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The hydrothermal potential of the Ashdod area, Israel, was evaluated to determine its 

suitability as the low grade energy source required to operate the Ashdod desalination 

plant. Such a plan, though novel, is not unlike utilization of low-to-moderate temperature 

hydrothermal resources throughout the world for space heating, domestic hot-water and a 

variety of small-scale industrial uses (Gudmundsson ~nd Palmason, 1981). An estimated 

1250 cubic meters per hour of 120°C brine would be adequate to supply the hot water 

necessary for operating the desalination plant {Koifman, 1980). A preliminary study, based 

on the evaluation of data obtained from exploratory oil well drilling in the Ashdod area, 

indicated the likelihood of temperatures from 110 to 115°C in the Jurassic limestones and 

dolomites at depths of 2200 to 2700 m (Koifman, 1979). In addition, drilling and geologic 

data provide evidence that these formations contain highly permeable fractures and kars

tic vugs (Koifman, 1979). Based on this information, and the apparent attractive econom

ics of exploiting this resource, plans were initiated to evaluate more thoroughly the poten

tial of the resource (Koifman, 1980). 

Considerable interest in oil exploration in the Ashdod area resulted in the drilling of 

six wells into the Jurassic formations by Oil Exploration (Investments) Ltd. (OEL) in 1976-

1980. A small amount of oil was found in two wells, Ashdod 2 and 5. The remaining wells 

were abandoned as "dry holes". Evaluation of the drill cuttings, cores, and the electric logs 

defined two lithologic units of potential interest for hydrothermal exploitation, the Zohar 

and Shderot Dolomites. These formations are separated by marlstones, called the Karman 

Shales. The Zohar and Karman Formations, beginning at. a depth of approximately 2575 m, 

are approximately 75 and 50 m thick, respectively. As the Shderot Formation was never 

completely penetrated, its thickness is unknown. 

To the west and south the formations are bounded by an unconformity that is over

lain by thick marls and shales (Michelson, 1981). The eastern boundary of the hydrologic 

system is created by a mineralogic transition from the dolomitic rocks near Ashdod to the 

• 
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chalky limestone found at Givati (Michelson, 1981). The extent of these formations to the 

north is uncertain due to a lack of deep well data. Estimates of the areal extent of these 

formations, which comprise the Jurassic aquifer, range from 40 to ?5 square km (Michel

son, 1981). 

In order to further evaluate the hydrothermal potential of the Jurassic formations, 

two of the OEL wells, Ashdod 3 and 4, were recompleted for the purposes of hydrologic test

ing and temperature logging. Mter recompletion, temperature logging indicated max

imum bottom hole temperatures of 92 and 85°C, respectively for Ashdod 3 and 4. The pro

jected maximum aquifer temperature, based on these data, is 95°C at a depth of 2?00 m. 

The lower-than-anticipated temperature of the geothermal fluid increased the estimated 

hot water requirements from the initial value of 1250 to 2000 cubic meters /hr. Conse

quently, the economic outlook of the project changed considerably. 

Hydrologic testing of wells Ashdod 3 and 4, to determine the hydraulic properties of 

the formations and well deliverability was thwarted by extremely poor well performance. 

Mter the workover operations, it was determined that the connection between the well and 

formation was very poor in both wells. The plugging was most likely due to a combination of 

factors, including: use of loss-of-circulation fluid additives during the original drilling of 

the well; chemical incompatibility between in situ and drilling fluids; swelling of bentonite 

and formation clays; sloughing of the well-face; and mechanical plugging of the perfora

tions. Remedial action to correct these problems was designed but never implemented due 

to a change in program plans. 

Investigation of the hydrothermal potential of the Jurassic formations underlying 

the Ashdod area has revealed that the aquifer temperatures range between 85 and 92°C. 

The hydrologic parameters are not well defined; however the matrix permeability of the 

dolomites and limestones is probably between 1 and 10 md. This is insufficient permeabil

ity for a large scale pumping operation such as the one required to operate the desalina

tion plant. Therefore, successful utilization of the resource requires the presence of 
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significant fractures and/or connected vugs in the formation. Evaluation of the well logs 

and cores indicates a significant degree of fracturing in the formation, particularly at the 

contacts between formations. This phenomenon is typical of karstic formations in lime

stones and therefore, a likely possibility in this area. The permeability of the fractured 

and vuggy intervals is not known at this time. However, the very low well productivity and 

formation plugging may indicate that permeability of the fracture zones may easily be 

impaired, suggesting that the fracture zones are not suitable production intervals. Until a · 

test is conducted on a properly completed well, it is not possible to evaluate the delivera

bility of wells tapping these aquifers. 

The probable extent of the Zohar and Shderot Formations has been determined. How

ever, the size of the reservoir is not so critical to the successful utilization of the resource 

because reinjection for pressure maintainance will certainly be required for successful 

resource development. In summary, more information about the resource and its poten

tial for development is available than in the past, but a good deal more is required before 

any proposed development scheme can be considered seriously. 
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BACKGROUND 

On the recommendation of the Israeli Institute of Petroleum and Energy, a prelim

inary assessment of the potential and possible utilization of geothermal resources in the 

Southern Coastal Plain was undertaken in 1978 (Koifman, 1979). This study, and a second 

one the following year, provided the initiative for considering the use of geotherma~ brine. 

as the heat source for running the desalination plant (Koifman, 1980). The study included 

the evaluation of bottom hole temperatures, temperature profiles, and the loss of circula

tion of drilling fluids in 48 deep oil exploration wells in the Southern Coastal Plain of Israel. 

