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RESERVOIR ROCK TYPE: Sandstone,
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RESERVOIE ENVIRONMENT OF
DEPOSITION; Platform

RESERVOIR AGE: Lower Cretaceous
PETROLEUM TYPE: Gil
TRAP TYPE: StratigraphicStructural

LOCATION

The Helez field, o complex of three fieids, Helez,
Orur, and Kokhav, is located some 55 km (34 mu)
south of Tel Aviv and 12 lem (7.5 mi) east of the
Mediterranean coast line, It was the first gil field
discovered in the Eastern Mediterranean (1955) and
is Israe’'s mast significant ml-producing field

The main producing formations ar2 Neocomian
rand beds and fringing dolumitic reef, with Oxfordian
barrer reefs and Middle Jurassic calearenite of
secondary importance. The producing beds are
pveriain by Cretacequs and Tertiary sedimer:s, the
latter becoming very thick 1o the wesl: The {isld is
11 km (7 mi) lung and 1 to 1.B km (0.6 ta 11 mij
wide with 2 producing area of 12.5 km® (209 mr?)
[Figure 1)

The field 1o operated by Lapdoth-israel Prospec
tore Cotp. L1 Recently, Lapdath grantes limited
larmouts 1o other operaters {Naphtha-fzrael Patro:
leum Crop Lid ana Delex (i) Exploranion L) for
rxpiordlion arg develdpment dctrvilios Thiwittmate
recoves: 4 cshimaies 1o be abeut 19 millon hid

HISTORY

Pre-Discovery

[Juring the British Mandate government, the Iraq
Petroleum Co. (TPC) carried out gravity surveys in
the coastal area of Israel. The surveys revealed 3
=0 km (31 mi) leng trend of pesitive anamalies in
its southern parz, between Ashqelon and the Sinai
barder. Seismic surveys across the gravity maximum
of the Huleigat feature (now Helez) led 16 the spudding
of the Huleicat #1 well on 25 September 1847
{Tschopp. 19561 The first target, the Cenomaman
dolomites, which are the country's majer aquifer
were encountered containing Yrackish water, andtf
underlying Albian-Aptian beds were found 15
predomitautiy carbonates with n¢ nydrsear
shows Atadepth of 1055 m (3641 i), 1% 22
wis set. Becauna of political unrest, doliing
suspended witheut any positive results in Feb
154H
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Afte the establishment of the State of israel in
1948, he Weirmann Institute of Sciences carned out
SIS surveys in the area. Based on these indings,
the Bueri-Helez-Negba area was qualified a= 3 good
prospact (Ball and Bali, 1957, The gravaty maximum
prospect in that arsa wasz granted to the joint
enterfrise of Lapidoth and Israel Oil Prospectors
(LOP)

The coincidence of seismic structures with a
gravily maximum, plus gas seepages detected during
structral hole dnlling, led Lapidoth-1L0O.P, in 1954
ta deil a test well at Beers, 24 km (15 mi) south
of theuleigat well, The Deeri | well was abandoned
at a depth af 3846 m (11962 i) in Lower Jurassic
beds without encountenng any particular indications
of hy¢ocarbons,

In tpite of the disappainting results, Lapidoth’s
chief gealogist, H. J. Tschopp, insisted en the oil
possibilities of thig major structurdl trend. Upon
concleding that the Huletgat well did nol penetrate
the sndbesring secuon of Neocomian npe. he
recornmended deepening it

Discovery

With the data from five structural holes, the dnilling
of Huleigat | well was resumed on 26 August 1955
and the well, renamed Helez 1, was deepened te 1515
m (4971 {t) (Figure 1) and completed as an oil producer
an 12 Cetober 1955, The inttial production of the
discosery well was approximately 400 bbl/d of 29°
AP ol from the porous Middie sandstone of the Helez
Formation (Valanginian-Barrémian age} at the depth
of 1480 m (4856 (1) (Figure 2),

Post-Discovery

Field expansion and subsequent development
started in 1955 and proceeded in several stages, Imitial
development of the [ield was conceniratad in the
central part, the Helez {ield, and in the southern part,
the Brur fisld {Figure [),

1. 1835-August 1962: Drilling of 2% developmant and
stepout wells 1n the Helez area and six wells in
the Brur area. Froduction was Limited to the
"middle sand member” of the Helez Formation
(the "K." “W." "A" and 2" sands, Figure 2},
The northernmast stepout well (Halez 29 in Block
E, Figure 3) was dry and considered the boundary
of the field in that direction, One well, Heleg 22
(TD 4477 m, 14,690 (1) in Block B rested deeper
formations of Early Jurassic age withoul encoun
LETING new pay Zones

2. September 1562-1968: The drilling of 25 additinnal
wells foilowing the oll discovery of Kokhav |
located 1.2 km (0.75 mi) to the northeast of Helez
28 Thiz wall was recommended by W, Randall,
Chief Geoiegist of Lapidoth, as another stepout trial
Lo Lhe aarth of the Helex Nield: A=z resulr, 24 wells

were drilled and production found mainly in lwo
new honzons: the lower sandstone member, "I
sandstone, and the Kokhav dolomite (Figure 2. In
addition there was minor preduction from the togn
Jurassic limestone, Oaly ane well (Kokhay 73 was
deepened to the Middle Jurassic and found no
sipmificant shows, Simultaneously, [4 wells wére
dnlled in the Helez and Brur fields, some of them
producing {rom the Kokhav dolomite and Jurassic
limestones (Brur Calcarenite). Weeks (1957} was
the first to define the Heles field 2= 2 hinge 2ane,
and thus established a new exploration agproach
for the area, The hioge zane reflects the unstable
conditions of the shell margins.

3, 1969-end 1983: Except {or one well in the Kokhay
field (Kokhav 25) and a deep test 1o the basement
i the southern portion (Helez Deecp 1A), which
was drilled by O.E LL,, nodrilling took place. Tho
Helez Deep 1A was dry and abandoned at 1otal
depth of 8093 (19,991 1) in basement rocks.

4. End 1983-taday: Drilling was resumed after
granting farmouts 1o other operators. Todate saven
wells have been dnlled (five in Kokhav,one in Helez,
and one m Brur) with some success. Lapidoth ntself
opened new pay ranes and deepened existing wells.
This last phase of drlling s mainly respanable
for the present fisld production rate of 450 hbl/
& (Ocicber 1983), Older wells, each producing less
than 8 bbl/d, are noncommercial.

