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YARMOUK - JORDAN VALLEY PROJECT

INTRODUCT ION

Fileld inveatigailons were made at the following sites to determime
the availability and suitability of local construction materialsg
Yarmouk Diversion Site
Khalid Storage Site
Maqarin Storage Site
Zarqa Irrigation Site
East Ghor Canal Alignment

Each site was investigated for impervious and pervious borrow,
concrete aggregate, riprap, and rock fille The limits and volume of each
source of materiasl were determined, and representative samples were collected
for testing,

Semples of conarete aggregate, quarry rock, rock £111, and cement
from & local mill were tested by the Robert W. Hunt Company of chicago,
Illinois, U,S,A. Samples of impervious borrow were tested by Soil Testing
Services, Inc., also of Chicago, Petrographic analyses of basalts from
the Yarmouk Diversion Site were made by Dr. Howard A. Coombs, University
of Washington, Seattle, Washington, U,S,A, Samples of water from various
streems were testsd by the Jordan Cement Factories, Amman, Jordan, The
results of all these tests are given in Tables 1 to 12 and/or Drawings

VI-B-2 to VI-B-6, of this report.
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APPENDIX VI-B
YARMOUK = JORDAN VALLEY PROJECT
MASTER PLAN REPCRY

YARMOUK DIVERSION SITE

Borrow Material

Impervious Borrow

A suitable deposit of clay and cley loem occwrs on a low floodplain
terrace 1.4 kilometers downstream from the site immediately below the mouth
of the Yarmouk Gorge, It is designated as area C on Drewing VI-B-l.

The deposit varies in depth from 1.5 to l; meters and has a total
volume of approximately L,50,000 cubic meters.

The clay end clay losm was exemined to determine its suitability
as rolled fill material, It will be impervious when compacted forming a
good oore material and will be reasonably incompressible with little chance
of swelling if properly compacted, However, those parts of the borrow which
contain more than L0 percemt clay may be subject to excessive swelling,
Swelling tsekes place during saturation, reducing the density of the fill and
resulting in a loss of strength,

The results of leboratory tests as shown on Dreawing VI-B-2 indicate
thet a high degree of compaction of borrow is possible, The tested speoimens
exhibit good cohesion and imternal friction indicating satisfactory sheer
strength,

Test results indicate that the material may be worked with the
moisture content considerebly ebove the optimum where design conditions do
not require optimum strength and density.

The borrow may be used equally well for a core section or for an

impervious blanket, It may elso be used for a dem of uniform seoction,.
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However, in such oase partioculer attention must be paid to toe drein and
slope protection problems, and to selective placing of the material so
that the more clayey portions of the borrow are placed in the center and
the more sandy portions toward the outside,

Pervious Borrow

Pervious borrow may be obtained from alluvial gravel deposits
along the river at or downstresm from the site, These deposits are
designated as areas A and B on Drawing VI-B-1,

The deposits at sreas A and B have 20,000 and 110,000 oubiec
meters of material, respectively.

The gravel consists primarily of basalt with conspicuous but
subordinate quantities of chalk and flint, It hass a random gradation
from 0.1 millimeters to 1 meter with more then 50 percent of the material
by weight having diemeters greater than 15 centimeters, Gradation ourves

of the material are shown on Dreawing VI-B-2,

Filter Material

| Sufficient filter and drain materiel can be soreened from the
above gravel, However, since more than 50 percent of the gravel by weight
consists of particles greater than 15 centimeters in diemeter, considerable
segregation will be necessary to obtain proper gradation.

Riprap and Rock Fill

There is an ample source of basalt suiteble for riprap and rock
£111 in both abutments at the site, The areas are designated as D and B

on Drewing VI-B~l1 and are fully described in Appendix VI-A, Damsite Geology,
end 1llustrated on Drawings VI-A-2 and VI-A=3.
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Concrets Aggregate

Natural Aggregate

The gravel described above and in Appendix VI-A, Demsite Geology,
is not suiteble for concrete aggregate, From 10 to 15 percent of the
material consists of chalk and flimt particles, the former being soft and
friable end the latter deleterious. The basalt particles which comprise
sbout 75 percemt of the materisl are poorly graded and range from O.l milli-
meter to 1 meter in diemeter., Segregation to obtain proper gradation would
result in large quantitiss of waste material,

Manufactured Aggregats

Ample quantities of aggregate mey be manufactured from three sources
of basalt at the site, Theyinclude (1) the basalt boulders which meke up
about 50 to 75 percenmt of the alluvial gravels, (2) the baselt forming the
cliffs on both ebutments, and (3) the basalt telus on the left sbutment.

The basalt boulders are in ereas designeted A end B and the basalt oliffs
in areas D and E on Drawing VI-B-1.

Petrogrephic analyses were made of samples teken from the bas;.lt

talus deposit on the left abutment, The results show that the basalt should

be innocuous, The full text of the report 1is given in Table 1.
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KHALID STORAGE SITE

Borrow Material

Impervious Borrow

A total of 15 areas, 10 on the right abutment and 5 on the left
abutment, were investigated for impervious borrow, They are shown on
Drewing VI-B-l where they are designated as areas A through J, and I through
V, on the right and left abutments, respectively.

The right ebutment is ;bhe most likely source for material since
the terraces are broad end extensive. Expla ation to date indicates a
total volume of 2,580,000 cubic meters of plastic, fat clay, renging from
1 to 5 meters in thickmnsss, |

The left ebutment has both terrace and plateau deposits, The
terrace deposit (area I) veries in thickness from 1 to 3 meters and has an
approximate volume of 500,000 cubic meters of plastic, fat clay similar to
that encountered on the right abutment. Other sreas (II-V) on top of the
pPleteau south of the site have suitable deposits of similar material, They
very from 1 to 5 meters in thickness and exceed 2,)450,000 cubic meters in
volume,

The clay from the terraces was tested to determine its suitability
as rolled fil]l meterial, The results of these tests are given on Drawing
VI-B=3e

The clay will provide sdequate water tightness to serve as imper=-
vious material, Although it may be somewhet compressible, it will be

setisfactory for use as a central core in & rockfill or zoned earth dem and
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as an impervious blanket, However, due to its low frictional rosistance
the material is not recommended for use in an hofnogeneous earth dem nor as
& blanket upon which shell material must rest.