Of particular interest was the evaluation of data from six wells drilled by the DEL into 

the Jurassic formations in the Ashdod area. The Jurassic formations in this area, begin

ning at depths greater than 2 km, consist of dolomites, limestones and marlstones. Two 

lithologic units, with a combined thickness of at least 100m were identified as potential 

geothermal aquifers: the Zohar Dolomite, the Karman Shales (marlstone), and the Shderot 

Dolomite. Core data, electric logs and loss-of-drilling fluids indicated that the contacts 

between these units were fractured and/or vuggy. Based primarily on the evaluation of 

data from the DEL wells, the investigation concluded that hot, mineralized water could be 

produced in large quantities from the Jurassic formations in the Ashdod area. Estimated 

temperatures ranged from 110 to 115°C at depths of 2200 to 2?00 m. Temperatures as high 

as 140°C were anticipated at depths of 3500 m. 

Several possible uses for the potential geothermal resource were identified by Koif

man (19?9 and 1980) and included: generation of electricity, space heating, green house 

heating, and desalination. The close proximity of the Ashdod desalination plant to the 

study area and the necessity of finding an alternative energy supply for the plant, led to a 

detailed economic evaluation of the viability of using geothermal brine as the low grade 

heat source for operating the plant. Economic analyses based on a geothermal resource 

with temperatures of 110 to 130°C indicated that sea-water desalination using the "Zar

chin Process" coupled with an energy source such as that anticipated in the Ashdod area 
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would provide one of the least expensive sources of desalinated water onthe market (Koif-

man, 1980). 

The attractiveness of the resource and identification of a viable end-use resulted in 

the more extensive geothermal reservoir investigation undertaken by the Joint U.S.

Israeli Desalination Project. The reservoir assessment program, the main subject of this 

report, included re-evaluation of well data from the exploratory oil wells, recorriplt~tion of 

wells Ashdod 3 and 4, hydrologic testing, and reservoir modeling. Detailed reports were 

prepared on each of these topics, insofar as they were completed, and this ri;!port will rely 

heavily on references to this material. It is the purpose of this report· to summarize the 

material and to provide documentation and assessment of the hydrothermal potential at 

Ashdod. References to relevant background and reference material are made when 

appropriate. 

Data Base 

With the exception of information obtained from the recompletion of wells Ashdod 3 

and 4, the data upon which this study was based came from six existing deep exploratory 

wells, drilled by OEL, in search of hydrocarbon deposits. Although extensive evaluation of 

the resource had been previously carried out by OEL, the emphasis of their analysis was 

somewhat different than that required for evaluating the hydrothermal potential. In gen

eral, successful exploitation of a geothermal resource depends on locating a relatively 

large volume of reservoir rock with an adequate distribution of permeability throughout 

the formation. Rarely is one fracture, or one fractured interval, capable of sustaining the 

production rate required for geothermal development. For this reason, little emphasis is 

placed on the detailed evaluation of a single feature. Instead, an attempt is made to 

characterize the system as a whole and to obtain the bulk averages of the physical proper

ties. The physical parameters critical to the viability of utilization of this resource are the 

degree and distribution of highly permeable fractures (or interconnected vugs), and a 
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sufficiently high reservoir temperature. 

Energy Requirements for Desalination 

The estimated geothermal brine requirements for operating the desalination plant 

are based on the assumption that a total of 75 million kcallhr are needed to heat the 

incoming sea water. Assuming a reservoir temperature of 95°C and a reject brine tern~ 

perature of 60°C, approximately 2000 m 3 /hr of geothermal brine are required to supply 

the necessary heat. Due to chemical characteristics of the brine, a heat exchanger may be 

required. Use of a heat exchanger would require 2140 m 3 /hr as opposed to 1970 m 3 /hr per 

hour for direct utilization (J. Finke, personal communication). 

Estimated Cost of Geothermal Energy 

Preliminary estimates of the cost of using geothermal energy for the desalination 

process were made using a variety of assumptions regarding wellfield requirements, well 

drilling costs, and the heat transfer mechanism. Results of the analysis are given in Table 

1. Cost estimates range from $4.70 to $8.80 per million kcal. The number of wells needed to 

supply the brine is the single most important parameter in determining the cost of the 

project. The viability of using the brine depends heavily on the availability .of wells with 

very high productivities (400 to 500 m 3 /hr/well). The focus of the resource assessment 

was therefore being directed toward determining the possibility of drilling and completing· 

such wells in the Jurassic formations underlying the Ashdod area. 
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GREP- ALTERNATIVE ESTIMATES OF ENERGY 

(all estimates based on 75 X 106 kcallhr or 60 X 10 lO kcal/yr) 

