan Electricity Authority, Annual Report, wtrious years.

Prospects t'or future growth in the industrial sector are uncertain, Initially, wt examine output by the major
industrial users over the past decade and thc,n look at future prospecks. Table 3.9 quantifies the recent activity of
major industrial electricity users, presenting their output t'orselected years from 1977 through 1987. The output
of cement increased tit an average annual rate of 14,8 percent between 1977 aad 1987. However, in recent years

the growth has not been favorable. Although production increased by nearly 28 percent in 1987, it declined by
12,0 percent in 1986 and, although not contained in Table 39, declined by (1.2percent in 1985, Future
prospects are uncer_lin. Middle East markets for cement have diminished considerably with the reversal of the
"petrodollar" construction boom in the area. Other international markets will have to be tapped it'petroleum
prices continue at their depressed level.

Table 3,9 Output of major Jordanian electricity users, selected years,
1977-1987 (thor, sand t.nnes)

Ycvlr Cern cn t Potas la Ph osphates Fertilizer
1977 538 0 1769 0
1980 913 0 3911 0
1985 2(323 908 6067 510
1986 1795 1102 6249 551
1987 2372 1203 6845 604

Source: Central Bank of Jordan, Monthly Statistical Bulletin, January 1988,
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The second major industrial user of electricity in Jordan, potash mining, faces a similar uncertain future, Potash
pr(×tuctton lncrealsed by 19,3 percent in 1986 and 8,8 l_'.rcent in 1987, Jordan increased its potash expnrts in
1986, a year in which the international potash industry was depressed, The increase was attributable to increased
exports to East Asia (primarily China), Brazil, and India, However, the increase to these regions was partially
offset by the loss ni' some markets in East and South Asia to Canada, Even though the total volume of potash
sales increased in 1986, the average price Irr tonne decreased, leading tc)a decline in total revenues, The future
for the potash industry is clouded, but it is conceivable that Jol'dall could lose more of its Asian lllarke.ls to
Canada and, possibly, to Israel,

Phosphate production increased at an average amlual rate ct' 13,5 Imrcent over the 1977-1987 Ivriod, Most
recently, production has slowed over the historically high levels, growlilg by 3 percent in 1986 and 9 percent in
1987, The Jord,'m Phosphate Mining Company (JPMC) has two markets for its output, The first is its newly
acquired diammonium pl lnsphate fertilizer division, Sales to this division have been increasing in t'ec_.;utyears,
Production for export Inarkets is the second use o1'JPMC's l+hosphate prnductiorl, accotmting fnr more llll.ltlfive-
sixths ct' JPMC's sales, Most recently, Jordan Ims increased its market share for phosphate expnrts, Its
principal m;u'kets are in Eastern Etirope, East Asia, and South Asia, Jordan has recently increased its exports to
Eastern Europe by extending more generous credit terms l.o Ytigoslavia and Poland, lt has also attenll)ted to
gain new markets (Western Europe, Canada, and Mexico) by expanding into areas previously dominated by
Morocco and the United States, The expansion ni' exports is not costless, Nearly ot_e-thlr¢lof Jordttll's
phosphate exports go to Romania, l:'oland, and Yugoslavia in Eastern Eurol+e, Since each of these countries has

foreign exchange, shortages, Jordai| must accept ialErior goods as partia_ payment for its exports, Also, by
infringing on markets formerly dominated by Morocco, JPM(' has seen retaliation by Morocco in its lucrative
South and East Asian markets,

JPMC commenced operations ct' its diammnnium phosl_hato i,,rtilizer plant in 1982, Every year since it began
produchlg fertilizer, it has operated tit a loss, Since beginning production, it has had to periodically shut down
because of surplus Jnventnries with inadequate stnrage capacity, Most recently, JPMC has changed its business
strategy for fertilizer production and exports, lt has decided to operate the plant at near capacity and conduct a
bold marketing effort to increase exports, hoping to reduce the average fixed cost per unit ct' fertilizer sales and

thereby reduce its losses, In the process, it has diversified its geographical source of exports, emphasizing
mar,_cts at the expense of ones in South Asia, Although the largest if_dividual nmrkt:t forWestern Etlrnpean ' '

exports is India, the largest regional inarket is now Western Etjrope (mt)re than a third of total exports),
displacing South Asia as the most important regional market, Als() as a part oi' its new business and marketing
strategy, JPMC is nwotiating bilateral trade and cnmlterpurchase agreetnenls to obtain cheal)er sulfur and
ammonia which are important inputs in the production ot' diammonium phosl)hate fertilizer,

The future growth nf the Jord,'tlli/.lll ecnIlollly al_(I, hellce, elecl_'icity demancl growth depends in large measure on
Ix)lh the pert'ormance of the cement, potash, l_hosphate, and fertilizer indtlslries and the ability of Jordan to
develop new export industries, With respect to lhc latter, a key problem is that the Jnrdani,'m economy is
relatively small and unable to absorl_ the output of many InanuI'acturing industries, To achieve the economics
nf scale required tc)Lmcompetitive in tnany 0f these industries, export markets must be develnped, Jnrdan has a
number of advantages to accomplish this, One of the most important advantages is that it is geographically
close to the lucrative Middle Eastern markets with which the Jordanlans shm'e similar ethnic and cultural

backgrounds, Anolher important advantage is that Jordan has a relatively good infrastructure with a fairly well
developed transport network and reliable electricity and telephone service, Still, given these advantages, it
remains uncerutin whether Jordan can develop and maintain economically viable export indus{ties to sustain
strong economic growth, In a recent study, the World Bank examined the proslXaClSff)r small- and medium-scale
enterprises fnr Jnrdan over the short- and long-rull time frames. 13 The study concluded that prospects in the

13WorldBank,Jordan:Policiesand Prospectsfor Smalland MediumScah!Manufacturinglndu._'tries,January1988,No,6848-JO,
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short run are not favorable. However, over the longer run small and medium industries could contribute

significantly to economic growth if a series of reforms to promote growth are undertaken in the economy. The
suggestions include reform of trade laws and the investment licensing system and a number of institutional
improvements in the economy.

3.4 ASSESSMENT OF THE NEED FOR POWER

The power sector in Jordan has grown very rapidly over the past two decades, especially in the late 1970s and
early 1980s when ai_economic boom saw electricity demand growth rates exceeding 20 percent per annum.
However, growth has recently slowed and, based on demand projections by Meta Systems et al., will not exceed
5 percent per annum the rest of this century. These projectio,ts are based, however, on a well-defined set of

assumptions about the future course of economic events which may or may not transpire. Demand-side
management, including both electricity pricing and conservation measures, will ra'donalize the use of electricity
in the future. The future price ot"oil is indeterminate, and its effect on the growth of the Jordankm economy -
and electricity demand - has be,en and will be signiticant. The export markets and growth potential for major
domestic inclustrial users ot electricity are uncertain. International prices of crude oil will be a significant factor
for the future growth of the cement industry in Jordan. Perhaps even more significant for electricity growth is
the potential effect that electricity interconnections between Jort'lan and other Arab countries (especially Syria,
Egypt, and Saudi Arabia) will have on the Jordanian power system. These interconnections could potentially
affect Jordan in several ways. They could conceivably be a future source of demand, requiring capacity growth,
or they could contribute to load shedding on the Jordanian system in the 1990s and beyond, improving Jordan's
load factor with a concomiumt decrease in capacity requirements to meet peak load.

Although ali utility ,;ystems face ancertainties, the ones confronting Jordan on the demand side arc especially
acute. On one hand, failure to anticipate growth in electricity demand can stifle overall economic growth in the
economy; on the other, building excess power production capacity carries with it a high ezonomic opportunity
cost in terms of other investment alternatives which may be taken by the economy in piace of power generating
facilities.

Given these demand uncertainties, evaluating the need for power in Jordan is an extremely delicate problem. The
uncerufinties with circumstances that may impinge on electricity demand growth in the future strongly suggest
that there is no "best" forecast of load growth over the next twenty years. Al one extreme, however, it is fairly
cemfin that historical electricity growth rates will not be equalled or exceeded in Jordan for any lengthy period in
the future. The 26.3 percent and 17.9 percent average annual growth rates in electricity consumption over the
1975-1980 and 1980-1985 time periods occurred during w, riods in which domestic and international economic
conditions were amenable to load growth in Jordan. At _,heother extreme, the growth in cleon'Jolty demand is
difficult to call.

Given these uncertainties, we choose here to bound the problem oi determining load growth by using JEA's
1987 forecast of peak load to provide an indication of the range of capacity re,qmremenls that may be needed on
the Jordan power system over the next two decades. 14 AS discussed earlier, JEA produces an annual forecast of
electricity demand and peak load growth under three scenarios (low, medium, and high) that reflect a range of
assumptions about future domestic and international conditions which may inlluence electricity demand. Table
3.10 presents JEA's foreeasted peak loads R,r the interconnected power system (excluding exports of power to
Syria) under the three scenarios for five-year i;,crements beginning in 1986 and extending to 2(X)5, along with an
analysis of required capaci'..r additions over that period.

t 14 The Meta Systems et al. study of energy demand did not produce fcrecasts of peak lnad.
1
_

, _1
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For the sake of clarity of presentation, the implied annual average growth rates for the levels of forecasted pe,rf,
load over the 1986-2005 time period are not included in the table. They are 4.5 percent, 6.0 percent, and 7.4
percent for the low, mid, and high scenarios, respectively. Each of the t'orevasted growth rates in peak load is
significantly below the experiences of the last decade (Table 3.3 above). Most recently, peak load has grown at
an annual average rate of 11.1 percent from 1985-1987. The associated annual average growth rates in electricity
demand for the low, mid, and high scenarios are 4.7 percent, 6.3 percent, and 7.6 percent, respectively. The low
growth scenario with a forecasted annual growth in electricity demand of 4.7 percent most closely corresponds to
lhc growth rates produced in the Meta Systems et al. study.

The required capacity figures in Table 3.10 are simply 30 percent larger than the peak load forecasts,
corresponding tc) the 30 percent reserve margin used by JEA in its planning. 15 The existing capacity is simply
lbe amotmt that existed on Jordan's interconnected system in 1986, less JEA's planned retirements. It is the
basis from which capacity phmning begins. 'File incremental capacity pr0vicled in tile last category of
ir,tornmtion in Table 3.10 is simply the amount of required capacity less capacity existing in 1986. lt is the
estimated amount of additional generating capacity needed to be constructed in the various time frames.

The results in Table 3.1()indicate that, under the high growth scenario, Jordan will need 60 MW of additional
capacity by 1990. Irl addition, another 485 MW, 472 MW, and 546 MW will be needed by tlm years 1995,
2000, and 2005, respectively, totalling 1,546 MW of total additional capacity by the year 2005. At the other
extreme, Table 3. Ii) shows that no additional capacity will be needed by 1990 under the low growth scenario
and, over the 20-year perk×t, only 543 MW will be needed in total. With total capacity requirements under the
mid gmwlh scenario estimated to be 1,001 MW, there is a signit'icant variation in generating requirements with
nearly a three-folcl difference between the lo,,v and high estimates. Satisfying this capacity requirement is the
subject of the next cMpter.

Tahle 3.10 Jordan power system, t'orecasled peak load, required capacity, and new
capacity, thirty percent reserve margin, 19_6-2005 (MW)

Peak Required Existi ng Inc reinenml

l.oad Forceast ('a..l'_'_cllya Capac:it.Yh Capac ily

Ye_w Low Mid Hie..,h l..ow Mid High Low Mid l-lie,.,h
1986 458 458 458 595 595 595 880 0 0 ()
199(/ 582 655 721 757 852 937 877 0 0 60
1995 737 903 1075 958 1174 1398 852 106 322 485
20(X) 896 1147 1435 1165 1491 18(_ 848 211 321 472
2005 1()70 1422 1855 1391 1849 2412 848 '_o,,,6 358 546

Total 543 1(X)I 15(',4

a Assumes resev'e margin of 30 percenl for ali periods

b Capacity existing in 1987 less scheduled retirements through 1997. Retirements beyond 1997 are unknown.

15 Note that a 30 percent reserve margin to meet peak load does net necessarily imply a 70 percent capacity factor. The

relationship between the two depends on the load factor of the system.



4. ACCOMMODATING FUTURE CAPACITY REQUIREMENTS

4.1 TIlE JORDANIAN POWER SYSTEM

The national power system in Jord,'m is thermally dominated, using primarily heavy fuel oil and, to a lesser
extent, diesel as primary l'uels, l At the end of 1987, there was 979 MW of installed capacity in Jord_m. Of this
total, 869 MW was owned by the Jordan Electricity Authority (JEA) and tilt remainder by private companies,
municipalities, and other power distribution companies in Jordan. 2 An additional 21 MW of capacity is
connected to JEA's system, bringing the total capacity of the interconnected system to 890 MW at the end of
1987.

Figure 4.1 characterizes tile interconne.':te_.dpower system in Jordan. 3 It consists of the main power generating
stations and a theoretically plausible 400-kV trans_nission line from Aqaba on Jordan's southern coast to the
Amman South station near the capital city, Amman. At present, the 400-kV line operates at 132 kV. JEA
placed a tender for upgrading the line to 400 kV, but the 132/400-kV substations were poslponed because of tile
delay in construction of the 2 x 130-MW units at Aqaba. 4 In addition to the main north-south transmission li_,k
from Amman South to Aqaba, the grid extends up to Irbid in the North with a 132-kV tie line. From Irbid, two
tie lines (one a 66-kV line, the other 230 kV) connect Jordan's national grid with that of Syria's. Besides these

north-south ties, Figure 4.1 shows that two 132-kV tie lines are presently under construction. The first in the
northern part of the country will connect the Amman South station with Risha in the East. The latter is tile
site of the natural gas discovery in Jordan. 5 In addition to transmitting power produced at the well-sites to the
main consumption centers in Jordan, it.will serve to electrify some remote areas along its route. The line is
expected to be completed at tim end of 1988 or early 1989 to transmit power from the 2 x 30-MW gas turbines
at Risha. The second 132-kV transmission line under construction links Ma'an with Shidiya in the southeastern

part of the country. Shidiya is the site of the new l_hosphate mine in Jordan. The line is expected to be
completed in late 1988 or early 1989.

Figure 4.1 shows the main thermal power generation sites at Aqaba in the southern-most part of the country;
Zarqa (the Husscin Thermal Power Station) which is 35 km north of Amman; Marka, just north of Anunan;
Amman (South); and Karak, which is east of the southern part of the Dead Sea. 6 Table 4.1 provides JEA's

capacity at each of the five generating sites by prime mover.

1 "lhere is a nominal amuunt of hydroelectric power generation with 7 MW uf capacity at the end vf 1987. REnEwable energy

plays a minor role in the powm system. Its rule will be discussed below.
2 A thorough discussion of the relationship of JF.A to the two uther power distribution companies (the Irbid District Electric

Company and the Jordan Electric Power Company) and private power producers is presEntEd in Chapter 2.

3 For clarity of presentation in the figurE, we include only JI'A's steam, gas turbine, and diesel lxweer generating stations and two

private generators which are part of the intercunnccted grid. The hydruclectric capacity is not included. The capacity of uther power

generators was presented in Table 2.2 of Chapter 2.
4 The two units at Aqaba were to be the second stage of capacity expansion at lhc Aqaba port. The first stage was completed in

1986. The reasons for its delay will be discussed below.
1 ..... i. I-_l ....

Naiu,al t;aa '" ht: '..... ' ai _c._u, u_._t,_,.-- ' - _¢llJ u la_tl a aL, la

6 Excluded from the discussion are the two hydroelectric sites: one at the King T',dal Dam, the OthEr at Aqaba.-1'
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Table 4.1 Power Generating Stations, .Jordan Electricity Authority,
By Capacity and Prime Mover, December 31, 1987

(MW)

Site Steam Gas Diesel Tolala

Aq_d_t 2 x i 30 2 x 3.5
3 x 5 282

Zarqab 3 x 33 1 x 14
4 x 66 1 x 18 395

Marka 4 x 18 30 102
Karak 1 x 18 3 x 1.5 23
Amman 2 x 30 60
South

Total 623 182 57 862
Source: Jordan i_lectricity Authority, Annual Report, 1987 and information provided by the Jordan Electricity
Authority.

a Does not include "/MW of hydroelectric capacity.

b Also referred to as the llussein Thermal Power Station (IITPS).

The 623 MW of steam generating capacity, using heavy fuel oil, represents the most economic units on the
system. In terms ot" a theoretical loading order based on the economics of the units, the 2 x 130-MW units at

Aqaba and the 4 x 66-MW units at Zarqa rank first and second. The 182 MW of gas turbines used diesel oil as
their primtu'y fuel in 1987. The 57 MW of diesel units used oil fuel as their primary fuel in 1987. The tw()
oldest units on the system are the two gas turbines at HTPS, coming on line in 1975 and 1976. The newest
units on the system are the 2 x 130-MW steam units at Aqaba.

Table 4.2 provides operating results for Jordan Electricity Authority's (JEA'S) power system for eleven months
(January 1 through November 30) in 1987. In comparison with typical utility reporting in the United States,
the data contained in Table 4.2 are homologous to the operating expenses of a utility. The capacity data listed
in the table correspond in the aggregate to the amounks listed in Table 4.1 by type of prime mover. 'I"hus, not
only is the total capacity factor for JEA's entire system a weighted average across different units, but capacity
factors for individual generating stations are weighted averages to wuying degrees.

lr ' ' ' II
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Table 4.2 Operating Results for Generating Stations, Jordan Electricity Authority,
Eleven Months, January-November, 1987

._Category Aqahaa Aqabab Karak Marka D.U'Cl_ Olherd
Capacity (MW) 260 22 23 102 395 67
Generation (C;Wh) 1,160,3 36,2 10,6 50,0 1,609.7 4.7

Capacity Factor (,,/o)e 55,7 23,8 5,6 5.7 50,7 1.0

Cost (t'ils/kWh)

Fuel 8.7 10,8 10.7 8 12.0 10.4 24.6

Depreciation 2,5 12.0 16.6 10.8 1.5 80,8
Other 0,8 6,4 9,(1 10,7 0,9 83,()

Total 12.0 29,3 36.3 33.6 12.8 188.4

(¢/kWh)g
Fuel 2.6 3.3 3.2 3,6 3.1 7.4

Depreciation 0.8 3.6 5.0 3.3 0.4 24.2
Other 0,2 1.9 2.7 3,2 0,3 24,9

Total 3,6 8,8 10,9 10,1 3,8 56,5
Source: Data provided by Jordan Electricity Authority, April 1988

a Represents the Aqaba Thermal Power Station,

b Represents the Aqaba Central Power Station,
c Represents the llussein Thermal Power Station.

d The talc.gory inch,des the Amman South Station (60 MW) and hydroelectric capacity (7 MW).

e The Capacity Factor is calculated as the ratio of actual generation of the plant expressed as a fraction of theoretically lX)ssiblc
generation. The latter is determined by muhiplying nameplate capacity times the total number of hours in any given lime period.
P,ccause the data contained in the table are for an 1 I-month period, nameplate capacity was muhiplied by 8,040 hours to determine the
denominator of the equation.

f Other than the amounts for capacity and gene,alien, totals represenl the weighted average for ali stations on the system,

g Based on an exchange rate of $3 U,S, per Jordanian Dinar. There are 1,000 fils in each I)inar,

The most extreme example o1"this is tlm data listed for Zarqa (the Hussein Thermal Power Station). ltere, as
Table 4.1 shows, the 395 MW of capacity listed in Table 4.2 is divided between 3 x 33- and 4 x 66-MW steam
units and 1 x 14- trod 1 x IS-MW gas turbine units. Thus, the capacity l'uctor ot"50.7 percent shown for Zarqa
in Table 4.2 is ztweighted average of each of the individual unils. 7

The table shows that the 2 x 130-MW units at Aqaba, using heavy fuel oil, and the 395 MW of capacity at
Zarqa had the highest capacity l'actor for the 1l-month period at 55.7 percent and 50.7 p;:rcent, respectively. As
mentioned above, the 2 x 130-MW units at Aqaba and the 4 x (xS-MWsteam units at Zmqa (264 MW out of a
total of 395) are ranked one and two in the economic loading order of the system. In total, the 869 MW of
capacity on JEA's system had a weighted average capacity factor of only 41.2 percent. Several comments are in
order. First, the peak load on JEA's system - including exports to Syria - was 563 MW in 1987.8 JEA's total

7 This problem cannot be avoided because the data presented in Table 4,2 are at the finest level of detail available to the study
team.

8 Note here that the peak of 563 MW does not correspond to the data presented in Table 3,3 of the previous chapter, The peak load

li_md lhert: wag 593 MW. llere, we are addressing only JEA's system - not the remainder of the interconnected system and private
power generators,
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capacity is 869 MW, indicating a substantial reserve margin to provide peaking power, Tile most plausible
explanation as to why the system OlX',ratesat such a low capacity is that the peak on JEA's system occurs in

September and its load factor is substantially below unity. Second, tile data in Table 4.2 do not say anything
about availability of units. In its phuming, JEA schedules 35 days of maintenance for the 2 x 130 units at
Aqaba and 29 days for the 4 x 66-MW at Zarqa, the l'irst two stations in the economic loading order. From tile,
data provided to tlm study team, it is not possible to tell, however, the duration of forced and unforced outages
on any part o1"tlm system.

Table 4,2 shows that the oi)crating cost per kWh of generated elecu'icity for the entire system over the 1l-month
period was 13,4 fils/kWh (1,000 fils equ,'fls a Jordan Dinar), Using an exchange rate of $3 U.S./JD, the average
operating cost on tlm entire system was 4.0¢/kWll, Because of their positions in the economic loading order and
their consequent capacity factors, the 2 x 130-MW units tit Aqaba and those tit the Zarqa power station (HTPS)
Md the lowest unit operating cost of any of the stations on the system, totalling 3.6t/kWh and 3.8¢/kWh,
respectively, which tire I×)th less than the average total system operating cost of 4,0t/kWh.

4,2, CIJRRENT SYSTEM PLANNING

As part of the long-range planning pr_x.'ess,.IEA conducted a least-cost power generation expansion study in
1984. The generating alternatives which were considered in the study included gas turbines, combined cycle
unit,q,and thermal stations using coal, oil, or a combination of tile two. The results of the study showed that,
under both forecasts of fuel prices at the time and estimates of capital costs, tlm least-cost solution to JE'A's
capacity requirements was two 130-MW steam traits to be located at the site of tile 2 x 130-MW steam units
which were under consl.ruction at Aqaba (tile Aqaba 'I'hemaal Power Station) tit the time and eventually came, on
lilac in 1986. 'l"he two additional units were anticipated to lm on-line in 1991-92, These units were to 13odual-
fired: coal would be tile primary t'ucl and oil the backup.

Following the 1984 study, other studies continued to show that the additional 2 x 130-MW units at Aqaba
would be sufficient to meet the power needs of the country. Therefore, the units were sent out for bid in 1987,
Based on conditions existi_g at the I.ilneand a forecast of tl_erelative costs of petroleum and coal, a decision was
made to use coal as tile primary fuel in tile two units to minin|ize operating expenses, However, considering
fl_eul>front capital costs for coal handling and storage, the original decision was reversed; heavy fuel oil would
initially be used tbr the additional 2 x 130-MW units designated Aqaba II to distinguish thenl frorn the 2 x 130-
MW oil-l'ired units coming on line ill 1986.

I)uring this planning process, natural gas waz discovered at Risha in file northeastern pa't of the country (see
Figure 4.1 above). Although the extent (3t"the gas reserves is unknown,9 a decision was made ill the middle of
1987 to construct 2 x 30-MW baseload gas turbines at RisM because it was believed that the reserves were
sufficient to supply at least these units. The on-line date for the two units is expected to be late 1988 or early
1989. Irt JEA's loading order, the tw() units wouhl be first in the econonaic loading order. With tilt decision to
build (_) MW of capacity at Risha and the prostx_ct of finding additional qtiantities of natural gas, JEA further
delayed construction of tile tw() additional units at Aqaba. The first unit tit Aqaba II is delayed to the middle of
1992 and the second unit delayed until the end of 1992.1o

A 132-kV transmission line from Risha to Amman South is currently under consu'uction to u'ansmit the power
fro/n tlm gas-fired units at Risha (see Figure 4.1 alx_ve). The capacity o1'tile line can accommodate file 6̀0 MW
of l×_wer currently under construction at Risha and _20 MW of additional capacity, It"natural gas reserves prove
to be sulTicient, the 2 x 30-MW ot"capacity tit R.isha ca_ be supl31emented by another 4 x 30-MW in the t'uture.

9 Natural gas will be discussed in greater detail in the next section.

I0 "l'ht;tone of conversations with slaff members at JEA suggested that the delays may extend well beyond these "official" dates.

"lpl .lr ''
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Basect on the most pessimistic projection of capacity requirements discussed in the previous chapter (543 MW of
adctitional capacity by 2005, using a 30 percent reserve margin to meet tile projected peak load of file system),
Jordan cannot meet its power generation needs until 2005 by consu'ucting the 6 x 30-MW gas-l'ired units at
Risha ,'rodthe tmrelot'ore "shelved" 2x130 dual-fired units at Aqaba II. This scenario is further complicated by a
numbcr of factors on l×)th tile demand ai_d supply sides,

First, as the previous chapter pointed out, there tire a number of complicating factors in tile load projections for
the Jordanian power system, including the imminent power interconncction with Egypt and potential power
interconnections with other ncighlx)ring Aral) counu'ies and E,'lstern Europe; demand-side management activities,
which at the very least could result in clipping the peak of power demand; and tile uncertain future growth of the
Jordanian economy which is affected by the future price of petroleunl and the ability oi' large-volume, industrial
electricity tigers to further exploit international markets for their OUll)Ut, Each o1'these factors has a potentially
significant irll'lucncc on futtire capacity requirements of the Jordanian power system, As the previous chapter
l)ointed out, there is a wide range of projected capacity roquirenlents,

Second, in planning for capacity requiremenLs into lhc next century, consideration nlusI Ilogiven to the age and
coml)osition o1'the current power system, The oldest unit on JEA's system is a 14-MW gas turbine tit Zarqa,
which came on line in 1975, The newest are the two 13()-MW thermal units at Aqaba which came on line in
1986, "Filemajority of other units have conlnlercial operating dates in the late 197()s and early 1980s. In the
long-range planning context of this study, it might well be that some of these units will be retired within the
planning horizon of this study,

Third, the 2 x 130-MW thermal units delayed at Aqaba (using heavy fuel oil and/or coal) may pr(we to Ix'. less
economic than other generating options available to Jordan, including plants constructed to use indigenous
energy resources, The tw() units tit Aqaba, whether using coal or oil, require significant amounts ()t' foreign
exchange because the fuel inpuls must be imported, And, depending on the extent of indigenous energy
resources, it may prove economically t'casible to replace olhcr existing boilers which tire presently nel scheduled
for retirement,

The remainder of this chapter looks tit Jordan's indigenous energy resources. Jordan has a number of lX)tentially
attractive, but uncertain, Ol)tions for meeting future l)ower requirements througli use of domestic fuel sources.
The reserves of most of these rest)urces tire unknown al. the present time, precluding a thorough analysis of the
various Ol)tions, However, the remaining sections review what is known about domestic energy resources -
crude oil, natural gas, ()il shale, and renewables - and provide a t)relin_inary assessment of their potential use for
power generatkm.

4.3. POTI{N'I'IAL I)()MIr_STIC FUEl., SOUI(CES F()R P()WER (;ir_NF,RA'i'ION

4.3.1 Crude Oil

Approximately three-fourths of Jordan's land area is covered by sedimentary basins which are generally thought
to be favorable for the existence of oil cleposits, Exploration of these areas began in 1947 and, through the mid-
1970s, U,S,, German, Japanese, French, Dutch, British, and Yugoslavian petroleum interests have been
involved. During this time, 14 exploratory wells wore drillecl, Although oil and gas were t'ound to exist in
several of the wells, the international petroleum interests concluded that the size ot"the fields were not likely to
match the ones existing in neighboring Arab countries in tilt Middle East. By the mid-1970s, international
petroleum interests ceased exploratory drilling in Jordan,
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The Government of Jordan (GO J), however, was not as discouraged, Despite tile dts;.q)pointing conclusion of
the internationnl oil companies, the GOJ embt_rked on nn exploration program in 1976, funded from its own
resources, Through its mining arm, the Ntltur.'d Resources Authority (NRA), the goverlmlolat examitled
historical geophysical d_lta,generated new dat,'h trod marketed Jordan's potentltd for large-sortie petroleum
resources to international oil companies with tlm aid of British and French firms, In 1980, 20 companies were
invited to review and purchase tlm new data, Only six COml_nniespurchased the data, but none opted for an
exploration concession, The general belief was tlmt the probability o1"finding a major field w;.assmall in

comparison with other explortititm opportunities,

Despite these negative responses from international l)ctroleum interests, the GO,1 has continued to mtlintain tm
ambitious oil exploration program funded out of general revenues, Expenditures for petroletma-related research
wore at tlm level (5t"$2(1million for 1982 ;.lhd 1983, Under the current five-year plan, 34 million Jl) was
butlgcled for petroleum exploration,

Most recently, each of NRA's 17 wells in the l-lnmznh region have been t'c)tmcltc)octal)in some oil with
production levels of approximately 1,0(X)bblsM, l lowover, Jordtu)'s total petroleum needs arc, greater thurl
60,()00 bbls/d, Even more erlcouraging to tile govert)nlonl is its success iii attracting lhc iltterest of three
internati()rtul oil companies (Amoco, l-lttrlt,and t-.'etrol'ina) to take pctroleurn concessit5ns in 1986, Although the
corzcessions are only one well plus seismic work, the interest shown by tilt tie'ce it+ternntiotauloil coulptlnies is
encotmtging to the government. Clearly, tlm price of polr(fleutn on intertlutional markets directly inlluertces
internntiotml exploration activity. When the concessions were Utken the price did net favor intetlse oil
exploration efforts, t lowever, the prospects for discovering sigIfificant amounts (51"crude ()ii iii Jord+m are still
uncertain at the present time, II

4,3.2 Nalural Gas

Similar to crude ()ii, there, are instffl'icient geological data to speculate on the extent of natural gas reserves in
Jordan, NR.A has two gas wells presently in operation tit Rislaa in the northeusterrl pert of the country (see
Figure 4.1 above) which exhibit signit'ica_tt flow rates, ()lte of lhc ,,,,,ellsat Risha has been completed and tested
at 20 MMSCFD (million standard cubic feet per day).

Based on this optimistic t'indirlg, the govertmmnt Ims committed itself to installing 2 X 30-MW gas turbines (to
be completed by l_._te1988 or early 1989) und to constructirlg a 132-kV transmission line over lhc 334 krn from
Amman to lhc Risha gas fields, In lhc event that lhc gas l'inds are sulTicient, t.ttegovernnleIlt will add el) to 4 x
30-MW gas turbines at the Rislm fields until the 132-kV transmission capacity is reaclaed,l 2

PetroCanada is cllrrontly tori(letting ztreservoir stu(ty to ascertairl the size of the reserves at the l;',ishusite. The
study is expected to be completed by early 1989. The results o1'the study are crucial for energy planning in
Jordan, If the reserves prove to be large, a decision must lie made on the use o1'rlatural g_ls reserves in excess _1'
the arnottnt required for power generation ;.itthe Rishn site, There tare several possibilities, The excess g_.lscould

1l In their sl.udy of the energy sector in Jordan, Meta Systems el al, used three t't_lttre oil scenarios, '['he autllors ackm_wle.dgt;d Ilmt

the scemmos were not projections or probal_le outcomc.s, but were simply pl_msibh'., based tm illformatioll available in late 1!)87.
The scenarios were reviewed and approved by the Ministry of Energy aim Mineral Reseats:es (MI'_MR) for use m lhc study, Thc base

case scenario assumes lhat none of lhc ttucc existing concessions will make commercial discoveries of crude oil, The field currently

producing l,()00bbls/d for NRA is assumed to bc depleted by lhc year2(X)0, An alternate sccnarioassumes that one oflhecurrcnt

concessions finds a field of moderate size by 1990- 6,000 bbls/tl, Subsequent additions to c,_tpacily increase outpt, t Ic_3(),0()(I bbls/d

in 1995 and 40,000 bbls/d in 2000, 'l'hc final scenario _ls:;umcs that two fichls will he devclopt'.d, providing 40,000 bbls/d in 1995

and 90,000 bbls/d in 200(), The hllter amount represents the cup)city of the refinery,

12 Ccmstructing a 132-kV transmission line from Risha to Amman is an indication that the government is confident thai there is

at least enough natural gas in the Risha fields to supply 6 x 30-MW units -. the 2 x 30-MW unils currently under consmtction aral 4 x
' ,t.- P, ,p ,_,,30-MW u,diu ILl..................|jI¢,$ _;Oll_tltlk, t_t-ll iii t.U'.., Jttl_. ....
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be exported, Because tlm Risha site is far removed from economic centers in Jorclan, this could lyean attractive
tdternnttve, However, tilt lack of export markets in tlm region may preclude this possibility, Another
alternative would be tc} transmit the gas by pipeline from Risha tc}the Amman area, where Ltcottld be used for
industrial uses and power generation, Pipelines, however, are notoriously capital-intensive, The problem
becomes even more complex when natural gas could be COml}etingwith other indigenous energy resources as a
I'uel sot.trce in Jord;m; namely, petrolettm and oil slutle, 13

4,3.3 Renewal}le Ene,'12,y

Recent stttdies on renewable energy show that the potential for wind, solar, and biogas enc,rgy tt_ Jordan is
encourae,,ing, lt has been estimated that electricity generated by the wind could '_isplace 3 pe,rcent of oil
constmlption in Jor(laH, while 8 percent could be replaced by s(}lar water heaters and 1 percent by hk)gas electric
general()rs,

'!'he polential for wind energy in Jordan is significant, 1,1 Up until recently, wind energy has been used mainly

for water pumping, i lowevcr, a joint MEMR-JEA project has been initiated for establishing a pilot 300-kW
wind farln for power geueration, The farm is connected to the national grid and began generating electricity on
an exlmrimental basis in April 198{'{, lt has been estimnted that up to 10 percent o1"the demand for electricity in
Jordan can be met through generation by wind turhines,

Bccattse of tlm high cost of photovoltaics (PV), tlleir use as a source of energy for electricity generation is ruled
out for the near l'tttum, However, I.'Vcan nnd iu used for water Immping and comnltJllications it1remote areas
where wind energy is not t'easible, Several projects hav_;I_:;enundertaken to Immp tm{lergr{mnd water in desert
nreas where tl_econstruction ot' power lines is unecot_omical,

In cooperation with tile Royal Scientific Society, JEA elcclrified Jtlrf Aldaraweish, zt rural village, using both
wind and solar energy, The electrification is regnr(tcd as a k;st project to electrify remote villages which _lrea
dislancc away fr(ml tile natiomfl grid,

Biogas is currently ttsed I'orelecta'icity generation, lighting, cooking, and running agricultural motors as a
substitttte for diesel, The I_iogas sources include agricultural and animal wastes as well as left-over food,

4.3,4 Oii Shale

In 1979, the,,lordanian Higher Committee on Energy ntnde oil shale develol}rnent the primary energy priority,
A special department to administer development of petroleunl, geothermal energy, and oil shale was established
ira the Natural Resources Auth{_rity,

In 1979, the NRA contracted with the West German govcrnt'nent to study the oil shale at El La.jjttn, The study
conclttdcd that the reserves were o1'high enough qtmlily to justify indirectly ttsing them for retorting and directly
using them for power 13reduction, Since the Soviet U_ion has extensive experience with using shale for power

...........................................................