The workabllity of aoilé with a high olay content is dependent
upon the degree of consolidation of the material in situ and upon its
netural water content, It is therefore recommended that any of this soil
oontemplated for use as borrow should be field tested far ease of excavating,
placing, and rolling.

Pervious Borrow

fmple quantities of pervious borrow materiel may be cbtained from
alluvial gravel deposits at the site, The deposits ere designated as areas
K and O on Drewing VI-B-1l,

The gravel is composed predominantly of basalt with some chalk

(10 percent) and flint (5 percent)s It hes a random gradation from 0.1

millimeters to LO centimeters with 30 to LO percemt of the material being
sands Gradation curves of the material are plotted on Drawing VI=B=3,
Filter Material

The random grading of the gravel at the site does not contain éuffi-
clent fines to be used as a first stage or composite ﬁ.lter material to protect
the impervious materials from piping. A sample of the gravel was segregated
into two gradations by sieving through a #ii sieve. Although the coarser
fraction will be adequate to serve as a second stage filter or drain material,
the finer frection thus obtained does not meet the requiremenﬁ for a first
stage filter as the pércenbage of fines still remains low, However, as only
one seample of the gravel was exemined, further investigation and sempling is

recommendeds If further sampling does not disclose a larger percentsge of
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fines than is now indicated, first stage filter material may be easily manu-
faoctured at the site by ocrushing the availsble gravels,

Riprap snd Rock Fill

There is an ample source of materiel suitable for riprap and rock
£111 in the low-level basalt flow ofl the right abutment, The basalt is fully
described in Appendix VI-A, Demsite Geology, and illustrated in Drewings
VI-A-6, VI-A-7, and VI-A-8. The area 1s designated as L on Drewing VI-B-1l.

Chunk semples of chalk were tested as shown in Table L for abrasion
to determine its suitability for use as riprep or rock fill. The peroentage
of wear was 55 percemt, thus exceeding by 5 percent the tolersble limit of
50 percent, The resuits substantiate field observetions which indicated the
rock was unsuitsble for riprap or rock f£il1,

Concrete Aggregate

Natural Aggregete

The gravel described above and in Appendix Vi-A, Damsite Geology,
is considered to be unsuiteble for concrete aggregate, About 10 to 15 percemt
of the material consists of partioles of soft, frieble chaelk which range from
send-siged particles to a size 2 centimeters in diameter. Deleterious flint
is also a c;ommon constituent of both send and gravel size particles, Although
the deleterious effects of the flimt could possibly be neutralized by using
e low-alkall cement, the removel of the chalk particles would be a costly
operetione.

The results of leboratory tests are shown on Tsbles 2 and 3 and
the cumulative frequency curves are plotted on Drewing VI=-B=3, .

Although the results of the tests were within generally tolerable
limits, the aggregate, for reasons steated above, is not considered to be

suitable for the proposed structures.
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Manufactured Aggregate

hAmple quantities of aggregate may be mﬁnufaotured from the low=-
level basalt flov; on the right abutment. The basalt is designated as area
L on Drawing VI-B-1, is described in Appendix VI-A, Dsmsite Geology, end is
1llustrated on Drewings VI-A-6, VI-A-7, and VI-A-8.

Petrographic analyses were not made of thess basalts, but they
are probably of the seme composition as those described in Teble 1 of this
report for basalt samples colleoted at the Yarmouk Diversion Site., In all
probability they are innoocuous but they should be checked to confirm this

opinion,
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MAQARIN STORAGE SITE

Borrow Material

Impervious Borrow

Extensive investigations were conducted onm the Jordan side of the
site for sources of impervious borrow meterial, A high-level terrace on
the centerline, indicated as ares A on Drawing VI-B=-1l, is estimated from
test pit deta to contain approximetely 1,200,000 cubie meters of e dark
blackish=brown to salmon red, plastic, fot clay cdrrbaining varying amounts
of partially weathered basalt. Tae soil deposit varies in depth from
6 meters at the southern limit of the deposit to 1 meter at the northern
limit where it is bounded by basalt outorops,.

A lower terrace at the foot of the talus slope, immediately Up=
stream of the site, indicated as arsa B on Drewing VI-B-l, contains a soil
deposit of medium grey to buff, moderately plastio, lean clay with angular
fragments (20 percent) of limestons, Thé deposit is limited in extent, but
the results from test~pit exploration indicste the depth to average over 6
moters and the total volume to be approximetely 730,000 cubic mesters.

Further exploration to find another source of impervious borrow
material disclosed extersive erees, indicated as C on Drewing VI-B-1, on
the rolling plateau south of the site. This soil deposit is shallow in
most places with numerous exposures of limestone, partioulerly on the 8lopes,
The soil is a reddish~brown, plastic, fat clay with angular fragments
(15 percent) of limestone ranging up to 15 centimeters in diameter, The
supply of this meterial is "unlimited,"
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Solls from the upper terrace (arsa A) and south plateau (area C)
were tested to determinse their suitability as a rolled fill materiele Grain
8ize analyses of the samples indiocate that the meterisls are oley with high
colloidel oontent and are similar in composition throughout the area.

Although the meterial is highly impervious, the sbsence of fric=
tional resistance end the possibility of swelling (chsracteristio of colloidal
soils) mekes its use for a homogansous dam or a blanket upon which shell ma=
teriel must rest undesirable., As the material will have little compressi=-
billity after proper compaction it may possibly be used as borrow for & central
impervious core., However, ita use as such should not be contemplated until
further investigation has been made with respect to its workability and swelle
ing properties,

Additional tests were oarrisd out on represemtative smples from
the lower terrace (srea B), The soil from area B is more sandy and less
clayey then the scil from areas A and C, Thus it will be more workeble and
have less tendency to swell when saturated, The material from area B will
also be quite impervious and incompressible when adequately rolled, and it is
the most desirable material for use as a centrsal clay core,

Test data for the soils are shown on Drewing VI=B=l.