A total of B2 wells were drilled in the Helez field,
55 of them producers.

Twenty-one wildcats surrounding the Helez field
were drilled and abandaned within the Helez lease,
finding ne praduction.

Allof the wells were drilled with rotary equipment
using water-based mud, A typical completion consists
of ‘300 m (885 {t) of suriace casing (13%-in. or 9%
in.), 2 1000 to 1200 m (3280 to 3940 1) intermediale
casing (9%-in.or 74in.) to seal of [ the Upper Cretaceous
lossof circulation zone. and 3 74n. or 5%-in. preducing
string to total depth (1500 to 1700 m, 4920 to 5580
it). The most common tubing size s 2¥%in. Some
of the wells were dual producers, and in a {ew, several
reservolrs were commngled,

Only electnic resistivity logs and mucrologs. and
accasionally sonmic and Glz;’nculron logs were run in
thoe older welis ¢to 19700 A fuiler suite of logs
{induction, gamma ray, compensated neutrom, sonic,
density, and dipmeter) is now commonly run.

STRUCTURE

The Halez tiold 1 jocated o a faulteed anticling
tiltee with a gentle dip g the past and dowisiaulred
to the west (Figure 3). The folding is related to deey
aeated compressional [oults (Figure 4] Truncated
Upper Jurassie beds reflect 1he fueh position of tis
structure during the Late Juriassic and probabiy
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Figure 2. Producing zone of the Halez field, presented

on the log ol Koknav-2 well [see Figure 1}, In this well

carlier (Rosenberg, 1979) Pre-Cretacesus arosion
carved a canyon that crasses the Helez ail field in
a northwesterly direction (Figures 5 and 6), Within
the field this canyon formed a channel 16 km (3.9
mi} long and 7 km (4.3 mi) wide with wall slopes
of about 40°. The canyon is filled with up to 1000
m (3280 N1) of shales belonging to the Lower
Cretaceous Gevar-Am Formatian,

The Helez structure 15 characienzed by twa axial
trends (Figure 3). o north-south Jurassic trend.
predominant in the northern part of Helez and
Kaokhav, and anortheastsouthwest Late Cretacesus-
carly Tertiary structural trend, dominant in the
nouthern Blocks of Helez and Brur,

The known faults that affected the arez are relsted
to the following events:

L. Uplifting and tilting at the end of the Jurassic

the Gevar-Am Formation 15 missng Kidad shale and
Brur not penelrated. (Modilled from Shenav, 197 1.

2. The Alpine folding phase of Late Cretaceous and
early Tertiary times.
3. Meogene tensional movements (Rosenberg, 1979}

Duri
the Ha

the Neogene events, transverse [aults divided
ez field into several blocks (Figures Sand 7).

STRATIGRAPHY

Israel is located on the northern margin of the
Arabo-Nubian massil that stabiized dunng the
Frecambrian, some ) m.y.a. The geolopcal history
ol the country is closely related to the interplay of
this huge, rigid ¢ratonic mass and the zea lying to
the north and northwest of . The vast, shallow
epeiric seas that characterized the area duning long

J2d
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Fiure 4. Kokhav lield (A} Intercreted lransverse
SEISMIC Cross section, (B) Uninteroreted seismic cross
secton. {For lecation, see Figure 1, B-B')

geclogical pericds are a direct result of the shield's
proximity. Most of the sediments were deposited an
a platform under verying continental and epicontin-
ental environments, The stratigraphic column in the
platform area s considered to be not more than 6.3
kra (21,500 fo) thick, mostiy of Mesozolc age, in the
early Teruary, on the other hand, the topographic
relief was high and the sea began to retreat, West
of this platform, beyond the hinge line, a thicker
secimentary celumn was deposited on the Crelzceous
and Neogene continental slepe and outer shelf
underiying the present-day coastal plzin and sheif
{Bein and Gvirtzman, 1977).

The Arabo-Nubian massif contributed enormous
quantities of clastic sediments of Mesozoic age to the

shailow, adjzcent kasin. IntheTert‘ary he Nile River
also Lmrmuted the massil’s clastics on the ancient
chores of [srael, The clastics intermingled with
shaliow sea carbonates of biogenic origin, and their
very fing detrital derivates also spitled gver the shelf
edge, accumulating at the base of the continental
slooe (Bein and Weiler, 197¢),

The ilelez field is lecated on the edge of this
platform, Here, only one well {Helez Deecp 1A)
penetrated the entire sedimentary column, commenc:
ing in Pleiztocene sediments and drijling through the
Middie Triassic {Palevzcic and early Triasuc
seCiments are missing). The stratigraphy of the area
(Table 1y is summarized helow,
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Figure 48,
Paleozoic is subdivided into Lhree dishingt enits (Derin and

Acid volcamics (Erez Parphyr), probably of Paleo:
zotcage.overhe older, green Baroth schistsat adepth
of G000 m (19,690 {1) in Helez Deep 1A,

Triassic

The Erez volcares are overlaln by a 315 m (1033
[t} thick sectiun ol Middle Trassic Or Haner
Conglomerate (Garfunkel and Derin. 1983). The
missing Paleozoic section was e'od-\si during Inkra
Triassic movements, A sequence of Upper Triassie
shatlow-mannedolamites and limestomes overhes the
conglomerate

Jurassic
The: Jurass:c seguenee «n Lhe Heliz arey by
extremelv Lhick, bewng almost 30000 m (9840 11y Dr

Gerry, 1972, Derin, 1974, Rahamin, 1973);
L. The Lower Jurassic unit penetrated completely
the Helez Deep 1A well consises of 1400 m ({55
ft) of shallow-manine carbonates
. The Middle Jorassic unit 18 charactemzed by
intercalation of open-maring spculitic imestane
{Barnes Limestdne) and shale, as well 25 hign
energy. oolitic shoal and shallow shel{ sediments
{Derin, 1924y,
In the Late Jurassic, the Helez area was lecated
on & high energy barrier reel frend (Derin. 1574)
This threshold zone separates a deep, open-marine
ares and probably a "starved basin” to the west
from a zhallow, 1finer shale basin and shell
carbonatas e the gt (Fipure &)
"LG'\ 1 I Ir =
Halez

The uphitt ard (lting 0 e
expased Juraasie rocks in parts o
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Figure 5. Gegloqic €1058s secbon in the Helez ol field
showing e positon and shape of the Gevar-Am
canyon [Localion s snawn on Figure 1.

e dubaerial erosion. forming the lalest Jurassic-
earliest Creracecus unconflormity phase. This
arosional phase probably coincides with the imitial
development of 3 submarine canyon (Gevar-Am
channel) and the karstic phenomena in the Jurassic
Hir-Am Barrer Reef.