13 The Mura Systems t:t al, sludy used four diffurunt scemuios for gas dist:ove_y, apprt_vud by MEMI¢. for use in thu study and

dt.'velolu'(I to bracket sc¢;narios duvdoped by b,'II_MR in 1987, "l'ht' I)asc"c_Jse sremu+io h_ld the 20 MMSCFI) of current pro(lut:tion

rrduced to zero by 1995, Anolher scenario had productitm expanded to 50MMSCFI) by 1990, increasing to 125 and 175 MMSCFI) in

1995 and 2000, mspuctivuly, The third scenario had pmdu¢:tiou rt;achhlg 100 MMSCFI)hy 1990, increasing to 125 MMSC?I,'I) in

1995 and 175 MMSCFI) in 200(I, The final seuHurio +ls:',umt:<llJlal gas produelion would be sufficient to replace ali fuel oil and provide

supplies to serve the household and commerci+d sectors, Stanipg from 100 MMSCFI) in 1990, productioll wet, ld Increase to 175

MMSCFD in 1995 arid 250 MMSCI"D in 2000, Tlm ral|gU of tllt'.su scunarios encompasses every ix_ssiblu outcome for natural gas
discoveries in Jorthm,

14 Jordun has buen ratud first among developing countries for developing its wind energy rusourcus, See Strate.gies Unlimitud,

I! "Study oi the iotentiai' for Wind Turbint:s in 1.3cveluph_g Cuu,,',i k_._,"pi tq_are.d ,,,,_""U,S, l.,..p,_,,tmcn.'_"' • ' ..,!'Energy ............,,,,,I W,..,rl,.!la.mk, IOgfi..
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production, the NRA contt'_lcted In September, 1980 with "['echr_,ol3ronaexlxsrt,a stim(e-owned firm (51'the USSR,
to carry out a t'easlblltty study of dtrectly using oil shale to fuel tl 300 to 4()0-MW thermtd power sttltion, Also
in 1980, a contract wag awtlrded to Kloeckner/l.,urgt, a West Germtm t'lrm, to study the I't:asibillty o1'usillg (511

shale in Lurgl's fluidized bed c:ombtlstlon technology _mdto determine the viability of building a retorting phmt
to convert the otl shale to tl liqtli(t. The Oerm_m sttldy concltl(ted that Jor(l_lnshould concentrtlte its et'tbrts ota

retorting the stmle _ltEl L_ijjtm, More recently, the El l_.tkjjtmdeposit wag cored, drilled, and mtq_l_edin tl joint
study progr_lm sponsored by the t-Tedert|lRepublic of Germ(my, A tWO-l)lmsefeasibility _lssessment (51'syncrude
(511production via mining, retorting, ttnd oil upgrading by hydroprocesshlg was _dsoconducted by the Germans
and the NRA, The results (51"this study have not t×',enl_ublished at this time, 15

At the present time, three other slmle deposits h,'we been st((died, They are the Suit(mi site, tll_pr(sxilutltely 102
kln south of Atom(m, the Jurt'-ed Dtu'awish site, tll_pt'oximt|tely 35 km sottth of the Sulttmi site, ttml, most
recemly, a detxssit i_orth-northet|st of Sulttlxli, The ['our sites Imve provei_ geol(sgic_d resel'ves (51'more than 10
billioi| tons of shale, However, the estimtlted re:_t:rw..sexploittd_le by OlSet_-ct_stmining tire significtu_tly loss:
1,165,9 miliion tons aLEl Ltljjtm, 942,1 itlillits/l l(51,stit Suit(mi, trod 2,489,3 milliol| tons ttt Jurt'-e(l Dtlrwish,

The four sites have been cored, drilled, _mdstudied, bttt _t) clt_ttlhave beell reletlsed about the most recently
expJored deposit. Possibilities for exploiting the shale il_clt_(leindirect use (retortiNg) lk}r19rotlt_ch_glklttid fuel
and direct use as a high-ash content ft_el in power 15rodttcti{sis,Jord_m Ims I×',enext_eritsaentiI_gwith both
methods,

'1'he remainder o1'this study addresses engineering, elwironmeut.'d, t_I_tleco_omic t_Sl5'e.ctsof using the oil shale at
Suit)ni for prodt|cing lxswer, usi1_ga circtdttting l'luidized Ixxt combt_stion teclmology developed by Pyrol×)wer,
Implicit in the discussion of engineering trod envircmmt'tatttI ttspccts of the project is tlmt a¢l¢liti(stutllX+wer
genert_ting ctq_city is needed and oil slmle is z_candid((tc fuel to serve tlmt need, In the economic disct_ssi¢>_,tile

use (51'slmle will be compar_;d with other fuels for power genertttion, most not_d_ly the use of cotfl and/or oil ttt
the tlel_ye(l Aq_ba II pl(mt,

15 Although published data on the projet:t are not awdlable, some rcst_lts were presell(cd at _t symposium held at J liA, April 10-11,
1988. The sYmtX3sium, entitk;d Groundwater and Mineral Resources - Examples of Jordanian.(h:rman Cooperation, wa._ spons(_rt_d by

fl_e Goethe Institute Amman and the Fedt_nd h_stitute for (]eoscient:t_s and Natural l(t;sources, I lannover, West (]t'mnany, _._lltlthe

Jordanian Ministry of Energy and Mineral Resourt:es and the Ministry of Water _u_dIrrig_tion,
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5,1 BASIC PI:_INCIi'I:ES

Circulating fluidized bod (CF,'B) technology, involves use of a special category of atn_Osl_ht',:ict'ltiidized bed
_',,mtbustor in which (1) the combustor is ope,"_ted at n superficial gas velocity sufficiently high that the solid
material is levitated and dislrtbuted throughout the height of the combustor with no discernible separation
betweei| ,'tbed region aad t'meboard region, and (21)a hot cyclone separator is employed to return the circulatfllg
solids 1{_the bottom o1"the combustor so that the solids will, on tile average, nlake several passes through the
systeln before leaving, In Ibis high-velocity regime, a high degree o1'turbulence occurs with slip between the
gas and solids and internal cJrct|latioi| wi(hin lhc co|nbt|st()r, This yk;lds high c()|ubt|stioi| efficiency, low NOx

enlission, g(x_)dsell'tit Cal)lUreefficiency, and high heat l.ranslE',rto lhc combustor watorwalls, The high
turbulence promotes good mixing of the l'tlel over a relatively largo bed area, so that a nluch Slnaller number oi'
I'uel I'eed points is required than for a bubbling l'luidized bed boiler oi' tile santo output, No in-lind boiler tubes
are employed in the circulating t'ltJhlizc.d bed combustor, thus aw)iding tube e|'osion p|'ol_lems,

The only significant disadvantages of tlm circulating type of system are that a greater fan power (tharl is required
for a Imbbling atmospheric fluidized bed combtlstor) is needed to rnahltaill the pressure drop through the
combustor and the capit,'tl cost is somewhat hight.r, prinmrily because of the hot cyclone separator which is
inherent in the design,

5,2 Tla',CIIN()I.,O(_Y STATUS

First introduced beginning in 1979, there have been about 75 CI-;|{ b()ilc.rplalltS built worldwide, They have
been designed to but'li a wide variety oi' ftlels: wood W;.Istc,peat, lignite, bituminous coal, coal washcry tails,
anthracite ctllm, industrial wastes and sludges, petrt)lcul_l coke, and olllers, The tlmrmal rating of the plants
raIige fr{ml 2 MWt tlp to 2_)()MWt (11() MWe). About 30 of the plants are 20 MW or hu'ger, while only 6 are
above 150 MW, Ahlstr{hn and l'!,,ropower, or Ihr_mgh other subsidiary companies, have SUl)pliod the CFB
I_oilcrand associated eqtliplliellt for about 4() of tile plallts which have been built, AlllstrlJm has installed abotlt
20 CI::I_boiler plallts which are 20 MW o|' larger, and two ot' the.so,are larger than 50 MW (55 and 110 MW),
Six of the pl,'mts which are 20 MW or larger have been operating for two years or longer anti 12 of lhem have
been c)perating ['orabout one year, The 55 and 11() MW plants have been operating for loss than oxie year,

The, operating exlvrience witll lhc l:'yropt_wer CI;B boilm' t)l,'mts has been reported to be generally very good,
Tlm l_lants which have operated long enough to establish a record have demonstrated high availabilities, in
excess of 95 percent, The technology appears to have be.en ,v/,:ces,_.'fullydemonstrated in units as be'ge as up Io
abotlt 60 MW, There are no indicaticms that.there should be ally problems in demo||strating successful
opcrtltion of larger plailts, The 55 MW plant was sold on a conlmel.'cial basis, and it is aI_t.icil:ated that it will
Ol_el'atesatisfactorily, The large,st planl, 11()MW, is a utility dcm_mstration plant at whicil the Electric Power
l_,eseat'cll Institute (EI.:'RI)is conducting a 2..year test i)mt,ram to demonstrate the l'c,asibility of CFB boilers for
tltilits, al)plications,

The Jc_rdanian ()ii shale, because of its high ash colllenl, is a lllore challenging fuel thai1, say, Ifituminous coal
for use. in scaliilg ttI) Io lard.or l)lants, The large quan[ilies of ash which will be circulated through lhc
combustor aral |'etumod by the hot cyclone will piace a heavy demand on the return log and loop seal, Also,
there will be heavy fly ash loading in tile, flue gas passing through the convectio|| tube banks, with increased
potential for problonls with erosion or dq)osition,

!l
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5,2,1 Plant Visits

In order to gttin inl+ormttttotaon tile operttttng o×peric,zlce of the Ahlstrdtnl-l_yrol_ower CF,'Bpl_lrlts, tours were '
taken of two pl+lnts: the 80 MWt (_d+outequivtxlent tr+tt 25 MWe plant) district hettting pltmt ttr Eslxx+, l_'italtul¢l,
an¢t the 110 MW utility demonstrtttiotl pl+tilt ttt Nucltl, Color+l¢lo, The tour of the Espoo pl+xntwits tit the, itwt..
t+ttion of Ahlstr{tm durirlg the time thut the fuel combttstit+n eVZdU_ttionto+lmwas present for the JOl'dtulittn oil
shale combLlStiOtatests tit Ktlrhul+t, la'{nlztrl(l,

5,2,1,1 Espoo I+l+mt

The boiler ts rated at 80 MWt _.u_¢lproduces hot w_tterat 180°C _.lrl¢l+lpressur(.,,o1'9 bar, "I"t"_prim+try writer i:',

circulated through .a laettte×chttngcr where laetlt is Irttnsl'erred to w_.tterwhich is sellt tttrotlgh the city district
he_tting distribution system, The circtll+tting l'luidixcd bed c¢>mbt£st_>rethelboiler wore designed +sd built b!/
Ahls_'d+rn, Cot+l is the fuel but'r_edrtnd limestotte is ttd¢led l'_+t'SO2 Cttl_tttre, The trait wits corrlmissiolted _t_1986

trod hus oper_.tteds+ttisl'ttctt_rily,lt is ttn tt¢t<.l-or_unit to u Ittrger pulverized t:otd-t'ire¢lcoger_erati(+nstetwn plt.mt l'¢+r
electric power trod (lisla'ict hettting which I't+tsret_aidnedin op_.:rtttiott,

5,2,1,2 Nttcl_.tCFB demottstr+ttiotl pl+trot

Tile plant is owned +tndoper+tted by the Colorttdo UTE l:,lectric Assoc.i_.tti¢+n+tntl is tt joint dctuonstr+ttiot_ pr¢+j_'.t
with the Electric Power Rese+u'ch Institute (EI'V,I) ttnd several cO¢+l+eratingSl_Oltst+t's,This is the w(+rttl'slargest
otx_ratit+gCFB boiler, The three origirutl torsi-fired stoker Ix+ilers,e;tch r_ttc:¢l_tt 12 MW, tt_tve been retired in
pl+tee, The new CFB boiler, r_ttecl_.tt11()MW, prodt_ct_sali lhc ste_lm _lnda r_ew74 N"IWtOpl_ii+gste;.tm tttrbinc-
generator Ims boon +_tlcle¢lt+_operztte in set'its with the three origin+li turtJine-gen_.:r+ltors,rzttetl ttt 12 MW ezxcla,tc+
produce the t't+llplztnt OLttput,

The CFB boiler, ¢lesigned and st_pl_lie¢lby Pyrt+p¢+wcrCorp,, pr_+thtces925,0()()lb/h of st_pc:rhe;.ttedslc+lm _tt
151() psi+t+t[_¢l54(1'C for the i+oltrcheat stc_tm tt_rbil_ecycle,

The boiler h+tstwo combt_stior_ ch_.trnbc,rs, zttlj¢+i_iingwith _tt:t)llllll(+llct_llter sep,'tration watertube wztll, c.aclazt
little more thttn 20-l't Stltittre ttnd alx)ut 130-1'ttttll, Ettc.hc(+ml_ustiottch_.u_ber h_.lswtttcrtttbe willlmt'tndzt super-
heztter tube bitttk arrittage¢l ttrotm¢l three of the four v,'itlls near the tt+p¢+1'lhc co_tl+t_sti(+l_chztmber, '-l'laereis ith(_t
cyclone sc:p_tr_._torfor e_ch ol+the tw_ con_bt_sticmchambers, The cyclonic St:l:_a.rali_rsare designe.d lo rern¢_ve
_lx)t_t95 percent oi' the solid p_rticles alxwe 9() Ftin di_lmclct', The l'lttt_g_s t'r¢_mthe two cycl_nes ll_,,vs to zt

single corwectioi_ l)Ztss,whe're the gz_st'lw,vs d(_wr__wcr I'it_.d(tcrtizlry) and l_rimary st_perhcater tube b[u'tks[u_tt
then economizer tube b_lnks, The l'lt_e,gas then I'l_v,,sthrt_u_.hthe, tube side oi"_tvc;rtic_ll-tttb_:air prehc_lter _ltad
then to _._bz_gh(_t_se,

Styli(Is rc;moved by the h(>tcycl_mcs tire;rettm_ed to the b_ttom o1'lhc c_rnbttstiol_ chatube.rs thr(_t_ghloop sold
legs which _tre fluidized by z_nunaber of _:_irnozzles to maint_in solids rett_rn l'low,

Co_al is fed througl_ tw(_ feed-t)oints on the l'ront wull o1'czechcorlabttsti__r_churnber a_d _.ttcue feed-lx_irlt on c.z_tch
of the solids return line just before the re.tttm erttrance to tile conlbt_sti(_n claambcr, Limostor_e is fed throt_gh
four l'ocd,.t×fints on the w_._llsof each combtastit_n cl_lmlw,r,

Primztry (fh_idizitag) ztir is St_l_plietllo the, bottom _tirplentma z_ntlente'rs the ct)mbttstioi_ chzunber tlarough z_lz_rg_
ntmaber of l'luidizing _tit'nozzles which hzwe severtll slnzlll holes drilled _trottnd tl_eside of ez_ctanozzle, The floor

ef the ct_mbttstior_clmml_e,r(which also serves _ts the top of the z_irplenttm) consists ol'a welded rrw.mbrzlne,
w_terttd_e w;tll with the flexorsloped tt_w,ztrd tw_ w_llls fron_ the center, wilh the _ir nozzles _lttached to the

membrane fins between w_ter tubes, Secoud;_ry air is s_tpplicd throttgh the w_dl to e_ch combustion chztmber _tt
_melevation a few feet ;tbove the, co_l t'ee,tt points, The r_ttit_oi' l_riln_u'y/secon(l_u'yair normally used _ttfull Io_td

ii .
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is 70:30, Overall, the excess air used ts enough to yMd abottt 3,5 percent 02 In the Flue gas, or about 17

percent excess air,

At full load, file eornbustor operates at a chamber prcssttre of al)t)roxhnately 35 to 40 in of H20 at tile bottom

and a temperature of approximately 9(X)*C, A combtistkm efficiency of 99 percent and a boiler efficiency of
approxhnatcly 86 percent have been achieved, The envffonmenlal regulations require an SO2 removal of 80
percent to stay under a limit of 0,3 lb/MBtu, Limestone is l'cd at a x'ate of apl)roximately 0,1 ton/ten o1"coal
with a mean particle size of approximately 150 I.tto control SO2 emissions, Low levels of NO× emissions have
been achieved,

Ash and spent lhnestone are discharged from the side of each combuslion chalnl_er into two ash-cooler.classifier.
recycle units, Fltlidtzlng air ts supplied to these units which causes the finer particles to rise and return to the
colnbustor, 'I'l_elarger particles travel clown arotmd watcrcoolecl tubes which permits usel'ttl recovery of heat
from the ash i|:to tile water-steam cycle, The cooled ash falls through rotaryvalvesand into water-cooled screw
conveyors which feed it to the ash disposal system,

Coal and lhnestone are delivered by truck to the plallt, The coal is sized about 2 irl x 0 as received, The coal
a||alysis is in this range:

HHV, Btu/lb = 9400- 1(),40()
% Sulfur = 0,68 - 0,8
% Ash = 20- 23
% Moisture = 5 - 10

Coal is crushed to 1/4 in x 0 and sent to flm l'eed hopper, From the t'eed hopper it is fed by weighbelt feeder
through a rectify valve into the cotnbustiorl chanlber, Coal consumption is about 62 tons/h at ['ull toad,

Limestone is received with a top size of 12 to 14 in, From the storage pile it is sent to a crusher wf,ore it is
crushexl to 150 p.mean size and dried with a gas-l'i:'c.dheater, lt is sent tc)the feed hol)t)er which discharges

throt|gh four rotary valves into the four pneumatic feed lines to each combustiot| chamber, The lilncstuJ_e feed
rate is metered by the time dilTere|ltial weight of the feed hopper,

Gas burners are used for startup, I_ach combustion chamber has 3 startttp gas burners through the wall and one
duct gas burner for preheating the air during startup. They preheat the air to approxinmtely 427'C with the duct
burner, They use a startup bed of spent bed astr about 4 ft deep, They fire gas tc)make enough steam to get the
turbine generators synchronized at rninilntma load atld to get the bed temperattlre up to 510°C, At this
temlX-|'aturc they begin feeding coal, and it lights olT easily at that point, They can go from a cold start to
operating solely on coal in about 12 h, The boiler is designed for a 3:1 turndown on coal firing, The steam

exit teml)erature is controlled by attemlX'..ratorwater spray ahead of both the secondary and final SUl×,rheatcrs,

Variable speed AC motor drives are used on the primary, secondary, and induced draft fans, The primary air fan
has a 3500-ht) motor and the secondary air fan Ims a 700-hp motor. The two fans supply the combustion air l'or
both combustion chambers, Separate high pressure blowers are used to supply higher pressure air for fluidizing
the l(_)p seal logs and ash coolers and air for pneunlatic transport,

"Fileplant was shut clown for lninor repairs and modifications at tile time of our visit, One problem has been a
tendency for instability of tile water level in the steam drum, There is a single common steam drum which
serves tile boiler tubes of both combustion chanabers, which may conceivably contribute to tile water level
instability ii"the boiling rate were different in the two chambers, A totally random incident (x.:curred in the fall
of 1987 in which during startup a surplus of coal accutnulated in the "A" combustion chamber and then began
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burning rapidly causing the chamber to overheat to a temperature of about 1038°C. This caused damage to the
waterwall tubes in the common partition wall between the chambers due to the large differential thermal
expansion. "Ihis damage was repaired immediately thereafter and no further overheating problems have been
encountered.

Visual observation ot"the inside of the hot cyclone separators revealed no apparent significant slag buildup.
There were heavy deposits of loose, fine fly ash on the top surfaces of the convection tubes, which have a
horizontal orientation. Soot blowers are not used on the superheater tube banks but on the economizer and air
heater tubes only. The plant's operators have had some restrictions of solid:s flow or plugging in the cyclone
return legs, and they have had indication of some regions of poor fluidization in the loop seal legs and are adding
a number of additionN fluidizing air nozzles in those regions.

The normal flue gas temperature at the baghouse is about 163°C at full load. The plant operators use teflon
coated filter bags. The stack gas environmental monitoring equipment is located at ground level after a long
horizonu_l duct run and .just at the entr_mce ot' the stack.

The capital cost for the CFB boiler and turbine-generator plant addition wa:.,about $87 million. '1"hisincludes
ali the new ancillary equipment required and a new control room with a microprocessor computer control
system. The present coal price is $24-28/ton. The present operating staff is 32 persons, but the plant managers
are adding 2 heavy equitmmnt operators to the staff. The normal outage for their scheduled annual shutdown is 3
weeks. The routry valves in the coal, limestone, and ash systems nemrally can ,oi)crate for at least a year
without having Io be shut down for an overhaul.

5.3 SUMMARY ()F COMI_,USTION TESTS OF JORDAN O11., SHALE

The combustion tests of the Jordan oil shale were conducted in the Ahlstr0m CFB test unit al. their R&D Center

at Karhula, Finhmd from January 11-20, 1988. The test program consisted era series of runs in which one or
more of the key operating parameters was ch,',mgedfor each run so that the effects on the combu:;tion
performance could be determined.

Details of the test burn results have been reported to AID by both Pyropower Corporation and by ORNL. These
details arc propriel_,ry to Pyrolx)wer and inlerested parties will have to contact Pyropower to discuss access to
such int'ommtion.

Thc Jordanian oil shale burned very weil, even at loads as low as 40 percent. A large fraction of the shale blows

through the combustor as fly ash; d_erefore, a large portion of the ash will have to be disposed of as fine fly ash.
Low SO2 and NOx emission levels can be achieved in the circulating fluidized bed combustor, utilizing the

calcium present in the shale and requiring no sorbent or chemical additives. High carlxm burnup, 98 percent or
better, can be expected,

I
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6. MINE AND SItALE OIL.FIRED GENERATING PLANT DESIGN
i

The proposed project is adjacent tOthe Desert Highway, with 400 kV and 132 kV power lines located just
to the west of the highway. The national railroad line lies east of the highway and runs directly through the
north pit area of the Sultani deposit. This rail line must be located to proceed with the 4 x 100 MW oil
sahle project. Plans are to expand the existing test mine pit at the northwest corner of the deposit and

develop the pit to the southest. Shalcprocessing facilities, power block facilities, office and service
facilities ali would be located to the west of the mine pit, between the mine and the highway. Water wells
to the upper aquifer would be drilled in the vicinity of the power plant. (See Figure 6.1.)

6.1 MINE AND MATERIALS ItANDLING SYSTEMS

The 400-MW Sultani oil shale-fueled power plant would be a large operation, with materials handling
issues made even more important than in most such large operations because of the high-ash nature of the
performance fuel. As mentioned in the Bechtel Group's project plan, the need for a 50-MW step is more for
answering questions centered on "design issues for optimizing a 100-MW plant, in particular materials
tlow, rather than any need to prove the technology feasibility." Oil shale is harder than salt or coal, so
mining and material handling equipment developed for these commodities are not necessarily directly
applicable to oil shale.

If the proposed plant (400 mw) were to be built, each year mine operators would extract approximately 7.78
million tonnes of oil shale after removing 10 million bank m3 of overburden: The design rate of the
mining operation (perhaps overly conservative) is 2,000 tonnes of specification fuel per hour based on a

1(_!percent capacity factor of the power plant 1 and a '72 percent efficiency factor for the mining operation.

6.1.1 The ()ii Shale Resource

Jordan has long been identified as having extensive oil shale resources, possible exceeding 10 billion tons.
There has been extensive core drilling by the NRA at four shale deposits in the country. Table 6.1
summarizes these oil shale resources for three of the sites, with 3 to 4 billion tons readily accessible for
development. The fourth, not displayed here, is tl_c most recent exploration effort and the most extensive
reserve yet. It is located 40 to 55 km north-northeast of the Sultani site. Data on the size and quality of
this reserve have not been published yet.

The Sultani site's nearly one billion tons oi"reserves cover an area of about 25 km2. The Bechtel Group,
Inc. has calculated that oil reserves in the northern area alone of the Sultani site appear to be sufficient to
support a 400-MW plant for 30 years. With reserves in the southern area of the deposit being more than
twice as large, the Sultani site could theoretically support up to 1200 MW of power generation for 30
years,

1A capacilyfactor in the60 to 70percentrangewouldbe m¢_rcrealistic.

' 1Pl
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F[_,-re 6.! Preliminary Jordan ()ii shale project layout
_ , , , (Source: Bechtel Nalional, lhc., Arlington, VA) ...... I
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Table 6.1 Jordan (}ii shale reserves

Jurf-cd

E1 La j.iun Suitani Drawish
Exploitable resources 1.2 0.9 2.5

(billion toils)

Oil sh'ale thickness 29.6 31.6 68.3
(mean average in m)

Overburden thickness 25.8 69.3 47.3
(mean average in m)

Shale oil content 10.5 9.7 5.7

(mean average by weight)
%

Source: Prefeasibility Study: Oil Shale Utilization ]'or Power Production in the llashemite Kingdom of Jordan, Volume 1, Bechtel

National, Inc., Arlington, VA, December 1988.

6.1.1.1 Drilling program

A total of 53 holes on approximately 1-km centers were initially drilled at the Sultani site to delineate the
reserves (26 holes in 1982 and 1983 by the NRA and the BGR of the Federal Republic of Germany, and 27
holes by the NRA in 1986). An additional 28 drill holes on 150-m spacings were recently completed and
used to define the reserves in the northwest section of the site, the area proposed for initial production
mining. The oil content was determined in 67 of these holes (Fisher analysis on 42 boreholes), and
analyses for calcium carbonate, sulfur, inorganic carbon, and org,'mic carlxm content were detennined for 15
drill holes.

Based on the borehole drilling, the following geologic maps were made o1"the, Sultani deposits: structural
contour map of the upper oil shale surface, su'uctur',.flcontour map of the lower oil shale surface, isopach
map of the overburden, isopach map of the oil shale, and isoline map of the oil content percent.

6.1.1.2 Borehole Analysis

'Fable 6.2 summarizes the extent of the Sultani oil shale reserves, based on mineable reser,e criteria that

employ reserves having a greater than 5 percent oil content and a stripping ratio ot"overburden volume to
oil shale volume of less than 3:1. The mineable reserves are in two distinct areas, one in the north and one

in the south, separated by a narTow corridor of low-grade oil shale in the central part of the deposit. The
Bechtel Group, Inc. useda specific gravity of 1.8 in determining the quantity ot"oil shale.

Table 6.2 Sultani ()ii shale reserves

Oil Shale Oil Content Oved_urden Stripping Ratio
Area (million tonnes) (percem) (million m 3) (m3:m 3)

North 320 7.44 384 2.16:1
South 658 7.61 627 1.71' 1

Total 978 7:65 .. lr001 1.86:1
Source: Prefeaa'ibility Study: Oil Shale Utilization for Power Production in the ltashemite Kingdom of Jordan, Volume II, Appendix
¢ lzt,._.l.,),.1Kl_)bm_l lhc Arlinplon. VA. I)ecember 1988.

i
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Table 6.3 summarizes the mineable oil shale reserves by their oil content. The thicker oil shale beds
contain a higher percentage of oil. The average organic content of the oil shale tested ranged between 8 and

11 percent by weight.

Table 6.3 Sultani oil shale reserves by ()ii content (in million tonnes)

Area 5% Oil 6%Oil 7% Oil 8% Oil 9% Oil 10% Oil Total
North nii 24.440 158,075 114.407 23,407 - 320.329
South 2,075 82.416 238.067 186,870 144,420 4,750 658.598

Total 2.075 106,856 396,142 301.277 167,827 4.750 978,927
Source: Prefeasibility S.a'ty: Oil Shah. Utilization Jc,r Pc)wer Production in ttle Itashemite Kingdom of Jordan, Volume I1,

Appendix 5, Bechtel National, Inc., Arlington, VA, l)cccmber 1988,

6.1.1.3 Oil Shale Composition and Properties

Table 6,4 summarizes the physical composition of the oil shale in terms of its usability as a fuel. The
sulfur content varies between 1.6 and 4,3 percent, with most values between 2 and 3 percent.

Table 6,4 Sultani fuel specification

Low Calorific Performance High Calorific

Composition (%..b_' wt..) Value Ftzel Fuel Value Fuel
Carbon (organic) 10.20 11.32 12.50
Ctu'l_n dioxide 14,14 13.87 13,37
Sulfur 2,38 2,55 2,71
Moisture 3,2(1 3.20 3.20

Hydrogen 1,02 1.13 1.25
Nitrogen 0.58 0.48 0.38
Oxygen (by difference) 1.18 0.65 0.34
Ash 67.30 66,80 66.25

Totals 100,00 100.00 100,00

HHV (Bttz/pound) 2000 2250 2500
Fisher Assay Oil Content 7.5 8.4 9.25

(% by weight, median)

Range (% b_c...wei_ht,median) 6,7-8,3 7.5-9,0 8.4-9.9
Source: Pyropower Corporation, April, 1988.

6.1.2 Mining Considerations

The overburden thickness ranges between 34 m and 86 m, with a mean thickness of 69.3 m. The
minimum thickness is found in the northwest part of the deposit _md the maximum is in the southeast.
The oil shale thickness varies between 1.5 m and 65 m, with a mean thickness ef 31.6 m. The greatest
thick_n.essocr_'ur_in lhc. _autheast section of the reserves.
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The mine development plans ['or 01o20-MW and 50-MW projects _u'edifl'crent from those of the 400-MW
plant because o1"the much larger volumes o1"materials to be handled in the full-scale commercial project.
The mine for either of the two smaller projects would be formed as an expansion of the existing trial tilt
through use of a loader and truck operation. Working benches and a system of roads and ramps would be
developed in the overburden and oil shale in preparation for actual production. Three separate haul roads
would be built to transport (1) overburden from the pit to an out-of-waste pile located 3 km away, east of
the oil shale deposit, (2) oil shale from the lilt to the process plant storage piles (3 km), and (3) spent shale
asia from the power plant to the out-of-pit waste lille (4 km).

The mine for the 400-MW project would be new, also being located in the northern part of the site because
of its thinner overburden along the west bank of the deposit. Complete development of this are for mining
would enlail the necessity of relocating an existing railroad line (the Hijaz Railway) after about 18 or 19
years. The mine would consist of a new incline and box-cut, the development of working rock faces for
electric shovels and trucks in the in-pit-system of roads and ramps. Mined shale would be fed onto a belt
conveyor for transport to the surface via the incline. For the first several years of the operation, the incline
would be used for transport of overburden from the pit to the out-of-pit waste pile. After sufficient mining
has been completed (approximately three years) to permit room in the pit, backfilling of the pit could be
started. Haulroads for the disposal of the overburden and of the spent shale would have to be built at that
time.