Pervious Borrow

The deposit of send, cobbles, and boulders in the flood plain sppears
to b‘e a likely source of pervious borrow., These arsas are ingiioated as F and
G on Drawing VI-B-ls The quantity evaileble in the gravel bars extending from
oneAkilometer upstream to approximately one kilometef downstream is estimeted
at 200,000 cubic meters, However, further imvestigation both upstresm and

downstream should disclose empls depoasits to supply the required 700,000 cubie

meters,
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Filter Material

Unlimited areas of clean gravel, typical of the Yarmouk River
deposita, ars adjncent to the demsite, However, as e large percentage
of these gravels have diameters greetesr thean 7.5 contimeters, a scresvning
plant will be necessary to cbtain the various gradetions of fine and coarse
filter and drein material. Sin~e the typicel Yarmouk gravels comtain sbout
30 percent by weight of material finer then a #i sieve, there should be an
adequate supply of all stages of filter required to protect the clay and oley

loem soils contemplated for use as en embankment,

Riprap and Rock Fill

Ample quantities of basalt suitable for riprap and rock £ill ocour
in the upper portion of each abutment, The areas sre designeted as E and D
on Drewing VI=Bel,

Excavation of the besalt for roed comstruction on the left abutment
revealed thet the basalt quarried into sizes suiteble for riprap end rock fill.

Concrete Aggregate

Natural Aggregate

The gravels that fill the bottom of the Yarmouk Gorge at the Maqarin
Storege Site are similar to those previously considered at the Yarmouk Diversion
Site. Thus, for reasons already given, they are considered to be unsuitable
for concrete aggregate,

The gravel deposits are designated as areas F and G on Drawing VI-B-1
eand are described in Appendix VI~-A, Demsite Geology, |

Manufactured Agzregate

Ample quantities of basalt may be quarried for the meanufaecture of
coarse and fine aggregate from the besalt flows that ocoupy the upper portion

of each abutment, The areas are shown as D and E on Drawing VI-B=l.
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Petrographio analyses were not made of these basalts, but they
are probably innoouous, Megascopically, they are similer to those de=

soribed in Table 1 of this report,
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ZARQA IRRIGATION SITE

Borrow Material

Impervious Borrow Material

Extensively cultivated river terraces existing in the basin both up-.
stream and downstream of the proposed axis of the dam and running to the foot
of the knolls of Lisan Marl formation were investigated as a source of im~
pervious material. The downstream terraces are under intensive agricultural
development and therefore are not considered as available for borrow material.
Those upstream are indicated as D and E on Drawing VI-B-l. The soil is a
very uniform clay and has a high degree of compaction. The high clay content:
discourages its use in a homogeneous embankment section because of the diffi-
oulty in rolling when wet but indicates sufficient impermeebility in situ to
serve as an impervious blanket.

Investigation of the clays of the Lisan Marl formation revsaled
their suitability as impervious material. They are within economical range
of the site and practically unlimited in volume. These areas are indicated
as A end B on Drawing VI-B-l. The clays vary from silty to medium clay
with some sand. The samples tested indicated sufficient impermeebility and
strength for use in the impervious corse. The upstreem blanket can also be
mede with this material and needs no special treatment except under the
pervious rolled shell of the embankment.

Of the borrow areas investigated the clays of the Lisan Marl

formation are recommended for the embankment and the upstream blanket.
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Reference is made to Drawing VI-B-5 for details of testing data.

Pervious Borrow

The ocoarser fractions of the gravel in %he river channel and exten-
sive gravel bars appear to be suitable for pervious borrow material. The
quantity available is considered ample, as determined by dozer trenches and
test pits, for any possible design considerations. Thia area is indicated as
E on Drawing VI-B-1l. Reference is made to Drawing VI~B~-5 for details of test
data.

Filter Material

4An ample supply of filter end drain material occurs as river sands
and gravels at the Zarqa Irrigetion Site. However, the material exists as a
random mixture, grading from small boulders down to fine sand, rather than
as segregated deposits. Therefore, it will be necessary to screen the random
material at the site to obtain the various filter gradations. Samples of the
random material were segregated by sieving through a #4 sieve to obtain a
coarse end fine gradation. Grain size ourves of the gradations thus produced
indicate that the coarse aggregete will serve as a second stage filter and
the fine aggregate will serve as a first stage filter. From the samples ex-
amined about 35% of the rendom material appears to be finer than a 4 sieve.
Cunulative frequency curves(grain-size distribution ourves) for thié material
are shown on Drawing VI-B=-5,

Riprap and Rock Fill

Large quentities of limestone suitable for riprap are available on
the left abutment. The limestome is described in Appendix VI-A, Damsite

Geology, and designated as areas F and G on Drewing VI-B-1l,
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Concrete Aggregate

Natural Aggregate

A gravel bar suitable for a source of fine and ooarse eggregate oo~
curs between 200 and 900 meters upstream from the proposed axis of the dam.
It is designated as area E on Drawing VI-B-l and shown in more detail on
Drewings VI-A-13 and VI-A-165.

The gravel bar has a total volume of 1,500,000 cubic meters and an
average thickness of epproximately 10 meters.

The gravel is composed of hard, clean, rounded particles of lime-
stone, sandstone, and flint, the limestone being predominete. The flint is
~ deletericus but the effects may be neutralized by using a low-alkali cement.

The gravel is sandy with particles ranging from 0.1 millimeter to
45 centimeters in diameter. It has ample quantities of both coarse and fine
material but will require grading to meet specifications.

The results of laboratory tests are given in Table 5 and the ou-
mulative frequency curves are plotted on Drewing VI-B-5.

Manufactured Aggregate

There are ample quantities of suitable limestone on the left abut-

ment that mey be quarried for the manufacture of fine and coarse aggregates.
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BAST GHOR CANAL

Borrow Material

Impervious Borrow

Baged on data from test pits and auger borings there are ample
quantities of impervious borrow along the elignment of the cane’. A large
portion of impervious borrow may be obtained from the canal excavation, but
where cenal excavation is insufficient impervious borrow may be taken from‘
areas immediately east of the alignment. Borrowing would be restriobed to
the east side to eliminate destruction of irrigable 1mnd lying to the west.

Generally the soil is a séndy olay and would meke suitable com-
paoted fill. The material is satisfactory as impervious blanket materisal and
as & oentral core for szoned earthfill or rockfill structures. If used for
homogeneous rolled fill dams the following general limitations must be ap-
plied:

l. For dikes not exceeding 10 meters in height, slopes not steeper
than 2.0" to 1,07 shall be used.
2. For dikes greater than 10 meters but not exceeding 30 meters in
height, slopes not steeper than 3.08 to 1,07 shall be used.
The strengths of the impervious borrow materials are based on the grain size
curves shown on Drawing VI~-B-6.