Case number 1 2 3 4 5 

Brine temperature, °C 95 95 95 95 95 

Reject temperature, °C 60 57 57 57 60 

Total flow, m 3 thr 2140 1970 1970 1970 2140 

Pumping head, m 300 300 300 400 400 

Number of producing wells 5 4 5 4 8 

Number of injection wells 3 3 5 3 6 

Number of dry holes 2 1 2 1 3 

Heat transfer Ht Exch Flash Flash Flash Ht Exch 

Brine treatment cost, USStm3 .05 .02 .02 .02 .02 

Capital cost, USSx106 17.41 12.06 22.0b 13.1 1 32.0b 

Annual costs, enery, O&M USS/yr 2.0xt06 1.3xt06 1.3xl06 1.5xto6 1.6xt06 

Total unit cost,c USS/106 kcal 6.80 4.70 6.70 5.20 8.80 

aAssumed will cost USS1.4xt06 per well. 

bAssumed will cost US$1.7xt06 per well. 

clncludes: Amortization and depreciation@ 10%/yr; overhead@ 10% 

Table 1. PARAIIETRIC STUDY OF THE COSTS OF GEOTHERIIAL ENERGY 

(from J. Finke, 1982) . 

. ,. 
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CURRENT STATUS OF THE EVALUATION 

OF THE HYDROTHERMAL POTENTIAL 

The following sections summarize the results of the investigation carried out as part 
' 

of the reservoir assessment program undertaken by the U.S.- Israeli Desalination ~roject. 

The :study included: i) re-evaluating the geological data from the Ashdod wells, ii) tern-

perature logging of Ashdod 3 and 4, iii) determining the extent of the potential aquifer 

based on analysis of well data from the Ashdod, Gan Yavne and Givati fields, iv) analyzing 

hydrological data, and v) re-evaluating geochemical data. Also, wells Ashdod 3 and 4 were 
, . . 

recompleted for purposes of hydrologic testing and temperature logging. This work is dis-

cussed separately in the section of this report entitled Recompletio~ and Testing of Ash-

dod3 and4. 

Geology 

The Ashdod wells penetrate a thick sequence of primarily carbonate rocks. Figure 1 

shows a schematic of the horizons of potential interest, which include the Zohar Dolom-

ites, the Karmon Shales, and the Shderot Dolomites. Depths and thicknesses of these for-

mations are summarized in Table 2. Locations of the 6 wells from which the cross section 

was developed are shown in Figure 2. The wells are located near the transition, in the lower 

Cretaceous, between the Judea limestone facies and the Talme Yafe fine carbonate clastics 

to the west (Koifman, 19?9). The contact between the Cretaceous and Jurassic strata is an 

unconformity, indicating that karstic activity may have taken place below the erosional 

surface (Koifman, 19?9; Michelson, 1981). The Jurassic formations are faulted, with both 

ancient and more recent activity creating normal offsets between lithologic units (Koif-

man, 19?9). The major faults have a WSW-ENE trend. Some minor faulting with a North-

South trend may also be present in the area (Koifman, 19?9). 

The lithologic units of interest to this study are the lower members of the Jurassic 

formation, which includes the Beer Sheva, Kidod, Zohar, Karman, and Shderot. In the 
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.Ashdod la .Ashdod2 .Ashdod3 .Ashdod4 .Ashdod5 .Ashdod6 

TopofZohar 2564m 2536m 2553m 2535m 2538m 2526m 

Thickness 57m not 67m 85m 80m 94m 
penetrated 

Top of Karmon 2621 m 2620m 2610m 2618m 2620m 

Thickness 67m 45m 40m 40m 38m 
,., 

Top of Shderot 2628m 2665m 2650m 2658m 2658m 

Table 2. DEPTHS AND TIHCKNESS OF THE ZOHAR. KARMON AND SHDEROT 
FORMATIONS IN THE ASHDOD WELLS{data from OEL) 

Ashdod area, only some of these formations are penetrated by all. of the wells because of 

the truncation of the upper formations to th~ north-west. For purposes of this study it was 

assumed that the Kid9d Formation, a shale (rriarlstone), acts as a cap to the units below. 

The Zohar, directly below the Kidod Formation, 'is composed of porous and irregularly frac-

tured dolomite. At the upper contact large vugs are present, resulting in a complete loss 

of drilling fluid circulation, in three of the six wells drilled (DEL, Drilling and Geological 

Completion Reports, Ashdod 1-6). Some of the vugs and fractures are filled with calcite, 

anhydrite, and quartz (DEL, Drilling and Geological Completion Reports, Ashdod 1-6). The 

Karman Formation separates the two dolomite units. Although called a shale, the forma-

tion is actually a dense marly limestone (DEL, Drilling and Geological Completion Reports, 

Ashdod 1-6). Evaluation of electric log data indicates that this unit may also be somewhat 

fractured and vuggy, and therefore, may contribute to the hydrothermal potential. The 

Shderot Formation, underlying the Karman, is a somewhat denser dolomite than the 

Zohar. Although the upper section of this formation is somewhat vuggy, it is less so than 

the Zohar {Michelson, 1981). The lower Shderot is dense and compact dolomite. Loss of 

drilling fl.uid circulation was also encountered at the top of the Shderot Formation. 
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Figure 1. Geological cross section of the Jurassic aquifers 
underlying the Ashdod area (data from OEL, Geolog
ical Completion Reports, Ashdod 1-6). 
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Figure 2. Well locations, Ashdod 1-6. 
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Temperature Distribution 

Preliminary estimates of the temperatures in the Jurassic aquifers underlying the 

Ashdod area were obtained by examining electric logs and drilling-mud temperature data 

from 48 wells that penetrate or nearly penetrate the Jurassic formations (Koifman, 1979). 