6.1.2.1 Mode of mining

The mine operation consists of the following activities:

• topsoil removal and storage • drilling and blasting of overburden benches
• loading and hauling of overburden for • leveling waste pile

disposal to out-of-pit waste pile
• ripping oil shale • selective mining of oil shale with scrapers
• storing oil shale in two piles by grade • reclaiming in approximate fuel
• crushing and hauling to power plant stockpiles specification mix

7'tuck and she vel mining

Mining at the proposed Sulmni oil shale plant would be by mobile mining equipment, i.e., "truck and
shovel." The overburden t'or the mines for the 20- and 50..MW projects would be removed (al'ttr being
loosened by blasting) by front-end loaders, while thal of the 400-MW plant would be loaded by electric
shovels. Mining of the oil shale for the two slnaller mines would be by using bulldozers to rip the oil
shale and scrapers to load the ripped shale for delivery to lhc por_fl_le crusher. In the 400-MW project,
surface miners would be used to load the broken shale into trucks tor delivery to trump dump hoppers.
Explosives used to break up the overburden will be detonated by use of blasting delays I_tween rows of
holes and occasionally between holes in the same rows to ilnprove fragmenlation and reduce ground
vibration and air blast levels. On-site, secure explosive storage will be provided let bulk blasting agents,

bagged ANFO (the primary explosive), and high explosives. Construction of these would be in accordance
witll appropriate stan&lrds. Access to the blasting areas would be controlled prior to the time of blasting.

Dragli'ne mining

The El Ab'_'adMine has a stripping ratio of 9.6 m3 of overburden to I m3 of phosphate ore mined. In order
to redtlCe overburden excavation costs, in 1981 the Jordan PhosDhale. Mining,,.,('rm_p'_ny........[ Irl (IDIWI("_,..-.-_/

procured a 30-m 3 dragline (the first large dragline in the Middle East) for its El Hasa operations (20 km

= i ,i , ,i
, i i i illl , rll iir ii
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south of the El Ab'fad Mine). An international mining contractor operated it for the first two years.
Dragline production, operation, and availability proved most satisfactory, and JPMC t(x)k over the dragline
operation in 1983. To reduce contract mining costs for overburden excavatioll, JPMC has shico procured a
lT-nl 3 dragline for its Olx:rations at El Ab'fad Mine and is procuring several other small draglines l'or its
operations elsewhere. Technical questions about Jordanian engincx',ring and maintenance capabilities to keep
such capital-intensive machinery in operation are; thus, largely moot based on JPMC's record. JPMC
estimates that a draglinc employed in the Sultani mine could reduce overburden excavation costs by about
50 lx_rcent.

The questions that de remain about the suitability era dragline at the Sulmni site are (1) the possibility of
the incremental nature of mine and plant expansion (to match demand for lx_wer) vis-a-vis the capiud
intensive, one-time cost ot' procuring a dragline; and (2) the length of the ix)ore necessary to allow tile
bucket access to the lowest-lying overburden, The relatively fiat shale oil beds are highly conducive to
dragline removal of overburden. Preliminary discussions with r,ersonnel2 from the Bucyrus-Erie Company,
suppliers of the 17-m3 dragline at tlm El Ab'fad Mine, suggest thata dragline would be easily suited to
otx:rating under the physical mining demand needs and constraints ot"the phmned Sultani oi)oration, The
main question would be the phasing of the operation.

Additional information regarding the feasibility of using draglines and information on other aspects of the
mining and materials handling operations can be found in Appendix B.

Oil shale handlin,_

Because of the pert'ommnce SlXzcificationof the. fuel (2250 Btu per pound), separation of the ore must occur.
In the case of the two smaller mines, oil shale would be placed in both low- and high-grade stockpiles by
the scrapers according to visual inspection of grade by tile equipment olxmttor (see Figure 6.2). A front-end
loader would charge a portable crusher from these stockpiles. From the crushers, the ore would be
transported by truck from the pit to the surface oil shale process plant stockpiles. While one stockpile
would be in tim process of tycing formed and tested, the second would be used to fuel lhc phmt with the aid
of another front-end loader. Tlm requisite fuel is thus assured through use of selective mining, mixing at
the lx)rtable crusher, and amendment from the stockpile prior to use in the phmt.

For the 4(X)-MW plant, oil shale would also be selectively mined and loaded through use o1"surl'ace miners
and trucks which would carry the ore to t,'uck dump hoppers (see Figure 6.3). From the hol)pers, the oil

shale would be moved to the surface via belt conveyo r where it would enter an automatic sampler before
being placed on '.,ttraveling stacker for stockpiling into two "V" slot storages. While one Slockpile would
!_ formed and tested, the second would lie amended lie two variable SlyCedplow feeders for delivery to the
process plant. This system would assure the large volumes of uniform-qualily oil shale necesstu'y for the
large operation.

6.1,2.3 Production of phosphate to reduce the mining costs

The NRA's recent core drilling to further define the oil shale reserve revealed that the Al Hasa Phosphorite
Formation, which underlies the Sultani oil shale, has 3 to 12 m of phosphorite material. These deposits

2 Martin F. Selfert, Manager, Drive and Power Systems, and Rami l_eydoun, Electrical Fngineer, Service l)ivision. Sincelm

=li neither is a mining engineer, these observations will have to be confirmed by someone nlore lamlllar with tile specifics of tim
proposed Suhani mining operation,
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are unexplored in the Sultani area, but are p_u't of the phosphate ores currently being mined in the large
operations of El Ab'fad and El Hasa south oi' the Sultani area,

With a world market oversupply o!"phosphate rex:kand Jordan having ample supplies of inexpensively
mined phosphates, there appears to be little incentive to mine deeper below the oil shale for what is likely
low-grade phost)horitic ore. The overburden removal costs ro'e, of course, nii, but the costs of removing
overburden in the large phosphate pits mined by draglines are not that expensive a part of the overall
mining and mill operations. With the 1992 (or thereabouts) closure of the El Ab'rad Mine and the El Hasa
operation planned to be terminated in 1997 (due to their limited remaining proven economically recoverable
reserves), there would be no nem'by benel'iciating or milling operations for any phosphate ores minedat
Sultani. Extensive and expensive translx)rtation costs would have to be incurred to pursue this option.

On April 18, 1988 in Jordan, we asked Mr, Muhalnmed Abu Ajamieh, the Director of Geologic Surveys
and Mines in the NRA, about the potential for mining the plaosphate rocks underlying the oil shale. He

responded that the phosphoritic horizon is composed of very hard rocks, meaning that exploration of its
extent and feasibility for mining would likely be expensive. He stressed that Jord,'m has many phosphate
deposits that are readily mineable, there is a current glut in the international market for phosptmte rock, and
that there is much uncerulinty associated with the mere presence of mineable ore. These uncertainties
include quality issues, means and costs for bcneficiation, and marketability. Tlm fact that the phosphate
reserves would bc accessible without any costs to remove the overburden did not impress Mr. Abu Ajamieh,
He held out little optimism or inlerest in NRA exploiting this potential.

Of course, what the nmrket for phosphate rock might be by the mid-1990s when the oil shale project might
first begin operation is another question, The World Bank clearly has some cont'idence in Jordan's potential
to export phosphate on the world market at that lime, given lhat the Bank is abotit to fund a $31 million
loan to the JPMC for a new l_hosphate mine and processing plant at Shidiya, 120 km northeast el Aqaba,

Anolhcr consideration in conjunction with the E1Ab'l'adand El Hasa Phosphate Mines being scheduled to
close in the 1990s is that the raw rock would have to be transported to the Shidiya site, a considerable
distance. (The existing narrow-gauge Hijaz Railway, which is used to transport the production from the El
Ab'|'ad and El Hasa complexes and also connects witti the Sultani site, passes 25 km west of the Shidiya
site. There are no current plans to make the link between the Shidiya site and this railway, although the
World Bank states 3 that "The pmt×)sed Transport III project may envisage the extension of the railway line
to Shidiya, depending on the economic and financial justification of this extension." The narrow gauge line
between 'the El ttasa and El Ab'rad mines suffers from the poor condition of the existing track and lx_d, and
occasional derailments occur because of poor track maintenance, In 1986, only 48 percent of the OUtl)Utof

these two production facilities was transported to Aqaba by rail; the rest went by contract trucking
operations, whose tariffs per tonne were more atlractive than the railroad's rates,)

2 '

7;, 6.2 SHALE OII_-FIRED GF.NERATIN(; I'LANT I)ESIGN

Pyropower has prepared a preliminary design of shale oil-t'ired CFB boilers tbr nominal 20-MW and 50-MW

electricity generating planks. The designs are very sinaihtr except for the differences necessitated by the

3 'tlm World Bank, Staff Appraisal Report, llashemite Kingdom of Jordan, Shidiya Phosphate Mine Project, Energy

-, Division. Asia Technical Department, The World Bank, Washington, I).C., Report No. 6932-JO, restricted distribution

document, l)ecember 18, 1987,
-!
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difference In capacity, The principal design l)arametcrs t'or tile two boilers are f)roprietary iu nature, and
Pyropower would have, to be contacted regardhlg availability, ORNL, has analyzed tht_se designs for their
t'easllfility and has rcporte.d lls l'lndhags to Ali.) alltl other study ptu'tlciptlr_ts, ORNL,'s tuudysc,s are also
proprietary in that they iteccssartly coflvey clemcuts of tilt', l_yrolX_werdc,sign which tne l_rotec.tc,d by
confidentiality agreements, FlgtH'e 6,4 gives a schematic rel_t'esentation of tile whole oll shale-for-power
project,

The major socioecorlomtc and onvh'onment,'fl impacts from the proposed f)roject will come from Inecting
the project needs stlrnrnarlzcd ll_Table 6,5+

Table 6,5 Operating characteristics, three plant-size operations,
Suit,anl oll shale project

Charac.tcristiu 2() MW 50 MW 4()() (4 X lO(f)MW
Oil shale fuel (fly) 39(),0()() 973,()()(} 7,8()(),()()0
Mille Development e×cavatic_n (

bauk m :_) 5()(),()()() ] ,()()())()()() _ ,5()(),()()0

Six;ht asia disposal
(t/y, wetted) 327,()C)() 815,0()() 6, I ()(),()00

Water ccmsumf)tion
_l (1(1<1()m:?y) 53g 907 1263

I Net l_ower product.iorl

(million KWh/y) 15_,7 398,8 (3234,5) a
- Total power generation 24,0 60,4 (,483,5)a
- Power block Ol_crating ccmstmll)tion 7,2 7,4 123,0
- Power used for shale mlniug and

shale processing 127,5 33 l,() 2628,0
- Net power to National Grid (MW) 19,4 50,4 4(}(1,()

Operating personnel 185 324 1046
Com munity l?(_l?tzlat_igu 700 1200 4()()()

Source: PrefeasibUity Study: Oil Shah; Utili,:ation for Power Production in the Ilashemite, Kingdom of
Jordan, Bechtel Naliomfl, h)c,, Arli))glt)n, VA, May 1989,
a l,'actored estimate
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7, ENVI[RONMENTAL CONSIDERATIONS

While the United States has considerable experience (dating back to the tj,S, Department vf Energy's synfuels
program of the late 1970s) evaluating or roughly esthnattng the projected lmpncL,_oi' vtl shale technologies,
what Is known Is generally related to experience only with retorting facilities, In such facilities, liquid fuels,
not power, are prvducc, t, The chemical reactions Involved are much more complex than in the direct combustion
processes proposed for tile Sultani plant, Toxicity of a variety of organic compounds, either tn the emission
stream vr in tile spent shale nrc tile mt_jvr environmental concerns, With the Sultmlt plant, the orgnnics are
nearly ali combusted, Because projects ill the LI,S, h,'lve never prodlmed at large capacities and because the
mining operations supporting such projects have relatively low production rates and have been in operation only
a relatively short thee, there is little, to learn l'rvm U,S, eXl)erience about the long-term effects on miners
exposed to shale oil dust,

The rnajor issues vf environmental concern ill constructing and ol_rating the prvt)osed oll shalc-tO-l)owcr project
at the SulRmi site center on fugitive dust, watc,r availability, and potential grvundwatcr contnminatlon by heavy
metals, Tile lvgistics of moving tile enormous quantities of materials through the plant on a routine basis are
staggering, as are the waste quantities of ash tv Ilo placed hack in the ground in an environmentally responsible
manner, Water availability In the dc,sort location cilnsidered is of cvurse, tllways n m_l.jorconcern,

7,1 CII_NERAL ENVIRONMIgNTAL CONTEXT

The eastern three quarters of Jordan tu'e either rock or sand desert, Withvut irrigation, this land, lhc badia, can
supl)ort a shifting pastvrnltst ccortomy, but cannot Sial)portsustained agricultural cultivation and settlement,

The Jordanian desert is part of tlm great Syrian Desert which covers large, portions of Iraq, Syria, Jordan, and
Saudi Arabia, Being on the western periphery of this desert, the Jordanlnn desert tends til be slightly cooler and
wetter, lt is largely covered with a layer of flint and chert t)el)bles and sparse arid-land grasses,

To the west of the desert, the land rises to merge into a narrow strip (lt' steppe, forest, and arable land (known as
lhc Western ltighlands) Ix'ferc it is intc,rrul)ted by the rugged and at times specttlculnr escarpment of the Rift
Valley, Moving southwards from the northern l)art ill'Jvrdan, this severe depression is marked by Lake Tlberias,
the Jordan River Valley, the Dead Sca, ttle descl'tic Wadi Araha, and finally Aqaba on the Red Sea's Gulf of
Aqaba, Some of tlm larger peaks cast of the Dead Sea exceed 150() m, but nit)st til' the land lies nt clew.ltions (11"
500 m to 1000 m, The banks along the Dead Sea lie at -4()0 m, the lowest point on land in the world.

The Suit)ni site is located in the eastern portion of the l<,nrakPhltcau where the western ctlge Ill' the Eastern
Desert lies within view ill' the Western l-lighlands (soc Figure 1,1), Tlm land hero is flat to rolling with some
hill ridges. This land is silmetitncs termed the southern p()rtion of the Mnl'raq Stel)pc region,

'l'l_c Sultani site is in the soutl_-cenlrnl catclunont area t)f Walli Mtajib, which covers au nrc) of 4600 km 2. The
tty_pcrreaches (li' the wadis (valleys) making up the Wadi Muj ii)arc in semi-desert areas etist tJl'tile Desert
l-llghway trod cast of the 1lt.j,'lzRailway, t-lea'e,and for tile most part around the Sultnni site, rainstorms are
h),:alizcd and l'h)(ids nrc comparativc, ly few, As a result, tile wadis are not deeply illcise(l as they are farther west,
lc wet' in the drainage Ii)sin, While rainfall can he as low ns 50-I(X)mm/y iratlm high, semi-desert areas oi' the
Wadi Mujib, tlm western p(lrtions receive 300 mm/y, 'l'hc elevation at the Sultani site is arottnd 822 m above
sea level, There is a small, low desert dam on the Wndi Sullnni, just south of the Sultani sit(:, lt i,,;usually
filled in the rainy season, but dries up lt)wlard the end l_l' lhc SUll; icl', Mtw,h o1'lhc flow behind ll_edam comes
from effluent front processing phosphates tit lhc El Ab'l_ldMine, about 10 kin south of the Sultzuli site,

q
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7,1,1 Climate

JordLllfs clhnate ts commonly ctdled Mediterranean, with rain falling mostly during the winter months, A true
Mediterranean cltmme is to be found, however, only along ttle higher elevations east of the Rift Valley, The
Suit/mi site irl Central Jordan has ti semi.arid Mediterranean climate, Rainfall Is concentrated Into lt cool wtnter

season; summers invariably have a pronounced drought, January is the coldest month and August flaehottest,
Teml)eratures range form 7'C to 25*C,

,

/
Climatic details l'or Qt_traneh, about 10 kin north of the Sultm_l stte and the closest source of representative data,

m'e presented in Table 7,1,

Wind circulation ['ollows two patterns: the winter winds are m_flnly southwesterly at 25-35 km/h and the
summer winds are northwesterly at speeds of 15-30 km/h, Afternoon wind spc_,zdstypically Increase to 40 to 50
km/h, Abu-Ajamic'al reports that the Sultani art;a can be alTected by dust storms brought on by winds blowing
from the southeast, q'lfis occurs during the.dry Khmamsinic f'k;riod (a brief, regular occurrence in the early

, Sl)ring),

' Rulnfall (about 110 mm/y at Sultani Station) has _q)pm'cntlydeclined over the last 2000 years; tills has

concentrated the more "retch t" nem a¢llcpastoral activ it:cs (sheep, camels, and goats) in tile more producti ve
wtl¢lis in the western parts of the arid highlands, i.e., nem'ct the Sult,'mi site, Rainfall (x:curs erratically, with

: wide annutd fluctuations, This makes w;_terresource planning diffictdt, bectmse the impotmchnent of seasonal
I writer flows in valleys is at the center of future water resource expansion he,pes,

Snowfall occurs in December to MLlrchwith the mean annual number ot' chlys being 4, The maximuna number
of days with snow is 14 d/y, 'l'he maxin_tml snow depth is 40 ce,

7,1,2 F,nvlronmenl_ll Sl_lndllrds

Jonl_m Ims no COml+rehensive.envh'onment+tI standtu'ds regtthlting industrial developnrlent such as the proposed oil
sMle plant, In cooperation with the International Union for the Conserwltion of Natt,re (1UCN), AID is
providing the GOJ with US$150,000 in locttl currency _ltltl the IUCN with US$380,000 over the next two years
to conduct a COml_rehensive amdysis of the condition of the cotmlJ'y's environmental systems and to prepare
recommendations and standards tlmt the GOJ might enact to protect environmental resources as the country
undergoes fttrther development.

In the absence of comprehensive sttindtu'ds to guide indtlstrial developlnent, the OOJ relies on the Department of
Environment in the Ministry of Interior to perform monitoring rind sonic enforcement of the more egregio_ls
affronts to the environment, Regulation is basic_lly through negotiation, with the GOJ typically supporting
the Department o1'l_nvironment's decisions and actions, 2 For major development, the Department of the
Environment is looking to U,S. standards and World Bank guidelines in the interim until the country adopts its
own regulatory st.'mdards mid procedures.

|

7,1,3 Wildlife and Wildlife Resources

Wildlife resources near the Sultani site are similar to tl_ose of extensive st_'e,tches of land along the Desert
Highway. There are no plant or aniln_d resources of significance tmr would likely be harmed by the

1 Ahu.Ajamteh,M., AnAssessmentof theEl-l_zJjjunOilsh_JleD_:posit,Naturallt.esourcesAuthority,llashemlteKingdomof
Jordan,Amman,Jordan, l"ebruary1980,

2 'I'_11,Sufyan A,, l)lroctorof lie l)t_p_rtmtmtof the Etwironment,pt_rsonaluommunlcation,April 14, 1988.

-!li,,(
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consmmtion and operation of the prolx_sed plant. A more thorough discussion of these resource management
issues is given in Appendix A.

7.1.4 Archaeology and Historic Sites

Parts of Jordan have been continuously occupied since around 8000 B.C. Urban concenu'ation did net appear

until around the Bronze Age (3300-1200 B.C.). Evidence of human occupation in some places dates back to
100,000 B.C. The country's archaeological resources cover major sites from the Neolithic period, tim Bronze

] Age, the Iron Age, the Hellenistic Age, the Nabatacan civilization, tim Roman period, the Byzantine Empire,
! Early lslam, the era 0f the Crusades, and the Turkish occupation.
J

! Much ot"Jordan's archaeological resourc_as remain uadiscovered, and ii"known, unexcavated in a major, scientific
l way. The area of the Sultani site is remote and expected to have few ii"any resources according to the Natural
I

Resources Authority, which has responsibility for the lands and the mining activities ii,ere. If the proposed oil
' shale project advances to a Feasibility Assessment stage, responsible authorities with expertise in the relevant

areas would need to be consulted about any re,sources at Sultani that might be in need of special protection.
I

7.2 POWER PLANT EMISSIONS

The main gaseous emissions of concern with operation of tile proposed power plant(s) are Sulfur dioxide (SO2),
nitrogen oxides (NOx), and particulate matter. Dust, raw shale fines, and fly ash are the main comtx)nents of the

particulate emissions, and are discussed in Section 7.3.3. Dust emissions from the slacks are expected to be
around 0.03 li)s/Btu heat input, within general international recommended maxima. 3't)o fly ash is the main
concern regard ing particulates.

A gaseous emission of increasing global concern is carbon dioxide (CO2). The proposed project would emit
more CO2 per unit of useful heat generated than would a coal or oil plant of similar electrical tx)wer output
because of the carbonate composition of the shale in tl_c fuel. The calcium carbonate rocks would calcine tc)
lime under the heat of the combustion process. This reaction liberates CO2 and heat to the aUnosphere as well
as generating lime. This lime (CaO) in turn reacts with the SO2 in the shale oil to form calcium sulfate,
thereby limiting harmful SO2 emissions. Pyropower has not estimated the quantities of CO2 that would be

produced by the prelx)sed oil shale project.
=.

Emissions from the proposed power plant (an), of"the prot)osed sizes) should be within generally accepted
international standards for SO2 (see below) without needing any downstream treaUnent. High combustion

efficiencies from the vertical and lateral mixing inherenl in the circulating fluidized bed combustion technology
assure optimum carbon burnout (the test combustions in Finland showed over 98.5 percent combustion),

Shale of lower quality than the performance fuel specification may require suPl_lemental fuel, such as petroleum
coke or coal, for ignition or flame retention. Pyropowcr has del'erred this aspect of the combustion to later

1 studies. If such fuels are needed on a frequent basis, there, of course, would be SO 2 and NOx emission

considerations different in magnitude from the shale-alone fuel. These issues will have to be assessed in later
studies.

The nature of Pyropower's circulating fluidized bed combustion technology would provide for a uniform
temperature in the boiler, high heat transfer coefficients, and excellent mixing. The crushed oil shale would
contact primm-y or fluidizing air (see Section 5) in the lower combustion chamtmr. Here the shaie would be
combusted in an oxygen-starved (reducing) environment while the calcium carbonate in the oil shale would be

c_cined to lime. Secondary air would be introduced at a higher level to provide the additional air rexluired for
complete combustion. The lime component (calcium carbonate) of the sha!e would react with the sulfur dioxide
resulting from oxidation of the sulfur in the fuel source to form calcium sulfate.

,i ii r_ ' ,_ ' II , I, ,,
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Pyropower reports that combustion and sulfur retention occur at temperatures sufficient to provide maximum
calcium utilization for SO2 removal yet low enough to minimize the formation of "thermal" NOx (fixation of
atmospheric nitrogen in the combustion air), The combustion tests in Finland demonstrated that over 90
percent of the fuel sulfur was absorbed by the inherent calcium in the oil shale, The use of staged combustion
would inhibit the conversion of fuel-bound nitrogen to NOx. High combustion cfficiencies would be achieved
due to the long residence time of the solids and to the well-mixed isothermal environment.

The AhlstrO,m Laboratory's test of the Jordanian oil shale sample fuel produced typical stack emissions for SO2

of below 20 ppm. This reading is extuivalent to 56.8 nag/m3, and should be viewed in reference to the World
Bank's guideline (April 1984) for ambient air quality: a maximum arithmetic mean inside and outside the plant
of 100 mg/m 3, the U.S. Environmental Protection Agency's maximum of 80 mg/m 3, and the World Healdl

: Orgar, ization's level at which health effects may begin tc)be measured of 4(1 to 60 rag/m3. With the localion of
the proposed project, the generally excellent daily wind ventilation of the site, and with the combustion
technology and, fuel sources proposed, there appears little to be concerned about regarding file plant's SO2

emissions. Of course, more accurate estimates of ambient projected air quality would require use of an air
dispersion model, an intention of the Bechtel Group ii' this proposed project progresses tc)a full engineering
feasibility analysis. U.S. industrial facilities are generally required tc)remove about 95 percent of the SO2
emitt_. While the Pyropower boiler is intended to achieve atx_ut 90 percent SO2 removal, this should be most
adequate given the assumption (no data) that the Sul_am site haa low background SO, concentrations.

The Ahlstr6m tests also reported NOx emissions of 60 tc) 120 ppm. This corresponds to readings of 115 tct 229

. mg/m 3. These are stack emissions, and ii._the well-ventilated conditions oi"the Sult_mi site should be dispersed
to NOx concentrations easily within the World Bank guideline (November 1982) for ambient air concentration of
NOx: annual arithmetic mean of 100 rag/m?. Again, air dispersion modeling would be a requisite action in a

full feasibility assessment. The U.S. National Clean Air Act and National Ambient Air Quality Standards have
tl_e same annual arithmetic mean as tl'.e World Bank guideline. Interpretation of these readings is difficult
without more background data on the Sultani site and use of a dispersion model to augment these data.
Candidate worst case conditions for air dispersal modeling would be several days of atmospheric stagnation,
winds from the south in the Spring, or moderate wind conditions in which a stable polluted layer spreads
uniformly and causes visibility reduction over a large area. The Bechtel Group reports that NOx from the
Pyropower boiler is expected to be 0.6 lbs/million Btu boiler heat input, typical for U.S. industrial plant NOx
emissions.

The environmental impacts of phmt construction are expected to be normal for the type and size o1"facility
l;:oposed. Tile lack of significant seasonal rains means that construction can priced year-round without specific
stratagems needed to control for erosion and runoff beyond those undertaken in nonnal desert construction (flash
flo(xJing concern).

Secondary environmental et'f'exztsof plaintconstruction and operation tire largely factored into the community and
other workforce infrastructure design plan,'_put forth by the Beth!el Group. Sanitary wastes in domestic and
service waste streams would need to be kept separate and treated by using commercially available biological
treatment units.

7.2.1 Dust Control

Jordan's air quality outside of the major cities is quite good, benefiting from consistent daily winds, little
-- ._.... ;,-,,..,, ,,I .... t ...... or., ,,,_r;.hlr, {h_,tnr_n-('c_nflning] mnngr;mhv thai nrnmr_l.es daily air movement, and a

warm, sunny climate. Overnight air inversions are occasionally observed in the valleys and uplands, but are
generally broken up by daily wind patterns within 6 to 8 hours. The Bechtel Group's plans call for
establishment of baseline studies of site-specific air quality to monitor and model fugitive dust (and other)
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emissions. Such information and models would hel l) develop necessary mitigation practices to assure the
protection of the local air quality and worker and Rx:al residents' health.

World Bank guidelines lhr dust concentration levels consider two contexts: one t"oi'the workplace and one for the
environment beyond the plant tx)undaries. Dust concentration levels tbr inside the plant/mine complex are
threshold limit values (TLV) tbr workers exposed eight hours a day, and 40 h/week, The plant/mine complex
would need to be designed and Olyerated to provide actual dust levels well below the TLV because of the
unknown toxicity of the fly ash.

Wo_'ld Bank environmentally acceptable levels of dust emissions vis-gl-.visbackground dust levels are: annual
geometric mean less than 70 ms/m3 above 1cxcalbackground level and maximum 24 hourly concentration less
than 5 x annual geometric mean of local background dust level. The U.S. National Clean Air Act and the
National Ambient Air Quality Standards call for ,'_maximum annual arithmetic mean ot"75 mg/m 3 anti a
maxinaum of 260 mg/m 3 in any 24-h period. At this point there are no background dust data for the Sultani
site.

7.3 ()VI_I_lgURI)EN ANl) ASH I)ISP()SAI_ SYSTEM

Combustion of Jordanian oil shale would produce sul)st.antial volumes of overburden and asia rcxtuiring disposal.
At peak, operation of the 400-MW plant would generate approximately I0(X) tonnes per hour oi' wetted shale ash
for disl×)sal,

To provide a basis for predicting the environmental impacts of the disposed solid wastes, samples ot' the raw
shale antl ash froln the test bum were shipped to Oak Ridge National Lal×)ratory and analyzed.

7.3.1 Analyses of Shale and Ash

The material available for analysis was shit)ped from la'inland after the test burn pert'ornaed by Pyropower, Inc.
The material available for analysis consisted of about 250 kg of raw shale (staipped in one 55-gal drum), about
9000 kg of bottom asia (shipped in 46 55-gal drums), and about 6000 kg of fly ash (shipped in 16 large plastic
"Big Bags"). Ash was available t'rom each of the eight test runs; most of the analyses focused on ash from test
Run # 1, the test run with firing conditions that mosl closely matched the proposed conditions for the proposed
combustor in Jordan. The additional ,'tsh was set aside for later tests of its resource recovery Ix)tenfial.

7.3.1.1 Densily

Bulk density is a physical property of ash that influences both the area that would lyerequired for disposal of the
ash and its potential for by-product utilization. Measurement o1"bulk density was done silnply by weighing a
given volume of material. No efl'ort was made to compact the ash or shale or determine its absolute density
(independent of interstitial space bctwc,cn particles). The bulk density of ltl0 raw shale was 1.23 g/mL, and bulk
densities ot" fly ash and botl.ona ash varied from about 0,97 to 1.05 g/mL, ali within 5 percent of 1.0 g/mL, the

density of water. Bulk density data are presented in Table 7.2 and compared in Figure 7.1.
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I i ii i i lm--

__ Fi_4ure 7.1 Bulk density o1' ash. (bulk density of raw shale was 1.23 _/ml,)i i iii . i '111

Table 7.2 Bulk densily ot' shale and ash from
eight test runs (la/ml,)

Run Fly Ash Bottom Ash
1 0.9915 1.0313
2 1.0131 1.0432
3 1.0056 1.0532
4 1.0096 0.9727
5 1.0134 0.9945
6 0.9993 1.0599
7 1.0143 1.0372
8 1.0026 1,0187

Allhough ()no would extYactbottom ash to have a greater density than fly ash, the smaller and more, uniR)rm
particle size of fly ash (Sect. 7.3.1.2) allows fly ash to compact to a greater extent, thus producing slightly
higher bulk densities in some cases (Runs #4 and #5). 'I'he variation in density of ash ix much less important
than the fact that the ash is at least 18 perce_t less dense than the crus;hed raw shale.

7.4.1.2 Distribution of pzuticle size

Thu lnUtit:iu >i:,c,uf u>i_t;uuld ui'i'cct by-tntJduct utiiizatitm as wcii as lile ash's potential to generate fugitive dust
from the disposal site or by-product processing facility. Distribution of particle size was determined by using
die Microtrac automated particle size sampler (for fly ash) and by using sieve screens for the bottom ash _mdraw
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shale. The distributions ot"particle size for fly asll, bottor)_ ash, and crushed raw shale are shown in Figures 7,2
and 7.3.
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Figure 7,2 Particle size dlstribuliorl of ash _lli(l crushed shale from test burn ot'
,|ordanian <>ii sltale. (St'ml.l<_garilhtnic laraph tl_dicates the per ce,l ash I>y weight,
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'l"he lower size limits for dust particles are iri lhc lral_sili(_l/(_t., h) larD.:r gas I]l()h.'.ct_lc,s (al)out 1_tor legs) and

as such tire likely to lm exhaled as readily as they arc il_llalc_l,depCll_lillgon particle shal_ trod specific gravity.
The upper limit for particulate size is arotlml 500 l.t,()r al al)(_tltlilt.:si/,c \vllcrt.:gravity ,,,,,illral)idly remove a
particle from the aic such thtll is l)OSeSno lm/.ard l() resl)irali¢)l).

7.3.1.3 Proximate and ultimate analyses

Proximate, ultimate, and elelnOntal analyses WClCl)crl'_)rnwdi,_ crushed raw shale and fly ash and bottorn ash
froln Run #1, Table 7.3 presents the results t'rolu these tcsls.
7.3.1.4 Carbon and sulfur analyses

Data on total carbon and sulfur conlcnt of the shale and ash are presented in Table 7.4.

7.3.1.5 l_,eaching characteristics of ash and shale

To determine the potential t'or COl]lal]_il]atio_]of grotJJl(Ivv;.ll_.,r,lhc extraction procedure for rex 1city(1_i-'-:iox) was
performed. This test is routinely used to determine if v,'aslc nmlcrials arc, classilicd as "haz_u'dous" under the

U.S. Resource Conservation and Recovery Aet (R(..:RA) because t)f the loxicity of tilt leachatc generatcd from
the waste. To perform the EP-Tox, the ash or shale was ground using a mortar and pestle so that ali particles
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Figure 7.3 Particle size distribution ot' I'ly ash from test burn #1 ot' J()rdanian
()ii shale. (Seml.lugarlthmlc graph indicates tile per cent fly ash by weight that is
less than tile diameter shown, Ten percent of the fly asi; (by weight) was less than 4,07
[.t In diameter; 50 percen! was less than 24,90 _ In diameter; 90 percent was less than
80.05 p. in diameter; and 100 percent was less than 176 It In diameter,)

I II II I Illl I loll li ....

would pass a 9,5 mm sieve. The ground material is placed in a flask of distilled water and placed on a shaker,
The contents of the flask are, filtered to remove the solids, and lhc liquid clutriale is analyzed to determine what

constituents of the waste have dissolved in the water, The elutriate R)r the ash and shale were ,'malyzed for trace
elemenks and semi-volatile organic COml)otmds, A waste is considered hazardous because of its toxicity ii' ttle
concentration oi"any constituent in the elutriate exceeds the Drinking Water Standard (set by the U,S, EPA) by a
factor of 100. Data from the EP-Tox are presented in 'Fable 7,5,

7.3.2 Potential Water Quality Impacts

Water quality impacts t'roni the disposal of ash and overburden could involve the leaching ot"soluble trace
elenmnts into groundwater and inu'oduction oi"fugitive particulate matter into ephemeral watercourses or
reservoirs, The extent to which these lX)tenfial impacL,_wouh.t be expected to occur is discussed below,
The results of the EP-Tox leaching test (Sect 7.3,1,5 and Table 7,5) indicate that the fly ash from combustion
of the Jord_mian oil shale has a greater potential for leaching soluble trace elements than does the bottom ash or
raw shale. The concentrations of chromium and selenium in the leachate from l]y ash were about 10 times
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Table 7.3 Results of proximate, ultimate, and elemental analyses

Cn!she,d shale ...... Fly ash Bottom ash
Proximate analysis

Moisture (%) 1,64 0.16 0,25
Volatile matter (%) 35,2 3,37 5,12
Fixed carbon (%) < 1,0 < 1,0 < 1,0
Ash (%) 67,03 98,71 96.31

Ultimate analysis
Carlxm (%) 18,0 < 1,0 < 1,0
ttydrogen (%) 1,52 < 1,0 < 1,0
Nitrogen (%) < 1,0 <1,0 < 1,0
Sulfur (%) 3,01 4,94 3.49
Oxygen (%) 26,4 28,7 28,9
Btu/Ib (drywt) 2564 a a
kJ/kg 5963 a .