Lower Cretaceous

During Early Cretacecus time, as in the Late
jurassic, the Helez field area was located on a “sheil
break” or hinge zone (Garfunkel and Derin, 1983
Here Lower Crotaceous platform sediments were
depigited over a gently inclined Jurassic ercsional
surface, and the shaly facies equivalent was {ormed
un Lthebasinward side, During the Neocomian-Lower
Aptian, the interplay between the rate of subsidence
and the rate of supply of sedimentary material as
well zs 1emporary pertods of minor uplift continu.
nusly shifted the position of the hinge line and along
with i, the related environments (Grader and Redss,
1558: 2. Cohen, 1964, 1968, 1971, 1976; Gvirtzman
and Kiang. 1972: Bein, 1974: Bein and Weiler, 1976,
Bein and Guirtzman, 1977; A, Cohen, 1983)

The Lawer Cretaceous is divided into five forma
tions, easily distinguished by their lithological
properties (Cohen, 1971 and Table 1)

1. Gevar-Am Formation: Berriasian to Barremian; 0-
G40 m (3084 1), A seces of gray silty shales
bounding the field 1o the west and filling the old
erosionai Gevar-Am channel that traverses the
Helez field. Consequent diark shales with a few
pyritic sand lenses filled the deep basin west of
the continental slope and the submarine channels
that cut it, followed by the sedimentation of the
transgressive Helez Formation that extended far
to the east (Shenav, 1971; Cohen, 1969, 1976),
Simultaneously the shaly Gevar-Am Farmation
continued to be deposited in the deeper basin
(Figures 6 and 9)

. Helez Formation: Valangiman-Barremian; 160-
370 m {525-1215 f1}. This formation is comprised
of a series of alternating beds of shale, sandstone,
and a subordinate amount of limestone and
delomite. Overall, the sediments tend te ba thinner
cantinental sediments in the east, and in the west,
thicker, marine deposits (Figure 2)

. Telamim Formation: Upper Barremjan-Lower
Aptian; 160-280 m (525-4950 {1). This formation

2
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Figure B, Thickness of the Gevar-Am Formation in the
Helez area [contour interval, SO m). C-C' indicales
location of setion In Figure 11, [From Bein and Soler,
1987.)

is comprised of a section containing dolomitic,
oatitic; or sandy limestone with several sandstone
beds at the base and a reef bank at the Lap.

4. Yakhin: Formation: Upper Aptian; 430-530 m
(1410-1740 ft). This lormation is compnrised of 2
sequence of limestone, chalky limestone, dolomitic
limestone, dolomite, and marl.

5. Talme Yala Formation; Late Aptian-Albian; 0-850
m (0-2790 f1). This formation is comprised of a
series of light gray marlstones with streaks of gray
to bufi peliitic limestone, thickeming westward in
the form of 2 wedge.

Generally, two environments of deposition can be
distinguished in the Helez area: (i) platform or
shallow marine-ittora. deposits of shale, sandstone,
limestone, dolomite.and dolemitic reefoidal limestone
af the Helez, Telamim, and Yakhini fermations {Bemn,
1974), and (2| deep basin sediments deposited west
of the comtinental slopa consisting of dark shales of
Berriagian-Aptian age (Gevar-Am Formatien) and
clastic marls with conglomerate and carbonate
detritus of Albwan age (Talme Yafe Formation). The
twn basinal lsrmations overiie unconfermably older

shrata without being congruent w ther extetsion
or direction of develapment (Figures 3 and &)

Upper Cretaceosus

The Upper Crétaceous soquedice consists of
Cenomamian-Turaman-aged JQudea Group) shelf
carbonares {dolomites and mestanes),

Senanian beds were not encountered in the field
Hre

Tertiary

Paleocene and Eocene formations are missing in
the Helez area and a thick section of shale and mar]
of late Eocene to Pleistocene age (Saqive Group)
overlie unconformably the Cretacecus beds The
Tartiary sequence s claarly divided into twa main
parts separated by an unconformity: (11 the lace
Eocene-Miocene and (2) Pliscene-Pleistocene Late
Miocene-aged evaporites are developed gencrally west
of the Helez ficld as well as in the whole Mediter.
ranean basin (the Messinian crysis),

Pleistocene-Holocene

The youngest sediments in the area consist of
calcareous sandstones (Kurkar Group) covered by
soils.

TRAP

The Helez field 15 a combination stratigraphic
structural trap located an 3 northeast-southwest
trending fauited anticline that 35 tilled gently to
the east and downfaulted 10 the west (Figures 3,
4,and7)

The structural configuration of the field area was
probably developed during the Late Cretacesus o the
Eccene folding phase, coinading with the above
mentioned depasitional hinge beit, Prominent Upper
Jurassic reef {ronts acted as a barrier 1o the Lower
Cretaceous sands carried (rom the land by the nvers
(Rosenberg, 1979). The importance of the Jurassic
barrier reefs and the Lower Cretaceous patch resf
{Kokhav Dolomiteldoes not lie only in their reservonr
charactenstics but in their effect on the sedimen
tation on the lagoonal (eastern) side of the cil-bearing
sand bede, Under these environmental conditiung the
sands were deposited westward loward the erests
of the underlyimg reefs, Since thinmng and shaling
out of these sands occurred o the same direction
fupdiph, stratigraphic traps were later [ormed. The
Heler sandsione reservour rocks themseives are
sealed Sy overlving and interbedded shales (Shenay
1971 znd Figure 2).
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SOURCE