Temperatures in the range of 110 to 115°C were predicted at depths of 2600 to 2800 m 

based on the assumptions that: 1) actual formation temperatures would be 25°C higher 

than those measured during or shortly after drilling, and ii) the geothermal gradient in 

the Jurassic dolomites is 3.5°C/100 m (Koifman, 1979). Temperatures as high as 140°C 

were anticipated at a depth of 3500 m (Koifman, 1979). 

After wells Ashdod 3 and 4 were recompleted, temperature logs were run (Figure 3). 

These surveys were obtained one and two months, respectively, after the recompletion of 

Ashdod 3 and 4, and should be considered as true indicators of the formation tempera

tures. Maximum temperatures of 92° and 85°C were measured in Ashdod 3 and 4, respec

tively, indicating an average geothermal gradient for the area of 2.7°C/100 m. Slight vari

ations in the gradient, with depth, correlate with the different lithogic units penetrated by 

the wells. As expected, the gradient in the compacted carbonate units is greater than in 

the marlstones (Koifman, 1979). 

The near-normal geothermal gradient for this area indicates that the existence of 

the hydrothermal system is not related to a temperature anomaly or ongoing tectonic 

processes in the area. Instead, the temperatures encountered in the Jurassic formations 

are nearly the same as those expected anywhere in the world at that depth. The boun

daries of the potentially exploitable resource are therefore governed by hydrologic and 

structural constraints rather than the extent of a thermal anomaly (IDO, 1982). 
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Figure 3. Stabilized temperature profiles from Ashdod 3 and 4. 
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The large difference between anticipated and actual formation temperatures shows 

the risk of using unstabilized wellbore temperatures to predict stabilized formation tem

peratures. The rate and extent of temperature stabilization is influenced by many factors 

that are difficult to account for (e.g., drilling rate, lass-of-circulation, formation proper

ties, etc.). Therefore, only by direct measurement of the wellbore temperature, after a 

suitable period of stabilization, is it possible to determine the true formation tempera

ture. 

Extent of the Jurassic Aquifer 

The size of the exploitable aquifer is governed primarily by the distribution of perme

able strata and/or fractures in the Jurassic formations. Based on this criterion, well data 

from the Ashdod and Gan Yavne wells were evaluated to locate the hydrologic boundaries 

to the aquifer (Michelson, 1981; Koifman, 1979 and 1980). The permeability of the Jurassic 

formation results mainly from fractures, joints and interconnected vugs in the matrix 

material (OEL, Drilling and Geological Completion Reports, Ashdod 1-6; Koifman, 1979 and 

1980; Michelson, 1981). For purposes of this study, the absence of features in core and well 

data was used as a boundary criterion for the system. However, it is worth mentioning 

that very low permeability rocks, with a large contact area to strata of higher permeabil

ity, can add tremendously to both the storage volume and potential of a resource {Warren 

and Root, 1963). This factor was not considered when the extent of the Jurassic aquifer 

was evaluated. 

The Jurassic aquifer can be divided into three sub-units: the upper sub-aquifer 

(Zohar), an aquiclude (Karman), and the lower sub-aquifer {Shderot). Hydrologically, the 

aquifer is thought to be bounded by impermeable strata on all sides. To the west and south 

these formations are truncated and overlain by the thick marls and shales of the Talme 

Yaffe Formation (Michelson, 1981). The eastern boundary, although not precisely located, 

is created by a mineralogic transition from the dolomitic formations at Ashdod to the 
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chalky limestones found in Gan Yavne (Michelson, 1981). To the north it is presumed that 

the southern border fault of the Palmahim acts as a hydrologic boundary. Figure 4 shows 

the proposed hydrologic boundaries of the system. Estimates of the areal extent of the 

system, based on these criteria, range from 40 to 75 square km (Michelson, 1981) . 

Hydrologic Properties 

Hydrologically these dolomitic formations are characterized as a double-porosity 

system. That is, an aquifer in which the bulk of the fluid' is stored in the low perm~ability 

rock matrix while the f~actures and vugs provide the permeable pathways along which the 

fluid moves to the well (Warreri. and Root, 1963; Earlougher, 1977). Evaluation of such 

sytems requires knowledge of the hydraulic properties (permeability and porosity) of both 

. the rock matrix and high permeabilty conduits. The permeability and porosity of the 

matrix material (dolomite) can be determined from laboratory measurements of rock 

core samples. On the other hand, accurate measurement of the hydraulic properties of 

·the fractures and vugs can only be obtained by field testing. As a number of cores were 

obtained during drilling of the Ashdod wells, laboratory measurements to determine the 

properties of the rock matrix have been performed. To date, there are little, if any, field 

test results from which the properties of the fracture system can be evaluated. Drill stem 

tests, injection tests, and an airlift have been performed; all have had limited success or 
I 

applicabilty for purposes of this investigation. A long term (one month) interference test, 

during which a large volume of the reservoir is stressed, is required to assess the 

hydraulic properties of the system as a whole. Such a test was the goal of this project. 