Elements, (ppm b)

Ag <4 4 5
A1 11000 17000 9380
As <60 <60 <60
B 24 31 20
Ba 80 128 320
Be 0,6 1,1 0,5
Ckt 182 156 153
Co 4 5 3
Cr 451 535 342
Cu 136 162 122
Ft 6160 9080 4950
Ga <40 <40 <40
K 3700 5300 3200
Li 29.5 32,5 29,6
Mg 5470 5550 3960
Mn 38,7 56,9 51.9
Mo 244 275 17"1
Na 2820 3790 2550
Nb 40 43 39
Ni 240 295 183
P 18()0() 20000 16(X)()
Pb <2(1 <20 <20
Sc 3,6 5 3,1
Sr 994 111(1 917
V 4.38 541 341
5' 23,1 28.7 20.8
Zn 1630 1730 1210
2'.z 25 31 21

a did not ['ire

b as-received basis, analyses peff(mned by ICP (lnduclivcly Coupled Plasma)

greater than levels that leached from boltom ash, 'l'hc tendency of fly ash to leach trace elements is thought to
l'e a:;:;ociated .vi,J3 ,d:esm.M! p.:_.rtidesize of fly nsh !rod alsn possibly the greater solubility of trace elements tmr

_i have undergone more extreme heating, complete separalion from the organic matrix of the t'uel, and subsequent

i! adsorptkmontothesurfaceofflyashparficles, lnane×ceptkmtolhupalternoi'flyashhavingthegreatest
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tendency to loach trace elements, the raw shale l_roclucodalmost 100 times tlm concc,nmU,ion of cadmium leached
from fly ash or bottom asia. Because semivohitilo ()rgarlic cOlnl)OUladswore notfountt in tlm ash loachate, no
contamination of groundwater by organic cOinl)Oulldswould be cxpcctccl t'ronl ash dislx)sal.

Table 7.4 Concentration of carbon a_adstill'ttr in raw shale and ash from Run # 1

Constituent Oil Shale Fly Asia Bottom Asia
Sulfur (¢o) 3.73 6,04 3.02
To_l,l carbon (%)

Replicate 1 14,0 0,46 1,00
Replicate 2 17,2 0.47 1.04
Replicate 3 18,2 NA l 1.75

Average 16,5 0,5 1,3
- i not available

Table 7.5 Concentration ot' constituents in ieachate from F,l'-Tox test
on raw shale anti ash from Run # 1

Drinking
water

('.c+nstituotat ()ii slialo Fly ash Boltc_nafish Slandard
7'race Elements (m,g/l,)

Arsenic 0.11 0.15 0.13 0.05
Barium 0,049 0,15 0.12 1,0
Cadmittm 0.18 <0.0()2 <0.002 0.01
Chromium 0,017 2,0 0,31 0.05
l__d <0,05 <0,05 <0, 05 0,05

Mercury <0.0001 <0,0001 0.0001 0,002
Selenium 0.22 0,69 0,06 0.01
Silver <0,()06 <0.006 <0,006 0,05

Semi-volatile Organics
65 BDL)' BDLb BDLb

C(_lllpOttlltlS a

a 65 compounds include l_hcnol, bis(2-chlcJrocthyl)ulhc'.r, 2-chlorphenol,l,3-dichlorobcnzene, 1,4-dichlorobcnzenc,
benzyl alcohol, 1,2-dichlorobcnzene, 2-methyll+henol, bis(2..chloroisol_ropyl)<:thcr, 4-mc.thylphctu)l, n-nitroso-di-n-
propylamine, hexachloroethane, nitrotmuzcne, isophorotw, 2-1_itrophcnul, 2.d-dimcthylphcnol, benzoic acid, bis(2-
chlorc>cttioxy-melhane, 2,4-dichlorophctml, 1,2,5-lrichlotolw.l_ZUnC, tutphthalcne, 4-chloroaniline, hexachlorobutadicnc,
4-chh)ro-3-nmthylphenol, 2-mcthyltmphthalc.v_e, hcxachlotcmyclol)ulltadienc, 2,4,6, trichlorophenol, 2,4,5-
trichlorophc.nol, 2-chloronal)hthalctm, 2-rlilroanailine, clmwthylphlhalatc, accnal';htl_ylcne , 2,6-clinitrotoluenc, 3-
nitroav+ilinc, accnaphthcvm, 2,4-ctinitrc+phul+ol, 4-nilrophcluJl, clitmnz.oftu'alh 2,4..dinotrotoluc.tm, dicthylphthalale, 4-
chlorol_hcnyl-l)hcnylether, fluorine, 4-nitro>aniline, ,1,6-dinilrtJ-2-mc.lhyll_ht:lml, n-nilrc_sodil_hcnylamine, 4-1_romopht:nyl-
l-_hcnylclh¢:r, hcxachlorobcnzne, l_cntachlorophcnol, I_henanthrcnc, anlhraccne, di-n-butylphthalate, fouranthcnc, pyrene,
Inltyllmtl:_.ylphlhalale, '3,3'-dichh)robcnzidint:, benzo(a)at_thraccnc, chrysune, bis(2-cthylhexyl)phthalate, di-n-
t>clyll_hthalale , bcnzo(b)fhmrav_thcl_c, I_cllzo(k)flouranthctlc, bcllzo(a)l_Yre.tw, it_dutuffl,2,3,-c,d)pyrenc,
dibcn z(a,h)anl h racene, bcnzo(g,h,i)l_e rylcnc

b bch)w detection limits, either 0.()01 or ().006 mB/l+

, q .... iiii" " " .... '
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Asli disposal from the proposed lacility appears to pose some risk o1'groundwater contamination, After the first
3 years ot' mine developnmnt, ash would be dislx)scd of by placemeut in the pit from which the oil shale had
been removed, This pit is expected t() bc up to 100.105 m deep (a mean of 69 m of overburden and a mean of
32 in of shale), Because the A2-B7 aquil'er (Sect, 7,4) can be found at depths of 80 to 95 tri in the Sultani area,

ash placed in the bottom of tlm mine pit could be below the water table and subject to leaching by groundwater,
Ash placed above tlm water table would also be subject to leaching by precipitation, although such leaching
would be expected to be less extreme because o1'the very limited procipilation,

B;tsed on the restJlls of tile EP-Tox leaching tesi, leaching of fly ash could result in concentrations of chromium,
selenium, and perhaps arsenic flintexceed the U, S, drinking water standards, Some dilution of these elevated
levels could be expected ;is groundwatc,' migrated away from the disposal site, Nonethelt.ss, dislx)sal of ash
below or near the water table could degrade groundwater quality locally to the extent that water might become
unsuitable {'or use as a potable water supply, A possible mitigation would be to piace overburden or tx)ttom ash
in tlm bottoni of the mine pit, while placing fly ash, ,mith its greater tendency to leach trace elements, nearer to

the surface. The low levels of rainfall iri tlm area nmke lhc',overall hazard to pi)table water suplflies quite
minimal, but systematic and periodic monitoring by groundwater instrumentation wouh.l lm riecessary; such
metering is anticipated by the Bechtel Group in their general onvironnmnial baseline and long-term monitoring
for the proposed project,

The reactability ot' tlm spent shale with any constituollts of the overburden is unknown,

7,3,3 Potential Air Quality lnlpacts

Transl)ort and disposal ot"ash may result iii the rcicaseof fugitive Imrticulate rriatter, Operating plans call t'or
ash froin the combustion til-iii to be wetted (to ;.l20 percentw;.itorconteilt by weight, tisillg boiler blow-down
and other plant waste water streains) and I.ruckodto tile site or disl)osal or by-l)roduct utilization, The wettlllg is
to minimize the generalion ot'dust during l.ransl)Orlationlo the mine and disposal, Haul roads and pit ro,'idsare
to be sprayed with water ()ii a periodic basis to Sill)pressdust gellCratioll, 'l'he ash is to be layered with
overburden iii the i;lispt)s;ilplan iii or;lcr to in ininiize wind oi'ositm and to reduce the potoritial for le;tching, The
Bechl.elGroup's plans c.all for lhc ash to be disposedo1'in tl surl'ac.elandfill for lhc first three yearsof operation
unlil l.honlining pit was sufl'icioritly develol)od 1onccopl,waste nsh,

The Bechtel (]rou I) made lie assessmclltof exhaust einissiolls I'roiil diosc.Ioil-fueled nlilting _;qtiipmentarid hatil
li'ucks, Becatiso ot' the areal size ()1"the pit, llieso art: IlO;c()ilsidoi'cd to be a health problenl c, 'spite the enclosed
and deep n;tiure of the pit,

The particle size distribution for fly iish, t)ottolu ash, aild crusllcd shale (l:igurcs 7,2 and 7,3) li.:!;cates that fly
ash we;lid have tlm greatest potential to gencraic ftigilivo lml'ticulutc emissions, Particles less than 45 microns
(/.0 in dialneter constittited loss than 1 percent by weiglat of bolh the botton_ ash and the crushed shale, but al_out

75 percent (3t'lhc fly ash, Snlaller particles tu'oIlilich iliorc likely tliali larger particles to generatefugitive dust
becausethey can besuspendedby wind, About 25 pert'en; of lhc fly nsh consisls of particles less titan 10I.tiii
diameter, and areconsidered it) l)OSo;.igreater risk to hiinian henllh Iliali l_irger i);.irliclosbecatiseof' the h_.izartls()f
ilfll;lliilg and retaining small pnrliclos (soc Apl)C',ii(li,,_C),

'I'lio rate of l'ugitivo fly ash enlissions frtnn the ash tlisp()sal(q)eralitm w()illd depend()ii lhc riloisture contelit ot'
the fly ,'lsh,wind velocity ;Ii the sur[';.lco, the roughllcss OI lilt. Stll'l';.ice, ;llltlthe presence of ol_stacles Stlch ,'Is rocks
or vegetation, At prcserit, insul'ficient inl'orlnntit_ll regarding ash Ilandliilg and disposal is available to estiniato

acttial emission rates, The quantities of fly ash expected lo I_ei)rotlt_cetlby ihc c(mibusiion process relat)ve to
bottom ash tire in the ratio of 60 to 70 percellt fly ash to 30 lt) 40 percent Ix);toni ash (by weight).
Assuming the fly ash to lm inert or only a "lluisi.lllCe (itist," World Bank lhrosi_oid limit wihies for an 8-i_

workday are 5 nag/rn3 for respirable dust (as del'ined I_ythe British Medical Research Co;moil criteria, and as

i, ..... , II
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sampled by a device producing equivalent results) lind 15rag/n9 for tottll dust, According to EPA gtlidelines,
adverse human health effects begin when tlmbiellt levels t_l'dust exceed 80 i.tg/rn3, Current gtlldellnes ctdl t'or 75
t.tg/m3 as the annual geometric x'tle,ml'or tlproject b_lc.kgx'utmdlimit trod 260 I.tg/lll 3 aS tile xntl.xlmtlmtdlowtfl_le

24-h concentration, no more than once pet' yc.ar, The World BLtnkhas used these as ixqgtlt.sto its own guidelines,
but is hesitant to be more stringc, nt Ix:yolld the,so becztuso varimions due to tile physic_.d or chexnic,'d
ch,'tracteristics of dusts, climates, ioc,ltionlS,,rod other factors m,tke universal guidelines somewhat ditTicult to
meaningfully implement,

Stack Emissions:

When background levels ot' dust are high, dust emissions from tilt s_cks should not be greater them 1()0 in,ni 3,

Ambient Levels;

Annual gex_rnetricxne_m 100 i.lg/rrl3
Ma;:'mum 24,.h concentrt_tion 500 Fg/m 3

The main air pollutant frorn the proposed project will be fugitive dust, t:'yropower _uld the BEchtel Group's use
of cyclones in the combustion process shotdd help nlillirtlizc ash dispcrs_.ll there, The Bechtel Group c_dls for
the use of dust collectors wt the oil slmle process crushing plant, in botia the storzlge _mdprocessing areas,
Single cyclones remove about 90 percent of the larger ptlrticles, but loss tlm_l50 percent of those smaller than
about 10 I.t, Their removtd elTicie|acies could be increased by using second-stage, cleaning in scrubbers, filters, or

precipitators, This issue should be invc.stigated in later dosigll slages in order to protect worker health :rod lile
general environment,

Opel l.,pit mining will, of course, generate co|asidernble dust, Because oi' tile deep ntmire oi' the pit, however,
much dust from excavation will be contained below grotmd level, in the lilt and awtly from prevailing winds,
The extensive use of trucks will necessit_lte regular water spraying on t'otltls to suPl)ress t'ugjtive dust, Dust
emissions at the crusher should be controllable by dry cyclone,s; Water spr;_ying is about B0 percent etTective for
particles larger than 5 I.t,so this techrlique should be elTcctive z_tthe StJltgmi project,

7.3.4 Potential l.,_lnd Use Impacts

The Bechtel Group estitn_tes that tile w_.lstefrom tile mine supporting lhd 400-MW project would be in excess
of 25 million bank (expanded, or excavatc,d, volt|me) m3 _lIl{lttmt the SlYOntshale equivalent would be more tllan
6 million bank m3,

Shale const||nl)tioll by four IC)0-MW traits is estillatttctl to be 22,680 relines/el, or 7,78 Inillion tcmnes/y, based
cm Ol_ert_ting350 cltlys/y (a l|igher producticm l'igt_retitan necessary to SUlq_orta 4()()-MW plant operttting at u 75
percent capacity factor), This l_roduction rttte wc_uldalso produce 6,127 million tom_es/y of wet!cd t_sh, Given
the slude's specific gravity of 1,8 g/ce (in pl_ce), the avc,rtlge 69 m thickness of the overbt|rden, aver,_ge 32 Ill
thickness of lhc oil slmle scylla, a 95 percent sl_le recovel'y _'ato,_md_.t20 percent excess ovorbttrdcn rt.',nlov_tlr_lte
for the tiering needed in the pit ,,,,,all,it is c_lculated tt_zlt0, 17 km2/yr wotdd be disturbed for mini_lg oper_ations,
lt is _ssunaed that lhc overbt_rder_ has tile same specific gr_l','ily as lhc sh_lle and Itmt its volume exptmds by 40
percent (tile 13echtel (.Iroul_'Sphms asstmle a 30 pcrcetlt cxpzmsion factor) upon rentuvul; ii' overburden is piled t_
a depth of 10 m, tile area rcqt|ired for overburde|| disl_oStfldttriilg the l'irst three yetu's of oxt:r,_tion is estimated to
be 4.0 km2, Approxilnately 7,4 million b;mk In3 of overburtlell is to be exc_watc.d and hauled to the out-of-pit
waste pile,

ii ^ "'" production by" .................. '....: .... :......... "_ _ " -_ " ................ '........' "- "" ...."

i r"ta_t tilw t_t._l*t*actl la_,tliiy iS; t.;,",tlllltlt_.;_.l t() I)_.; ._.D llllllltHl tu_a/y, t.,_t,',uu ()ii tilt; t._l |),3fCOiii. tt,',l_

content of the shale, The test bttrn indic_ltEd tlult fly z|sh zmd bottom _sh would be produced in a ratio of 53:47,
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Based on the bulk densities measurect l:c3rfly ash and bottom ash from Test Run #1 (Table, 7,4,1), annual
production of ash would be 2,8 million m3/yr of fly ash and 2,5 million m3/yr of bottoxn ash, Dtlrlng the first
three years of operation, ash disposal would be in a sux'l'acolandfill, the out.of-pit waste pllG if ash were plied to
a depth of 10 m, 1,6 knl 2 of land wotlld bwreqttlred,

7.3,5 Overburden llanclllng

7,35,1 Out-of-Pit Surface waste disposal and land reclamation

Relevant World Bank guiciciines tk3rland reclamaticm incltJclc:

Surfacemhmreclamationshellbe perfonuedIn such a lllatlllerthat thelalldS ,fire rettlnmdlo c:tmcllllcmscapableof
supportingprior land uses or uses thatare equaltoor b¢!ttc_rihallpriorlanduse.... IIighwallsandspoil pilesmust
be eliminatedand th_approximateoriginalcontourrcstor_cl,Ali surface,art;asmustbe stabiliztxiand proteutodin
order to control s[ld¢',s, eroskm, subsidence, _l/Idac_on|paz|yh|gwaterlmlltltioll, Water [mpounclm_nts,rett:ntion
facilities,dams,orsettlingpondsshall lmadeqttalt',for intc,nclmllanduse, Thesefacilitiescannotprc_lucg
sig|fifica||tadverseeffectstoadja{:entwaterrescmr_es,Opt',ratorsmust usebi:stImtCtl¢alblecommerciallyavailable
techrmlogyto minhnizGramlrol,or prevt:ntdisturbancesto surfaceor undergruundwaterquality,cluantity,or flow.
Miningwastesand nJbbishmustbe properlydisposecl of su us to mi|lin|ize,control,orpruvtmtwaterpolluttcm....
II is h'tlp¢)rta/lt thai lundv'edamationbe startedus seenas possibleand litleast thre,_yearsaftertheopenh_gof the
mine,The BankMissionslmuldreceivecox|creteunddetailedProl_osalson thereclamationprogramandon tlm
meansnecessaryto achi,:,veii, 3

: The, Bechtel Orottp's plails call fez' employing reclanlation prc}cecti|res lhat would "rninimize adverse impacts
clttrlng raining and [tlmt would l restore ali affe,cted lands to their pre-nlining land use." While the emphasis is
,'lpprc_priately on controlling wind and water erosion, more than lancl stabilization is required by the World Bank,
"File Bank calls l'c_z'ellrninaticm of ;iii high walls and spoils piles. The Bc,chtel (Imtlp's plans de not at this
prefeasibility stage contain de,tails abotit wtiother the exca,,,alicm pit would be ctm_plotdy backfilled Ul×m
conq'_letion of the mining oporaticm or whether the,IIliniIIg area wtmld be D. 'mently fenced (with warning
signs postecl) to keep people forever away l'ronathe, pit's highv,,all. They also tie not address the issu", of wheflmr
or not the pit's highwalls wottld be graded to a lower, nlox'c,stable, slope. There have been deaths of Jordarfian
youths due to suffocation under shilting Sl)oils piles l'rcml almndonecl pllosl)lltlte mines anti from drownings in
tqmnclonecl phosl_lmte pits. While til{.;Beclltol Groulfs plazascall l'c)rrcvcgc:laticm, they tie not at this cursory
analytical stage call for any tesi plots to determine which species wotlld do best anti what fertiliz,'ltion/irrigaticm
regimes (if any) would work best cm the reclaimed hulds. The land's prior use,was overgraze,d open pasture, Tile

' Bechtel plans de not have details about what I_rocedui'es ,,votlld be enlpluyed to prevent overgrazing while new
vegetation is being eslablishe, d.

The ash alcme is an lmde,six'able l_lant growth meclitlm because t}l"ils small particle size (texture), which

ertcourages erosion, compacticm, anti celnentalitm (in as l'e.w as 3 days after being moistened) which causes poor
root penetration and low lmrmc.'ability, The ash has a high alkalinity and high quantities ot"dissolvecl stilts,
including elements that may be toxic to plant growth of at a minitllum that may inhibit water anct nutrient
Ul_lake. The Bechtel Group's plaus call fox're,vegetation using lhc original topsc_il; this is aPl_ropriate ancl
l_rc_bablyesse,ntial. The vegetative cover will "take" nlost quickly anti persist lougm" with topsoil than it we,tid
,,vilh overl:mrden ox'ash materials. The reclaimed areas shcmlclbe, fenced anti protectecl by other protmr
xntlintenarmo and rnonitcn'ing activities to ensure stability.

In general, the Bechtel Group's plans at this slag¢3of analysis call l'ox'apl_ropriato ccmsicleraticm to reclamaticm
neecls. The open pit at the enel of tile mirling operati{m wcmhl l'_ctile chief roclanlation concex'n, The out-of-pit
waste, disl×_sal lille would bwengineered for stability and its surfaces rovegelated. No mention is made ot' the

TlmWorldBank,Enwron.,entaiUuldeiim:s(alsocalledE,_,i,_,,_,,,,,m,d/;;,lia;tria'P,'ast;:C:mtrc.,!C,,ide!ir:es),C_ff!,,e,ff
lhwironmentalAffairs,The Worlcl13ask,Washint,lo,, I).C.,.198/I.
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aesthetic compatlbtltty c+l'the l'hutl l'orm oi+the pile with the stirrt_tlN¢lhlglamll'c+rms, In tt site tlmhighly visit)le
tlmthis (along the Det+ert l-llghway), this Issue needs collsitlt;ratitm, No tuulltlt'>tllmmade of the etlghleerlIlg
prctatltlot',_s tttket_ for assttrhlg stability o1'till dlstttrbctl areas hl the c,vc,nt of nlaj_+rflash l'lt>o¢ls,Little nltmtlcm
lmmade oi+the need to Integrate the t+lnalltll_ttl'¢+rmshltt+existhtg surface v,,att+rth'tdtttlgc,13ttttettxs,"l+ltts,too,
could be lml+ortattt Iii a l'lastl flood,

7,3,5,2 Erosionl and se¢llmenttttttm colltrt>l

Consistent with the World B+mk's gttldeline_+,the Bechtel Grt>tll>'sl)lawtscall t'c+rwater ditches to be dug oxl the
sttrface at'ottnd the excavation pit area ttllclthe waste ¢lisl+t+salarea tc+lcre,vent lt+¢ligoltt>ttssttrl'ace and grolmclwatcrs
t+rotubc,tng colltamh_atcd with rainwater rttrlolT t'rt+mLhc,di+',+ttix'bedre'oas alld Lt+prevent thc.,,+ewaters I'I'OMentering
the disttH'l',cdareas, Setlimc,ntation t_otldstll't_tr+13oct>I_strt_utodtC>collect water I'romdistttrb,ed areas In order to

achLve zero discharge,, Al'tor these l+_ntlsare built, the tt+pst+ilin lht_p_tat'etl, hal.li rt'>atts,and waste disposal
areas wottld be removed tl_tl stot'c¢l for t_sc in later la_+dt't_'clan_ati¢+t_,Water rttnol'l' from wlthha the pit would 13o
collected tn a sttrnp ttl_,:.I wotdd I×; uso<.lfor Wetlit+gtilt+,htltll r_>ad,,.;,

The Bechtel Grotq+ ¢l¢_.;snot idc,l_til'ywhat it w¢+ultltit>with t;xtu_sive water rttttolT that may be c¢+llecteditr the,
excavation pit, as with that t'rt+ma Hash l'lo¢+¢lt_rextt+Nsivc+and ttlltlStlal sc,as¢+xtall'ains, Nc+x'_1othe plaits t¢lcntify
hc+wseepage from irlterc+,pting the water table ii_tilt.;excavt_tit+_lpit v,,t_t_l¢lbe rem¢;tiicd or what cffc+ctsuch
seepage could have on t(,tal plaintoperati¢ms,

7,3,6 Resource Recovery

'l'ht_use o1'the waste ash lhr c,et_tent mattttl'acttH'e¢+ras an at;+e_lthuo_t t_+¢>therco_+strttctlcmmaterials has not

been studied in depth tit this tintic,, Tile exact cllu_lli,_try+.llltll+hysictll prt)l+ertlcs ()1'the, ash would be critical in
t_1akittga feasibility ttetermirtatiOl_, i3ecattso the tt.',chllt+lt)gyal_tlfuel t(+gotht_x'are 1low,there iu tat>U,S,

experience that wtmld I:,c,directly apl_licablo, lit +.1I'tlll fuasihiiity asscsSl_lt;t+t,this call I'veeXtlltaix+eclthrotigh (1)
market sludtos hl ,Jordall and (2) ertginec,rit_galltl dut'ahility stt_dics with the ash sultt tc+()ak Ridge Nattolutl
Laboratory from the test htlr_l, l_'t'ulhuinary ttssossmt;tlt of _.Ix+la['kctfor tile vast qttantttles of ash suggest that
there is now rrc tlemand I'c+rthe extra ash lt_Jortlall t_r i1+I+Uai'byil+tex'ltatiollalnlarkels, This sitttaLtoncould
change by the mid-199()s c+rlater, l-3,ecat_soo1'the lack ¢>1'nlarket clel+lantclanti the l+rel'easibtlhy luitttt+eof this
uteri+centstt_cly,no t't_rthc,r exilic)ratios of the IX)tt't)tial use,c_l'tht'_lly ash rts a r(;st)tH'cewas made,

7,3,7 Vulnerabillty t() Seismic Activity

No a_mlysis of the vtnlncl+ahilityo1'the l.+t'tq3t+s_;dproject tt_ scis_lliu activity was ct+ll¢lustcd, :_oc+tt_sco1'the pit's
high walls, l_t_t'stm_tcltit lhc pit at the time tel'oarthqt_akc activity uottltl 1_oUXl3¢+sodto the risk of collapse of the,
walls or l)t)x'tiou_sthereol, The poteltlial l't)r seis_+licactivity will have tr) I)c assessed ii' a flail l'c,,'lsibilitystudy
for the pt'c+jectiu condttcted, 'I'ho itul_licati_lls _1'title,'activity t{+tile l+lttntc_+ml)texat_d l)ttrticttltirly tr+the
miniltg c+purttti{mwill have tr>be alullyzed,

7,3,8 Noise Impacts

Controlled ttse o1'expl_+sives (,SCtlttC_lcit_glhc cllaa'_,,<:s),t;ll_:l_+,_int,tilt; ct't_shi_lglilatlt etlt_il+tUettt,and thrt+ttgh
mtitTlit_g Irt_ck artd _lher nli_it_g CtlUil_l_t;t_texhat_._t._,,v_tlltl likely tn_it_illlizei>r_jt;ct t_ises, l_ertnttI_et_t
rcsidoi_tial clevelt_l_tlaei_tis tot, distat_t tt_hc si_,nilical_tly tlllecletl, St.',as_,llttlsllel_ht,',rdstu_dtheir hot'¢lsm_we

thrt_t_ghlhc area, but wt)tJltl likely be t't;xwetlaway li't_ll_II1¢l_r¢_icctst_l'licicI_lly t(_be t_Htd'Fe_ctedhy at_y prt_jcct-
related noi,_cs, l:'t'c:>tecLi_ttof w_t'kers wc_ultlhu tllt._t:lliel'Ct)lK:t!lll,
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7,3,9 Sc,conthln'y I_nvlronluental lml_acts o1' the i'l'(lll(isecl Project

Tile torijeersecondtu'y exaviroxlmenixdltupLtctsof tile im_poscd project center on whether or not a support
colnmtiitity for the project's cotastrttction tit_¢lol)ct'tttt¢_tlspc|'sotincl is bttllt, I1'built ttr tl_e pliint site, impacts on
w_ter systeJ_as wotlld be the mtiin concern, Sttch itupLlCtSCottlll be colata'olled through centr;dtzed planning of tko
colnmtinlty and Its waste _lllclwilter systems, The Bechtel Clx'ottpl_l_uisto use pack,lge lntegt'atecl waste/water
systems to ltccoinmod_tte tl cottlmtinlty ot' ttf tel4()()()i_coplc lit the pl_li_t/mltaecc_mplex site, With pr(_pser
design arid opex'tltton, the existlllg ciavlrtmllaentitl systems utld tile pZ'OlX_Scdwlltcr ,lllotment for this project can
ticcc'Jmtnc3cl_ltesttch deveioptaacnt,

If tl'o tiddltloiuil construction trod ot_r_tllotllll workcl's tH'ech'_lwtlI'rotaavaearbycomtutntaities such as Qsltranch,
l(_lr,'lkor I'x't_nrithe ELAb'l'_dphclsl3hltte Itiinlllg c,oml_lcx ttti(I its stipp_z't cc_ml_ltl_itics iicllr El I lasa, the sccox_dax'y
lnll_,lcts wotlltl be dispersed muting existing cotuluut_ilic',s with existit_g w_tstc,m_d wt_tersystems, No ,ln_llysis
w_aslll_ltlt_rog,lrdtllg these conitutt_ities' inl'r,tstrtlcttit'os to sttppt)rt _lddit.ioil_llworkers, A'F tile feasibility st_lgoof
the project tlssossmcnt, the dcclslo_ rcg_lx'di_gwllt,lhc'.l'or llt_t tt_bttiltl _lct_t_atutmity ',ltthe mine site would have
to be n-uldeaud the iiul:_lcts of it vis-li..vis Iko cxtr_l btlrdclls t_Nt;xisting c.c_l_lmm_ilicsv¢otlld h_we to be assessed,
II'cxistilag ct_t_li_ltitliLiosarc the i'csidc,,xlti_llsites l't_rlhc' ct_llstructic_tl_tt_clC_l_c',t';llillgpcrsonllcl, the project owners
shc_tlld19(;l_X'cpilx'odto h._kemitlg_ltion steps, iulclutlii_g I_lt_tlot_u'ytr_ulsl't;rs,to loc_dcotutuuNities to offset the
exl.l'_ttnl'rslstrticttire and lisc_d l)tit'tlcl_s(Ixllico lilltl liro pt_tcciicm services, l'or c,×_u_lplc)ctacotmtercd il_stlpporttltg
tlp tc)4000 t.lddttioutll l_coplc,

7,3,10 Ctimttlattvc, lmpilcts

The, tutljor cttnlttl_ttivc illlp_tcts th_ttcotllcl bu tissoci_ituclwith t:c_tlsll'uctic_ll_lilclopc;i'_ltit)tlcii'this px'C+)l_OSCdpl_ttat
would be th(_se th_tt wc_til(ltlccotuptuly the dovel(q)lllctlt (_1'_tlltill shtilt; llllilitlg _lIlclpi'cx:essil_giIldtistry in the
regia:ii, This chiefly moguls ii' the I7,1t,_ti.itHadc.p_sits (iii tile s_lmo wzttcr bslsilarls the Stt_dl_lrlisite) were
dcvelol'_C,dinto _lrcttlrtillg I'_lc.ilityl'{_i't_ilprt_dttctioll, 'l'ho dt_t_liil,'lNtcttmtll_ltivo itllp_cts of these two nl',tjor
l'_cilitics wc_tlldbc ¢_tlw_lter tltiatitity _lzi61tiLl;lilly_lilclLhcst,u'.t_l/d_it'yhall_lcts o1'stipl_ortitlg the cc_llstruction _uad
opct'lltion pet'sol_l_elfor the tw(_pl_tx_ts, lt ix tile itltctltit_tlof til<.',l_l_ltlrlcz'sof tilt' 1.7,1L_ljjtiri l'_lcility tc_PumI_ _ls_cl
tl'c_ltwrites' from tlic deep _iqtlil'ox'to llll.',otthe pl_t_t's iw.c,tls, Illtts tlt_tc_ltisit_l._tttay immeclizitc stress to 0lc e×istilag
grotlzaUxvtitcrStll+l)liesI'rol_+lhc A7-I.12_ltltiil'cr(,soc sw.xrsc'.c.tit+tll't+rtxdiscussion t+l"this trill'the :_'tlteitttltiil'ers +tt+tt
t+l'gt't+tili(lwat¢,rqtizttltlty.), Sotlrces l'of the ptll_lblo w_.ilt,rlt>l'thf tldtlititm+llworker's hzlvc t_otbee',liptibli:;hcd irt
+tttyprelituiiatiry pl_lll;+,'l'hc, tltittlity ¢+1'lhc+w+llcl'l'i'¢>tllthe v+tl'iousIii+tiltw+tstt;stl'c_itllswotlld Ii+tvctc_be cilrcl'ully
nttmitored becilttse o1'the higk risk o1'con_t_lta_itittti_/Nby t+rg_tllic',ti_xic.'s, With the cotlslrttctiotl ittl(lOl+crtttioilof
c/thor plzmt, w_itt't'stG_plit;swc_tllclbe,,tHlswtiil_d)lefor t_.,_oiii trlc,.etitlgthe lllttx_ic.',ipllltltl¢lii_tlustti_llwtttcr demtlt_ds

'l'hc'.ctmst.t'tic',tk_x__ltltlOlW,x'i.ltit_H(_1'tnt' Stllt_.ll_ipt't_.jccli.ll_llg willl lhc El l._l.j.jtiu_I'_tc;ilitytii_.iyl_rcclticle ltitc,r
cXl+ttilsi(>il(>1'cilhcr t'ilvility bcciltisc i+l'writer lix_littttit_ils,('t+listrttctit>itt>l'cithc.r I+t'tl.icctcould l+t'¢wide
c',tllpl_ylllctatoppot'ltttlitlcs lit_dcxi;;tiNg c.'otltll_ttllilyitllr_t.sll'tlc'ltirc'.I't_l'w_trkers prcsetitly cliG_loyetl ;lt the El
Ab'f_ldl_ll(_sphtitoIIlille _liltl the l_[ I I_ls_.lI,Iilic;, 'l'hc'sc',I'_lcililic;s_lrc',llltillzic_(lt(i bo chasediii the,1_)9()s,

'7,3, ] 1 (?ont!liistons

I,,,1 Thorl;.;_u'eilo likely slgllil'ic,_.lill,il_l_lct._ (_ilI_l_liltc_i','lilillll.II rosc)urces,

I..l There hl.isbooll oXtOliSivow(ll'k ulltlc',i'll.lkC'lliii tlit_{.J,S,i)tlblio l.iiitl i)i'ivl.itc', sc;t:torsto d(.',tc;ririirlothe
clogrot',()1"pc)lltilil;)ll t_oill.roltill.it will hl.lyeLobe lisoclby irililll.igcx'sof oil shl.ilol'_lc'ilitiosto prcltoc',l,
_.lirqti_llity, t3c'clitl,,ioIio il.lrgo-sc:_iiof_ir:iiil ic;sc'.iirrt;ilily t:_,i>i wliic:h oiitl)l{)y ttlo t)i'c:lt)o:.;o.cl
combustion l.ochriolt)g7 with the i'_r()l_t)sotll'tlol t.)'l_O,Ili¢l'o h_.ivc;bot;rl l_l{)ot)t)orltillltios to vorll'y
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projections arising from recent comparable work or to make inl'ormed projections for new fuels in
new locations with new technologies. Dispersion conditions in Jordan are different than in the
Western U.S. Air modeling methods are not fully adequate even in the U.S., and background data
for Jordan for the S ultgmi area are non-existent, q'hcrefore _it is not possible to make other th;m a
preliminary judgment ...bout the potential impacts oil shale mining and CFBC technology would
have on air quality at various levels o1'shale oil production. Air dispersion modeling would have

to occur at the full feasibility stage of _lleprol_Oseclproject. At that time, pre-project modeling
approximating the air quality regulation al)prm, al process used in the U.S. could be performed.

td Studies of occupational diseases among oil shale miners in the U.S. have been limited because
relatively few people have worked in such mining operations and for relatively few years. The
Soviet experience in Estonian mines suggests that workers should be ro(mitered for evidence of
pulmonary fibrosis. Although conditions there are no, transl'llable to Jordzm, the incidence o1'
respiratory diseases in other industries indicates that exposure to the shale dusts and ashes at the
Sultani project could be hazardous. The dust particles from the ash or from tlm raw oil shale

_0 t'ines would likely be low in silica content (except when cherty materials wouht be run throu'gh
:_t. the boilers), therefore minimizing the throat of silicosis to plant and mine workers. Worker-al_ I

controls through breathing masks are likely to be di fticult to enforce. The appropriate
precautions would be to zrmke every effort 'o limit and suppress dust and ash particles and to put
in place a long-term program to monitor miners' and plant workers' lungs and general health.
Such a health monitoring program should include periodic examinations and systematic rc.cord
keeping. Worker training programs, including an intensive training program for new workers and
refresher com'ses for till workers throughout their careers tire essential.