The Helez oil source reck and the oil migration
path remain a matter for discussion. As described
abowve, part of the Helez field is crossed by the deep
Gevar-Am canyen that cut approximately 1000 m
(3280 ft) into Jurassic limestones during Early
Cretaceous time, which was subsequently filled by
shales of the Gevar-Am Formation {Cohen, 1976). The
dark shale basinal envirenment of Gevar-Am
ceposition 1s limited 1o the east by the hinge belt
of Late Jurassic age. In places these shales interfinger
with the Helez Formation in which most of the oil
has teen Tound, and they also lie in contact with
Jurassic limestones containing ol procduced in the
Yelew.Koknav trend as wel! as in the Ashdod field
weils {arther north (Figure 6). Therefore, it was
logical to conclude that the Gevar-Am shales are the
source rocks of the Helez oil (Cohen, 1971, 1976).
Later, Amit {1978) noted that the Gevar-Am shales
in the Jielez arca are immature {or ofl generation,
while in the west, near Ashqelon where they are
huried much deeper, they have a higher degree of
maturation. These {acts led Amit {1978) 1o consider
the more deeply buried Gevar-Am shale in the west
as the potential source rock,

In a recent study, Bein and Sofer (1937) have made
significant orogress inunderstanding the mechan:sm

of the Helez oil migration. They analyzed extracts
of the Middle Jurassic Barnea Formation ard found
a jpeochemicai similarity between them and the ol
accumuiations and shows found in the Helez-Kokhav,
Ashded, and Asheelon wells (Figures 6 and 10).
Average tolal orzanic carbon (TOC) of the Barnea
limestone is 0.5%, reaching a maximum ¢f 2.6%, and
its kerogen type is Il No similarity with the
hydrocarbons was found in theextracts of the Gevar-
Arm Formation (Figure 10).

OIL MIGRATION

These findings led Bein and Sofer (1987) to suggest
that the oil generated in the west at the depth of
4500-3000 m (14,760-16,400 ft) by a common source
rock, the Jurassic Barnea Limestone, was later
expelled, migrated undip eastwards below theblanket
of the Gevar-Am shale, and then accumulated in the
Helez sands and Upper jurassic limestones. The
migration was posgibly aided by faulting and
[racturing (Figure L1}

However, it 1s not vet clear wherher the bitumen
extracted {rom the Barnea Limestone i3 indigencus
or a preduct of migration {rom other sources.
Therefore, in additien to the Barnea Limestone anc
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Figure 78,

Gevardm shales, deeper Triassic beds areconqiadgrind
a potential gource, The existence of such Triassic
saurce tocks best explains the oil shows in the Lower
Juerassicin the Remallah wildcat (north of Jerusalem)
and in the Trassic in Gz"ash 2 well located in the
central Coastal Plain (May, 1981, 1884

Because Ihe exact source rock of the Helez oil is
nat clearly Wentlied, the uming ol migraugn and
the trapping can only be speculative. 1L seems that
the il migrated and was trapped in the Helez f1eld
reservairs during the Neogepe, alter the major
tectome meovements. Intepsive (Migocene—ezrly
Miocene erosion enabled the flushing nf the farma
tion's eariter [Juids by the intrusion of the late
Neogens sex 1Nl ponclrated the exposed older
fprobacly Cretgccous) beds. [10s most likely that the

oil trapming process accurred through the past-lolding
tensional transverse fauits that cross the Halez (iela,
ascending from deep layers in the western basin.

RESERVOIRS

General Description

The Helez field preduced oi) from the Lowe
Crisracenus Helvr Formation (severn) sandsranes and
twocarbonate tofes)and toa lesser extent from Upper
and Middle Jyrassie porous limestones (Figure 2) Thi

Heler sandstones are the mamn oil reservenre The



Takh 1 Gererahzed sirargraphic colesie lur the Heloz area.

Group o Feneaasn

At H4sin Piattorm )
Plaisteggne-Holocene j | Kurxar ol
Noogere ' Sagye all
Upger Cretacecus Cercmanian-Turgnian _ Jucea
Lower Alhiga Talme Yale Yk
Creliceous Upper Aghan
Lower Agkan Telamim
51 Bareman Gevar-Am
&|__Hautenvian
31 Valanginian Holcz
= | Bernasian
o Late Oxterdian Nir-Am/Beer Sheva
@) K.riod
R Bathonizn Karmen
g Miadle Bajocian Bairea Sdeicth .
g Aalinian Upper Nir'm
| Uppor Lias Nirim Jppear/Lower
C N Mish'hor
Late Shefayim
Tnassic {Mohifla aquiv.)
Middle Cr Harer Cql,
Palgozoic ? Erez Porpiyr
Precambrian Coreth Schist

uoper sandstone reservoirs (K" "W, and “A.Z7)
are related to the middle sandstone member and are
found at an average depth of 1500-1550 m (1920-505C
[t) (1290-1450 m or 4560-4890 ft SSL). These
sardstone beds, ranging in thickness from 1 to 12
r1{3 to 40 ft), are separated by shale layers (Figure 2).
The "A-Z" sandstene that appears as one sandstone
bedy off structure to the east is separated updip into
two sandstones, “A" and “Z" (see Figure 12). The
“B” sandstone (the lower sand member) is the most
important producing sandstone in the Kokhav field
and is found at an average depth of 1550 m (5400
{13 {1525-1600 m or 5000-525Q {t SSL).

A permeability barrier, the Gsvar-Am shale, is
located at the updip western limit of the sandstone.
Commonly, production becomes poarer toward the
wast in spiteaf a relatively higher structural pasition
owing to iacreasing shaliness or pinchout of the
producing sandstones. Conversely, on the eastern and
downdip flank of the structure, the sandstones have
better porosity.

Transverse adjustment faults that divide the Helez
structure into blecks separate the Lower Cretaceous
sandstone pay zones into different reservoirs. These
relatively small faults were located on the basis of
production anomalies, seismic interpretation, struc-
tural mis-ties, and reservoir pressure differences that
could not he explained otherwise (Figure 3),

The LC 1l Limestone is found immediately above
the midd!le sand member and prediiced from only one
well (Kokhav 13).

‘T'he reefoidal Kaokhav Dolomite develaped on the
margin of the elevated platform and extends along

the Helez field’s anticlinal structure, Its productive
limits are affected by the same {aulting systam as
the producing Helez sands as well as by lithalogic
changss into hmestone or shale.

The basal Lower Cretaceous colitic limestore, the
Masghen Member of the Helez Formation, ard the
Jurassic Nir-Am Reefl are considered as one thick
continuous reservelr underlamn by one common
aquifer, slnce no apparent separation between the
two formations exists. Even faulting dees not
necessarily isolate the oil trapped in different fault
biecks owing to the considerable thickness of the
Jurassic beds and the apparently cemmon fracture
sysiems of both {ormatiors. In niost areas, the
fractured limestones of the two formations have a
very low matrix porosity. Any significant porosity,
therefore, is mainly secondarv and developed 1n
fractures and solution vugs. The oil-preducing
limestones wers found at the depth of 1600-i700 m
(5250-3580 ft).