However, very poor production, injection and observation well performance thwarted 

efforts to obtain such data. It was impossible to pump well Ashdod 3 or 4 at a rate sufficient 
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to collect reliable aquifer data with the wells in their present condition. Therefore, critical 

information, required for the appraisal of the brine resources in the. Ashdod area, is una

vailable. 

Permeability and porosity measurements were performed on core plugs taken from 

the Zohar and Shderot Formations. In general, both of these parameters are highly vari

able, even within a single core. In particular, the presence of a single vug or fracture 

significantly increases both the permeability and porosity. Average values of the porosity 

in the Zohar and Shderot are 8 and 4%, respectively (Koifman, 19?9; Michelson, 1981). For 

both the Zohar and Shderot Formations the permeability ranges from less than 1 to over 

100 md, depending on the presence of vugs or joints in the core plug. Most likely, the aver

age permeabilities of the Zohar and Shderot Formations, in the absence of major frac

tures, are 10and 5 md, respectively (Koifman, 19?9; Michelson, 1981). 

Prior to and during the reservoir assessment discussed here, an airlift test and 

several injection tests were carried out in an attempt to determine the hydrologic proper

ties of the Zohar and Shderot Formations (Koifman, 1980; Mercado and Simpson, 1981). All 

of these tests, with the exception of an injection test in Ashdod 5, were. hampered by for

mation damage (wellbore plugging) and thermal wellbore transients. Results ofthese tests 

indicate that the well productivity and injectivity are far less than anticipated even if one 

assumes that no fractures intersect the wellbore. Therefore, it was concluded that the. 

connection between the well and formation was impaired by chemical and/or ·mechanical 

causes /problems. An injection test in Ashdod 5, conducted immediately following drilling, 

resulted in an injectivity of 5-10 m 3 /hr/meter of drawdown for a 26 m interval in the 

upper Shderot (Koifman,1980; Mercado and Simpson, 1981). Injectivity of this magnitude 

confirms the presence of permeable fractures and interconnected vugs in the Shderot 

Formation. As the Zohar Formation is thought to be more fractured and vuggy than the 

Shderot, it can be inferred that it too has moderate-to-high injectivity. 

f I 
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In the absence of more concrete data, an evaluation of the degree of fracturing, based 

on electric logs and geological considerations, is valuable. Core data were examined to 

assess the nature of the pore spaces in the rock. It was determined that the intensity of 

fractures and interconnected vugs in the Zohar is an order of magnitude higher than in 

the Shderot {Michelson, 1981). The occurrence of these features is attributed to karstic 

activity near the phreatic water table (Buchbinder, 1979; Derin and (}erry, 1972). The 

unconformity at the top of the Zohar indicates that prior to deposition of the overlying 

Kidod Formation, the Zohar was exposed to the atmosphere. Hence, the presence of the 

phreatic water table and resultant karstic structure at this interval is not unexpected. On 

the other hand, since the Shderot is overlain conformably by the Karman, karstic activity 

in the interval is unlikely (Michelson, 1981). Permeability reduction due to recrystalliza

tion of the pore spaces has also taken place (DEL Drilling and Geological Completion 

Reports, Ashdod 1-6). One possible source is post-depositional hydrothermal precipitation 

of calcite, fluorite and other minerals (Goldberg and Bogoch, 1978). 

In addition to re-evaluating the core data, electric logs from Ashdod 3 were re

analyzed to determine the extent of fracturing and karstic phenomena. Figure 5 shows a 

synthesis of this data, along with identification of probable and possible fractured inter

vals. As shown in the figure, approximately 25% of the Jurassic aquifer is likely to contain 

high permeability intervals. Analysis of the depositional environment, as well as electric 

log and core data, indicate that fracturing and karstic activity are likely to have occurred, 

resulting in the development of secondary permeability in the Jurassic formations under

lying the Ashdod area. The high permeability strata are not limited to, but concentrated at 

the contacts between the formations. 
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Although the drilling and geologic data indicate that the Jurassic formation form a 

potential hydrothermal aquifer, all hydrologic tests, except one, have resulted in 

extremely negative results. These results have been attributed to chemical incompatibil

ity between formation and drilling fluids, as well as to mechanical problems (plugging) in 

the wells. Certainly some of the testing problems were due to these factors. However, the 

large differences between the actual well performances and the performance required for 

successful development of the resource (400 to 500 m 3 /hr/well), shed doubt on the possi

bility of completing the wells in a satisfactory manner. 