The land reclamation program prol_OSedfor the St|ltani project is generally reasonable and
responsible. Highwalls in the excavation pit need to b_ elin_inated before abandoning the mine
site. More studies of revegetation _:u'atcgies should bc undc,rlakcn than are suggested in the
current report.

i..i Consideration of using the t'ly ash as at_asnendmeilt to cement, asphalt, or other construction
materials both as a profitable venture and as a means to decrease the, quantities of material to
distx)se is p,' ,nature at this surge of the analysis given thr" current market glut for such materials
(N)th domestic and eXl×)rt), the uncertain future market, and the existing and future Jor&mian
capacity for producing cenmnt. Jl is impossible to plan for the use, ,,:f the asia at this time.
Transportation ota bulk material such as cement from the Suliani site to the port at Aqaba is
currently too expensive for Jordanitlll collie.ht Io ten,pc.tc oi.hor international auppliers. Under any
foreseeable positive market a||d l)roduct-suitzfl)ilily combinations, it is unlikely thal ,..qy
"ignificant reduction ,,, ash wastes could be achieved through this proposed rise of t_-cash.

{...I Erosion and sedimentation controls, both short- and long-term, du,qn:r mining and waste disposal
appear adequate. Flash f'_._odevents need to be considered in the " _o:ring of sedimentation
ponds, ditches, and other erosion control slluclures.

ta Controlled use of explosi, ._(sequencing the charges), enclosing tile crushing plant equipment,
and throug,h )nufflinI4 truck and other mining etlUilmaent exhausts w(,,dd lik,-'ly minimize project

noises. Permanent residential (Beduin l_opulatloils are too dis_mt to Ix',significantly al'fectexl.

{ Protection ot"workers would be the chief concern.

td There is ample surface area availat.'.lc til the St, ltani site for permanent storage ot"mine and plant
wastes. The Bechtel Group's land reclamati(m progr'un p" posed lor the Sultan', project is

_

i

ai,

n-,,, li," iq...... ,,,,',pm,,, ',|1 , mn,lnl_ ' ' _l..... n ,r II,l,,_ql'rll_',"1]_,"' ,m..... qm !1'"lit,__, ,_FI' _lll_l',q',retail,''.... _]qll'"rlr_'rrv''lgl'I_rIl'IP'....Ilql m'_lFl'llrL' ,
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generally reasonable and responsible, Because of tile available space, safe and aesthetically
pleasing slopes and heights for the ota-of-pit distx>sal pile should be easily achieved through
appropriate and sensitive engineering practices,

c,i Exhaust gases from the plant's ltx_ilerswould likely tx within accepted international (World Bank)
limits to control emissions and ambient concentrations of SO2 and NOx (but dispersion modeling

would be needed for greater confidence irl this judgment),

t_l According to laboratory analyses of the lea(hate from the ash from the test burn, ash disposal
from the proposed t'acility aPI)cars to pose some risk of groundwater contamination.
Concentz'ations of chromium, selenium, and possibly arsonic could exceed U,S, drinking water

standards. Appropriate n lonitoring and backfilling precautions would have to be taken (see
Section 7.4).

7.4 WATER AVAILABILITY ANl) QUALITY

The availabilily and quality of Jordan's water res tr(es arc the major environmental concerns in tile country.
Water resources in Jordan tire becon-lilag increasingly scarcc and increasingly expensive to exploit. North Jordan
has at least 95 percent ot" the country's population (lhc Anlman arc.',litself creates 70 percent of tile country's
water demand), but has only 55 pcr(chi of its surli_ce area. (]r()t:ndwater and surlilcC water supplies in tile north
are extensive, but insufficient to _leet ali demands for irrigaled agrictJllure, domestic needs, and industrial
applications. Grotmdwatcr resources in the cxt.rcmc southcasl are also extensive, but remote from demand
centers,

Irrigated agriculture presently accot|nts for 76 l)erccnt t_[water collst|mcd iii Jordan. With population growing at
. .8 percent per year (and expected to slow to only 3.2 l>¢rccnl by 2010)and generally rising incomes (per capita
GDP was equal to U.S.$1,560 in 1987, but has fallen in the past 18 naonths due to severe economic problems
in Jordan), demancls for municipal and industrial water will only increase.

The World Bank believes that nearly as IBuch land is under irrigation atscan be accommodated in a sustained
manner. Increases in agricultural production will have to come from el'f ici(hey improvements in water use and
from new technologies rather than from expanded in'igatcd acreage. Therefore, water requirements lhr irrigation
in the year 2015 are expected to be only 6 to 15 percent higher than 1986 levels. Municipal water requirements,
on the other hand, tire expected tc) triple over the next 30 years. Projections for municipal antl.industrial (M&I)
consumption in future years are consistent with other arid countries.

The projected strong increases in dc|n:md for nlunicipal water come. not just from population growlh, hnprove.x.l
levels of service, such as tile number of private, resid(nec ct)nnoctions, arc exl×',ctcd to increase in urban areas
from 85 percent in 1985 to 100 percent ii11990, and in rurtd areas ['rolll l 7 percent in 1985 to 40 percent in
1990 and 65 percent in 2005. The World Bank reports that Tordan's estin_ated overall municipal per capita water
reqttiremcnk'_ (235 L/c/d) in 2015 would be well bch)w pros(II( le\'cls ill indust1"ialized countries (250-400 L/c/d)
and rellect tile high cost of wal_r in its arid cn\,irt)lll)lciiI, 'l'ablc 7,16 shows l)rojccted municip;d water demand
for the country as a whole and for the urban areas relevant lo the trHrcn( study.

M,t'-! water rgro.n.st._mptiona'__ pmpnrl i(m c_l"total water consumption is expected to increase from 24 percent in
2985 to 3(/percent in 2005 and 45 lYcrcent irl2015. 4 Ali demand for water is cxlx_ctcd to exceed sustainable

supply by about 2010. Mc((ing these competing al(mantis will re(loire serious negotiations with those needing

4 The World Bank, Jordan Water Resources Seclor Study, The Wolld [:lank, Infrastructure C)pcrations Division, Country

DcD, mnent Ii1, Europe, Middle Fast and North Africa Rcgioual elf ice, l_,cport No. 7(_)9-JO, June 27, 1988 (restricted use document).
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water for irrigation. According to tile World Bank, thc_Government o1' Jordan will have to consider either (1)

using water stored behind the yet-to-be-built Wahdch Dam entirely for M&I use and reducing to_l water

availability in the Jord_ Valley to about 310 Ml-nS/y, or (2) overpunqging from tile Di.si reservoir (not a

sustainable or acceptable long-term strategy), or (3) developing new water sources (e.g., demineralization,

impor_ltion, etc.). These options are discussed below.

Table 7.6 Municipal wale,' dt,.mand pro.ice|ions (selected g_,vernor_tes)

1985 1990 20(/5 2015

Population Mm 3 Poptllalion Mm 3 Popt|hltion Mm 3 Population Mm 3
(;ovemomle (ooo) (ooc_) . (000) (clocl)

An mmn_arqa 1504 67 1896 96 3379 177 4631 243
Kar& 116 3 132 4 199 7 274 9

(North Jordan) (2444) (102) (2945) (134) (4969) (237) (6809) (326)
Tolal Jordan 2t'-_94 116 324 6 151 5438 267 74 51 366

Source; Adaptt, d from: l. he World hlank, Jordan Water Resources Sc'ctor Study, lnfrastrtlcl tilt: Olx_rations l)ivision, Counlry l)eparhnent 1.I1, F.urope, M iddle
]';asl and North Africa Rcgiona! Office, Washington, I),C.,, Report No, 7099.J0, rc,,,lrictc.d distribution docuHlent, June 27, 1988,

7.4.1 Water Availability

There, is great intcrdclmndence among surface and grotH _tlwalcr r,,.:sources and agriculture, municipal, and industrial
dem:md.s lhr Jordan's limited water. Allocatio1_ dc.cisi<_l_s Imvc tt_ lake .into acCOtlllt this intc,rdq)endence and tilt

somelitnc;s deficient information on groundwater resources aral Ilydraulic behavior.

7.4.1.1 Surface water resources and use in J orthu_

The Yarmouk and Zarqa rivers are the main surlztco walcr resotlrces in Jordan. Mosl surface water consumption
: (World B:mk estimates the total for 1986 to be 336 b,/lIll3) is for irrigatioll: 102 Mm3/y for upland irrigation and

229 Mm3/y for irrigation demand in the Jordan Valley. 'l"he World I3a_k believes that the main potential (and

last remaining invesunent options) for effectively increasing the use of surface water resources ii1Jordan lies in

the construction of new water storage l'acilities on lhc Yar_llotlk River, the Jordan Valley, and on rift-side wadis.

Prc_iecl.s currently under study (the Wahdch Dam, Karanlc, h Dam, and Side Wad_s) is estimated at 300 Mm3.

Around l(Xa0 springs (air() have been identified, with water quanlity and quality n|easuren|ents made on 9(k) of

these. Total volume of spring water in Jc_rdan is 233 Mm:_/y.

=

,, i, .... l, ,nii ,_l, , li" qll, i,Ii, _mr,ln i_'1@1 _, ' 11 ' i I , i , , ,
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7.4.1,2 Groundwater resources and use in Jordan

The oldest and deepest Jordanian aquil'er is irl tile l)isi su'atigraphic group, consisting o1'sandstones and
quartzites. This huge, lm'gely fossil-water aquifer is believed lt) underlie much of the eastern part of Jordan and
much of tile Arabian peninsula as weil, It outcrops only in lhc southern part of the country, far from demand
centers. Its great depth and high salinity make it an unattractive water source iri the northern part ot"the country,

The next higher aquifer is also extensive across muc.h of Jordan and I)c.longs to the Km'nub system of
sandstones, lt outcrops in the western part of the counlry along the eastern banks of the rift-side wadis which
drain to the Dead Sea, tlm Jordan Valley, and the Wadi Arab), Its springs have water that is highly mineralized
and warm. The Disi and Kurnub aquifers function n_ttch as one hydraulic system, Re.ctmrge t'rom higher
aquifers through leaking of aquitards and faults is n_inimal ct)mp)red tc)the size of the fossil water storage of the
whole system.

The Amman Wadi Sir (from the A7 - B2 group) aquifer ix the largest and most inq)ortant water-bern'ing
hydraulic system in Jordan. Its carbonate rocks (el)eft-limestone, sandy limestone, and limestone) form the

' upper layer o1"the Western Uplands and are the source rocks for the Sul[;.tllioil shale, This aquifer has the
highest recharge rate in the country. In its eastern portions,it is overlain by thick aquitards. Salinity tcnds to
increase from east to west, relative to distance t'ront llw rc.elite'ge areas.

These hydraulic systems, their uses, and lheir flows will be di.,;ctisscd in more detail below. In Table 7,17, one

,, can re_ldily sca: the current importance of and rcliallcc Ihat .Iorttall places on the Amman Wadi Sir aquifer, Table
7.18 displays tlm most recent record (1986) of pr(_dttctivc uses c)[ tile country's groundwater resources.

About one-fourth o1'lhc country's inigalion water is i_tlllllWdfrtml groundwater reserves. Overdraft- mining -
of those reserves has occurred more and n_twe frequently, will_ private wells for irrigation or industrial Imrposcs
exacerbating tile situation. The Amnmn area is with<lrawi_lg ils !.r()tmdwtllt.,rsal a rate abotlt 5()percent al)ore
tlm rc,ctmrge rate. Grotmdwatcr resources witll a Iligl_ralc t)f rcchzuv9 arc generally of good quality, while
groundwater from the deeper aquifers where rccllar_?,cralcs arc h)w, arc.generally tlnsuitablc for use due to high
salinity,

7.,:1,1.3Groundwater resources of lhc Wadi Mu.jib

The Wadi Mujib water';hod covers an area of 6,5% km:', sprc.lding lrot_ljust south of Amlnan (the Queen Alia
International Airport is well within the basin's boui_dary) lo over 115 knt lt) tl_e southeast, lt represents nearly
7 percent of Jordan's land area, The northern hal f of lhc wz_lcrshcd i:; atlrninistcrcd by the govern)to of Amman
and the southern Imlf is administered by the gov,.'.rnatc ()1 I<arak. 'l'llc pOl)ulatitm of the watershed is abotlt
80,0()0 (1985), or 12 people/km2, and is projcclccl lc) glt>w I(>al)_)ut I 1(),()00by 2(X)5.

i Tlm Wadi Mujib basin consists of two main wadis, lhc \Vala (also km)wn as lh,', t teidan) in the north ,'rodthe

Mujib in the south. These tw()join lC)form the Wa(li MtLiibimnlcdiat,,',ly tlpslreltrll from lhc wadi's Dead Sca

estuary. Numerous tributaries fee(l these two wadis lrc)nl gcnlh,: slopes on the flat uplands, draining into sl.cop-
sloped gorges at the lower elevations. The entire basi)_ i._:biscclcd by ll)c Sly/at la faull. At lhc confhicnce (lt"the
two major wadis, the base discl)argc, froln tiJc l)a:;in',,_Iw_>n)tlin aqtlilcrs amotints to 35 Mm3/y of water at 1,100

I ppm salinity. The Wadi Wala contributes abottt 23 h'ltll:_/5' al 75(1 lWn, while, tile Wadi Mt.,jib contributes
= nhnlll 12 Mm3/y at 1.800 ppm.

qlqll, , i , , , 'lr,a, TI ' _p, ,i,
Pl II II ' ' " ' li ' .... I1, 'Pl_ ' I_ " II ' fM,IPl ' ...... ' ' ' rl' ''r,"_ .... _r','"lFn ,,,,,,_,,1,1iii,,_
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Table 7.7 1986 groundwater production (Mma)

Municipal anct
Aquifer Inchlslrial Use Irrigation Use

B4-Rijam 14,7 7.4
A7 - B2 (AmmanWadi 108,8 147.1
Sir)

A4 (llummar) 18,2 1

Kurnub 1,1 3,6
Disi 8.6 14.5
Miscellaneous 3.9 4.3

1986 Tolal 15:,,3 177,9
Sources; (1) Chene, J,M,, Jordan Water Resuurces Sector Study, Chapter 2: The Water
Resource Base, draft report, The World Hank (\¥ashingtol_, D,C,) and Sogreah Co_Jsulting
Fmgineers (Gre|mble, France), October 1987.

(2) The World Bank, Jordan Water Resources Sector Study, Infraslrtlclure Oper.lions Division,
Country I)epartment 1II, l!urofx: , Middle East and North Aflica Regional Office, Washington,
D,C,, Report No, 7099-JO, restriclcd distributitm document, Jmle 27, 1988,

Table 7,8 1986 groundwater consumption (Mma)

Use Quantily

Drinking water supply 132.6
Industry 18.8

• Agriculture 173.6

._ 1986 Total 325,(1a
Source; Chene, J.M,, Jordan Water I_esources Sector Study, Chapter 2:

The Water R.esourcc Base, draft rcpt_rl, The World Bank (Washington,
I),C,) and Sogreah Consultil_g lint.inters ((31enoblc, France), October
1987.

a total differs slightly from lotal in Table 7.7 because of that table's
inclusion of miscellaneous aquifers' production.

The groundwater potential oi the watershed is relatively rich because of tile favorable hydrogeology, The two
• main aquifers feeding the Wadi Mujib discharge are the Kurlmb (or K aquifer- see discussion, below), a deep

aquifer with ndneral content of up to 2,500 ppm, and lhc Anlman Wadi Sir (termed the A7 - B2 or the B2 - A7,
=' each part of the Balqa/Ajjlun or B/A layer), tl_emain aquilcr with the higher-quality water (550 ppm), evidenced
q-- by the 155 private wells and 68 GOJ-owned wells tapping its depths. Using salt balance as an indicator ot"

_ source, one can estimate that about 90 percent of die Wadi Wala base tlow colnes from the Airlinan Wadi Sir
aquifer and only about 40 percent of the Wadi Mujib's base flow from this shallower aquit'er. Table 7.9

tl

summarizes the current uses ot' the groundwater resources of tlm Wadi Mujib.

I The most important groundwater resources in the souther:a, and upper reaci_es of the basin are found in a ba_,d
l_ located near the Desert Highway to the south of Siwaqa. There two thrc.c existing well fields here (Siwaqa,

Qatraneh, and Sultani) and two proposed new well fields (Siwaqa-Qatraneh and Sultani). In 1986 the existing

,r 8, Ii II , i. , illl . , , iq ,, ,, u ,i, ,111 iii , .
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/

fields were oveqmmped, undersc0ring'the need to improve aquifer recharge and the need to protect the aquifer for
the proposed new well fields.

The Water Authority of Iordan has suited that the proposed oil shale plant at Sultani may wiJh,kaw 2,0 Mm3/y
of water, and the Bechtel Group has designed the plant and mining operations to work withir, this constraint, At
least 5 Mm3/y are available from the shallower aquifer (the A7 - B2), according to studies performed in
conjunction with rite El Lajjun retorting plant, The proposed termination of operations at the E1 Ab'fad Mine
site in 1992 may liberate up to 2.8 Mm3/y of water rights, 11'these could be transferred to the NRA for its use
in the Sultani oil shale operations, most questions regarding groupdwater availability would be moot,

7,4.1.4 Surface Water resources of the Wadi Mujib

'I'ribu_tries of the main wadis are dry except for short periods after rainfall, Constant base flow is seen only on
the lowest downstrc_un reaches of the Mujib P.ivcr, below the King's Highway bridges, Some irrigated farming
is dependent on this flow, Base flow is a constant 1.1 m3, or 35 N'lm3/y. During the rainy season, flows
increase tc)29 Mrn3 froln the Wadi Wala and 36 Mn_3 from 111oWadi Mujib, totalling 65 Mm3, These seasonal
high flows are unused.

The upper Wadi Mujib, or the Wadi Mujib proper, Ims tribtltaries of the Mujib River and two existing retention
dams, These are desert dams, ttscd mainly to retain scastmal rain waters to allow for aquit'er recharge, The
Qatraneh retention dam is on the tributary Wadi l lafira aitd permits 1,8 Mm3/y recharge in the rainy season, of
which 1.4 Mm3/y is pumped from l'_ewwells in the dry season, The other retention reservoir is the Sultani darn
near the proposed oil shale planl, Its reservoir has boon almost entirely silted in by processing residues from the
El Ab'fad Phosphate Mint located just south of the.dam, Jal)allcsc hydrologists estimate that 0,9 Mm3 of wastes
and sediment will have to be dredged from behind Iflis tlanl to restore

Table 7,9 Wadi Mu jib Basin: ctlrrenl groundwater exploitation (Mm3/y)

WAJ JICA
(19_(,] a (I <)87 stu(l_¢)b

Municipal Ib;.3 16.4
(15 to Amman)

(1.4 to Karak)

lhd usuial !).6 2.8
(with l lasa Mine (El AI,fad Mine)

pltls

Iii Ablad Miuc)

Irrigation 31 14
('pltls W:.ldi W,ila (plus Wadl Willa

....... spli l{:sc) --_, spriil_s,)

Total groundwaler use 58,9 33,2_
I

Source; Chene, J,M,, Jordan Water Resotzrces Sector .S'tu,ly, Chapter 2: The Water Resource Ba.se, draft report, The World
plank .(Wa,:hini-ton, I),C.) and Soe.rcail Consulling liilginecrs ((;rcnoble, France), Oclober 1987,

a Water Authority of Jordan, Rainfall Data iri Jordan (IQSO-19&5), l lashcinilo Kingdoin oi Jordatl, /i.llllllatl, Joldan, ]}g6,
b Japan International Coopei'ation Agency, l lydrolol, ical ilml Waicr Use Sltidy of lhc Muiib Watershed, final report,

summary, The llashemile Kingdom of Jordan, Ministry of lq.annillg ill association with the Water Authorily of Jordan, No.
103, July 1987,

c 5 Mm3/y

I

p

i_ ...... , ..... III' ',' "
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its storage capacity, 5 Renewal ot' former storage capacity in tile Sultani reservoir will pernait an additional 0,6
Mm3/y o1'water to be l)umped l'rOllltwo ,'ldclitional wells. Such dredged nlaterial would have to be placed in a
location where it would not erode back inlo the. drainage bchii_d the (lanl. Thus, bcs ides the enorlnous quantities
of waste rriaterials to dispose for the Ira)IX)sod ()ii shale l)lanl ;.liSullani, there appears some likelihood of spoil
piles from the dredged wastes li'ore the l_hosl_hatc ntine im_cessing plant.

In its assessment of the feasibility of using desert (huns I'(_rrecharging aquifers, the World Bank differs fronl the

Japanese hydrologists who also assisted the WAJ in sltltlying the Wadi Mujib's groundwater potential. The
Bank argues that direct recharge is not guaranteed, in that faulting beneath the reservoir would be required. The
small size of the planned and existing reservoirs mean that sedimentation is a constant problen_ in terms of
direct infiltration, Indeed, this can be currently scet_ rigl_t at tire Sultani site. '1'he World Bank m'gues, therefore,

that large darns will need to be built, with water tmn_pcd and u'catcd before being injected into recharge wells.
The Bank has made quite preliminary identiticatiotl of two larger dam sites with an expected collective yield of
21 Mrn3/y.

7.4.1.5 Competing groundwater demands in Jor(tall

The World Bank has identified that, in ali o1'Jt)rdall, additional grt)tmdwater resources of acceptable quality and
economical exploitability are limited to 44 Mm3/y, !.ivc_ tl_ecttrrel_t umlerst,'tltding of the country's

hydrogeological phenonmna, Table 7.10 Sttlllmarizes Illecurrent tuld projected water balance lhr aU of Jordan,
both surface and groundwater resources from 198f) t_ 2()15. New, more expensive-to-deliver water sources will
be needed as soon as 1995.

7.4.1,6 Competing groundwater demands in the Wadi Mujib

Groundwater in the Wadi Mujib is extensively used. In 1985 there were 223 existing wells in the northern part
and along the Desert Highway. Private farmers growing vegelablcs own 155 wells and the GOJ owns 68 wells
for supplying water to Amman, Karak, and many small villages within the watershed. In 1985, the Wadi
Mujib's groundwater resources SUl_pliedabout one-l'tmrth of Amman's consumption.

Demzmds on the Wadi Mujib's groundwater resources conic frt)m l)rt)posals for more, municipal and industria.l
water for Amman, the proposed oil shale plants at l:,1l.aj.itH_and Sultani, ztproposed chem!(al/industrial
complex beside the Dead Sea, and irrigation water ti_r _ 37,_()-h, eXl)ansion of the Southern Ghor Irrigation
Project, south of the Dead Sea.

World Bank s_.tt'l'believe that the Wa(li Wala-r_oujil_ basit_ is ch_se lt)its maximum safe yield in terms of
irrigation and M&I pr(roping, and that eXl?andc.dl)Unlpillg lroJn lhc Amman Wadi.Sir is ina(tvisable so as not to
dry up springs that furnish water tbr Itr(al irrigation sol,crees. According to the Bank, .additional water resources
should be _.lken only ti'om the lower portions of the tva(li, fr()m the base flow downstream ot"the Wala bridge.
The Bank estimates that abe(lt 10 Mm3/y is ali thai is available ;.tsthe additional safe yield for the basin as a
whole, and that this yield should be allocated to An_tttat_,assun_ing that Karak's water needs cart still be met
through use of local resources. The Bank suggests strict controls over new pumping in the uplands and
limitation on new irrigation irt these areas. Careful study is required before liberating, at most, up to 25 Mm3/y
(salinity of 1300 ppm) for the large irrigated agricullurc project or for the chemical qndustrial complex.

5 If the proposed oil shale phmt needs more grtmndv,'alct than \V/',.1 is willinv to commit, a negotiated dredging of these sediments

through use of the heavy equipment (e,g., froth the I'irJn colill;iclt'd tO t,ptualc lilt', oil shale, mining operation) already near the site

could be an option to liberate up to 0.6 Mm3/y of water.
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Table 7.10 Water balance iii ,Iot'dan, 1986-2015 (M.,a/y)

1986 1995 2005 2013i 12015)e,
_.a Consumption

M&I 155 207 254 389 (351)
groundwater
M&I surface 5 38 99 147 (147)
water

Subtotal 160 245 353 498 (498)
M&I

, Upland lrrig_ltion
Irrigation 178 152 136 136

groundwatet_
Irrigation 102 102 102 102

surface wall21 "c

Tola[ lJph#ld 280 254 23S 238
h'rigation

Jordan Valle,y lrrig_,lti0_d

Total Jordan 238 32() 3..38' 357 (311)

j Valley Irrigation

Subtotal 518 574 576 595 (549)
Irrigation

Grand 678 8 19 9 29 1(193 (1047)
Total Water Consumption

Willc,r Yield
Groundwater 333 359 '9() 4'75
Surface water 336 424 463 463
Return flows 9 36 76 195

,,

Total 678 81!) 929 1043
- Water Yield

Source; 'l)m World l:lank, Jordan Water Re,wurce.r Sector Stud),, [Id'tastructuwe ()petal iear: Division, Country l)epamuent llI, l'_urope,
Middle East and North Africa Regional Office, Washil_t, ltm, D,C., Rel_ott No. 7()99-J(), restricted distribution document, June 27,
1988.

a municipal and industrial water

b Includes 46 Mm3/y groundwater irrigation in Jordan Vallc.y It_r 1986; this is likely Io declim: wil)l c(,nversion from surface to drip
irrigation; the extent of the decline has been tcmativcly estimalc.d at 28 Mm3/y. The grotmdwaler is not included for plamfing

puq_oses by WAJ, lt is also assented that groundwater t_xtracliola fur illii, aticm [mm Wadi &jib, currently overtmmped, is redt,ced by
10 Mm3/y,

c excludes irrigation in Jordan Valley

d refers only to area between Yarmouk and the 1.3tad Sea

m c By 2015, as thi_ tubl_ .,h_,w._, coli._umplion ;','i!! '.:::-'.:c,! s!t!',, _,iv!,t 'l'he \V_rld I{ank sees thrct', o!_tions for meeting this deficit: (1)
to overpump from the Disi aquifer, (2) lt) use ali tlm Wahdt'h lJam waler for M&I and reduce irrig:.lted agriculture in the Jordan Valley, or
(3) to exploit yet-unidentified sources, The figures sl{own ht;re in palcnlhesis tt:ft:r to the results that ,night be achieved by
employing the second of these strategies,
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El Lajjun

Oil shale deposits at El l._ajjun(25 km to the west-northwest, see Figure 1.1) have been studied by the NRA and
foreign assistance teams since 1968, In 1980 the NRA initiated a contract to conduct a technical and economic

prefeasibility study for an oil shale retorting complex there. The proposed plant would have a capacity of
50,000 bbl/d. Several studies have followed this initial tmc as lhc subject plant has been investigated in more
detail.

The latest engineering studies lk)r the proposed oil shale rctc)rting plant at El l.ajjun initially stated that the plant
would require 22 Mm3/y for a lxwiod of 30 years (the lifctin_e of the oil shale resource under exploitation) tbr
el,ritual functioning, Surface water is not available in

the immediate El Lajjun area because there are no nearby sites suitable for impounding seasonal waters, If built,
the plant would need to rely entirely on groundwater resources, Based on recent findings (discussext in Section
7.5,3), it was concluded that the ELLajjur! plant cannot safely withdraw 22 Mm3/y from the shallow aquifer in
the immediate surroundings (<10 km) of El Lajjun, At 5 Mm3/y, ttw, El Lajjun pl,'mt's 30 years oi'
groundwater withdrawals were projected to cause these impacts after 40 years:

• maximum ncxlal6 drawdown in field = tSl m
• additional drawdown at:

- Ghuweir = none

- Siwaqa/Qatraneh = none or marginal
- Sultani = none

• Influence of drawdown on spring- and base I'l()wsat:
- Ain el Lajjtln = dried til)
- base flow in the upper Wadi Mtrjib = allnost dried up
- Ain Sarah = none

The plant's designers and hydrogeological consultanls juclged these withdrawal impacts on the shallow aquifer to
be acceptable (althougtl not negligible) even though a "mining" condition would be created, To nlect the
additional water requirements for the proposed oil shale plant, 17 Mm3/y of water were determined to be feasible

to be pumped from the deep aquifer, 3 his water w(mld be avaihlble in two locations: (1) at pumping depths of
400 to 500 m, but with long pipelines (apt_roximately 30 km) to the plant; and (2) at El Lajjun itself, but with
high (1000 na) pumping Iii'ts.

If the shallow aquifer were to lyeentirely avoided, the deep aquifer aPl)cars to have - accurate quantitative data .tire
lacking - ample reserve:, (an estimated annual thmugl_Imt of approximately 57 ;.Am3) to accommodate ali the
water needs for the El I_,ajjun plant, allyeit at higher ptJml)ing costs, The ecological impacts of taking nearly
half of the aquifer's discharge into the Dead Sea are tmknown and unstudied at this point. The opportunity cost
ot' taking future drinking water for use in processing oil shale is another unstudied consideration,

£'l Abi?_dPho,whate Mine

Plm:s fl)r terminating mining in early 19927 would liberate 2.8 Mm3/y.

6 Nodal drawdowns represent a mean wdue of drawdown calctJlalt'.tl lt,r an alca of two times 2 km;_each, They represent the
m_icvlal, or ar_a] drawdnwn t_ whit,h Ihf,'drauJd_,Jtv_ l.,llriH;ul'_Hl_, I_ Ih_*! ,,_,ll .... I I'_,, !h_, I'b,u, f;,,l¢l tr_ !h,, ;t_,,|;,,i,lll,,| .... h,r,,; ........ 11,, _';It

must be added.