Pervious Borrow

There appears to be ample quantity of pervious material available,

based on data from test pits, in both the canal excavation and along the
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minor wadis. The materials vary from well-graded sends end gravels to an-
gular limestone debris ranging up to 15 centimeters in diemeter.

Filter Material

Semples of river gravels from various locations along the cai.al
alignment were exsomined for use as filter and drain material. Grain size
ourves of ths random sanples disclosed a percentage of fines insufficient for
adequate filter protection of the olay loam soils contemplated for use in the
embankment. However, ths random samples were separeted into a coarse and fine
gradation by sieving through a U. S. Standard #4¢ sieve. The material passing
the #4 sieve will serve edequately as a first stage filter for the clay loams,
and the material retained on the #4 sieve will serve as a second stage filter.‘
The four rendom samples examined indicated that about 30 percent by weight of
the river gravels will serve as first stage filter material.

The random river gravels are reasonably well graded with particles
ranging from 0.2 to 90 millimeters in diemeter and should therefore have an
average permeability of ebout 4800 x 10-4 om/sec. This material will serve
as excellent drein material end is so recommended. See Drewing VI-B=-6 for
grain-size distribution curves of pervious materials.

Riprep for the flume section of the canal may be quarried from the
basalt cliffs at the mouth of the Yarmouk Gorge or obtained from basalt talus

deposits lying at the base of the cliffs.

Concrete Aggregate

Netural Aggregets

The wadis that drain the eastern highl ands derive their debris from
several stratigraphic units which are described in Volume II, Part 2. Thus,

the composition of the gravsl deposits along the wadis will be determined by
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the lithology of the bedrock outcropping in their respective drainage basins,
This being the cass, the wadis draining the northern ares underlain by soft,
friable chelks, inoluding some flint, of the Belqa Series will have gravel
deposits unsuitable for aggregate. On the other hand, those draining the
southern area largely underlein by crystelline limestones and sandstones of
the Ajlun Series and Zarga Group may have gravel deposits suitable for
aggrogate -~ depending on factors other than composition. This condition weas
confirmed by field investigations and is illustreted by the results of labora-
tory tests on Samples 8, 9, and 10 shown in Tables 6, 7, and 8, respectively.
Sample 10 was collected from Wadi Arab which drains the northern area. The
ochalk was found to be unsuitable for sggregate. Semples 8 and S:VSfé col~
lected from wadis draining the southern area. The results of the tests ere
satisfaoctory.

It is important to note that most natural sggregates in the Jordan
Valley area have appreciable quantities of flint. The flint is deleterious
but the effects mey be neutralized by using a low-alkali cement.

¥anufactured Aggregate

Ample quantities of rock suitable for the menufacture of fine and
coarse aggregate may be quarried from selected sites along the steep slopes
that form the eastern border of the Ghor.

The basalt flows at the mouth of the Yarmouk Gorge provide en ex-
osllent source of material and have previously been recommended in this report

es & gource of aggregate for the Yarmouk Diversion Project. Petrographic
enalyses of these rocks are given in Table 1, the results showing that they
should be innoccuous.

The chalks of the Belgqa Series that form the valley slopes from

the Yarmouk Gorge to Wadi Yabis are not suitable for concrete aggregate. They
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are 8oft and friable and subjeot to cavitation.

The orystelline limestones of the Ajlun Series and Zarga Group
that outorop intermittently along the valley walls from Wadi Yabis to the
Dead Sea are a good source for quarry rock for the menufacture of coarse
and fine aggregate. These rocks are widespread end would provide a ochoica

of several gites.
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LOCAL SOURCE OF CEMENT

The only cement mill in Jordan is 21 kilometers northwest of Ammen
near the village of Fuhais. It is socessible from Amman, the nearest rail-
head, by paved roed.

At the present time, the plant has a maximim and e minimum output ‘
of 235 and 200 metric tons per day, respectively. Tentative plans oall for
installation of an additional kiln in 1965.

A portland cement which corresponds to Type I, ASTM Standards, is
being produced at the present time. In the near future, a pozzolanioc type of
cemsnt, Type IV, ASTM Standards, will be available.

Four samples were tested according to ASTM Standards by the

Robert W. Hunt Compeny, Chicego, Illinois, U. S. A. The results of these

tests are given in Tables 9, 10, and 11l.

B=-19



APFPENDIX Vi-B
YARMOUK-JORDAN VALLEY PROJECT
MASTER FLAN REPORT

WATER ANALYSES

Chemical analyses were mede on water samples oollected from the

following rivers and wadis:
Yarmouk
Zarga

Jordan

Wadis

' Yabis
Kufrinje
Rajib
Hisban

Kafrein

The results of the analyses are given in Table 12. They show that
the waters are relatively low in sulphete compounds of magnesium, sodium, and

oalcium and should not have deleterious effects on concrete struoctures.

B-20
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PETROGRAPHIC REPORT ON AGGREGATE FR CONCRETE
YARMOUK DIVERSION SITE
By

Howard A. Coombs
Consulting Geologist

Samples of basalt 300 meters upstream from proposed
damsite located 1.5 kilometers upstream from
the mouth of the gorge.

Report prepared according to A.S.T.M.
Designation C295=-52T, issued 1952,

Summary

The rock from the indicated locality on the Yarmouk River,
Jordan, is all basalt. More specifically the rock is a very fresh, gray,
vesicular, olivine basalt. The vesicules range from microscopic size in
some samples up to those measuring several centimeters in length in other
samples. A buff colored calcite has entered some of the vesicules as a
secondary material and completely or partially filled a small percentage
of the blow holes. One sample showed a face covered with calcite.

Under the microscope the rock is seen to be very fresh with
practically no alteration products. One fact is clear that all the ba-
salts are of the same composition and probably originated from the same
Ssourcae, All contain the identical minerals found in all the othef samples.
These are: plagioclase, olivine, augite, magnetite, ilmenite, calcite,

and in one sample, a small amount of glass. The main variation in the
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rocks 1is the volume and size of the vesicules present, and the condition
of the groundmass. In the highly vesicular rocks the groundmass is finer
and in one sample contained a little glass. In the less vesicular rocks
the groundmass is coarser and the samples contain a greater concentration
of olivine.