Brine Chemistry 

Samples of the formation fluids are available from drill-stem tests and do not include 

detection or measurement of the gases dissolved in the brine. The Ashdod brines are 

highly saline, with total dissolved solids in the range of 100,000 to 110,000 ppm. There is 

some indication that the Shderot Formation contains brine of higher salinity than the 

Zohar, but inconsistencies in the analyses do not permit verification of this observation 

(Starinsky and Kac, 19?8). Table 3 lists the results of the chemical analyses of brine 

pumped from the Zohar Formation in Ashdod 2 and 5. Analyses of fluid samples from the 

drill-stem tests yield similar results. However, in general, the total dissolved solids con

tent is somewhat lower {?0,000 to 80,000 ppm) than measured in the water cut from Ash

dod 2 and 5 {Koifman, 1980). Most likely, the lower salinity results from dilution of the for

mation fluids with drilling fluids. 

, 
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Component Ashdod2• Ashdod5• 

Na 24,000 25,000 

k 500 500 

'" Li 15 to 20 15 to 20 

Ca 5,500 6,300 

Cl 60,000 54,000 

so4 620 250 

HC03 190 250 

free C02 1,000 100 

Si02 traces traces 

TDS 100,000 104,000 

pH 5.5 6.6 

•all values in ppm 

TABLE 3. CHEMICAL ANALYSES OF THE WATER CUT FROM WELLS ASHDOD 2 AND 5 

(data from Israelinstitute of Petroleum, 1982) . 

• 
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RECOMPLETION AND TESTING OF WELLS ASHDOD 3 AND 4 

During this project wells Ashdod 3 and 4 were recompleted for use as production, 

observation and/or injection wells. Mter recompletion, injection tests were conducted in 

both wells. A short airlift was also conducted in Ashdod 3. This section of the report sum

marizes the activities at Ashdod 3 and 4 and discusses their current status. As mentioned 

previously, the wells are in very poor condition. A remedial treatment to improve the con-. 

dition of Ashdod 3 was designed but never carried out due to program changes. A descrip

tion and discussion of the rehabilitation program is also given here. 

Well Ashdod 3 

Drilling and Completion 

Ashdod 3 was spudded on July 12, 1976 and completed to a depth of 2724 m on October 

22, 1976. The Zohar Formation was penetrated with little difficulty; however, the Karman 

and upper Shderot were drilled without any circulation. Numerous attempts to plug the 

loss-of-circulation zones with diesel bentonite plugs and cement failed. During this period, 

large quantities of material (e.g., cement, bentonite, chemicals(?)), capable of creating 

extensive formation damage, were injected into the formation. Although not capable of 

plugging the formation in the short term, the long term effects and interactions between 

the injected materials and the formation may have initiated formation and wellbore dam

age. A 9 5/8 inch (40#- k55) casing was set and cemented from the surface to a depth of 

2092 m. Mter determining that the well was a" dry hole", a cement plug was set at 2090 m. 

The well was then perforated at a depth of 270 m in order to test a shallow zone for the 

presence of hydrocarbons. The well was subsequently abandoned. 



-23-

Recompletion 

Workover operations on Ashdod 3 began on May 5, 1981. Unexpectedly, the top 312m 

of the well was filled with cement. Mter drilling out the cement and removing a large piece 

of iron from the well, the drill pipe was circulated to a depth of 2028 m, where a hard 

cement plug was encountered. Drilling out cement continued to a depth of 2088 m. Below 

this depth the well was filled with cavings. At a depth of 2595 m, a complete loss of circula

tion occurred and the well was reamed with no returns to the depth of 2731 m. During this 

time a total of 355 m 3 of fresh water was lost into the formation. The well was enlarged 

with an 8 1/2 inch bit, during which time drilling mud was used. This time full returns 

were obtained. The ?-inch liner (20# - k55), shown schematically in Figure 6, was lowered 

into the well to stabilize the hole and isolate the Shderot Formation. Three packers were 

set in the hol~; the lower two packers isolate the Zohar, so that it also could be tested. A 

rathole was then drilled to a total depth of 2740 m with full returns. The final well comple

tion of Ashdod 3 is shown in Figure 6. 

Mter drilling the rathole the wellbore was cleaned with fresh water before perforat

ing the liner between the lower two packers. A total of 280 holes were shot into the liner 

adjacent to the Zohar Formation between 2616 and 2628 m. depth. Contrary to expecta

tions, the fluid level in the well bore did not drop after the well was perforated. Instead, the 

wellbore remained full, indicating the formation and perforations were at least partially 

plugged. Applying 250 psi at the wellhead broke down the plugging. An injection test, dis

cussed in the next section, was then conducted. During the injection test 1350 gallons of 

16% HCl acid and inhibitor were injected into the formation. The acidification seemed to 

improve the well injectivity but an airlift test, conducted approximately one month later, 

indicated that the well was plugged again. The liner in Ashdod 3 was perforated on several 

occasions. Figure 7 shows all of the perforated intervals and the shot density in each of 

them. The final workover was completed on May 26, 1981. 
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Figure 6. Ashdod 3 well construction. 
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Figure 7. Perforated interval in Ashdod 3. 
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Injection Tests 

Mter the well began to accept fluid, two injection tests were performed. The first one, 

prior to acidizing the well, indicated an injectivity of approximately 0.1 m 3 /hr /meter of 

water level buildup. A total of 720 cubic meters of brine were injected into the formation in 

a twelve-hour period. Unstable well performance, that is, rapid changes in the injection 

rate and' p'ressure, suggested that the well was being plugged. HCl acid was injected into 

the formation in an attempt to improve the injectivity and stabilize the well condition. 