7 The World Bank, Staff Appraisal report, llashemite Kingdom of,!ordan, Shidiya Phosphate Mine Project, Energy l)ivision, Asia
Technical Department, Washington, I).C., Report No. 6932-JO, restricted report, December 18, 1987.
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Sultani well fields

Well fields of Sultani (Mahattat el Manzil) and Wadi El Ab'fad Sttl_plying farn_land, the pl!osphate plant, and
municipal water for Karak by pipeline (production in 1985 = 4,2 Mm3; sustained yields estimated at 6,3
Mm3/y)

WAJ plans 18 production wells here and a 11,7 kn_-Io:ag l_ipeline (500-600 trim in diameter) to connect the
wells to the Sultani reservoir and a 23,1 km-hmg pipeline (66()-7()0 innl in diameter) to connect with tlm
Siwaqa reservoir,

Siwaqa-Qatraneh well field

Water pumping for the water supply of Ammall (productiol_ 15,9 MIn3/y) and for an irrigated farm at Qatraneh,
The 15,9 Mm3/y cenms from 6,3 Mm.3/y from the sustained yield from the Sultani well fields arid 9,6 Mm3/y
from the Siwaqa-Qatraneh well fiehls.

There is a WAJ prot×)sal to connect by pipeline the Stllt,ulli well fields and the Siwaqa-Qatraneh well fields
south of Siwacla (21 production wells) to dm Yadudah-Siwaqa lfipelilae (also proposed, and scheduled to connect
to Amman) in Siwaqa. This whole proposed conlplt;x is known as lhc Sullani-Siwaqa Pipeline Project and is
considered to leean integral part of the comprehensive plnn to develop the groundwater potential of the whole
Wadi Mujib basin.

Ghu_veir well field

near Karak, partially supplies this arc,t_of the w,'ltershcd with drinking water (1985 production = 2,0 Mm3)

Ain Sarah

and the surrounding smaller springs that stlpply wilier for irrigation to l'_lrlllers (5 tr) 6 Mrn3/y)

El Laj/un farmers

and other small-scale farmers in the ttptw,r Wadi N,lttjil_((Icsllaml= 0,2 Mm3/y)

Proposed Potash Company proje.ct on t/le Dead Sea usi/tg Wadi IVala-Mujib water

Water demand lhr this proposed (feasibility slill uncertain) t'hcnJit'nl c.onqfle× planned to extract valuable
minerals olher than potash from Dead Sea brines is c..,;linlaledto be 5 Mm3/y in 199(), 8 Mm3/y in 1995, and 15
Mnl_/y beginninl_, in 2005 (the World Bank has coiillicting inl'_rmatioll hero: the same June 1988 source slates
that 20 Mrn3/y Wotlld be needed in 2005 alld 40 Mlll3/y iii 2015), P,ccatlse of this project's locatit,_J near tlm
banks ot' tlm Dead Sea at the, bottom oi"th(: Wtldi beltl,iil3draintlt,e, advtmtage can be taken ot' residual base flow in
the whole wadi.

Southern Ghor Irrigation Pro/ect

This 3780-ha expansion to the Southern Ghor Irrignlicm Project located south of the De,'ld Sea would require 40
Mm3/y of new water sources, A proposal is to ptmap in groundwater e×l.racted from groundwater resources in
the Wadi Wala-Mujib, According to the World 13;mk,the source water development would be in the in the Wadi
...............rwujm Jowc.Ju,tt_JmJv_q_.'.... ttm,_j,,;.........,,_.,! ;,,,,,,Irl,,,, ...................;n(' U(.lt,c"_l_v: I'lll'li(}ll ()[' ,q well and an intake downstream of the Wadi
MujiWHeid,'m confluence to abstract up to 25 Mm3/y of water, Writer resources would have to be shared with
the proposed Dead Sea brines chemical/iildustriul proccssillg c(mlpk;x.
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7,4,2 Water Quality

7,4.2.1 GrouMwater qu:'.tlty

Groundwater quality in Jordan is {linllllishe{lI}y three tmUor ['llCli)l'S:recycled irrigation writer, pun'll}illgi}l'saline
water t'rom deelmr aquil'ers, and was{ewa{or l'rim_hulllttn s{.',ttlt.',tlw,nts tltltl industry. The aquife,r (SB,e hB,XISOC{tel0
most likely to beeused for tile proposed Suit ant ph, ni Ii{iswater thal is fairly I'rBsh, with total tllssolved solids In
the range of 500 to 900 ppm. 'I't1{.,,NRA provided tests {}l_watt.',rfr{ml wells tit the Sul_ult site and reported
readings of TDS = 757 ppnl aM I}H = 7.36. See "l'abl{.',7. I1 lhr tin elBmelltal analysis of this groundwate, r.

Table 7.11 Sultant (_roundwtltev Analysis

l!ilonle,nlal Analysis pl}ni
Ca 83
Mg 45
Na 47
K 4,3
C.I 170
S03 101
HCO3 32(}
N{.}3 2,3
Tit 392

Source: NP.A.sttl}l}lied data Lt}tilt' Ik'.{:hlt;[ {]roup

7,4,2,2 Protecti{}r| of water {lu_tlityand ostablisllnacrtt of tllt)nit{}rilu:_l}r{}gnun

Lea{hate fr{}mtile disl}ose{t fly ash l'r{}mtile {}iish,'llc {:{}nll}ttsti{}nI}r{}co:;:;could bB l}lacB,d back in tile excavation
pit at such a dBp{Iias t{}[}ellBfitlittle l'r{}lr_l'i[Irttti{}lt[[Ir{}tlg]l [Ilo r{.',I}la{.:{.',{I{}vel'[}tlrdellI}el'{}reOlltgl'illg the water
ttlblo. ('l'hB,excavation pit will un{l{}tlbtedlyilllers{.;{'llilt.'.,,vat{.;rItll}lBiii places.S) l?,B{zausetile Sultarli well field
is nearby, dlts le,achaia could lyediluted {}lilyslightly [w.l't}rc,Iwillg I}Unll}¢¢¢¢dt{}til{.,,Stll'l'tltx',{ilia Pil}ed off to Karak
or to Amman for use in ro{mi{ii}al water syst{.',tns, 'l'llc tj,S, I_,(?RAleacMto staildar{ls are not {l¢._signe{lto 1}e
applicable in such circumstances, Th{.',rel'{}|'e,,chr{},lliull_tltltl sclcrlittlll c{}llcc,ntrations in til{.,,drinking water :Mt
may l'l{}wto thBesemunicipalities n lust I}onl{}nit{}rctlal_{I{:t}rrcctc{Ia:_a t:{}Ilditi{}uof l}r{}j{.',ctfin{mc.trigor
{{instruction al}proval ii' Ill{Byexceed saR; drinking v,'atcr slan{hlrtls (,s{.'.t;S{.;cti{m7,3,2),

8 There is s{}me disagreement within the (i{)J M}ot_t,I,{;depth t}l the w_m.r tahlt; at the Sultani site, Mr, liadir l lehr,aiM| of the WAJ

believe_ Ihat the w_tt;r table is at only 6(}m, Mr, Abu Azumich alltl .\'1',,Kasitu Omari of lhc NRA believe that ii Is at 120 to 180 m,

'['hi_ D.ttcr ::um__'r co::tr_d!ct,_ rh,.."We::t Gcr::::,,,,,'::'.:tudy (::_ P,.:!m;P'. #!'!) t.,! t!:,=El !.:.'iBm rcgio,;. 'I,'h,cWe_t {kern;a,; '-t,..,,dyi.",m,:rc
consistent with the WAJ values, The field crew digging the It,AL[}llNl Salllplt; sltll{1{[Ihal tht:y had nm into water in their digging al
about the 70 m level,
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7,4,3 (]roundwater Fh)w Regimes In the Wa(li Mu,}lb

The followhlg synthesis ts based on the Btmdesnnstnlt f(h'Get_wissc;Ilschnftcn und RohstolTe stutty9 of the El
L;t}jun area's hydrogeology,

The most easily accessible groundwater resottmc,s ul'e tl_tmgl_tto be avnilnbl_ in LmUpl_r Cretaceotis
llmestone/chertstone complex known us tile A7-B2 ntluil'c.t'(A = Aj.jltJnGrOUl);P, = Belcla (Iroup), Cnrbonate
rocks pred(nninate In the system, The A7-B2 is lhc II)t)sl in,in,finial tttluil'er iii .lc_rdzltl, Ii cssentinlly lk)rnls the
Western Highlands, (mtcropping in llfis nretl of rdntivcly Ilie,IImil_l'nll_.ttldtllus receiving al)f_reciable recharge,
lt is up to 300 m thick nnd tmderlies most of Ccnlral J_u'(l+lNcast (+l'the Rift Valley, The A7-B2 is klloWll
amorlg locnl Ilydrologists as the "shallow nqtlil'c.r," Ii+lilt; Stlllnlli tlrett, ii Ctln be fOtlttd tit depths ¢>1'80 to 95 m,
The K + D system (K = Ktmltib Gr(mfx; D = Disi (it't+Ul))is knt+xvntls the "deep aquilL,r," lt is much thicker
(10(X) m) and contains mttch greater volttmes of v,,_.ltc.t+,but (_ftl h>wquality, lt is the lowest nqttil'er, rind flows
westward, drntnhlg exclttsively into the Imvcst base level, the f)catl So.u,

When viewed as I_three-dime, nsiorlnl hydltutlic ctn_dttciiviiy Imttcm, tilt.:lilh_>logicSetltit'ncc;cnn be divided into
four grouf_s, from deepest to sttrface: .

l, The l<.m'nuh and Disi l'ormutkm (K + D, _r _lcep _ttlt_il'er)wifil the highest mmsmissitivity
existiug in the nrea

2, The Al-A6 ntlt_ih_lrd,,'lmarl and chlysltmo Inyor
3, The AT-B2 (sltallow aquifer) unit I'ot'mita!_,ille upl_craqttifc.fcms zone
4, The !13 unit, the ul_Per aquitafd irl tile nrts, ¢'ausitlg collfillt.'.dc_mdilions where its bnse reaches into

the hy(lratdic he,td of lhc A7-17,2atlt_il'cr,

This conductivity pattern Imsically contt'ols the hytl_'attlic I_cllnvi{)r()f lilt, _.;ntirentluil'ovsystem, The AI-A6
_.lquitardseparates the shallow _.mddeep t:'luifcrs, bul v,,ilh _lt_llt.;l'ousinlm'¢(mnt;ctcd subsystcrus, Basicnlly tile
grotmdwater flow in the shallow, ul_pe|' aquil'er is ctlsl-bt)_ttltl, bul v,,ill_iutefccpticm by erosional chanlids that
lead to tile Rift Vnlley (and to tile Dead Sen) :lhd with cl_wllwal'd leakage through tile AI-A6 ntluitnrd into the
deep t_quifor, There is a mmai't_culnted g,"otllld\valcl' t:()l_l(>tl,'ritlgt.:apln'oximatc,ly t_ndemonth the Desert Highway,
l;'rom here the groundwater to the wt:st llov,,s in n v,,c.stct'lydit'cctitm Io the Wndi Mujib estu_.lfyIlear the Dead
Sea, To the east of the highway, the gfot_dwa{_.:t' tt'_tls t_ fh_v,,t_ the i_oi'tllca_:l,It)ward lilt, Arzaq Oasis, and is
therefore lost from the basin's base flow, 'l'he i_t_t'l_{>st:t_f lilt.:tlCSCl'l(I;.lllls_.lll(lad.j;icent well fields iu the Sultani,
Qntmneh, and Siwatla areas is to caplure Ihis A7 - P,2 gt'olttldv,'at_.;rbcl'orc it moves enst,,wtfd to (l_edesert and

beyond feasible use, These dyn_.unics at'e f)ortt'nyed irl l,'igtli'cs 7,..1,7,5, n_d 7,6 t'{_l'tlm Wadi Mujib drainage nnd
summarized in i,,.,hie 7,12, I]3 using lhc zones i_(_l'lt;_yc{Iiii l:igt_rc.7,(_C(ml_lt;dwi_h the (lath from 'l'able 7, 13,
one can see the fclnlivc volume of grtnlmlv,,alt:r Il_v,'.,.;tl_")tL_l_Ille.slt_(lyafe_.l, Clc m'ly, lhc Sulltmi wells are in
the areas of greatest flows, and thercl_n'e are Lhr.:fc,st.,l'\'c,si_lt)s(t'olllll_llly soughl lk_'M&I needs, On lhc other
hand, mild polluti m of this gr(mn(lv,,nlcr n't:sottt'ccwill b,._i'ca{lily diltzlt.'din its grcalt:r flows nnd volttmcs,

The Hannover group's study revealed Ihnt there nt'e t,¢'_'l_i;_c(,_lstmilltS which limit (Iso¢;xtr:_cti{mof grotmdwater
from the easily accessible Shaih_w aqttil'ct', f)i_c,i_lvt_l,,,c.ds_ll_,.,.Iwrmeahil ity (k:lails ()1'_.1fault line nenr the El
Lajjun site. Of more general implication to

9 I!edi:rallnatttvtcf_:r(]e,..,_',c!c,w,..'s!rodNa!,.*,lI,h.s¢_ufces,El l,_iiml (_i/.rt_alet"e,,,vibilityStudy,l'hase 1, Ilydrogeolo,_y,Jordan:
Possibilitiesof and Constraintsto ()roundwa/erL)ew!hqml_mt./brlh_eW,th'r Sul_plyof tileEnvisagedOilshalel'rocesstngPlant,for
the CentralWaterAuthorityof Jordan,TechnicalC_ool_ef'_tli,,N l','_!itwl No, 8,1,2()92,9, lhmlmver,I:odt:ralRc.l_ublit: oi' C,crmauy,I:h_al
Report, July 1987,

'_ ' ¢' ft ,r, ',

..... lr rr .......... ,..... ,_, , ,,.,_,,_,....._PJ i
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Table 7,12 l,lesulis ()t' m()tleltng Upl)t,.r Wadl Mu,jib
grottnd,_valt.,r I'l(p,'¢sa (Mm3)

ii ii ii i i i ii ii ........... i !11111111 I t i

Atluift.;r Wadl Vertical
Base l:qmv l ,eakagc Recharge

Recharge to the:
A7 - B2 Group
(Amnmu W+tdt Sir) d9

Main Wadl Base Flow 6,6

East groundwatc, r otltllow 1

Spring dlschargcs to the rift-sides:
¢tetmtecl 12,3
tmcletectcd 4

Vertical Leakage to:
01o Kernub anct Disi (K+I)) systems 25

"['otaI al_ 23,9 25
Sourc<_s: (1) '['h¢ World Ilank, Jonhm W_llrr I@aol_*ct!._'Scc.f,)r Study, lnlrast rut:trite Opt'+raliolls
Division, Country l)ep_,rtmem III, litut_lw., Middle t';_t.qrout Nullh Alri¢:a Regional ()tlice,
Washh|gtoll, l),C,_ Repott Nu, 7(199-J(), ic.,stlictc.d distrdmtit,n dt)Cl.llllt:lll, June 2"/, 198'8.
(2) l;_dt'.r_dInstituto for (let_scient',es iuul Natural Rv.,,uutcv+,_.l",l l.,aljun Oilsh,ah: Feasibilhy
SliMy, Phase 1, Ilydrogeology, Jordan: I'oa,_il,ihtie,v O{ and Conslraints to Uroundwaler
l)evelogmenl for the Water Sul,t_lY c,]'the I'hlvi,v,,g_,l ()llshale Processing Plant, for the CenttM
Water Authority of Jordan, Technic:al Cotbpt,lallt,ii I'tujtJct Nt_. 84,2092+9, I lmmovcr, l;e.delld
Rt'.publlc t)l' (iemlany, I;ir|al I_,t'.pull, July 198'/,

a Refer lo Figure 7,0

the Sulmrti oil shale project i,_;the finding that tile A l-Af_ aquitard is nlore highly permeable than previously
thought, As a consetllle,nco, there is higher loss of gr(>undwatcr to lilt K + I) system, the deep aqtLil'c.r,than

initially undex'stood,

7.4,4 O11 Shale Plant Water Requlremenls

The plant water system consists of a raw watc,r sysleln, a treated plant nutkettl_ water system, and a plant service
water system, The first measure of water conscrvatitm thnl lhc P,cclltel (+rt)up's I)larls call for would be use of
dry cooling towers to remove hc,at fl'olll the stcmn turbine cxl,;+tlst, ,,\ Slllall wet co¢)liI+gtower is used to reject
heat to the. atmospllero l'rt)En_plant auxiliaries such as ash coulcrs,

'Tile raw water pumps wouh.l lm)vide ptmlpCd water tu tl+csorrier.',water system cooling tower, lhc I×>ilcrIre+llc,(l
makeup water system, treated drinking water, pUnal+seals, _111(1olht;x nlisct+llallc()tlsuses, Storage tanks for l'iro
protccti(m water would also be served throt@l tills syslt'.lll, Water for dotnestic use wouht be treated in
accordance with Worhl Hc,alth Organizaliort standards, 'l'llu service water system would provide water tc)the
various internal phmt operational needs such +.tscoudetlsurs and other coolers, lt also

' I ' _ '''d I_ ' rNi , Ip_ ...... II qrlrl ......... PI ............. " ' I " _ qI ' _ I I _l_
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i

i1|11 ii iiiii ii ii i IIILI I III_ II1{ II II ......... I I IIII I

WEST EAST
Recharge (A7 - B2)

,19 MmTy
I{It:vltllon(h| I1|)

st'+ak;ve.l

1200- ._ 6,6 Mm_/y J._ l.lthologlc
S t'.Cllle.llC¢

I0(1{}- S l)r ill g " ' • ...........:..........+':...+-::_:_ii_:i_!_._i!_!_+._.+:-11--3

12,3 MmTy dt;te,cted ___-" "---'--------'----'-----
OUlI+Iow 1 " _' A7 -112

800- 4 Mtn:_/y utKlc;tt'.c:tt', ......... " _1:¢1_ .
f.,:.:i!_...+,_.,_ !i_iii___ii_.... :.:_;.'_:.

4o,. __!_!+_

2oo- K & D
.I K & D

Inl'low <{{::::m
I}- 32 Mml/y

..,,,,,. s_,.,,,/'4_ (:.)tttnow _ l I
2,1 MmYy tit'.lee:led

-60i)- _ 33 N.Im:_/ytmdc:te,clc,d 1'1 ._ 1'0 1'5 2'(I krn

._ precipitation _ direction t)lgroundwater flow _ aClultard stratum

I[i'igtnre 7,4 (_rotlnclwaler hnl_tllt't, for tire Wa(ll Mu,jib drain_l/4e
(Srmrce: M(,difie, d frc)m I;ecler_d hlsliltllu for (.}ttoscit,nct'+,'.+l|lltl N,ilulal I,_est,urce_, I'1 l..,jiun ()iLvhale I"easibilily Study, Pt_,_'e 1,
Ilydrogeology, Jordan: Pos,_'ibilith:s oi'and C'on,vlrm'nls to (hom.lw, m,r DevH,,im.,m lhr the Water Supply of the I'_nvi._'aged Oilshale
I'ro(:(:,_'sing l'h_m, for the Cemral iV(tier Atahority of J.r,h_a, Tr:clinical (i,,_,pc_ittitm Ihojet:l Nu, 8,1,2002,9, Ihmm)vt_r, Fc_deral

Rt'l.d_.ic _1 (:lcrmtmv Final Reporl, .lull, !t_87,)............. , ................

wc)ulcli)roviclc,,valorlhr Weltingtlmasl_tr)n)i_)il_i,',ctllmltlt_rilq,ash Ima_tllit_g.S{mw,waste water would also be
usedlk)rwetting thaash,

Accc_rdingto the,Bechtel(ircmp,the.nmiil.liquiclv,,a_te_I,_,_ tl_e.Iflai_tarefuel- and_sh-lmndliv_g_ue,aruncflT,
makeupclcmix_cralizcrregcneratiot_wastt;s,and_'_lit_,, t_:,v,.,rI,Ic_,,vdo,,vn,'l'ht; Iue,I- andash-hat,tilingro'cawaste.s
areto be,colh:cted_mdroute.dIt__.'tse,Ulin?pt,_lclI'or_wtll0alizatic,i,Makeupdtmlirmralizcrrege.rmrati,:.mw_ste,'.;are
routc;dlt)_ ncutralizaticmSUml)I'orpl-Ictmtr(_l. (.'()()li,_gtt_,,verbh_wtlownshottltl require no special treatment
be,cause tlm circt_latingwt_te,r pll is t_laitltainecltx'twct.,, Ha_d ()dtiring m,'nlal ,'.;ystcmopcr+tticm,

r

i , '11| 19 i, _1' I 'lq _1 .... I, i ,, n iLi_p_l ,ill ill, ,qr_l_ii, i _l,pl ii_ {_
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Figure 7.6 Net _r{}unclvv_ller t'l{}w analysis {}t' the !<1 l.,a.i.iun area,
sh{)win_ the Nultani silt'

(Sot_rce Mt_dit'icd fR.n Abtl-Aiamich .\'1,, An A.v.vc,v,_._cn!_!//hc 1:7 l..,{/lUe_()fl,vhah: I}cl},,,vit, Nalural P.csourcc:¢ Autht}rity,
t lashemitc Kingdom {>fJordan, Atom:m, Jo_{l,'m,]"cbru:lry It}S{})

see als() "l'abl{: 7,13
i i

7.4.5 Potential Impacts of ()ii Shale Plant on {;rotJnclwater Quality and Quantity

No serious environmental h_ards to water resources are anticipated to r{.;sultfr{malh{.;plant and mine operati{}r]s.
To assure that water resources would ba adequately protected, the Bechtel Gr{mi) Ims called for environmental

baseline studies to be conducted to develop prolectiv8 meast_res f{}rbolh surface and groundwater supplies.
Measures to protect these water resources from contaminati(}n due to mining and waste disposal, particularly
after flooding events, wouhl also be needed. The Bechtel Group calls for further testing of the overburden to
determine its chemical properties and suitability for revegetation.
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"Fable 7.13 Net groundwater t'low analysis o1' the El La.i,iun area, (wilh tile Sultani site)

:low Width Transmissibility 1lydraulic Flow Flow
;onea (W) (T) Gmtlicnt (WTI) (WTI x 365)

(m) (m3/d/m) (I) (m3/d) .(m3/y)

I 9,600 3.4 ().()1 326.4 119,136
hl 5,000 836.4 (),()1 41,900.0 15,293,500

III 7,000 13.4 O.()2 1,876.0 684,740
: IV 7,200 (200.0) ().()2 28,800.0 10,512,000

estimated)
V 7,700 702.0 ().() l 54,054.0 19,729,710

7'oral Flow 126,956.4 46,339,()86
;ource" ModifiedfromAbu-Ajamich,M.,An Assessmentof the l:d-14Uun¢_ilshaleDeposit,NaturalResourcesAuthority,ilashemiteKingdomof
ian, Amman,Jordan,l:ebruary1980)
e Figure7.6

It is the nature of mining activities such that thcre will always r'clllain differences in the hydrologic
characteristics between reclaimed areas and undislurlwd an:as. "l'hcse differences will tend tc)influence the

infiltration of precipitation, the surface water runc_lf and tltmlily, the grcnlndv,,aler flows and quality, and the
location and quantities of water discharged at seeps oy Sl_ings. 13ccatnsethere, exist so little site-specific data for
the Sul_mi site, predicting the post-mining hydmgc_lt_gical c_i_diticms, their seasonal variations, and their
potential variation over the years, it is necessary l(.)bt_ltl gtllllcr nJore hyttroget)lc)gical dala before beginning the
project and to establish a rigorous ground mid stlrfacc \valor immit_)ring 131;.11iLOenable the entire shale oil
industry to learn as much as possible about the cvlvin_t_vl_cnlalimpacts of this fuel with this technology.

Backfilled material generally has mucll higher hydtaulic covlductivity than file origillal undisturbea:lbedrock
= because of the increased occurrence and continuity of lraClurcs and voids. Undisturbed shales frequenlly act tc)

restrict groundwater movement. In the proposed backIillcd pi I, lhc hydrologic situation would be new and near
the current water table. The fracturing and mixing t)l o\'crburden nmtcrials as well as bottom and fly ash wastes
would expose new (and more) rock surfaces to circulalivlg grotmdwater. Minerals from these newly eXlX)sed
surfaces may move into solution at enhanced rates c'¢mLi)a_edwith rates under lhc pre-mining flow paths. Thus,
the chemistry of groundwater in the backfill ()f llw o\'clhurdcn material alone, ignoring lhc ash backfill, would
likely be different from that oi"the undisturbed overburden. Field and laboralory tests of the Green River shales
of Colorado suggest that over 90 percent of the dissolved sc)lulcconstilucnts tire attribulable to i)articles less
than 0.5 mm in diameter (ali the ,'tsh wastes fr(mt lhc pi(q_t_._c,dplanl and many ()l the raw shale fines). These
are ali further reasons to tlave a.COml)rehensivc walcr n_c)tlilt)ringsS'sl_.,_.

7.4.5.1 Environmental monitoring plan

As a condition of project financing or construction alWC_','al,a groundwater monitoring plan should be developed
and definext with GOJ officials to determine the nullibcr and location of sampling stations, the variables to ix:

mex_sured, the sampling frequency and collection mctho(ls, tilt.',requisile accuracy and precision of the analytical
techniques to be employed, and the quality assurance salcDmrds to be used. The location of the monitoring
wells should be selected according to (13 the Idealisms _f l_t)lcntial pollutanl sources, (2) the geology and
hydrology of the Sultani site, (3) the probat)le movCnlt.'tlt and dislwrsion of l_ollutants underground, and (4) the
potential for hydrologic disturbances such ``tsttewatcfi_g wells. "lhc wells should allow sampling from different
depths, and the chemical and physical elements irlcasurcd slltmld be selected according to hydrological
characteristics as well as the properties of the SUSl)C_:tcdpt_tcnlial pc_llutants. With the municipal wells for
Karak located so close (<1 km) to the proposed pit, these monit(_ring actions are essential. Their use to advance
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the knowledge base of CFBC t_mhnologies with o,il shale fuels further underscores the need for extensive
groundwater monitoring,

7.4.6 Conclusions

k..I Jordan has, from the national perspective, very real water resource problerns facing it. There are
significant current and future demands placed c_ tile limited groundwater resources in the Sultani
area. There would, however, likely bc atlctlttatc grotmd\vater of sufficient qt.tality and at reasonable
pumping depths for operation of Ih_:l_rc_p_scdl_lanl/mine/waste disposal complex and for meeting
future cornpeting needs. 'Fhc _.llllOtllll C_Iwalor tilt GO.I has allocated for this plant is realistic and
adtXlUate.

fd The Sultani area, while seemingly rcnk_tc, may play a secondary role in helping major
"nunicipalities meet their M&I needs as early as the late. 199()s. The Sulmni well fields are
currently hell)ing smaller commttnitics mttu:h;.IsKarak lll(3t,3t it!; M&I needs.

I.,i Groundwater tlow regimes in lhc Upper \\%1i Nlujib dra.irmge suggest that leachate from the fly
ash that enters the water _ll:_lewith inadcqtmte filtration and dilution could cause drinking water
problems with municipal users in An_rJaanc_rKtlrak, now and increasingly in the future. Such an
event would have a low probability of _ccurrcncc because of tile area's low annual rainfall. M&I
wells for Karak are already within t_l_,.'kih)llwlcr t)f Ille proposed plant site. Groundwater flow
patterns rake water from the Sultani arc',l tli_cctly inlt) ,,,,'oilsthere or northward to the Qatraneh
(about 10 krn away) and Siv,'aqa Cil_t_ut2() knl away) xvcll/iclds.

k..I Care must be taken in the fly ash waslc ¢lisl_osaltrod rcclamati(m engineering to optimize filtration
of fly ash leachate through replaced t>x,crl_tJrd_.ulbclore ii can drain into lhc Amman Wadi Sit
groundwater.

I...i Monitoring wells and insl.ruJllcntati_m t)r rt.'gtll:.lrsat_pling are t cquired to assure that water safe
fron_,chromium and/or selenium c(mtaIllimtti_)n is being Immped from tile Sultani and Qatraneh
well fields. Such monitoriug and assttra_wcs sllotlld cxlclld to the post-mining Sulkmi context.

i
!

i i ,



8. TECHNICAL RISK ASSESSMENT

8.1 INTRODUCTION

Circulating fluidized bed technology irlgeneral has progressed to the point that there appems to be no
question of its feasibility. Successful operation has been dcmonsu'ated burning a variety of solid fuels in
plants of up to about 60 MW output, larger plants, up to 110 MW, are in the initial phases of operation,
and, within the next 2-3 years, should provide much evidence of the viability of larger plants.

The combustion tests of Jordanian oil shale in the Ahlstr6m CFB test unit indicatc that the shale should
burn readily and yield low NOx and SO; emissions in a CFB combustion system. The high volatile
content of the fuel is a major contributing factor to its;gcx_dcombustion. Thc major disadvantages of the=

fuel are, of course, iks low-heating value and high ash ,'ontent. A large fraction of the shalc blows through
the combustor as fly ash which yields a high ash loading in the hot cyclonc and convection tube banks.
The primzu'y potential problcm areas are a_;sociated with the high ash content: (1) bottom ash removal from
the combustor, (2) high flow rate of recycle solids through the hot cyclone and return leg, (3) fly ash
deposition and erosion of the convection tube banks, and (4) erosion of supcrheatcr tubes in the combustor.

8.2 20-MW PLANT

Thc technical risk should be fairly low for a 20-MW dcmonstration plant. Eighteen plank,; of this size or
larger have been built by Ahlstr6m or its subsidiaries, have operated for a year or longer, and have
demonstrated availabilities of 95 percent or more. The major areas of concern are the high tlow rate of
solids through tlm hot cyclone and return leg and the high ash loading in the flue gas which may lead to
deposition and erosion in the convection tube banks. The design proposed by Pyropower should minimize
the risk of deposition or erosion in the convection tube banks because the flue gas velocities will be low
and steam soot blowers will be used.

While the technical risk for a 20-MW plant appears to t_; low, successful demonstration of this size plant
may not provide adequate experience for scaling up to a 100-MW plant, lt may be necessary to operate a
50-MW plant before attempting to scale ";p to 100 MW.

8.3 5(l-MW PLANT

The technical risk is moderate for a 50-MW plant. There is some operating experience with plants of this
capacity firing coal or other low- to medium-ash fuel, but there is not yet any experience with high-ash fuel
in plants this large. A 35-MW plant lired with anthracite culm is scheduled to begin operating this year,
which should yield valuable information relative to operation with high-ash fuel.

The major areas of technical risk are associated with removal and handling of bottom ash from the
combustor, high flow rate of recycle solids through the hot cyclone and return leg, fly ash deposition and
erosion in the convection tube banks, and erosion of superheater tubes in the combustor. The ash flow rate
for the 50-MW plant is about 10 times the ash flow rate of the Nucla plant, the largest CFB plant

Pyropower has built to date.

8.4 100-MW Plant

The technical risk is fairly high to build a 100-MW plant as the first unit. There is no plant this large
operating or under construction which is designed to operate on high-ash fuel. The Nucla plant has an
output of 110 MW, but it is designed to operate with coal with an ash content of about 20 to 25 percent.
There have been some startup problems with the Nucla plant. One problem ha_ been irregular flow of
recycle solids in the cyclone return legs, apparently caused by restrictions or plugging from poor
fluidization in the loop seals. Experience derived from the 2-year test program planned for the Nucla plant
by EPRI will contribute greatly to the knowledge base for design of the larger plants. The high ash content

. of the Jordan oil shale will make the scale-up to a 100-MW plant for this fuel more challenging than for
coal.

, , ,



9. FINANCIAL/ECON()MIC ASI'ECTS ()F "FILE SItALE ALTERNATIVE

This chapter addresses both financial and economic aspects of using oil shale for pr(×lucing power in Jordan.
Three plant sizes are considered: 20-MW and 50-MW demonstration plants, and a 400-MW cotnmcrcial scale
option. The 20-MW and 50-MW alternatives are considered research and development plants; the primary
ptjrpose for constructing them is to demonstrate the feasibility of the circulating fluidized bed (CFB) boiler
technology and to document the operating experience using Jordan's shale. Of particular operating concern is the
materials handling involved in oil shale mining, processing, and spent shale disposal. The 400-MW option is
to be composed of four 100-MW units. However, it is possible to combine the demonstration features of the

50-MW option and the commercial-scale 400-MW alternative by first constructing a 50-MW plant, documenting
its experience, and then constructing another 50-MW unit and 3 x 100-MW units.

The financial analysis below compares the three di lTerent oil shale options with (1) the actual financial
performance of the 2 x 130-MW oil-fired units at Aqaba (Aqaba I) during the first 11 months of 1987 and (2) the
estimated financial perl'onnance o1"2 x 130-MW dual-fuel (c_ml and heavy oil) units also at Aqaba (Aqaba II)
whose construction was recently delayed, l The financial comparison is on a cents per kWh cost basis, including
fuel costs, other operation and maintenance tO&M) expenses, and capital costs.