Three features worthy of note in connection with this material
and its use as concrete aggregate are:

l. the presence of basaltic glass in one of the samples,

2. the high percentage of pore space in some of the samples

because of vesicules, and

3. the presence of calcite as a secondary product partially

filling the vesicules.

The basaltic glass is the only material observed in the thin‘
sections that would ordinarily be considered deleterious. Although the
amount is small it might be well to specify a cement containing less than
0.6 percent of total alkalis, If this material is quarried more of the
marginal portions of the flow might be included where the percentage of
glass would be greater. The above statements are not intended as a genere
al opinion regarding the quality of the material. The A.S.T.M. Designa-
tion C295-52T specifically mentions that the report should not contain a
general statement of opinion by ﬁhe petrographer concerning the quality
of the material., Detailed deseriptions of the samples are given in ﬁhe

pages that follow,
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Sample No. le Fresh gray basalt.

The rock is slightly vesicular showing vesicules averaging
approximately 1 mm in diameter scattered so as not to average more than
one vesicule per square centimeter of surface., A few smaller cavities
exist in the rock and these are but a small fraction of the size of the
vesicules. No weathering occurs on the surface of the rock sample sent
in. The hand specimen is a uniform medium gray color in which the small
lathe of feldspar can be determined by a hand lens.

The microscope reveals the rock to be an olivine bé.salt. The
phenocrysts of olivine average approximately 1 mm in greatest dimension
but the maximum approaches itwice this figure. Augite is also present
as phenocrysts but encloses plagioclase in a fashion typical of many
diabases,

The most abundant mineral in the rock is plagioclase in the
form of thin, tabular crystals. These average 0.5 mm in length and are
very flat when viewed on edge. The largest ones can be seen in the hand
specimen with a lens.

Between the rather felted texiture of the plagioclase is a base
or mesostasis of very fine material composed mainly of small augite
granules, smaller feldspar crystals, magnetite and ilmenite grains. A
small amount of pale brown glass occurs between some of the feldspars.
This has an index of refraction of 1.56L. Several patches of caleite

were observed in the thin section. Calcite would be present in quantity

of at least several percent.
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A rough evaluation of the quantity of minerals present would be

as follows: plagioclase 55%, olivine 17%, augite 10%, groundmass, include

ing glass and magnetite 15%, and calcite 3%.

Sample No. 2. Fresh, gray basalt.

In hand specimen this rock is almost identical to Sample No. 1.
The vesicules are about 1 mm in diameter and scme partially or completely
filled with calcite forming amygdules. No weathering or secondary products
other than calcite are visible in the hand specimen. The small, green
patches are clusters of olivine grains and not due to weathering.

Under the microscops the rock shows plagioclase laths, olivine,
augite, and intergranular groundmess almost identical to Sample No. 1.
The olivine and/or augite phenocrysts have a tendency to form clusters.
A few olivine grains shcv slight alteration to antigorite or bowlingite.
The groundmass is almost entirely crystalline. The small amount of pale
brown glass observed in Sarple No. 1 was not present in this slide. The

mineral composition is practically identical to Sample No. 1.

Sample No. 3. Fresh, gray basalt.

The rock is very similar tovSamples No. 1 and 2, except the
vesicules are smaller. Some vesicules are partially filled with calecite.
Again the olivine phenocrysts tend to form small clusters.

Under the microscope the chief difference between this rock and
Sample No. 2 is the size-of the vesicules. They are much smaller, perhaps

half the size of the vesicules in the first two samples. However, this
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does not mean they are any less abundant. The total volume of vesicules
would probably be the same in all three samples. The kind and quantity

of minerals present is identical to Sample No, 2.

Sample No. L. Fresh, gray vesicular basalt.

In color and general texture this rock is similar to the others.
It differs in that it is obviously vesicular. The vesicules measure up to
one cm. in length and most of them are coarse and irregular in shape. Por-
tions of the surface are coated with a thin buff colored layer of calcite.
Some of the large vesicules are partially filled with calcite.

Under the microscope the rock is identical to Samples No. 2 and
3. A little quartz was seen in a few of the vesicules but the total quane
tity would be less than 2%.

Sample No. 5. Fresh, gray, vesicular basalt.

The rock is identical to the others in general appearance but it
is very vesicular both in regard to the number and size of the blow holes.
Certain portions of the rock may have as much as 24% pore space. Some
vesicules are completely filled with calcite but others have none. Most
of the blow holes are empty.

Under the microscope the essential difference between this rock
and the others is the condition of the groundmass. The high degree of
vesicularity suggests the sample originally came from the top of the flow,
The dark and dense groundmass bears out this suggestion. The plagioclase,

olivine and augite are exactly like those in the other samples. The ine
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terstitial mineral between these crystals 1s so charged with fine magnetite
and ilmenite dust that it is almost opaque. Under such conditions it is

impossible to determine if glass is present in the groundmass.

Sample No, 6. Fresh, gray basalt.

Again the rock is identicél to the others except in the degree
of vesiculation. Sample No. 6 has vesicules but they are very small and
inconspicuous. Another feature worthy of note is the almost complete
lack of carbonate in the vesicules.

Under the micruscope the visible minerals are plagioclase,
olivine, augite, magnetite, and ilmenite with a groundmass of holocrystale
line granules of augite, plagioclase, and opaque minerals. No glass was
observed in the thin section. The holocrystalline nature of the\rock tom
gether with the lack of large vesicules indicates the rock came from the
central portion of a flow. Insofar as concrete aggregate isAconcerned,

this type of the basalt is the most desirable.

Samples No. 7. Fresh, gray basalt.

The hand specimen shows but a few scattered vesicules in a very
compact and even grained rock. In all other respects it resembles the
previously described samples.

Under the microscope the thin section shows a higher per-
ceﬁtage of olivine phenocrysts that may well total over 25% of the rocke
The reason may be due to gravitative Settling at the time thé flow poured

out, Calcium carbonate is present in some of the blow holes but would
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make less than 5% of the rock. Some of the olivine grains are rimmed with
brown alteration products but the rock is not weathersd or weakened by any
secondary alteration. No glass was observed in the groundmass. It appears
to be composed exclusively of smaller grains of the other mine?als in the

rocks.