The Middle Jurassic Brur Caicarenite preducing
area is limited to the southern extreme of the Helez
field.

Petrography of Sandstone Reservoirs

The major reservoirs of the Helez ficld are the
middle and lower sand members of the Helez
Formation (Shenav, 1971, and Figure 2). The
sandstones of the Helez Formation constitute abou:
LG% of the total fermation and are partly mixed with
tuff, Quartz, which is the cominant miaeral, was
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ISOPACH MAP OF
THE HELLZ MIDDLE MUMOER
A-Z SAMD EFFECTIYE PORCSITY

T

Figure 12, Helez-Brur-Kokhav fisld. 1scpach map al
he Helez middle mambcer "A-Z" sand eflactive porosity.
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gerved by woeathering and redeposition of Nubjan
sandstones expased 10 Uhe east and southeast, Other
grains found i the sandstone nclude sanidine,
veleanic rock fragments, and varweus carbonate,
phisphate. and iron (oalite) allochems. Caleite ce ment

tends to be found in marine sandstanes. whereas
dolamite cement s found in sandstones that were
deposited In the coastal area (Shenav, 19713
 Four poresity types were deflined, of which
mtergranuiar and Intercrystalline porosities are the
Principad types,

The reservoir sandstones of the Helez Formation
were:divided by Shenav (1971} into thres types
(Figure 13}

Sandstone includes part of the lower sands
and part of the anddle sand "K." Deposited
in an offshore marine environment, it
containg marine {ossils and is cemented
fenerally by sparry caleite, Average grain
size |5 medium to fine. The grains are
maoderately to poarly sorted. Porosity is
imntercrystaliine and réaches 10R. Permea-
bility is less than 30 md.

Sandstone includes middle member sands,
"AZT "W and part of the "K™ sand,
depasited ina tidal channel and/or lagoon
al eovironment. It 1s composed of sands
of medium grain size, with moderate or
poor sorting and few wmarine fossils.
Cement is calcitic and/or dolomitic.
Porosity values may reach 0% (average
16%), and permeahility may be up to 2000
md (average 30 md). The lewer values are
related to moderate sorting and to high
clay conlenl.

Sandsione includes part of the muddle
member sands “A-Z," “W.," and 1he lower
sand ("B" or Kokhav sand) and 15 probably
of eohian origin. deposited in acoastal arca.
Thesa sands, with average mean grain size
ranging from very {ine to medium, do not
contain marine fossils. The grains are
sty well sorted, loosely packed, and
with low cement content. aresity ean
reach 32% (average 24%), and permeability
may exceed 2000 md (average 204 md}.

Type !

Type Il

Type ill

Most of the ol (wbour 38 million bbl of oil in place)
is found in the more porous sandstones (types I
and 1) that were deposited tn coastal envirgnment,
vither eollan, tidal channels, or lagoons. Marine
sandstanes (tvpe 1), where the porosity vaiues are
generally low. contain almost no il

Roclk and Fluid Charactleristics

Based an core &ruﬂ;sm dala in conjunction with
oz celnulations, poToSilY End
nrtg:n‘:l water saluration ‘a-' each zone have been
phtsined (Tabie 2) Permeability vaiues are signif-

-l
3 W

icanmtly vamable w the sandstone reservoirs, as
illustrated by thewr distribution in the Helez moign
producer. " A" sand{ Table 31 Saturation dependent
data of oil/water relative permeabnlity 15 mot
available, A PYT analysis has never been performied
on the Helez oil. Physical reservarr conditmns
including remperature, pressurs, and fluid propeties

measured in the feld are as follows:

tottambole temperature L59°F

Initial pressure 2000 psigg @ 14021 SSIL
Qil graviy 27.3-31.0 APl

Solttion gasil rano 200-275 SCF/ETH

Gas gravity 075 ¢ar=1)

Based pn the above data, the bubble paint pregsure
is espimated at [000-1500 psia, theoriginal fermation
volume factor a 1.05-1.15, and the orimnal oil
viscosity ar about 2.0 ep. A typical composition of
the Helez o1l is presented in Table 4.

Two types of formation water are encounterad 1n
the Heler field: Helez Formation water related to
Group 1. and the furassic {ormation water related
ta Group I (Fleisher, 1587). Analysis of most of the
Heler Formation water (Group 1) shows total
dissolved solids values of around 55 g/L and
characteristic 1onic ratios of NasCl = 086-0.97,
{Ca+Mpl/Na = 0.12-0.19, and CI/Br = around 300
(Table 51, The lermatien brines of Group 1M1 are
characterized by the ratio NasCl = 0.75. a high
Ca/Mg ratio, (Ca+ Mg/Na) > 0.27 §'0, and 6D values
suggesting the presence of meteoric watér compo-
nents. Waters of a similar composition to Group 11
are present in the Paleozoic, Triassw, and Jumssic
strata of lsrasl,

Production and Reserves

'T'he Helez field was put on production in Octeber
1955 and 1o the end of July 1988 it has produced
upprommardy 16.5 million barrels of ail. About 37%
of the oil comes from Lower Cretaceous beds (Helez
Formation, Figure 2), while the remaining 3% comes
from Upper and Middle Jurassic limestones.

The original oil in place of the four principal
producing ones of the Helez field, the “AZ" B
K, and "W sands, was estimated volumetrically
ko be about 40.3 million barrels (Table 2), Each one
it divided into multiple recervoirs separated by the
various faults, For the most part, the faull system
leaves Lhe reservoirs open dewndip to 2 Lirge aquifar
1o the east, thus allewing an active water mfjox
The varwous reservoirs are charactenized by the
different waterfoill levels and exhibu differen
pressure-production dt‘ﬂhne bekavior, Onimnal
pressure n the mam “A-Z" sand was approximately
2000 paig at 1402 m 4600 (t) SSL. According to i1s
pressure m*ton it appears that the water influx
arresied the sremaure deeliae o4 900 1o 1000 pst and
oressiure (pereases were later abserved as olfliake
rates delined. Tie lowest reservolr iressures

g
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Figure 13.{A) Type lll sandsione (edlian coastal sands)
The cement cryslals are dolomite (plug 29, Kokhav &6,
1651 m, The lower sand member—"Kakhav 8. (B}
Type il sandstone {ecllan coastal sands). The cemany
consists of dolomite crystals ana some pyrite (plug 1,
Kokhav 9, 1661 m. The lower sand member—"Kakhav
B"). [C} Type Wl sandstone [eclian coasial sands)
general vigw, The cement is dolomite and some pyrite
[piug G, Kakhav 6, 1683 m. The lgwer sang member—
“Kokhav B™). (D) Type | sandsiene [affshore marine
sand]. This rock is ransiional between sandsione and
Imesione The components are Quarz grams, launal
fragments, and inan Oalites:. The cemant cons:Ss ol
dense calcile crystals (samole H5-34, Kokhav 2, 1677
m. The iower sand mamber—"Kokhav A" (E] Type
| sandstone (ofshore marine sand), The grains are
quanz [poorty soned. n pan well rounded) and a bg