The _onomic analysis consists of a series of sensitivity studies for the 20-MW, 50 MW, and 400-MW option'.:.
For each plant size, the sensitivity studies are conducted using four ditTerent assumptions on the operating
characteristic:; of the plant: (1) capacity t'actor,2 (2) average price of electricity, (3) fuel costs, and (4) capital
expenditures. The approach is to examine the economic attractiveness of the shale alternatives under the most
favorable sol. of assumptions and then perturb those assumptions to deter|nine the economic attractiveness of
each of the three plant-size options under less favorable operating assumptions. The results ot"the sensitivity
study are an important factor in deciding whether to proceed with a more in-depth feasibilily study of the oil
shale-for-lx)wer alternative in Jordan.

Before proceeding, it is important to define what is meant by financial and economic analyses. Financial prices
are those prices that the firm confronts in the market. They ,'ue the prices paid by market participants for inputs
and the prices it receives for its output. An alternative way to express this is that a tinam:ial analysis portrays
the performance of the generating alternatives as they impact the financial records (income statement, balance
sheet, and funds flow) of JEA.

In the economic analysis, a cost-benet'it study of the three slmle plants is conducted, l_:king into consideration
the economic cost of the inputs used in pr_xlucing power. 3 The costs are capital expenditures, fuel cost.,;, other
O&M costs, and ash disposal costs, while the benefits are revenues that JEA receives for the sale of electricity.

1The Aqaba 11 units were originally conceiv_t to bc dual-fueled, with coal lining the primary fuel. floweret, a decision was made lo

use heavy fuel oil as IJle primary fuel _'R:catlseof the I_gher upfronl capital ct)sis ass(voluted with burning coal. A decision was madt" ill

1987 tr; delay its construction, Current system plannmt, for the Jordanian power system was discussed at greater length in Chapter 4.

2The economic analysis here is not Ix'ms conducted ill tandem with a least cost capacity expansion planning model such as WASP

111. An analysis such as this is beyond the scope of this prt,.feasibility assessment, ht the event that a feasibility study is undertaken,
a capacity expansion planning model would presumably be used, Amodelsuch as WASP would estimate lhc actual utilization

(running time) of 20, 50, and 400-MW plant options based on minimizing system cost, givt:n assumptions about (1)the operating
characteristics of ali other plants in JEA's system and lhc shale alternatives, (2) projected fuel costs, anti (3) furecasled electricity

demand. In the presen: sludy, we simply asstlme different capacity factors for the three plant sizes in the sensitivity studies, Three

capacity factors are used: 50, 6(1, and 75 percent,

3Financial prices may not reflect the social opptmtmity tesi of using the inputs in producing electricity. Many interferences in

the market distort financial costs from economic costs, In the de.veloping world, two of the primary distortions are foreign exchange

conlrols and capital restrictions, two of the mosl important inputs in ctmstmcting power plants, l lowcver, in Jordan's case, these

two important distortions are insignificant. Therefore, lhc cost-benefit analysis will be conducted using financial prices.

-i

'I
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The technique estimates the present value of net Ix:nelits from dm project, using a discotmt rate reflecting the
firm's opportunity cost of capiu.ll. Not benet'its are Siml)ly the discounted value of till cosLs and revenues over
the lifelime of lhc power plant, I1"the net present value of ali reventies mid expenditures equals zero (highly
unlikely in real-world applications), the discount rate used in the analysis is c'allcd the internal rate q/"return
(IRR). If tim NPV is greater than zero using a prcdeternlined discount rate, the IRl{ can be computed,

The cost-benefit technique is commonly used for prt)ject evaltmtion, originating from the type of analysis used
by private firms in deciding on investment alternatives, When a firm engagc's in ii_vestment t)l:umil)g, it
attmnpis to select investments that will yield the highest return for a given antount of capital expenditures. The
IRR computed for the sensitivity studies is a useful nulnber to compare various power supply options, li can
be used as the basis of comparison for t×_lhthe different shale plant-size altenlal ives and other gen0raling
options such as the 2 x 130-MW thermal units proposed for construction tit Aqaba.

The sensitivity studies will be conducted tit the individual lTnn level, the Jordan Elex:.tricity Authority. I lmvevcr,
a cost-benefit analysis should consider ali costs and I×:nefits of the generatfl)n alternatives. Beside_,;the supt_lier

of electricity, costs arid benefits of tile generating alternatives to both consumers of electricity and the economy
as a whole stiould be inchlded in the analysis.

In Jordan's case, this is l)artic¢.llarly iml_ortarii i. conll)aring coal _r heavy fuel oil gel_elating alternatives with
oil shale. Whether coal or heavy fucl oil is used, the fuel nlust be )nil)erred. 'This rcprcsenls a significant
foreign exchange drain which would not Ix' the case for tile shale allcrnal/Ve. 'l'herefc_re, viewing lhc l)rolHenl
str)oily from the standpoint ofihe firm (JEA in this cast:) would nel include one of the most significant bcnel_ts
of lhe shale alternative Io the economy as a whole - lorcigll exchange savings. Another Ix.:nefil of the shale
option in conq)arison with alternatives using imported fuels which is m_t very easy lo quanlify is increased
energy security, Easing reliance on inlporled sources of energy --especially tx_imleum -- in a l_)litically fragile
part ()t"the world is a subslanlial benefit which is vc.r'/difficult to qiianlify iii ;`ic(isl-l_enc,fil analysis. Finally,
there Llrethe nlLicroecoiloillic c',ffec,ts ()t using the lnc;`il labor force t_)rthe shale nlining opcralion, Enll)h)yiilg
Jor(l;`ulianlaborers will have a beneficial offect on rl:ltional inconie.

Despite the caveatsjust presented,the sensitivily sludics will be c()ntltlclcd ;.iilhc level of ]EA- llle individual
firnl level, Besidesproblenls with quantifying ni<'lnyof the costsand benefits accruing til elc.ctricily consumers
and l.heO(.:(lnoilly a.qLIwhole, ushig Li fir)ft-level analysis facililales ct)nil)arisc)nwilh t)lhcr p(j_,vt'.rgenerali(m
allerrlatives which already have becri studied, The Aqal)aOlHiOi:,for cxailiple, li:ts underg(meirllensc,scrutiny by
the World Bank. The IRR fl)r this ep)ion has beell caiculalcd lilldcr v;`lriousill[)iil cost assuil/plit)iis alld can
easily be cen)pared with the results on the shale t_l)tit)n, t h)wcvc',r,lhc nel bc'ilcfits of the shale oplion I_o)'ond
JEA's level will be discussed iii the final section t)f Ihis clmpler.

The results of financial and economic analyses are contingei-it on assunicd input costs arid revenue flows over die
lifetime of the plant. Before proceeding to the financial and economic results, it is imporianl to consider
individual inputs and their cost for producing l)ower using oil shale. Each of these inputs ,viii he considered in
derail below. The next section discusses cal)ilal extxmditures required tbr each of dm planl-size aliernaiives.
Section 9.2 presents die O&M expenses for each option, including fuel cost, other O&M expenses for
producing power, and the cost of disposing of iile residual ash. The t'iriancial corot)arisen and economic
sensitivity results arc presented and discussed in Sections 9.3 and 9.4, respectively.
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9.1 CAPITAL EXPENDITURES

Figure 9.1 presents a schematic for the flow ot"major inpuL_;and outputs of the integrated shale,-t'or-power
system. The data in the figure are for a 50-MW plant, operating at a 75 percent capacily factor, 4 The figure
shows that 973,000 tonnes of mw shale will be mined, sent for processing (crushing), and delivered tc)file plant.
The plant will produce 345.8 GWh of electricity each year, of which 338.4 GWh wi!l be delivered to the
transmission network and 7.4 gWh will be used in the shale processing operation. Dry ash irl the amount of
657,000 tonnes will be recovered from the plant. After wetting, the ash will be 25 percent larger by weight
(815,(X)0 tonnes) and will be delivered to a holding site.

There arc five broad funcficms involved in using oil shale for l×)wer generatic,m in Jordan. They include:

I. mining the shale,
2. processing (or crushing) the shale,
3. prcxtucing power,
4. removing the residual ash, and, not showrl in Figure 9.1,
5. housing the employees,

Each of these t'unctions requires the expenditure of capital. 5 In the present economic analysis, the,re are several
ways to treat the functions. The Bechtel Group treated the entire shale-for-power problem as a vertically
integrated activity, presuming the operator of the power plant would be involved ira both oil shale mining anti
processing and residual ash removal/, However, they separated tile functions into four categoric,s: (1) mining
and pr_essing, (2) tile powe| block, (3) residual ash removal, anti (4) cc_mmunity facilities or housi|_g. For
each of these categories of activity, estimated capital expenditures were provided and tile unit cost of shale to the
plant and the unit cost of ash removal were provided, which included the estimated O&M costs of these
activities. Thus, comparisons can be made of tire fmit cost of oil shale (lcliverc:d tc) the plant with other fuels,
such as coal and heavy fuel oil.

In actual practice, producing power t'rom shale in Jordan may not be an integrated activity, lt is possible that
the mining activity could be contracted out, providing shale to the plant and disposing of the residual ash. "1Irl
this case, the owner of the plant would be involved only in processing the shale and proctucing lX_V,,er.

Iri the ensuing economic analysis, the cost of t'uel and residual asi| disposal are treated as separate operating
expenses for pr(xlucing l×)wer. The only capital expenditures are for the plant itself. Thus, cost categories are
capiUaiexpenditures on the plant iLselfand three categories of operating expenses:

1. t×)wer prod,action O&M expenses, including water, lalx_r, and the like,
2. the deliverexl cost of fuel (shale), and
3. ash removal.

4The capacity factor is defined as the ratio of nel generation of a puwer plant and the theoretically possible amount c,f generation,

The latter is the nameplate capacity of the plant times 8,7(_0 hours, the number of hours ill a 365-day year.

5These five ft|notions and associated capital expenditures subsume some other very iml_orlant activities. 'l'he water supply syslevn

for the power plant is included in producing power. Environmental costs are included in both the mining and ash removal ix_rlicm of

the project,

6"l'he term integrated is used here technically wherefil an enterprise manufactures a con|modily and ali inputs used in the

commodity's production,

7Several bids from Jordanian concerns have already been received by the Natural Resources Authority of Jordan for mining the

shale. Ilowever, it is questionable whether the bicls are realistic, lt does not seem that the mining interests properly understood the

nature of the task, For example, residual ash disposal, internalizing the environmental costs, does not seem lo have been included in
the bids.
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The remaining problmn is the cost o1"housing. The location of the proposed shale plant is in a fairly remote
area approximately 100 km south oi" the capital, Amman, There is some likelihood that housing t'acilities
WOlaldhave to be constructecl at tile plant site to accc_mmodate lx)fll indigenous lat×)r and expatriates and their
families, The cost of constructing a "town" can be significant, depending on the type of living arrangements
used for the workers.

As an example, living quarters for 700 enaployc,cs at Shidiya, a remote phosphate mining site approximately
300 km south of Amman, are in tile design stage, The total cost of the project is estimated to be 2 million JD

(approximately $6 million), The area encompasses appcoximately 17,800 square meters with construction costs
estimate(t to Ix:90 JD tvr square meter, excluding the cost of i_lrastructure (roads, water, and electricity), The
cost of the infrastructure is estimatecl to [m another 20(3,000 JD ($600,000). The Shidiya site will accommoclate
only bachelors, lt provides "bunkhouses" for four people, consisting of a kitchen, bath, and two lxxlrooms, two
men to a room. Besictes tile living quarters lk)r the workers and the infrastructure, a restaurant, a social club, a
shopping area, health clinic and a guest house are inclll,' "! ill the total cost of 2 million JD.

In contrast to the Shidiya project, the cost of construction for the town built near the El Hasa mining site l'ronl
1983-1987 was consiclerably more eXlX_nsive. Total cost was estimated at 173 J D l×:r square meter, even though
it is located much closer to Amman anti, in compariscm with the Shidiya site, is considerably more accessible to
the Desert Highway, running north-sot|th through Jordan. The reason for the dilTerence in construction test is
that the El Hasa site was constructed for families and, therefore, ',s much more elaborate. A total of 500 houses

were constructed for 3,0(X) l×;rsons, based on an average of 6 persons per househc)ld. Although the El Hasa site
included the same type of scx:ial facilities built at Shidiya (restaurant, sholgping area, and the like), they were
much more elaborate and expansive. The El Hasa site incluctecl schc×fls for 420 students ,'roda SlX_rkscenter,
including a sex:ecr l'ieht, two swimming pools, tennis courts, and a playground.

The phosphate mining company constructing these towns dc)es not recoup its cost of construction t'rom the
inhabitants. The rent for a family living at the El l lasa she is 3,5 JD (approximately $10,50) per month,
Ralher, the housing is provided as a perquisite to attract skilled labor to these retnote areas, Tl_e company
recoups the cost of construction by depreciating the "town" using a straight-line method, 5 percent per year over
a 20-year tvriod, 8 Thus, housing is u'eated as any other capital expenditure in ctetermining tlm cost of the phlnt.

A complicating factor in determining the test of housing for workers at the proposed oil shale-fueled power
plant is that procluctit)i_at the E1 l-lasa phosphate mining site is schecluled tc)be phased out during tile next
several years, with OlVCratioz|scompletely terminated in tile n_icl- to late-1990s. This scheduled termination (late
is well in advance of the anticipated completion of the l_ower plant. Because of the close proximity of the E1
ltasa town site to the oil shale-fueled ix)wet plant (apl_roximately 30 km), it is possible ttmt mining and power

personnel could use at least a portion of lhc existing town site Fresently occupied by the El Hasa personnel,
thereby mitigating the housing cost for the propc_sed shale plant(s). However, the expected number of
employees for ttm integrated power production (_peration is significant. For the 20-MW plant, 18.5pr.x)ple are
expected to be employccl, 75 of wheal will be used in the mining/l)rocessing operation. For the 50- and 400-
MW plants, the nun_bers are 324 (lf_3 in mining/processing) and 1,046 (396), respectively.

Another complicating factor is that some workers could live in Karak or Qatraneh and commute tc) t.ho mine by
company bus, as is currently the case at the El Ab'J'admine.

In the sensitivity analysis below, we inclucle the cost of housing as a dirett cost of producing power at the
Sultani site, Thus, the capital expenditurcs include the capital eXlYensefor providing housin_ f'_r the workers,

8WhileinJordan,thereseemedlc)be a bit of a laxcontroversyusingthi._method, lt seemsth,;tthephosphatecompanywas
involvedin a "litigatioW'or discussionwith the governmentover thedeductionof the depreciationfor tax purpo!ms,

' ' ' ' ' '11' ' '" ...... rl"
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recognizing that a portion of the workers may be miners who are not part of the ownership of the plant, Table
9.1 provides the estimatext cost of housing for the three plant sizes under consideration, along with their
estimated capital costs, the Allowance for Funds Used During Construction, and the cost pcr kW of the three
plants, including and excluding the cost of housing.

In ll_eeconomic analysis that follows, the imputed capital charges are excluded from the analysis because they
do not represent a cash flow item.9 Thus, the cost of the three plant sizes, including housing, which will be
used in the economic analysis range from $70.4 million for the 20 MW plant to $111.4 and $641.2 million for
the 50 MW and 400 MW options, respectively. On a dollars per kW basis, the 20 MW plant is nearly double
the amount for the 400 MW option when the cost of housing is included.

Table 9.1 Capital expenditures, 20-, 50-, and 400- MW options ($103)

Category 20 MW 5() MW _ 400 MW
Power Plant 67,700 112,200 760,500
Housing 10,000 15,000 45,000

AFUDC a _(7,3()0) (15,8()()) (164,3()())

Total 70,400 111,400 641,200

Co st/kW (without housing) 3,385 2,244 I ,901

Cost._.W (will', housin[_) 3,885 2r544 ' _ _ _ 2,014 ......
Source: Computed from Bechtel National, Inc., Prefeasibility Study, Oil Shale Utilization for Power
Production in the Ilashemite Kingdom of Jordan, December 1988, Draft.

a Allowance for Funds Used During Construction.

9.2 OPERATION AND MAINTENANCE EXPI_NSES

Given the conceptualization of the plant site presented in the previous section, there are three categories of
O&M expenses which enter into the sensitivity study: (1) file unit cost o1'oil shale, (2) the unit cost of
disposing of the residual ash from the power plant, and (3) other O&M expenses, including wages and salaries,

li water, and the like. Each of the three categories will be discussed below.

9.2,1 Cost of Shale

Table 9.2 summarizes the mining and processing capital and operating costs for the 20-, 50-, and 400-MW
options, assuming the plants operate at a 75 percent capacity factor. The information presented irathe table
sttmmarizes the Bechtel Group's analysis for the three size alternatives. The capilal cost represents the out-of-
pocket expenditures for constructing the mining and pr(x:essing facilities, excluding the imputed amount of
AFUDC. Those figures are provided in tlm second category of data in the table. Tlm amount of AFUDC is
smaller for the 50/50 D/E option because the cost of capital is only capitalized for the amount of debt - not the
equity portion. The unit cost of providing shale to the plant is less trader the 80/20 D/E option tx_cause of the

9AFUDC or Interest During Construction (II)C) is an accotmting construct which allows a finn to recoup the capital charge_; of

investment projects with long construction lead times. The amount is reflected as income on the profil and loss statement offset by a

corresponding charge to the cost of the plant. The amount is recouped through depreciation charges over the lifetime of lhc plan',. ]r_'
the economic analysis, we are working strictly on a cash basis and, therefore, the amounts/'or AFUDC are not considered ir_the

construction expenditures for the plant.
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lower assumed cost of debt capital,

Table 9.2 Mining and processing costs, 20-, 50-, 400-MW options

Category.... 20 MW 5(1MW _ _ _4(X)MW
Capital Cost a (1o3u.s. $) 25,335 311923 -- 16-2,816

AFUDC (103u.s.$)
50/50 D/Eh 2,534 3,192 24,423
80/20 D/E 4,054 5,108 39,075

Operating Costs (1o3u,s, $)
50/50 D/E 6,827 13,118 56,606
80/20 D/E 5_582 11,556 48,945

Unit Cost (u,s, $/tonne)

50/50 D/E 17.50 13,48 7.76
80/20 D/E 14.31 11.88 6.84

Amountc (103tonnes) 390 973 7,783

Source: ComputedfromBechtelNalional,lhc,, Prefeasibih'tyStudy,Oil ShaleUtilization,forPower
Productionin the tlashemiteKingdomofJordan,December1988,Draft,
a ExcludesAFUI)C.
b Debt-to.equityratio,
c Assumesa75 percentcapacityfactor,

The table shows that there are significant economies in oil shale mining and processing, Under the 80/20, D/E
option, the trait cost is only $6.84/tonne for the 400-MW orgtion in comparison to $14,31/tonne for the 20-

MW option. A similar result emerges tbr tile 50/50 D/E option. The Bechtel Group study's design analysis
was for the mining/processing operation to provide enough fuel for the plant operating at 100 percent capacity,

9.2.2 Residual Ash Disposal

Table 9.3 provides the same information for residual ash disposal costs as that provided for mining and
processing costs in Table 9.2, Here, the unit cost for disposing of the residual shale declines for the 50-MW
case in comparison with the 20-MW case, but increases for the 400-MW case because of the amount of residual
ash required tbr disposal.

9.2.3 Other O&M Expenses

Table 9.4 presents other O&M expenses for tlm three plant sizes and three capacity factors, In its analysis, the
Bechtcl Group dividext other O&M expenses into fixed and variable portions, but computed these expenses for
the 75 percent capacity factor case only. To obtain the variable amounts for the 50 and 60 percent cases, O&M
expenses were changed to reflect different amounts o1"input. The fixed portion of other O&M expenses was not
changed for the 50 percent and 60 percent cases.

II
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Table 9.3 Residual ash disposal costs, 20., 50-, 400-MW options

Category 2(3MW 5(.IMW 400 MW
Capital Cost a (1o3u.s. $) 1,541 2,205 8,068

AFUDC (103u.s.$)
5()/5(_D/E b 77 110 404
80/20 D/E 123 1,'6 646

.'3
Operating Costs (lo u.s. S)

50/50 D/E 394 823 6,378
80/20 D/E 316 710 5,987

Unit Cost (u.s. S/to,me)
50/50 D/E 1.20 ] .01 1.04
80/20 D/F, 0.97 0.87 0.98

Amount c (I03tonnes) 327 815 6,127

Source.' C(nnputed from Bechtel Natiom, I, Inc., Pr@,asibt_ity Study, Oil Shale Utilization for Power
Production in tile Ilashemite Kingdom of Jordan, l)cccmber 1988, Draft.
a ILxcludcs AI:UI)C.

b Debt-to-equily rat io.

c Assumes a 75 pert:cn! capacily |aclor.
lr

Tahle 9.4 ()ther O&M expenses, unit cost by plant size
and capacity factor (c/kWh)

Size 5()% 60% 75%
2(1MW 2.15 1.83 1,50
50 MW 1.34 1.15 0.96

400 MW ().87 0.76 0.65

The table shows significant economies by increasing plant size For the 75 percent capacity factor case, other
O&M expenses were more than double on a cents per kilowatt-hour of generation basis for the 20-MW in
comparison with the.400-MW plant. The 20-MW plant was more than 50 percent larger in comparison with
the 50-MW for the 75 percent capacity factor case. Similar results were obtained for the other capacity factors.

9.3 FINANCIAL ASPECTS OF TItE SIIALE ALTEI,r, NATIVE

There are a number c)t"competing alternatives for power generation in Jordan. ttere, a financial comparison is
made of several of the alternatives. First, we consider the actual Ol'.'?rationof the 2 x 130-MW base-load thermal

:)8/. Second, 20-MW 50-MW, and 400-MW oil shalemilksat Aqaba (referred to as Aqaba I) during 1_ '"
alternatives arc considered. Finally, the 2 x 130-MW deferred base-load mills at Aqaba (known as Aqaba II) will
be compared using coal as the alternative fuel.

Table 9.5 presents a summm'y ot"the comparison, providing capital cost/kW, total capital costs, fuel
requirements, fuel costs, and the financial analysis on ztC/kWh basis. The results are based on an assumed cost

1



ECONOMIC ANALYS.IS page 9.9

of capital of 15 percent for the shale alternatives and 9 percent for the two Aqaba plants.10 The assumed
capacity factor is 75 percent. For Aqaba I, the fuel and O&M costs are actual figures for an 11-month period in
1987, using a 3:1, dollar:dinar exchange rate. The Aqaba II data are based on a World Bank study. The capital
costs are derived from the World Bank study and the $53 unit fuel cost is the c.i.f, price of quotations made to

I the Jordanian governmc'nt for Coal imports.
!

"lable 9.5 Financial comparison of generating plant alternatives

i , ,

Category, Aqaba 1 Shale Shale Shale Aqaba 2
Capacity (MW) 260 20 50 4(X) 260
Cost (S/kW) 931 3885 2544 2014 950

Capital Cost ($1o6) 242 78 127 806 247
Generation @75% (C_Wh) 1708 131 328 2628 1708
Fuel Needs (103tonnes/y) . Actual ""__t_ 973 7783 9(,4

Fuel Cost ($/tonne) Actual 14.31 11.88 6.84 53,00

Comparative Cost (c/kWh)

Fuel 2.61 4.25 3.52 2.03 2.99

, O&M 0.98 1.50 0.96 0.65 0.9(I
Capital 1.28a 8,87 b 5.81 b 4.60b 1.30 a

Total 4.87 14.62 10.29 7.28 5.19

a Assumes capital cost of 9 t_rcent per annum.

b Assumes capital cost of 15 percent per annum,

The results show that, from a financial standpoint, the existing 2 x 130-MW units at Aqaba I are the least costly
on a cents pcr kwh basis, with the proposed coal plant at Aqaba II the second best financial cost option. The
400-MW shale option is merc than 2C/kWh more costly to run than the proposed plant at Aqaba.

In a capital budgeting problem, simple ,inancial costs do not provide a true basis of comparison of compel.ing

i alternatives, Financial costs are merel_ indicative. An economic analysis of the alteruatives is required. We

turn to this analysis in the next section.

9.4 F.CONOMI(" ANALYSIS OF THE SitALE ALTERNATIVE

9.4.1 Sensitivity Analysis at JEA's Level

Four variables will be perturbed in the sensitivity analysis:

1. Average revenue of JEA's sales. In 1987, the average revenue accruing tc)JEA for ali of its sales was 20.7
ills per kWh of electricity sold, which translates into 6.0C/kWh, assunfing a 3

10lhc difference in the cost of capital for the Aqaba plants and the shale alternatives is attributable to the assumed capital

structure for the plants, ]'he &qaba I and ii plants are financed using debt exclusively. It is assumed that the shale altemalives will be

fir, ance.d par'dy by eq,--,i'y, which has ussoci.,.!,:,t uA!h iI :, hid-her mlum Ihan debt financing,, available, to JEA and the Jordanian

government.
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U.S. dollar per Jordanian Dinar exchange rate. 11 A tariff change was not made in 1988.12
Therefore, in the sensitivity studies which follow, the base revenue is assumed to be the same as
in 1987.13 To show what effect a tariff increase wo_fld have on the economics of the proposed
plant(s), average revenues were increased 25 percent to 7.5C/kWh and 50 percent to 9.0C/kWh in
the sensitivity studies.

II, 2, (" .acity Factor. The Bechtel Group's analysis used a 75 percent annual capacity factor,
|] assuming that the proposed oil shale plant would be a base-load unit. To see what effect lower
II annual running rates would have On the economics of the plant(s)- due either to m:fintenance and

materials handling problems, or insufficient power needs - the IRR for 50 and 60 percent running
rates were computed in addition to the 75 percent case.

3. Debt/Equity Ratio. The Bechtel Group's analysis assumed two different debt/equity ratios tk_r
the mining/proces:,,_g function and the ash disposal function: 50/50 and 80/20. The latter results
in a lower average unit cost because of the assurnption timt the cost of debt is less than that of
equity. These input costs were summarized in Tables 9.2 and 9.3, respectively. Sensitivity
analyses were conducted using both of these input assumptions.

4. Capital Expenditures. In their estimate of capital expenditures for the 20-, 50.., and 400-MW
options, the Bechtel Group provided one estimate of capital expenditures. These estimates for the
three plant sizes will be considered the base capimI expenditure scenarios in this study (noted
t;ase). To include uncertainty in the analysis, two other groups of scenarios were ':onsidered.14
Relying on a commonly used practice, the capital expenditures in the Base scenario were changed
by ±25 percent [noted Base(0.75) and Base(1.25)1 in the first group. In the second group of
scenaJ'ios, tile base case capital expenditures were increased by 50 l×:rcent !Base(l.50)] and l(X)
percent i Base(2.00)] to retlect uncertainties in both the Jordanian exchange rate and the cost of
constr_'_'ting the plant in a foreign environment. This will be discussed more fully below. 15 The
time sirdar:, of capital expenditures was obtained from the Bechtel Group's sludy. For the 20- and
50-MW options, the expenditures were made over a 31-month period. For the 4()0-MW option,

_..3" _t_,as over a 48-month period with each of the 100-MW units beginning construction six
!| momhs at'icr, the previous one stm'ted.
_m

i The discount rate in ali of the analyses is 9 percent pcr annum, reflecting the opportunity cost of capital to JEA.
The O&M expenses per kWh of generation under the three different capacity fao'ors for the three planl sizes were

Stprovided in Table 9.4 above. In the Bechtel Group's study, the amount of oil, ,,ale needed, spent ash to be
disposed of, and net electricity generation for the three plant sizes at a 75 percent capacity factor were provided.
These amounts are also needed for the 60 and 50 percent scenarios. That infomlation is provided in Table 9.6.

11Them are 1,000 fils in each J,,rdanian Dinar.

12As discussed in Chapter 3, a tariff study was comh,vctcd in early 1988, but tariffs were not changed based on this study. °l'ht lasl
tariff change was in June 1986.

13Using 1987 data may ov'..rslale the amount. Recently, e[cclricity prices were lowered for some cuslomer classes as parl ,,f an
austerity program announced by King llussein on Novc.mber 6, 1988. See Wall Street Jourru'd arm New Fork 'l'hnes, November 7,

. 1988.

i 14The effea:'s of uncertainly can also be included by increasing the discount rate, We choose here to change the amount of capital

expenditures.

15As is the case with ali of the scenarios, lh(.:puq_ose for inch.ling these two other capital expenditure scenarios m _he study is

not to speculate on the likelihood of their occurrence, Probabilities are not assigned Io any of the input costs or revenues accruing to

i JEA under any ,of tlm _ei,aiio_,. T_a'u'-_,_,_,, '_,..._................. ;';";'"., ¢1,,dv... ., mer,'lv h_mnd._ the resuhs, considering (l) whal probabilistically can

i occur (such as lower running rates and higher capital expmutitures) and (2) what must occur m improve the'economic allractiveness ofthe shale alternative (such as higher running rates and increased _w,erage revenues), lt is left to individual readers to speculate on the

i!1 likelihood of each scenario.
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Table 9.6 Physical quantities, alternative scenarios
(by plant size and capacity factor)

Size/Capacity Oil Shale Spent Ash Generation
Factor (103 tonnes) (103 tonnes) (GWh)

20 MW

50 percent 260.0 218.0 89.8
60 percent 312.0 261.6 107.7
75 percent 390.0 327.0 134.7

50.14W

50 percent 648.7 543.3 225.6
' 60 percent 778.4 652.0 270.7

75 percent 973.0 815.0 338.4

400 MW

50 percent 5,188.7 4,084.7 i ,752.0
60 percent 6,226.4 4,901.6 2,102.4
75 percent 7,783.0 6,127.0 2,628.0

Source: Computed from Bechtel National, Inc., Prefeasibility Study, Oil Shale Utilization for Power
Production in :he ltashemite Kingdom of Jordan, December 1988, Draft.

9.4.1.1. Base case capital expenditure scenario

The results for the base case capital expenditure scenario are, presented in Table 9.7, Entries with a "." reflect a
scenari_ with an internal rate of return less than zero. The table shows that the 20-MW option is not

economically attractive. This plant size has a retm'n greater than zero under only the most favorable conditions:
a high capacity factor, low input costs (an 80/20 debt/equity ratio for both mining and processing costs and ash
disposal), and a very favorable average revenue amount (9 0C/kWh, a 5(1percent increase over the amc,unt
realized by JEA in 1987).

Under JEA's current tariff structure (6.0C/kWh), the 50-MW alternative is not economically attractive, either.
None of the input scenarios resulted in an IRR greater than zero assuming this tariff structure for the 50-MW
option. The IRR for the 400-MW plant under the current tariff structure approaches or exceeds JEA's

: opportunity cost of capital (9 percent) assuming a 75 percent capacity factor (8.56 and 9.77 percent under the
" 50/50 and 80/20 debt/equity scenarios, respectively). Assumed lower annual running rates result in significantly

lower returns, dropping to 3.24 percent under the most unt'avorable assumed conditions.

The retttms for the 50-MW option do not exceed JEA's opportunity cost of capital even if a 25 percent increase
in tariffs is assumed (from 6.0C/kWh to 7.5C/kWh). Only under the most favorable revenue and running rate
assumptions do the 50-MW returns exceed 9 percent. Assuming the same 25 percent increase in tarifl"levels to
7.5C/kWh, the simulated returns for the 400-MW option exceed 9 percent under b_)th75 percent and 60 percent
capacity factors. They even approach that level under an assumed 50 percent rum ing rate.
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Table 9.7 Sensitivity results, alternative scenarios, base capital

expenditures, 20-, 50-, and 400-MW plant options

Capacity Average Debt/ Internal Rate of Retumd

Factor a Price b Equity c 20 MW 50 MW 400 MW
(%) (c/kWh) (%)

75 9.0 50/50 . 9.33 19.04
75 7.5 50/50 . 4,30 14.16
75 6.0 50/50 . . 856
75 9.0 80/20 1,75 10.80 19,97
75 7.5 80/20 6.15 15.18
75 6,0 80/2(/ . 9.77
60 9.0 50/50 6.28 14,80
60 7.5 50/50 1.55 10.55
60 6.0 50/50 5.55
60 9.0 80/20 7.62 15.61
60 7.5 80/20 3.32 11,46
60 6.0 80/20 . 6.66
50 9.0 50/50 3.93 11.72
50 7.5 50/50 . 7.89
50 6.0 50/50 . 3.24

. 50 9.0 80/20 5,21 12.45
50 7.5 80/20 1,09 8.72
50 6.0 80/20 . 4.30

a The capacity factor is tile ratio of total net generation from a plant to the theoretical maximum amount that the
plant can generate in a year, The latter is calculated as the product of nameplate capacity and the number of hours
in a year (8,760 in a 365-day year),

b Average price is total revenues realized divided by total sales,

c Debt/equity is the assumed capitalization for mining and processing and residual ash dispos_,l operations, They
were discussed at length in Section 9,2,

d A .... signifies that the return is less than zero

_ To summarize tjle base capital expenditure scenario, rett_rns for tlm4(R)-MW option exceed JEA's opportunity
cost of capital in 11 of tire 18 scenarios and approach it in two others. The 50-MW option exceeds JEA's 9
percent opportunity cost of capital under the two most favorable sets of assumptions: high running rates and
high average revenue per kWh of electricity sold. Under the pricing schedule thal existed in 1987 (an average
revenue of 6.0c/kWh), the IRR for the 50-MW optio,l never exceeds zero.