Sample No. 8. Fresh, gray basalt.

Samples No, 7 and 8 are practically identical. They differ a
little from the others in the lack of conspicuous vesicules.

Under the microscope the rock shows a higher concentration of
olivine phenocrysts and in this respect it also resembles Sample No. 7.
The plagioclase, augite, olivine, and opaque minerals are all remarkably
fresh and unaltered., The groundmass is the coarsest of all the samples

and is holocrystalline. No glass is present.

/s/ Howard A. Coombs

Howard A. Coombs

Consulting Geologist

Professor and Executive Officer
Department of Geology
University of Washington
Seattle 5, Washington

January 29, 1955
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CONCRETE AGGREGATE
KHALID STORAGE SITE
Sample No. 1l
Material Retained on a No. l; Sieve
Percent, By’ Weight e @ & 0 6 ¢ o o ¢ 62013

Material Passing a No. 4 Sieve
Percent, By’ Weight ® o & 9 o o 0o o o 37087

SIEVE ANALYSIS
(Grading of Aggregate By Weight)

__Coarse Aggregate #:# ___Fine Aggregate *»
U.S. Cumilative Cumilative
Standard Percent Percent Percent Percent
Sieve Size Retained Passing Retained Passing
3 1/2v 00 100
3n 21 79
2 1/2n % 38 62
24 * 52 L8
11/2v 63 37
1v * 75 25
3/un 80 20
1/2n #* 86 )
3/8n 90 10
No. 44 100 00 - 00 100
No. 8 100 00 19 81
No. 16 100 00 52 48
No. 30 100 00 79 21l
No. 50 100 00 oL 06
No. 100 100 00 98 02
Fineness Modulus 8,54 3.2

#(Not included in Fineness Modulus calculations.)

¥t Sample separated on a No. L sieve into Coarse and Fine
Aggregate classification prior to tests reported herein.

UNIT WEIGHT
(Lbse Per Cu, Ft,)
Rodded Weight
Room Dry
Coarse Aggregate ¢ & o 0 ¢ o o 0 & 0 0O 115.6 §1851 Kg/‘MB)
Fine Aggregate ® 0 0o 0o e 0 000 008 + 1101 1763 " )
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BULK SPECIFIC GRAVITY
(Saturated Surface Dry Basis)

Coarse Aggregate ® & & o+ 6 o ¢ o © 0 o o & o @ 2.62
Fine Aggregate e & & ¢ o 2 0 % & 8 » e o o6 8 @ 2-66

ABSORPTICN
(By Weight, Percent)

Coarse Aggregate © ¢ o s 5 o a8 8 0 0 06 8 e 0 s 2.19
Fine Aggregate ® ¢ s ¢ o 0 0 e 0 0 8 0 0 s o h.20

CRGANIC IMPURITIES
(Color Value)

Fine Aggregate ® 6 © @ 6 ¢ o 6 & 6 o o @ Pléte No. 2

MATERIAL FINER THAN A NO, 200 SIEVE
(By Weight, Percent)

Coarse Aggregate ® 6 @ 2 © 0O e 4 6 0 0 6 e e e 008
Fine Aggregate e o o o o 08 8 8 0 e 5 06 e e o Il

83

ABRASION OF CCARSE AGGREGATE
BY USE OF THZ LOS ANGLLES MACHINE

Grading © e 4 8 0 5 s s 8 8 0 6 9 0 s s s e e & AN
Weight of Sample Before Test, Grams o « « o o« « 5000
Weight of Sample After Test,

(Retained on a No. 12 Sieve), Grams « « o o 3219
Loss in Weight, Grams o s o s o e ® o o o ¢ o o 1781
Percentage of Wear « » » e . © o & 0 o o & @ o o 35062

SOUNDNESS OF CARSE AGGREGATE
BY USE CF SODIUM SULFATE (S5=Cycles)

’Quantitative Results:

Grading of Weight of Passing Finer Weighted
Sieve Size Original = Test Fractions Sieve After Test Average
Sample Before Test, (Actual Percent (Corrected
Pasging Retained Percent Grams Loss) - Percent Loss)
2 172" 1l 1/2n 63 3009 11.26 T.09
11/2v 3/4n 17 1720 9.33 1.59
3/4n 3/8n 10 1111 9.70 0.97
3/8"  No. 4 10 100 8.33 0,83

Totals 100 8210 o 10,48
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Qualitative Examination:

. . Pieces in Appearance of Material After Test
Sieve Size Test Pieces Affected
Fraction Split or Chipped Pieces in
Passing - Retained Before Test Disintegrated or Flaked Good Condition
2 1/2n 1 1/29 37 2 12 23
11/2n 3/un L6 3 11 32

SOUNDNESS OF FINE AGGREGATE
BY USE OF SODIUM SULFATE (S-Cycles)

Quantitative Results:

Grading of Weight of Passing Finer Weighted
Sieve Size Original Test Fractions Sieve After Test Average
Sample Before Test, (Actual Percent Lorrected
Passing Retained Percent Grams Loss) Percent Loss)
No.100 — 1.6 -— - -—
NO. SO NO. lOO )4.8 S -—— —
NO. 30 Noe 50 l).lo? 100 7.1 1.01
NO. 16 NO. 30 2700 100 803 2.22{
NOQ 8 NOQ 16 33.6 100 906 3.23
No. U4 No. 8 18.8 100 10.2 1.92
3/8" No. U - ~-— - -—

Totals 100.0 ) 850
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CCNCRETE AGGREGATE
KHALID STCRAGE SITE
Sample No. 15

BULK SPECIFIC CRAVITY
(saturated Surface Dry Basis)

Sample, as received © & © 6 6 0 ¢ o 06 & & o o 2082

ABRASICN OF COARSE AGGREGATE
BY USE OF THE LOS ANGEIES MACHINE

Grading o e » » o ¢ s ¢ o 0 o o s s e s 0 a e o o MAM
Weight of Sample Before Test, Grams « « « o o o o 5000
Weight of Sample After Test

(Retained on a No, 12 Sieve), Grams Loh3
Loss in Weight, Grams « o « 0 0 o o o o o« 957
Percentage of Wear o+ « o o ¢ ¢ 6 o ¢ 0 6 0 o « o 19,1l