U S AN
- m; ?&}%\{3 .';'}1.‘;3“9 ."fré.
¥

Tl

{f’i

4 =4
=

B N s \ pe !
PR AR (206 ST
oo RSN R e
o a ;pl\.r' :ll;-;_“' By T ey

e, A
< s AT "?}9:‘:;‘
P b \
“¥ 3 25t

by gt oL g
i#r:f;?q‘. : i"‘ _‘
o :':‘"P-t:- ".‘rf
{ﬁa"‘ _

T2

coral ragmaent thal has undergene deicmitzation, The
cement conaists of dolomie crysials [sample HS-166,
Kokhav 7, 1517 m. The micdle sand member—"Halez
A" IF) Type | sangstone (ofshore manne sand), The
guns are quariz and faunal ragmenis, Mictitic calcite
thal forms the malrix has undergone recrystallizalion
(ptug 1, Kokhav 6, 1558 m, Tha middle sand member—
"Helez W) (G) Ty Il sandsione [tdal channel o
izgeaanal sand). The grang are quanz and volcanic rock
fragments nch in gyrite. The cemant is a single
ipokiictopic) calcile crystal. The quarz graing are well
roundad. have 3 fugh sphericity, and are panly shattered
{samgle HS-458, Helez B, 15268 m, The micale sand
member— "Healez A"l [H) As In G crossed nicols
{sample HS-458, Hele: 8, 1568 m. The middle sand
member—"Helaz A"), (Fram Shanav, 1971,
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Fable 2 Htelor gl el whuladsn ol reseréaolt parameiars and peoduction (end of July 1988)

Originat Original Estimated femuining Remaning
Barrels o Cumulative Oil Ol
Pay Jone and Porasity, Watar pot In Placa Produtlian in Flace Percent Saturation
Faull Segment Acr Feel Fraciion Samiration At Fadl MSTH eS78 M5TH Produced Pascent
K Sang
Segiment A 454 a:220° 0.370° 10144 461 JE63 w7 79 3
Segment B apia g220° 0.aro* 10144 387 10707 28079 28 45
Saqrient C+0 235 oY ey 0 420" SF45 133 50 128 2 57
Sagment € a7 0133 04207 5646 24 noa -88 138*° ~22
Sagrnent G 332 2.133° 04207 5646 187 %00 57 an b
Sagmert H 15 Q133 Qa0 S6A8 a2 o0 82 1) 50
segmient | 318 o1y Q420" 5645 _in 170 1610 10 53
Ticul 5698 5.136 1AL 4 127956 36 i
"W Sand
Segmen! B 2,553 0240 0.350 10030 2,780 11160 1664 40 37
Gparment G40 7O a2t 0,430 73 365 2598 3382 B 52
SegmerntE+F - 1,078° o124 0420 73 354 7688 -210.8 138 22
Segment G 445 0268 0343 12087 57% 2846 290 4 50 3
Tafal 4702 4278 F1r40 20790 2 75
TA-L Sands
Segmant A 3520 0220" 0.380" 9983 3514 12827 2203 w ag
Segment B 15026 0.220" Qe 9983 15,953 TNO5B AN03 7 45 34
Segment © 1872 0.160 G430 6675 1.250 1350 5.1150 i 51
Segment D 1,565 Q.80 Q430 6675 1312 81510 4761 64 4]
Segment E 1.056 0126 0430 5256 1,555 1982 568 36 a
Seqment F 554 0126 0.430 5256 1.349 — 3400 0 57
Sagment G 1.639 eR §- Hy ¢.350" 7143 1.214 1823 anz 15 52
Segmen 217 0.165" 0.10° 125 169 122 1558 a 5
Segmeni | 190 0170 0430° 7002 135 105 94 5 30 40
Total 4497 9,806 14,6134 a0 43
8" Samd
Segment ¥ 1.100 0264 D.a4sg” 10365 1,206 2778 s28.4 23 43
Seqmenl G 1,794 Q27 0438 11188 2007 Y490 18500 ¥ 52
Segmem H 1.073 0276" 0.434° 1,1433 1.234 5168 ve ag Fa
Sagman | 1547 a220 0.350 3822 1,012 3713 15407 20 40
7 odal 6,359 13147 5,044, 21 4z

[eqlinued)

e - e e
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Tatle § Chamizal compasiton ol lormation waters ham ol welis In the Healez beld