Mter the acid treatment, injectivity improved and another injection test was conducted. 

This injection test lasted approximately 4 hours and indicated that the injectivity 

increased to 1 m 3 thr /meter of water level buildup. Interpretation of the test data was 

difficult because the effects of changes in the temperature of the :well bore fluid masked the 

actual pressure changes in the reservoir. Although the acid treatment appeared to 

improve the well condition, there were indications near the end of the injection test that 

the formation was plugging again. A total of approximately 1000 m 3 of fresh water was 

injected into the formation during these injection tests. 

Airlift Test 

On June 28, 1981, an airlift test was carried out in well Ashdod 3. Approximately 2.5 

m 3 thr were lifted from the well with a drawdown of 200 m, resulting in a productivity of 

0.12 m 3 /hour /meter of drawdown. The low productivity confirmed that the well was 

plugged and required remedial treatment before it could become a suitable test well. 

Well Stimulation 

All of the relevant well data were reevaluated in order to assess the most likely cause 

of formation damage so that the proper remedial treatment could be designed {Goranson, 

1981; Sparlin, D., personal communication). The investigation indicated that permeability 

reduction resulted from plugging of vugs and fractures with bentonite, drill cuttings and 

(' 
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cement. In addition, the perforations may have been plugged with cuttings and well bore 

cavings. A remedial treatment was designed to i) reopen the wellbore to the formation, ii) 

remove any drilling mud and cuttings from the formation, and iii) enhance the fracture 

permeability by increasing the fracture width. Ideally, an acid-fracturing treatment 

should be used in this situation. However, when the stimulation program was planned the 

lack of necessary equipment in Israel precluded this operation. Therefore, a large 

matrix-acidizing treatment, with deep penetration into the formation, was chosen as the 

next best alternative. 

Originally, the primary target formations considered as potential geothermal 

aquifers were the dolomitic Zohar and Shderot Formations. The Karman, separating the 

two, was thought to be impermeable. However, careful reevaluation of the geophysical logs 

and drilling data suggest that the Karman is fractured and therefore, of potential interest. 

Stimulation intervals were chosen on the basis of the intensity of fracturing and/or pres

ence of vugs. Three intervals were identified for treatment: 2615 to 2635 m; 2645 to 2655 

m; and 2672 to 2685 m depth. 

Cores from wells Ashdod 3 and 4 were tested in order to find the most effective combi

nation of acids and additives for a successful treatment. Because the permeabilities of 

the cores were so low (in the microdarcy range) it was necessary to induce fractures in 

the cores before the chemical tests could be conducted. A bentonite slurry was then 

injected into the cores to simulate the effects of loss of drilling mud circulation. Several 

acids and combinations of acids were injected into the cores, including: HCl; HF; acetic 

acid; and citric acid. A 10% acetic acid solution was the most effective for removing the 

drilling mud and increasing the fracture permeability. Tests indicated that HCl was 

extremely reactive with the formation and also effective in enlarging the fractures and 

vugs. Based on the results of these tests, a three stage treatment, using both acetic and 

HCl acids was designed (Sparlin, D., personal communication). First, a 10% acetic acid 

would be used to penetrate the mud filled fractures. A 15% HCI solution, combined with 5% 
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citric acid and a surfactant would then be used to rapidly enlarge the fracture openings. A 

final volume of 10% acetic acid, penetrating deep into the formation, would connect as 

many natural fractures and vugs to the wellbore as possible. 

Due to the large interval to be acidized, the treatment was divided into two parts. 

First, the open hole interval (2672 to 2685 m) would be acidized. Next, the upper interval, 

containing the zones between 2615-2635 m and 2645-2655 m, would be reperforated with 

large diameter shots. This interval would then be acidized. Division of the treatment into 

two parts, though more costly than a single treatment, ensures a more even distribution 

of acid over the intervals of interest, thereby maximizing the chances of successful reha

bilitation of Ashdod 3. 

An estimated three to four weeks is required to complete the stimulation program. 

Costs for the treatment include i) rig time, ii) rental of fluid tanks, storage tanks, mixing 

equipment, pumping unit, and compressors, iii) chemical costs, iv) purchase of packers, 

and v) the cost of reperforating the liner with large diameter shots (approximately 1 inch). 

In 1982, the estimated cost of rehabilitating and testing (to evaluate the success of the 

well stimulation) well Ashdod 3 was between US S400,000 and 500,000. As cost estimates in 

the oil business change rapidly, a new cost estimate is required if this work is to be contin

ued. 

The chances of improving the condition of Ashdod 3 to the extent that it can be used 

as a test well are very good. However, this does not imply that the tl.owrates required for 

the desalination plant can be achieved by this procedure. This and the long term stability 

of the well treatment can only be determined after the well has been tested over an 

extended period of time. 
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Well Ashdod 4 

Drilling and Completion 

Ashdod 4 was spudded on March 1, 1977 and completed to a total depth of 2685 m on 

May 23, 1977. The Zohar was drilled with complete circulation.When the Shderot Formation 

was penetrated, a partial loss of circulation occurred. Loss-of-circulation material was 

added to the drilling mud but did not prevent the total loss of circulation that occurred at 

a lower depth in the Shderot. The last 18m of the well were drilled with no returns. A 9 5/8 

inch {40#- k55) casing was set at a depth of 1928 m and cemented to thesurface. After 

determining that the well was a" dry hole", it was abandoned. 