L]
L ]
®
-]

SOUNDNESS OF CCARSE AGGREGATE
BY USE OF SODIUM SULFATE (S5-Cycles)

Quantitative Results:
Grading Weight of Passing Finer Weighted

of Test Frac- Sieve After Average
Sieve Size Original +tions Be~ Test (Actual (Corrected
Sample fore Test; Percent Loss) Percent
Passing Retained Percent Grams Loss)
371 L3 131 5,90 2403
3/Ln 3/8 32 1202 6023 1,99
3/8n No. L 20 100 9433 1,87
Totals 100 3333 6,565
Qualitative Examination:
Pieces
in Test Appearance of Material After Test
Sieve Size Fraction Pieces Affected
Before Split or Chipped Pieces in
Passing Retained Test Disintegrated or Flaked Good Condition

172 3/un 61 Z 1 bY4
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CCNCRETE AGGREGATE
KHALID STORAGE SITE

Sample No. 16

ABRASION OF COARSE AGGREGATE
BY USE OF THE LOS ANGELES MACHINE

Grading..o....-.o........eo."A"
Weight of Sample Before Test, Grams « « « o ¢ ¢ « 5000
Weight of Sample After Test

(Retained on a No. 12 Sieve), Grams 22h7
Loss In Weight, Grams O 2 9 & ® e o 0o e ° 2753
Percentage cfWear o ¢ o 5 o 0 o o @ o ¢ o o 0 @ 55-06

[ ]
®
¢
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CONCRETE AGGRECATE

ZARQA TRRIGATION SITE
Sampls No. 13

Material Retained on a No. )i Sieve

Percent, Byweigh‘b * & 0 o e & 0 4 0 e 8 e @ 611‘89
Material Passing a No. l; Sieve

PerCEnt, Byweight LI A R ¢ o o+ o 35011

SIEVE ANALYSIS
(Grading of Aggregate By Weight)

Coarse Aggregate i Fine Aggrepgate #%

U. S. Cumulative Curmlative
Standard Percent Percent Percent Percent
Sieve Size Retained Passing Retained Passing
3 : 00 100
2 1/2" » oh 96
2N +#* 22 78
11/2¢ 32 68
1" * 53 L7
3/h" . 66 3k
1/2r % 80 20

gn 87 13
gé. b 160 00 00 100
No. & 100 00 10 90
No. 15 100 00 25 5
Ne. 30 100 00 LS 55
No. 50 100 0.0} 79 21
Neo. 100 100 00 95 05
Fineness Medulus 7.85 2.5k

# (Net included in Finsness Medulus calculations).

#% Sample separated on a No. L sieve into Coarse and Fine Aggregate
classification prior to tests reported herein.

UNIT WEIGHT
(Lbs, Per Cu, Ft,)
Rodded Weight
Room Dry

Coarse Aggregate o o o o o o o o o o o 10LoT (1676 Kg/M3)
Fine Aggregate @ ¢ 2 o 8 0 0 0 & 6 2 0 10502 (16811 " )




BULK SPECIFIC GRAVITY
(Saturated Surface Dry Basis)

Coarse Aggregate v 4 v v v v o o 0 o o o o
Fine Aggregate « . 4 & 4 ¢ ¢ v ¢ o ¢ ¢ o o o

ABSORPTION
(By Weight, Fercent)

CoarseAggrega‘be............-.
Fineﬁggregate...-...........

MATERTIAL FINER THAN A NO. 200 SIEVE

(By Weight, Percent)

Coarse Aggregate + ¢ ¢ o« v 4 v ¢ ¢ o o ¢ o &
Fine Aggregate « o &« ¢ ¢ ¢ ¢ ¢ o o o « o o

ABRASION OF COARSE AGGREGATE
BY USEL OF THE LOS ANGELES MACHINE

Grad ing - ] L4 * * L ® * - * - o L 4 » L ) L] * L4
Welght of Sample Before Test, Grams . . . .
Weight of Sample After Test,

(Retained on a No. 12 Sieve), Grams .
Loss In Weight, Grams « v v o o o o » o o
Percentage of Wear . « o o v o o o o o o
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2.61

o]

“All

3735
1265
25.30
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SOUNDNESS OF COARSE AGCGREGATE
BY USE OF SODIUM SULFATE (5-Cycles)

Quantitative Results;y
Grading Weight of Passing Finer Weighted

of Tast TFrac~ Sisve After Average
Sieve Size Original tions Be= Test (Actual {Corrected
- Sample fore Testy, Percent Loss) Percent
Pasging Retained  Percent Grams Loss)
1172 3/ux €0 1551 9030 O lif
3/hn 3/8 21 1100 7.00 1ol7
3/8*Q Nae h 13 300 )4033 0056
Totals 156 2951 B850
Qualitative Examination:
Pisces .
in Test Appearance of Material After Test
Sieve Size Fraction Pieces Atfected
"_' Before 5013t or Chipped Pieces in
Passing Retainsd Test Disirtegrated or Flaked Good Condition
TI72% 37TY 13 3 IZ 28

SOUNDNESS QF FINE AGGREGATE
BY USE OF SODIUM SULFATE (5-Cycles)

Quantitative Resultis:
Grading Weight of Passing Firer Weighted

of Test Frac~ Sieve After Average

Sieve Size Original tions Be= Test (Actual (Corrected

- Sample fore Test, Percent loss) Percent
Passing Retained Perzent Grams Loss)
Noe 10U . 5a0 - e -
Noe 50  WNo, 10C 16,k - - -
Hea 30 Neo, 50 33,2 100 9.0 2,99
Hos 16 No. 30 2001 100 8a6 1.75
No. 8 No. 15 14,8 100 ho?2 0,62
Nee 4 Neo 8§ 10,2 100 57 . 0458

350 How L ew - - -

Totals 10,0 T30 Seol
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CONCRETE AGGREGATE
EAST GHOR CANAL ALIGNMENT

( From Wadi Bust El Farras, on
Sample No. 8 ( East Ghor Highway, at kilometer-
( post 65

Material Retained on a No. L Sieve
’PErcent, Byweight e ® @ 6 ¢ 0 o e o o e o o .o 83.02
Material Passing a No. L Sieve
Percent,ByWeight.............. 16098

SIEVE ANALYSIS

(Grading of Aggregate By Weight)

Coarse Aggregate 3o¢ Fine Aggregate 38t .
U. S. Cumilative Cumulative
Standard Percent Percent Percent Percent
Sieve Size Retained Passing Retained Passing
3 1/2¢ . 00 100
3" 09 91
2 1/2" % 10 90
2" * 19 81
11/om 31 69
iy * 53 - Ly
3/L" 66 3L
1/2v #* 81 19
3/8n 90 10 ,
No. 4 100 00 00 100
No. 8 100 00 22 78
No. 16 100 00 32 €8
No. 30 100 00 Ll 59
No. 50 100 00 Th 26
No. 100 100 00 93 o7
Fineness Modulus 7,96 2.62

# (Not included in Fineness Modulus calculations).

¥* OSample separated on a No. lj sieve into Coarse and Fine Aggregate
classification prior to tests reported herein. .