9.4.1.2. Plus/minus 25 Percent capital expenditure scenarios

Tables 9.8 and 9.9 present sensitivity results for the Base(0.75) and Base(l.25) capital expenditure scenarios,
respectively, retlecting a 25 percent decrease and increase in the base case scenario. The 20-MW plant is not an
economically attractive option even if the capital expenditures are reduced by 25 percent (Table 9.8). Internal
rates of return are greater than zero in only three cases, but do not approach JEA's opportunity cost of capital.

As was the case with the base scenario, the 50-MW alternative is not an economically attractive option under
JEA's current _tril'f level (6.0C/kWh) assuming a 25 percent reduction in capital expenditures (Table 9.8). The
IRR is greater than zero in only one case under this tariff level. Assuming a 25 percent increase in the tariff
level in the Base(0.75) scenario (Table 9.8), the return for the 50-MW option exceeds 9 percent only under the
most favorable situation: 75 percent capacity factor and 80/20 debt/equity ratio for the mining/processing and
ash disposal functions. The 50-MW option is economically unatuactive in ali scenarios where capital
expenditures were increased by 25 percent [Base(1.25) in Table 9.9]. The only case in which JEA's opportunity
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cost of capital is approached (8.24 p.,'.r,,znt in Table 9.9) is the one which assumes a 50 percent increase in the
average tariff level from what currently exists (6.0 to 9.0C/kWh), a 75 percent capacity factor, and a 80/20
debt/equity ratio for the mining/processing and ash relaoval functions.

The results for the 400-MW simulations under the Base(0.75) scenario (Table 9.8) show that returns approach or
exceed 9 percent under 'all scenarios with the exception of the 6.0C/kWh and 50 percent capacity factor
assumptions. However, increasing capital expenditares by 25 percent from the base case [Base(1.25) scenario in
Table 9.9] results in returns less than 9 percent under all cases in which average revenues are assumed to be

6.0C/kWh. Increasing average revenues by 25 percent to 7.5C/kWh results in returns approaching or exceeding 9
percent in the 60 and 75 percent running rate scenarios.

Table 9.8 Sensitivity results, alternative scenarios, base (0.75)
capilal expendilures, 20-, 50-, and 400.MW plant options

Capacity Average Debt,/ Internal Rate of Returnd

Factora Price b Equity c 20 MW 50 MW 4()0 MW
., (%) (C/kWh) (%)

75 9.0 50/50 0.42 12.89 24.63
75 7.5 50/50 . 7.04 18.68
75 6.0 50/50 . , 11.97
75 9.0 80/20 4.15 14.63 25.77
75 7.5 80120 . 9.16 19.92
75 6.0 80/20 . 1.98 13.4l
60 9.0 50/50 , 9.31 19.46
60 7.5 50/50 . 3.92 14.35
6o 6.o 5o/50 . . 8,46
60 9.0 80/20 0.81 10.88 20,44
60 7.5 80/20 . 5,92 15.43
60 6,0 80/20 • . 9.75
50 9.0 50/50 • 6,62 15.74
50 7.5 50/50 . 1.43 11,18
50 6.0 50/50 • • 5.79
50 9.0 80/20 . 8.08 16,62
50 7.5 80/20 . 3,40 12,17
50 6.0 8(//20 . • 7.01

a The capacity factor is the ratio oftotal net generation from a plant to the theoretical maximum amount thai the
plant can generate in a year. "lhc latter is calculated as the prcxtucl of nameplate capacity and the number of hours
in a year (8,760 in a 365-day year),

b Average price is total revenues realized divided by total sales.

c Debt/equity is the assumed capitalization for mining and processing and residual ash disposal operations. They
were discussed at length in Section 9.2.
d A "." signifies that the return is less than zero.

9.4.1.3. Higher capital expenditure scenarios

Estimates of capital expenditures for t×)wer phmts are notoriously uncertain. In the present case, two l'actors are
especially important. First, the plant will be built in a developing country. Second, the foreign exchange costs

' are uncertain. Most recently, the Jordanian Dinar has been depreciating in international exchange markets,
increasing the cost of importing materials for constructing power plants. On December 31, 1987, the Jordanian
Dinar was worth $3.04. The exchange rate stayed fairly stable during the first third of 1988, equalling $2.95 at

i
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the end of April 1988. However, since then it has steadily declinext to lhc point where on December 15, 1988 it
was $2.13.16 The figures for capital expenditures in this study are based on a mid-1988 exchange value of $3.00
per Jordanian Dinar.

To provide for exchange rate uncertainty and other contingencies associated with constructing l×_wer plants in

Jordan, two other scenm'ios were examined, assuming that the capital expenditures provided in the Bechtel
Group's study were 50 percent higher (the Base(1,50) scenaudo) and were higher by a l)ctor of two (the
Base(2.00) scenario). All of the other input assumptions used in the base case scenario (Table 9.7) m'e the same.

The results of the two high capilal expenditure scenmios are presented in Tables 9.10 and 9.11.

As would be expected from the results _t" the other three scenarios, the 20-MW option is not economically
attractive under tlm two high capital expenditure scenarios (Tables 10 and 11). For tlm 50-MW option in the
Base(1.50) scenario, the IRR does not exceed JEA's opt×_rtunity cost of capiual (9 percent) in any of the
sensitivity runs. ':. _ results for lhc 400-MW option me a little more favorable. Assuming a 75 percent annual
running rate, the ,?,R dees not exceed JEA's cost of capital under the tariff structure in existence in 1987
(6e/kWh). However, by increasing ttle tariff level by 25 percent to 7.5e/kWh and 50 percent to 9.0e/kWh under
the 75 percent capacity factor case, the IRR exceeds 9 l)cr('cnt assuming bolh 50/50 and 8()/20 dcbl/equily ratios
for the mining and residual asiadisposal operations. Assuming lower Calmcily factors for the 400-MW option,
the results deteri0rqte. The IRR exceeds 9 percent only under the 60 percent running rate scenario when tilt
average tariff level is assumed to be 9e/kWh.

Tile results for the Base(2.00) scenario are presented in "fable 9.11 2 he IRR for the 4(XI-MW option exceeds
JEA's opportunity cost o1"capia_l (9 petten0 in the two most favorable scenarios: a 75 percent capacily factor
with an average revenue of 9.0e/kWh. The only cases ill which the IRR for the 400-MW option exceeds zero
under the tarift" structure in existence in 1987 (6e/kWh) are tile ones assuming a 75 percent capacity factor, The
50-MW option is not economically attractive under any of the input assumptions.

9.4.1.4 A closer look at the 50-MW option

Table 9.12 summarizes the results of Tables 9.7 through 9.11 for the 50-MW option. Several comments are in
order. First, the 50-MW option is not economically attractive under the current tariff structure of JEA under ali
scenarios. An average revenue oi"6.0e/kWh is not enough to generate an IRR greater ttmn zero under ally o1'the
scenarios except one. Second, increasing average revenues by 25 percent to 7.5e/kWh results in a return greater
than 9 pcrcent in only one case in which capital expenditures are 25 percen{ less than tilt base case, the running
rate is high, and the mining/processing and ash disposal operations are assumed Io be capitalized on a 80/20
dcbb/equity basis. Third, increasing average revenue by 50 percent to 9e/kWh leads to significantly better
results. Under this case, lhc returns arc grcatcr thall zero for all cases ass sing 60 and 75 percent running ratcs

and are greater than 9 percent in cases in which capilnl expendilures are assumed io lyerelalively h)w [Base(0.75)
and Base scenarios]. However, the table suggests that even under this most optimistic assuml_tion on tile levc'.l
of tariffs, the economic results are very sensitive to lhc alnount of assumed capital expenditures. And, the recent
reduction in electricity tariffs in Jordan as part of an economic atJ:;terity program does not portend well for
increases in electricity tariffs, at least in the near future.

16'I'he latter amount is from 77u: Wall Street Journal, December 16, 1¢)88, Earlier exchange rates are from Intcmalional Monclary
Fund, International Financial Statistics, XL(9), September 1!188.

,{.
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Table 9.9 Sensitivity results, alternative scenarios, base(1.25) capital
expenditures 20-, 50-, and 400-MW plant options

Capacity Average Debt/ Internal Rate of Returnd

Factora Price b Equityc - 20 MW 50 M'W 400 MW
_ (%) _ _(C/kWh) , (%)

75 9.0 50/50 . 6.94 15.41
75 7,5 50/50 . 2,41 ]1.18
75 6,0 50/50 . . 6.26
75 9,0 80/20 0,07 8,24 16,20
75 7,5 80/20 4.08 12.07
75 6.0 80/20 . 7.33
60 9,0 50/50 4.20 11,74
60 7,5 50/50 . 8,03
60 6.0 50/50 . 3,57
60 9,0 80/20 5,41 12,44
60 7,5 80/20 1,51 8,82
60 6,0 80/20 . . 4,57
50 9.0 50/50 • 2.07 9.05
50 7.5 50/50 . . 5.66
50 6.0 50/50 • . 1.46
50 9,0 80/20 • 3.23 9,69
50 7.5 80/20 • . 6,40
50 6,0 80/20 • . 2,43r -- ,,,,

a The capacity factor is the ratio of total net generation from a phmt to the theoretical m_;ximum amount that the
plant can generate in a year, The latter is calculated as the product of nameplate capacity and the number of hours
in a year (8,760 in a 365-day ),ear),

b Average price is total revenues realized divided by total sales.

c Debt/equity is the assumed capitalization for mining and processing and residual ash disposal operations, They
were discussed at length in Section 9,2,

d A .... signifies flint the return is less than zero,

9.4.2 Beyond JEA's Level
The sensitivity study conducted in this report was taken at the individual firm level, that of JEA. There are three
important extra-firm benefits - benefits that accrue to the economy or society as a whole - that must also be

considered when evaluating the oil shale for power option. One of the most important is the foreign exchange
savings resulting from using indigenous oil shale in comparison to importing petroleum or coal, Imported
petroleum has been a significant drain on foreign exchange since the international petroleum shocks in the
19708. Second, mining and processing the oil shale zmd disposing of the residual ash in compm'ison with
importing coal and/or petroleum will have a significant net impact on employment in the country. The
expected number of employees for the integrated operation is significant. For the 20-MW plant, 185 l_ople are
expected to be employed, 75 of whom will be used in the mining/processing operation. For the 50- and 4(X)-
MW planks, the numbers are 324 (163 in mining/processing) and 1,046 (396), respectively. Finally, there is an
energy security benefit to Jordan in terms of using domestic energy in comparison with importing petroleum,
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Tabh 9.10 Sensitivity results, alternative scenarios, base(1.50) capital
expenditures, 20-, 50-, and 400-MW plant options

Capacity Average Debt/ Internal Rate of Return d

Factora Priceb Equity c 20 MW 50 MW 400 MW
.... (_o) (C/kWh) (%)

V5 9,O 5O/50 . 5.17 12.81
75 7,5 50/50 . 0,98 9,03
75 6.o 5o/50 . 4.56
75 9,0 80/20 . 6136 13.52
75 7,5 80/20 2.54 9,83
75 6,0 80/20 5.54
60 9.0 50/50 2165 9,53
60 7,5 50/50 . 6,18
60 6.0 5(}/50 . 2,08
60 9,0 80/20 3.76 10.16
60 7.5 80/20 . 0,14 6,9(/
c_ 6.o 80/2(} . 3.00
50 9,0 50/50 , 0167 7,11
50 7,5 50/5o . . 4.01
50 6.0 50/50 . . 0,12
50 9.0 80/20 , 1,75 7.69
50 7,5 80/20 . . 4.69
50 6.(3 80/20 . . 1,02

a The capacityfactor is the ratioof total netgenerationfromaplantto the theoreticalmaximumamountI.batthe
plantcan generateina year. The latter iscalculatedas theproductofnameplatecapacityandthe numberof hours
ina year(8,76(/in a 365-dayyear),
b Averageprice is tolal revenuesrealizazddividedbytotal sales,
c Debt/equityis the assumedcapitalizationfor miningandprocessingand residualashdisposaloperations. They
werediscussedat lengthinSection9,2,
d A "," signifiesthai therett|m is lcss thanzero
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Table 9.11 Sensitivity results, alternate scenarios, base(2.00) capital
expenditures, 20, 50, and 400 MW plant options

Capacity Average Debt/ Internal Rate of Returnd

Factora Priceb Equity c 2{)/vlW 50 MW 400 MW
(%) (¢_Wh), (%) , ,

! 75 9,0 50150 . 2,66 9,2675 7.5 50/50 , . 6.05
75 6,0 50/50 . . 2.15

, 75 9,0 80/20 . 3.71 9,86
75 7,5 80/20 . 0.31 6.73
75 6,0 80/20 . 3,02

9,0 50/50 0.41 6,48
60 7,5 50/50 . 3,57
60 6,0 50150
60 9,0 80/20 1141 7102
ai 7,5 80/20 . 4,20i

(,_) 6,0 80/2() 0,77
50 9,0 50/50 4,39
50 7,5 50/50 1,67
50 6,0 50/50
50 9.0 80/20 4.89
50 7,5 80/20 2,27
50 6.0 80120 •

aThe capacityfactor is the ratioof totalnt'.tgenerationfrom a phmtto the theoreticalmaximumamountthat the
plantcan generaleina year, The latteris calculatedas thepr(×tuctof nameplatecapacityandthe numberof hours
in a year (8,760in a 365-dayyear),
b Averageprice is total revenuesrealizeddividedby tolal sales,
c Debt/equityis the assumedcapitalizationfor miningandprocessingandresidualashdisposaloperations, They
were discussedat lengthin Section9,2,
d A .... signifiesthat the returnis lessthan zzro,

The premium that the country places on tiffs difficttlt-to-quantify, extra-finn benefit - and the foreign exchange
and employment benefits - may determine if the plant will be built in the case of it.appearing to be
economically unattractive from the standpoint of the electricity authority,
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Table 9,12 Summary of sensitivity results, 50-MW plant
(percenlages) a

Avcra/_c Reven ue,,Dcbt:'E.qu.ity,_Rat io
Capital Expenditures 6,0C/kWh 7,5C/kWh 9,0C/kWh

Capacity Factor 50% 8(1% 5(1% 80% 5_)% 80%
Base(O,75) Scenario

50 percent , , 1.43 3,40 6,62 8,08
60 percent . . 3,92 5,92 9,31 10.88

75 percent . 1,98 7.04 9,16 12,89 14,63

Base Scenario

50 percent . . . 1,09 3,93 5,21
60 percent . . 1.55 3,32 6,28 7.62
75 percent . , 4,30 6.15 9,33 10,80

Base(1,25) Scenario
50 percent .... 2,07 3,23
(_) percent . . . 1.51 4.20 5,41
75 percent . , 2.41 4,08 6,94 8,24

Base(1.50) Scenario
50 percent .... 0,67 1,75
(_ percent . . , 0,14 2,65 3,76
75 percent , . 0.98 2,54 5,17 6,36

Base(2,00) Scenario

50 percent ......

60 percent ..... 0,41 1,41 ':
75 percent . . . 0,31 2,66 3.71 "

a A "," signifiesthal the return is less thanzero,
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APPENDIX A: WILDLIFE AND WILDLIFE RESOURCES

A.1 Wildlife and Wildlife Resources

The wetter, higher areas east of the Rift Vall_y offer the best opportunities for agriculture and have, therefore,
been settled and/or cultivated at widely fluct,uating levels of intensity for millennia (the Amman area has been
continually occupied since 8000 to 7000 B.C.), Thus, not surprisingly, the landscape and attendant wildlife
communities in these areas have been extem;ively modified. In the more arid areas, the major impacts of human
habitation come from overgrazing of livestock and removal of woody vegetation for fuel. In some areas, water
is trucked in for the herds of sheep and goat_. This has permitted overgrazing in remote, arid areas during the
summer months when the rangeland can least endure the additional stress.

Jordan has no national parks, only several wildlife reserves formally designateA but with only informal
protection (Arzaq Wetland and Shaumari Wildlife Reserves). Draft legislation has been prepared for the
establishment of national parks, but has never been adopted by the government. A proposed Wildlife
Conservation Act (first drafted in 1979, but 'also never enacted) would allow for roughly comparable control to
be exercised over wildlife reserves as that which would be expected for national parks.

Wildlife resources near the Sultani site are similar to those of extensive stretches of land 'along the Desert
Highway. There a_ no existing protected axe.as in conflict with the site, but one has been proposed immediately
to the west. 1 There are only 12 proposed or de facto existing wildlife reserves in Jordan. These have been
chosen to cover as wide as possible a cross section of the country's various ecosystems and indigenous biotic
communities. Efforts were taken in the selection process to minimize conflict with existing land uses and to
factor in ease of administration and budgetary considerations. Figure A. 1 displays the locations of these, with
the proposed Abu Rukbah Wildlife Reserve identified immediately west of the Sultani site.

The purpose of the 410-km2 Abu Rukbah Wildlife Reserve would be to protect and preserve representative areas
of the Western Highlands (Karak Plateau) and the Makraq Steppe land types together with their indigenous flora
and fauna. A long-term goal is the protection of range until such time that the reserve lands could be capable of
sustair_ing the reintroduction of large animals (e.g., gazelles), The entire reserve would be fenced because of the
pressures for grazing and, on the western edges, cultivation. The Royal Society for the Conservation of Nature,
in conjunction with the International Union for the Conservation of Nature and the World Wildlife Fund, has

ranked the priority for establishment of protection of Jordan's 11 proposed wildlife reserves, l The Abu Rukbah
reserve is one of three in the fourth, or lowest, priority category.

No extensive floral and faunal surveys have been conducted in the Sultani area or in the proposed reserve, Data
on animal occurrence and distribution, according to Clarke, are particularly deficient. Plant cover in the
proposed Abu Rukbah Wildlife Reserve has been greatly reduced to almost pure stands ofAnabasis syriaca due

to overgrazing, but in the wadis, Clarke I reports that Atriplex halimus appears along with Achillea
fragrantissima, Peganum harmala, and Artemisia inculata. He also reports an abundance of the sedgegrass Carex
pachystylis, but it also has been highly overgrazed. Plant cover in the Sultani site is comparable, where
overgrazing has caused severe damage, biological diversity is restricted primarily to the wadis, and the hillsides
are almost desertic in appearance. Clarke suggests that indigenous mammalian life is restricted to hares and

1
Clarke,John E.,A Proposalfor WildlifeReservesinJordan:Developmentof WildlifeConservationin Jordan,RoyalSociety

for theConservationof NatureandtheInternationalUnionforthe Conservationof Natureandthe WorldWildlifeFund(IUCN/WWF),
Amman,Jordan,9 July 1979. Also,personalcommunicationwithMr. MaherZ. AbuJafar,GeneralDirector,TheRoyalSocietyfor
the Conservationof Nature,Amman,Jordan,18 April 1988.
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probably rodents. Lizards and snakes are common, Resident birds likely include Temminck's homed larks,
crested larks, desert larks, and red-rumped wheaw.a_s.

One of the two access points to the proposed Abu Rukbah Wildlife Reserve would be from the Desert Highway
by Wadi Sultani Station). A ranger post for the eastern portion of the reserve as well as a guard post tbr this
eastern entry is proposed at Sultani Station.
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I I i ii I

:I

Figure A:I

-i Location of Jordan's 12 proposed wildlife reserves, showing the Abu Rukbah Wildlife [Reserve (hi_hli,ghte_ just west of the Su ltani site. ..

iill , ,lr



APPENDIX B: FEASIBILITY OF DRAGLINES

B.1 INTRODUCTION

The Bechtel Group mentions that they considered use of a dragline to reduce overburden removal costs. The
April site visit by the study team included visitation to tile El Ab'iad Mine to observe, among other objectives, a
dragline in operation there and discuss its ai_plicability to the proposed Sultani mining operation. The Bechtel
Group concluded in there study that a dragline opcra;.ion was not appropriate for the Sultani operation - without
elaboration or reasons given. ORNL investigated l'urther tile potential for dragline(s) operation at Sultani as _m
alternative to using trucks and shovels for overburden removal. An official of the JPMC has estimated that

overburden removal costs could be halved through t,se of a dragline. Bucyrus-Erie representatives, the vendors
supplying the JPMC draglines, also stressed a closer look at the option, based on what they knew ot"the Sultani
plans and their knowledge of the experiences with draglines at the El Hasa and El Ab'fad mines. The following
constitutes this closer examination oi' the l'easibility of using draglines, l

B.2 FINDINGS ON TIlE FEASIBILITY ()F I)llA(;LINE'S

There are two major factors which dominate any consideration of dragline feasibility at the Sultani mining
operation: (1) the immediate and great capital investment required if a single large walking dragline were tc, bc_
used and (2) the great depth of the box cut that would necessitate removing a large percentage of the material by
use of trucks and front-end loaders to the out-of-t?it sto_age area, resulting in additional costs.

If we assume a 50-MW plant as the initial unit, later phased with another 50-MW unit and then three successive
additions ot"100 MW each until a total of 400 MW of capacity is reached, several scenarios for dragline use can
be assessed. The original 50-MW plant would be SUpl)liedwith fuel made accessible by removing overburden
with a loader and truck operation, as suggested by the I._;echtelGroup. Assuming a 900-shifts-per-year work
schedule (as per Bechtel), the economic life of the,major units (loaders, dozers, trucks, and scrapers) would
require replacement of the entire fleet in approximately 41/2 to 51/2 years after start-up. During this peried, the
initial development and box cut would have been completed anti an ongoing pit well established. According to
the Bechtel Group, approximately $39 million of now capital invcsuncnt would be needed at that time to replace
the older equipment and to purchase new shovels and trucks rqquired for the increased rates of production as the
I(/0-MW units come on stream. Thus, an opporttmily w¢)tlhl exist at that time tct consider phasing in draglines
as tm alternative to continuing to meet an increased production sclmdule with truck and shovel technology. The
capital investment for the shovel-truck operation would not be exceeded and the objection to opening of the box
cut with &aglines would be surmounted.

B.2.1 Multiple Small Draglines

The chief remaining question would be the applicability of draglines to the existing restraints of depth and type
of overburden, production requirements, dimensions of the pit required for the mining equipment, etc. One way
of addressing these questions is the use of two or merc smaller draglines. The high capital investment of a
single large dragline of sufficient capacity to handle removal of ali the overburden would be avoided, smaller
draglines would allow a better phasing of the required capital investment as production requirements increased,
and production capability could be adjusted as the stripping ratio varied over the life of the mine.

1Theanalysisdescribedherewasconductedby i)r, SamuelShaw,Ill,F.H.,Golden,Coloradoandis basedonhis reporttoORNL,
December1988,
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Acquisition of a 31- to 34-m 3 capacity dragline to work in tandem with a smaller crawler-mounted dragline of
about 18-m3 bucket capacity would have a total capital investment (including ali costs ot"transportation,
erection, electrics, and buckets) of approximately $16.2 million for the larger machine and $6.5 million for tile "
smaller'- a total of $.22.5 million.

Prior to the period when the de.epest overburden is encountered - about 10 to 12 years into mine operation - a
second small dragline could 1_ purchased. This machine could be dedicated to pulling back spoils from the other
two machines so that ma×imum pit depth of about 60 m could be accommodated. 2

Another possible combination would be to purchase a 50-m3 walking dragline and team it with the 18-m3
crawler dragline. The capital investment would be approximately $25.25 million for the larger machine and
$6.5 million for the smaller one. With this combination, the second small unit would not be required in those
areas having the higher stripping ratios.

B.2.2 Effect or Muiliple Small Draglines on Annual Operating Costs

Annual operating costs were computed for each multiple dra_,line con_bination and an estimation was made of
the change, in operating cosl_sof the stripping eqt_ipment and various SUl_portunits that would be replaced by the
draglinc operation, Similarly an estimate was made of the changed manpower requirements (approximately 88
hourly personnel) and the resultant change in labor costs. Relevant data came from the appropriate tables in the
Bechtel Group report.

The respective yearly operating costs of the d ragline operations versus those of the shovel and truck operation
are displayed in Table B.1.

B.2.3 Effect of Multiple Small Draglines on ()per_,iional Logistics and Safely

Although the use of draglines would result in lowered costs o[ stripping, ()tiler aspects do not appear as
favorable. Because of the Sultani site's significant overburden fl_ickness and the great depth ot"the lower layers
of the oil shale deposit, the s_ability of any spoils piles produced by the draglines must be assured, Depending
on the amount and the location of grot|ndwatcr i||flows likely to be encountered in some of the deeper mining,
there could be a marked effect on the stability of the spoils. Consideration must be given to the possible effects
on the sl_lbility of the high spoils banks ii' the lower portions are saturated, especially at the toes of such spoils
piles.

Another significant constraint to dragline use ix the 80-m width of the pit as contemplated in the Bechtel

Group's design for the truck and shovel oi,oration. The maximum practical width possible with use of draglines
would be more nearly only 30 m. This would greatly reduce tile area for maneuvering equipment in the pit
bottom, especially thai required for the CAT-785 trucks. It is also probable that this width would be
insufficient for the effective use of the two continuous miners phmncd by the Bechtel Group's mining scheme.
Probably of equal concern, the reduction in width increases the potential danger from even small slides from

i

2 There is a relatively small area where lhc duplh of lhc overburden is f_5 m, lt is possible, in consideration of the limited extent

of this area, that the prestripping of 5 lo 10 m mighl be conlracled Io local mining companies with machinery scaled to the task.

=

,,
'_ fill
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Table B.1 Annual operating costs compared: multiple draglines vs.
truck and shovel tecl_nology

One One

Truck 31- to 34-m3 Dragline, 50-m 3 Dragline,
Costs _md Tw() One

Shovel 18-m3 Draglines 18-m3 Dragline
(s million) ($ million) ($ million)

Direct Costs

Various trucks, shovels, etc. 5.791

P&H 2355 Dragline 2.080 1.040
P&H 752 Dragline 2,314
P&H 757 Dragline 3.599

4dditional Labor 0.510

Totals 6,301 4.394 4.639

Difference -1.907 -1.662

(percent) -30.3 -26.4

Depreciation 3.4 05 1.460 1,822

DiffErence - 1.583 - 1.945

(percent) -46.5 -57.1

either tile highwall oi" the spoil bank. Not long into the develolmacnt of the mining operalion, the pits will
increase to signific_mt lengths. This will require llie spoil banks to remain stable for comparatively long periods
of time so as not to jeopardize the integrity of the n_ain haul road located in the pit bottom.

B.3 CONCLUSIONS

ILl lt would be possible to strip the overburden using multiple draglines with 28- to 34-percent
rehandle.

_1 Use of draglines would reduce ullil, costs ()1st.riI)ping _)verburden

ILl Because of the unusual height of spoil banks rind highwalls, presence ()1"groundwater aft'coting the
stability of the spoil banks, plus severe limils on the width of the pit atufinable, the safety
requirements for equipment and pc,rsonncl al)pear to make the use of draglines impractictfl.

[2/ In addition to the reasons of safely, the greal length of the pits will require spoil banks to be
stable l'or comparatively long period:; of t.imc to preserve haul roads in the bottom of the pit, and
this may not be possible under the conditions noted.

- II,

ii, ii ,i ,
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Consideration should be given to a p(_ssible combination ot'a dragline and a truck trod shovel
operation. If a truck and shovel operation were used for prestripping, it may be possible to solve

i the problems of high spoil banks, sp¢_ilinstability, and narrow pit width and still use the moreJ

I cost-effective dragline for handling a large l_r()l_orlionof the overburden.

Study of a dragline alternative indicates that although n_()rcct)sl-clfective than the shovel-truck concept, their use
in moving 100 percent of the overburden is impraclical boca(Iso i)[ sal'e{y and operating constraints, lt is
recommended that additional study be given to lhc possible design of a mining :_yslem incoqx)rating both
concepts, utilizing the inherent cost-elTectivc, ncss of draglines to lhc greatest extent possible.



APPENI)IX C: tlEALTH EFFI_CTS ()F FLY A,qlt ANl) OTHER DUST

C.1 IN_; REDUCTION

[ The five main factors which inlluence the interaction between dust and the hum;m body arc:
=

_ (1) physic_ characteristics (size, shape, hardness);
(2) chemical composition;
(3) concenl.ration in Lhcatmosphere;
(4) duration of exposure; and
(5) individual susceptibility.

The size of the dust particles that may be encountered due to the processes ot"lhc pl:mt are described in Section
7.3. Shape and hardness are unknown at the current level of this prel'easibility study. The chemical
composition is described in Section 7.3.2. Individual susceptibilities among the workforce are unknown. The
duration of exposure is, in part, a normal 40-h work week, but also dependent on local meteorological anti

topographic tend iiioas.

- Dust deposited in the lungs may cause pneumoconiosis, which can be disabling or not, depending on whether or
not the dust is physiologically active and on individual suscel)tibilily. Generally, the disabling forms of
pneumoconiosis are caused by crystalline silica or qu;.Irlz(Si()2). Based on the test burn results, there is very
little silicon in the Sultani ash.

According to the U.S. BtHenti of Mines, dust o[ lhcsc.:particle sizes Ilave Ihcse rcle,ntioll rates in hullaan lungs:

Table C.I IJust retenli(m in hunlan lungs

Particle Diameter Approximate Retention

(micromclcrs, bl) iii }Itllllall I_AIlI_S (%)

6-1 C) 2O
5 25
d d2
3 50
2 70
1 70
0.5 50

Source' I.I.S, l]urc.au of Mines, Saml>litJ,_,,atm I:;valuat,'ng I@,vpirable ('.oal Mine l)ust:
A 7'rainirtg Manual, I.I.S. l'lurt:atl of iV]itlcs ll_l'ortnatic,t_ f_?irc_llarNo. 8503, ];cbrua W, 1971.

For consideration of health effects, total dust is nit,eh less iml)ort;.Ullthan respirable dust. In this regard, for the
Sultani fly ash samples lc.sled, about 10 percent ()t lhc ash wcrc bclc_w.4 I.tin diameter and a total of 26.5 percent
were [vlow 10 I.*.One half of the fly ash sanlp[ed were below 24.00 _. Thus, from the perspective of parl.iclo

size alone, the fly ash represents a potential health hazard.

Dosage received by humans is the product of dust concc.ntration and exposure time. To further define both ot"
these values tbr the Stlltani site, it is necessary to know more of those conditions that might catlse dust parlicles
to become airborne and how long might one ext_cct those conditions to exist on an annual basis. This procedure

!1
, , , II '"
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can be generalized in a six-step process that includes more thnn just site meteorology trod particle size
distributions. I

(1) Determine Particle Size Distribution, "iq'om Scctitm 7,3, it is known that tt_ofly asia ranges in size from 2
to 176 p.in diameter,

(2) Estimate Tttreshold Friction l'elocity, A threshold I'rictitm velocity (U/), the wind speed at _,round level
necessary to initiate the airborne suspension of particulates needs to be determined, Its value, depends on particle
size distribution, the presence orabsence of surface crusting, soil or subsu'nte ,a,a,"x concentration, and the
presence or absence of nonerodible elements such as vegetation or stones.

(3) Determine the Roughness lleight of the site terrain. The roughness height (Zo) is a n-_eastu'eof the size and

spacing of surface irregul_u'ities, such as trees or buildings, lh;.ll, obstruct wind l'low. This parameter is used to
convert the threshold friction velocity at ground level to wind speed at zt typical weather station height of 7 m,

(4) Determine the Threshold Wind Velocity. The threshold wind velocity (U0 is the wind speed, as measured at
,, a wind sensor station generally 7 m above the grotmd, that is necessary to initiate soil erosion (in this case,

lifting of the dust). The threshold wind velocity is dclcm;inc(l from the lhroshold friction velocity, Ut, according
to this equation: 2

U = g./_(13.1-2.5 Iii Z )
t .) _

where

U = Threshold Wind Velocity at 7m (n_/s),

Uf= Threshold Frict'.on Velocily (m/s), aral
Z = Roughness Height (cre).

O

(5) Estimate the Respirable Particulate Enlission Rate

Cowherd et al. developed this equation to estimate tile,annual nvc.rnge cmission rate of respirable particulate
matter from credible surfaces:

1

q

E'/o = (I,(136(I-I')(t.//U_)[F(X)I,

where

EIO = Emission rate lor total respirable tmrlicttlate matter (PM I0) (_'/m2h),

, .:.:"_raction of exposed dispersal area lhal iSvcgclated (for bare soil, V = 0),

U = Mean annual wind speed (m/s), and

1 Leu, David J, and Paul W, lladley, "The (2alifomia Silt: N'liligatitm l)ecisit)n 'l'me Process: St)lying the "l low Clean Should Clean

Be' Dilemma," in llazardous Waste Site Management; Water Quoli()'/.v.vuea', Nati_llal Acadelny Press, Washington, D.C., 1988,
'0p,67-97,

1
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IF(X)] = 0.18(8x 3 + 12x)/e x2, where x = O,886(U/U),

(6) Project downwind particulate concentrations, From the above equations, one can derive a conservative

annual estimate of' the total dust concentration at the sitÜ boundary in j.lg/m3, This assumes a uniform
distribution of dust particles on the ground across Iho silo,

A dispersion model is still required to translate emissions estimates to projected ambient levels, Again, this is
planned to be a priority task in ,a full engineering l'easibility analysis,

i t
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