Na BH Stratigr.  Depth.m T0S Ca Mg HNa K Ci S50 MNCO; Chlir NarQy CaiMNa CatMgiNa %0 o Group
! Pt 2 LCrTiy 1142-1154 15 a1 34 T -— 826 & 3 - 089 o.0n 012 192 = i
2 Bouy 2 LCiHz} 1500-1502 533 65 38 8o 79 913 0 3 — 0128 0.06 0.13 Ha2 — |
3 Mglez 1A LCrHz] (689-1870 554 93 41 ROV 130 930 12 2 207 .85 n12 017 119 i
4 Memzz  LCHH 1521-1522  B41 T2 48 857 100 mnd 3 2TE 086 o008 012 184 -Bn1 |
5 Heinz 6 LCHM:) 1536-1548 523 71 42 B8R — o7 a 4 - ¥ i) 0.0/ 043 168 ~— |
6 Helez 10 LMz 1520-1545 841 91 48 970 94 1035 -~ J - .09 0o% 014 4255 — |
¥ Ielaz 20 LCrHz) 15071530 S840 B0 44 BSS - a76 2 ¥ - 0.88 009 0158 Bl +£213 |
B Melez 20 LOCrHZY  1520-1524 61.7 93 54 975 i 1 4 I 1 - 047 0310 012 F431 4153 |
g Helwz 22 LCiHO — 614 67 45 922 103 1058 0 4 265 aer 007 0,12 F180 +1535 |
0 HMeter 22 N 2000-2014 455 B2 41 £58 65 83 k| 3 - .84 a2 019 — - |
1l Moz 22 J{Mir) 3377-3408 642 515 60 S07 186 1106 g 2 - 046 1.01 113 — — 1]
12 Molez 25A LCrfHz} 1571-1575 71 111 50 1007 65 1269 2 1 - 080 o D16 +2sp - !
13 Heler 254 LCr{Hz) 1576-1578 745 112 51 1134 — 1294 1 1 - o.88 010 014 285 — I
14 Holez 27 L CifHzy 1508 574 §9 42 B0 a.7 a74 11 2 - 0.89 008 0.1 F1 55 - )
15 Holer2s LOCHz) 1587-1603 AT 9 85 37 T, 92 oo 10 3 -- 0.9 0.08 013 4048 +15 |
16 Kokhaw i LCrfHzy 1593-1600 a2 43 30 544 122 640 1 3 - Q.85 G.08 a3 .02 24 ]
{7 Hokhavd LCrHZ) 1560-1590 295 B 426 68 477 7 1 _ 0.09 0.08 R - 219 — I
18 Kokhav? LCi{Hz] 1483-1510 828 143 77 1200 122 1424 2 4 282 084 012 0Q1a H102 — |
19 Kokhav 7 ) 2485-2495 1100 578 126 1195 238 1902 10 3 127 0863 048 059 — - il
20 Kowhaw 11 LCifHz2) 1547-1549 470 54 34 713 A7 a2 10 4 260 aan 008 0.12 41 .03 =288 |

e Bl T o s 8 et o 1 B,

Abbegviationg viad iy Tatle 5
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mumsured were these of the K7 sand, being ess (han
SUQ paag al BICO m (45895 1) S5 L seme faait blocks.
Because noinercase in gas/oil ratio has been reportec,

| 1tis beheved that the Helez ol was undersaturated

duriny it history in most of the reservoir,

ihe Roknav Dolomite volume was esumated in
a smilar mannear to be aboutl 10,0 mitlion barrels
of cif in place whereas the volume of the oil in the
Jarassic limestone is siil! unknown,

Al their current status of developmert the primary
recovery from the reservoirs is calculated to vary
from 5 to more than 50% of the original oil in place.
The higher values ocenr in the reservoirs that are
adequatety developed, swhere the number and the
lecation of compieticns allow high areat sweep
elliciency lor the encroaching water. In addition, in
some fault segments that are evidently in partial
contact with an aquifer, the preducing mechanism
Is a combination of pressure depletion and water
drive, and the primary recovery is low, The main
preducing formations mentioned above are nearing
depletion. Most of the swept area should be at or
near residuai oil saturatien although isolated sand
lenses or low permeability streaks might currently
have very high oil saturation,

Assuming an ulimate recovery of 45% for the sand
zones, and 10% lor the Kokhav Dolomite, about 18
million steck tank barrels of oil are expected to be
produced,

EXPLORATION AND
DEVELOPMENT CONCEPTS

The Helez field is nearing the end cf its primary
production phase (16.5 MMBO cumulative produc-
ticn at the end of 1988 vs, 19 MMBO of cstimated
recoverable reserves). Nevertheless, because of the
fteld structure, which is composed of numerous,
separate small reservolrs, some of the fault segments
i certain raservoirs have not been adequately
drained by the existing wells, The "attic” oil in these
segments, which could amount totmore than i million
barrels, is planned 1o be produced by: (1) drilling new
wells, (2) opening new pay zones in existing wells,
and (3) deepening or recompleting existing wells.

A second possibility for increasing curren:
production is the agplication of secondzary recovery
by water flooding in fau't blocks where the natural
water drive is weak. The thin Helez "K” sandstone
seems to be a good candidate for such an operation.

Even after primary recovery has been made more
efficient by adding new completions, 40 to 60% of
the onginat oil in piace will remain in the ground,
Because these reservoirs will have been swept by
encroaching water, secondary recovery was dis
carded and only a tertiary recovery scheme should
be censidered, Miscibie dispiacement with carbon
d:oxide seems Lo be the most efficient known metlicd
for increasing production 10 the Helez field. The

mddstonul oil recovery might be fram 5 1o 10 milljay,
Darrels, A maore definite estimate can anly by minde
alter further data concerning saturatian distribut yp
are eblained. Pornaps most important is thy,
Teastsdity of tertinry recovery, waich is cogely
refated to o) prices and availability, under curron
conditians, the apphcation of tertiary procedurcs |y,
not economic,
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Appandia 1. Field Description

Ficld name ! . = T e e : e eeo HeterBrur- Kok
Uitimate recaverable reservas . . . L oo, Gi BEEEThETEeesileEEdEEs oo 18 mmuthon piv
Field lecatian:
CoUNPY e imr s rm e ra s e e e e e ey A . A5ta0y
State
Basin/Province .. b Va0 reeaeiiaeeselsinsaiseiissannasvaeas. EASEN Maditercanean
Fleld discovery:
Year firs! pay discovered . ... .. . .. {L. Cret) Valanginan/Bamemian Helex Formation 1055
Year second pay discoverad ... ..o i HeloZ Formation rones and Jur, Brue Calcarenita 1567
Third pay ....... Cire i e e (e s s Additional zopes of L Cral, and Jur, February 1960
FOUTtR DAY L. i ivriie e s e s s e e e e s AUGHSE 1967
Fithpay .... PP cemamanramtarasseeen et WAGDEr 15637
Discovery well name and general location,
First pay i i et e e e Helez 1, 10 kmosouthaast of Asngeion
Lot T T (' | €A 1T
Third pay ...... i W S S 0 e el e e S e 5 S e T 8 B veims FKOKDEY 5
Fourth pay .... TR T B R cemeneaia. RORNav 140
i Filth pay .... 3 PPN e o AL B, T A e D AT D 0 QA S Koknav 12
I Discovery well operator ... ... i i e e e saas s Lapidom flor-all pays|
Il Second pay
|| Third pay
IP in barrels per day andfor cubic leet or cubic meters perday:
ISl DAY .« v iiiiiiirriimcnarsiasssmastnsssinaeireasansenmssrarinsrenraensssrsas SO0 BOPD (4-Z sand)
! EEEONE DAY i 2 oo iomrdie o L s o i i, 550 i 8 0 806 28 ek i e L ai 190 80F D (8 sand)
! TR Ray Sodil e e e Sicm wem i S MareEEEy veisiies s s 200 BOPD (K doicmite)
oL O o P S 500 BOPD In Kokhav 16 {Jurasse [s)
TS T OO 1 ¢ ¥ - 2. # |2 e R
W Al other 2ones with shows of oil and gas In the field:
T Age Formation Type of Show
: ﬂ} Upgper Barrermian-iowir Aglian Velamim ol
m Valanginian -Barraman Melez Le 13A i
g Jurassic Grur calcaranites an
2 Geologlc concept leading lo discovery and method or methods used lo delineate prospect, ¢.g., surlace
g geology, subsurface geology, seeps, magnetic data, gravily data, seismic data, seismic relraction,
= nontechnical:
: g Stevatura inferred and mapped vsing surdace, gravily data complemented By selsmics during frand davelopment
e
Struciure;
Provincebasin type .. .. RS e esieseanasieaesien s Dally 1141, Kiemme IIC &/
Tectanic history
| Bevaled sruciure since Jurassic. Upper Jurassic high was fruncaled and dsep canyon was formed (Gévar-