Recompletion 

Recompletion of Ashdod 4 began on March 3, 1981. A large amount of junk (e.g., iron 

plates, miscellaneous drilling equipment, etc.) was found in the well and resulted in seri

ous delays in the recompletion. After removing all of the debris from the well, it was 

cleaned to a depth of 2663.5 m with drilling mud. A 7-inch (20#- k55) diameter liner was set 

in the well to stabilize the hole and isolate the Sherdot Formation. Only two packers were 

set with the liner due to the poor condition and instability of the well. Isolation of the 

Zohar formation, for additional testing, will require the use of a rig to set a cement plug, 

squeeze off the liner, and perforate. A schematic of the final completion of Ashdod 4 is 

shown in Figure 8. After setting the liner, a bit was run down to 2699 m. The hole was circu

lated clean with drilling mud. When the drilling mud was replaced by water, circulation was 

lost. A short injection test, discussed in the next section, was conducted before the rig was 

released on April23, 1981. 
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Injection T~ts 

A two-hour injection test was performed in the Shderot Formation penetrated by Ash

dod 4 on April 19, 1981. Approximately 200 cubic meters of fresh water was injected into 

the formation during the test. Interpretation of the data was very difficult due to the 

effects of temperature changes in the wellbore fluid. However, an injectivity of 3 

~3/hr /meter of drawdown can be estimated from the test data. Two months later a 

second injection test took place. However, after one hour it was impossible to inject any 

water, even at a wellhead pressure of 1100 psi. Clearly, the well was plugged. The cause of 

plugging is uncertain. However, it appears to be related to injection of fresh water. This 

suggests that fresh water, when coming into contact with the formation, creates a chemi

cal reaction that results in clay swelling or mineral precipitation. Until the success, or 

lack of success, of the stimulation treatment designed for Ashdod 3 is evaluated, it is 

difficult to determine the actual mechanism of formation damage occurring in the Ashdod 

wells. 

Summary 

The results of the recompletion of wells Ashdod 3 and 4 were very dissapointing. How

ever, valuable information, though costly, was obtained from these operations. First, the 

problems encountered with recompletion cannot be considered as particular to these two 

wells. The difficulties must be considered indicative of the challenge of completing high

production-rate wells in these formations. Loss-of-circulation, unwanted chemical reac

tions, and formation plugging will continue to be a problem until drilling practices, that 

prevent their occurrence, are developed. This fact cannot be overlooked when assessing 

the geothermal potential of these formations. Second, the choice to recomplete aban

doned wells, as opposed to drilling new wells, must be reevaluated. Often, drilling reports 

do not contain all of the information required to evaluate the current status of a well (e.g., 

mud weights, fluid additives, quantities of materials used, debris in the borehole, etc.). 
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The lack of this data can sometimes be costly and result in misinterpretatin of the source 

of the problems. Therefore, if this project is reinstated at some time in the future, seri

ous thought should be given to starting with a new well(s). 
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CONCLUSION 

A hydrogeological model of the Jurassic formations, underlying the Ashdod area, has 

been developed. Three formations, beginning at a depth of 25?5 m and with a thickness of 

over 150 m, form a potential hydrothermal aquifer. Estimates of the areal extent of the 

aquifer range from 40 and ?5 square km. Temperatures in the aquifer range from 85 to 95 

oc. 

Assessment of the hydrothermal potential of the Jurassic formations underlying the 

Ashdod area remains ambiguous. On one hand, the geologic data indicate that these forma

tions are highly fractured and vuggy. Therefore, the prospects for pumping large quanti

ties of brine from them is very good. On the other hand, almost all of the hydrologic tests 

have shown that wells tapping these formations are unproductive. The poor performance 

of these wells is attributed to formation damage and wellbore plugging, caused by drilling 

and completion practices. Certainly, this can partially explain the poor performance of the 

wells. However, with the available information, it is not possible to determine if the low 

well-productivity is only due to the completion practices or if in fact the formation per

meability is low. The fact remains that drilling and completing high-productivity wells that 

tap these formations is difficult, at best. Until a well is drilled and completed in a suitable 

manner, it is not possible to unequivocally evaluate the hydrothermal potential of these 

formations. 

The ecomonics of developing a hydrothermal resource, such as the one at Ashdod, 

rely heavily on having an end-use that is specifically suited to the resource at hand. For 

instance, the high cost of drilling, pumping the wells, treating the fluid, etc., precludes the 

use of this resource by an individual or small industrial firm. On the other hand, a user, 

with an application that specifically requires a large, low-grade heat source, such as the 

desalination plant, may benefit from developing the resource. As was shown in Table 1, the 

cost of geothermal energy may be competitive with other sources. However, detailed 

economic analyses are premature until the possibility of drilling and completing high-
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