Am channet), Faunng s relafed 1o uphlting and tihng 2t the end of ihe Jurassic, 1o the foidng of 1he
Cretaceous-iowar Tamary and [0 Neogens mavemenls,

Reglonal struciure

Faig hes on & inge tne. dehving Louncany belwesn Pafform and Lagnal envrormments

add



Saeals:
Upijrer
Formatian, (ault, or other feature ... . .......... ... Heler Fuanalion and laudls
Lithalagy ... iaL. A e Shales
Lateraf
Formation, fault, or other feature ........... Permeabiily 1055 Gue 10 facies changes and pinchouwt

L0l OGY o e e e e e Shaues
Saurce:

Foermatjon and age ......... Pei e e oo o Uneonfirmed, thus far can anly suggast
4 pussibie scurce or a condull (Middie Jurassic Barmea Farmation)
Litholegy ........... e b e e e e e e e e Limaestong
Averzge total organic carbon{YOC) ................. e e e e e e 0.5%
Maamum TOC o e P -
Kerogenm tyme (L AL ar B0y o e e e e e e il
Vitrinite rellectance (maturaticn) .............cccoveue. R, =0.52-0.75 (fmmatura in sampled focation)
Time of hydrocarhon expulsion
Presant depth to tap of SOUPCE .ottt PR “C0G-5CCC
Thickness

Paotential yield

Appendix 2. Production Data

Fileld name .. ... i e e e e e e Holes-Brur-Kokhay
Field size:
Proved acres .......viviiviiiniinnniaians eerriaaeaa h e e e e e 1250 ha
Numberofwellsall years ... ... .. i iiiiiiiiiiiinanin.. e 82, al these 55 producears
Currentnumber ol wells ... e e 9 producers
Wellspacing .....ovivivivii e viieneneens b e e Most cn 50 ac, some §G ac
Ultimate reCoVerabIe . ... e i e e e e e L. 19 miillion LB
Cumulative production (1988) ... ... oiiviiiii i e vereveeeo ., 168.5 million 6B
Annual produclion {(1988) ........ ... . .. . e e QIS muillion GBI
Presentdeclinerate ..................oveit, et i et 15%
TR e e Rod (Lo = =T 2= O 10% (est)
Overalidecline rate ........... ... e e et e e 15% fest)
Annual waler ProductiOn L. . . e e e 0.115 million &bl
Inplace, total e aaIVES L . i e i e Ve R 50 miflicn £&f
M plECE, Per aCTe-100t ..o e e e 712 6b!
Primary recovery ............oviiiiiniiiiinn.e. e e 19 miflion Eh!
Secandary recavery
Enhanced reCOVery . it e e 5-10 miltion b&I

Cumulative waler produclion ..., vt it e e 3O millioa BT

Drilling and casing praclices:

Amount of surface Casing SBl ... .. it e e e s 250-320m
Casing erogram ... ... ..o 13%-n. ¢r 9%:-in. 10 300 m; 9%-in. ¢r 7-in. 1o 100G -1250 m,

7-ifl, Or 5¥a-in 1o TO: 2%-in. lubing
Drilling mud .. ..... ... I e e e e ... Freshwater based

Bit program ... ... e e Varigs



High pressure zanes ... ...... . e e C e Ny

Totab loss cisculation zene .. . .. Uppar Crelzeeous secten 250-800 m driling i
Complction practices:

Interval(s) pertarated ........ .......... ... ... . - .. Each pay rone separaiety

Well treatmenit |, ... Acidized in dolomie and mesicne, also ol calcarsous sandstons: scarcely kaclued
Format.an evaluation:

Logging SUHteS ... v Ofder wells. GR, scric. neuwlron, resishvily, microiong,
modarn welis; GH, CNL, oensily. sonic. inducton, dipmeler

Testing practices ..........., Typically production tested (mamly swabbing): Iroguently DST while Crilling

Mud lagging techniques

Noar typiciatly dene in uppermast 250-300 m ana while driling 5ling between 300 and 1000 m: deepns—

confinuous with gas oelecler and cAromategraph

Oil characteristics;

L ... Normal hydrecarbon
AP graVIY e R 27550
Base
Al GOA L S .. 20G-275 SCFISTO
Sulfur, wt%
Viscasity, SUS . . ..o e 206
Pour paint
Gag-oil distillate

Field characleristics:
AVErage elevalion ... e e 1200-1300 m
LA = 0T = 1 v e 20CO s
Present pressure ... ... e e e e, 800 - 1100 pse
Prassure gradient
I 1 1= 2 T < ... TBOF
Geothermal gradient
Drive ................ e e PN Cr e h e e e e water
Oil calumn thickness ... i i e e oo ... Multiple thin pay zones
Oll-waler CoNtact .. ot it e et iaae e e e cev o Multiple
Cannale water
Water salinily, TDS ... i e 85,C00 ppi bul vanatle
ResislvilY O WAl el i it e e e O.C65 ohm, 150°F

Bulk volume water (%)

Transpartation method and market far oil and gas:
Pipehine

HELEZ-BRUR-KOKHAY