UNTIT WEIGHT
(Lbse Per Cu,. Ft.)
Rodded Weight
Room Dry
Coarse Aggregate ® & o o 8 6 0 o 0 o o 101050 (1625 Kg//MB)
Fine Aggrega‘te ® o & & 5 o o 2 8 o 0 0 113050 (1817 " )
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BULK SPECIFIC CRAVITY
(Saturated Surface Dry Basis)

Coarse Aggregate ® s s 4 o ; e o s 0 0 0 s 0 24
Fine Aggregate © ¢ ¢ o o s ¢ o 0 0 s 060 4 0 2

ABSORPTION
(By Weight, Percent)

Coarse Aggregate ® e & ¢ 8 6 6 4 0 e a6 o e & .1073
Fine Aggregate e & o T & ¢ B S O & & * o s e ZoOh

ORGANIC IMPURITIES
(Color Value)

Rine Aggregate © ¢ e o s 60 08 s e o o Plate No, 2

MATERIAL FINER THAN A NO. 200 SIEVE
(By Weight, Percent)

Coarse Aggregate © 6 0. 6 o 5 8 @0 % 6 e e o e 0 o 0080
Fine Aggregate A4 L ] - L ] » - L] L] . * [ ] [ * L ] * [ ] [ ] 2.11

ABRASTICON OF COARSE AGGREGATE
BY USE OF THE LOS ANGELES MACHINE

Gradmg ® [ 4 L] * * * o * L J L ] L] L 4 ® ® ® [ * L 4 - L] - "A“
Weight of Sample Before Test, Grams . « « « « o o 5000
Weight of Sample After Test

Retained on a No. 12 Sieve), Grams . . « » » 3500
Loss In Weight, Grams « o« o« ¢ ¢« ¢ ¢ ¢ ¢ o o 8 o o 1500
Percentage Of Wear « o v o o s o o o s o o o o oo 30.00
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SOUNDNESS OF COARSE AGGREGATE
BY USE OF SODIUM SULFATE (5-Cycles)

Quantitative Results:
Grading Weight of Passing Finer Welighted

of Test Frac- Sieve After Average
Sieve Size Original tions Be- Test (Actual (Corrected
Sample fore Test, Percent Loss) Percent
Passin Retained Percent Grams Lossa)
/LT 66 1658 907 030
3/Ln 3/8n 2l 1211 6460 2058
3/8n No. L 10 Lo2 5.08 0,51
Totals 150 3301 84T
Qualitative Examination:
Pieces ,
in Test Appearance of Material After Test
Sieve Size Fraction Pleces Alfected
- Before SpIit¥ or Chipped  Pieces in
Passing Retained Test Disintegrated or Flaked Good Condition
I 172V Sh 3 15 36

SOUNDNESS OF FINE AGGREGATE
BY USE OF SODIUM SULFATE (5-Cycles)

Quantitative Results:
CGrading Weight of Passing Finer Weighted

of Test Frace Sieve After Average
Sieve Size Original +tions Be=- Test (Actual (Corrected
Sample fore Test, Percent Loss) Percent
Passing Retained Percent Grams Loss)
No. 100 - ) - - —
Nos. 50 Noe. 100 19.8 — - —
No. 30 No, 50 32,4 100 Tel 2.30
No. 16 Neca 30 8,8 100 75 066
No. 8  No. 16 10.h 100 847 0,90
Noe L  No., 8 22.0 100 9.3 2,05
3/8" NO. h _— haded —— -——

Totals 160.0 TICo 591
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CONCRETE AGGREGATE
EAST GHOR CANAL AIIGNMENT

( From Wadi Qarn on East Ghor Highway,
Sample No. 9 ( at kilometer-post 105.

Material Retained on a No. L Sieve

Percent, ByWeight. ¢ o & & o e 0 s o o o 70.89
Material Passing a No. L Sieve \

Percent, Byweight. e o o 8 6 o o 0 & o o 29.11

STEVE ANAIYSIS
(Grading of Aggregate By Weight)

Coarse Aggregate % Fine Aggregate it¢
U. S. Cumulative Camulative
Standard Percent Percent Percent Percent
Sieve Size Retained Passing Retained Passing
3 1/2¢ 00 100
3" 08 92
2 1/2n "1k 86
24 +* 21 79
11/2v 31 €9
" * L€ 5k
3/ 59 L1
/2 % Th 26
3/8v - 8l 16
No. I 100 00 00 100
No. 8 100 00 25 75
No. 16 100 00 53 L7
No. 30 100 00 Th 26
No. 50 1C0 Co 87 13
No. 100 100 00 93 o7
Fineness Modulus 7.82 3.32

% (Not jncluded in Fineness Modulus calculations).

3+ Sample separated on a No. i Sieve into Coarse and Fine Aggregate
classification prior to test reported herein.

UNIT WEIGHT
(Lbs, Per Cu, Fte)
Rodded Weight

Room %z
Coarse Aggregate ¢ 0 ¢ 0 0 0 & 0o & & o 98,50 \1577 Kg/MBg

Fine Aggregate e 0 ® 0 8 o o 0o ® e o o 105080 (169)4 n
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N IX SPECIFIC GRAVITY
(Saturated Surface Dry Basis)

Coarse Aggregate. © o 4 o+ 4 6 o @ 6 e e & & s e 2058
Fine Aggregate. v v v v v 4 4 o 4 4 e o o o o o 2.53

ABSORPTION
(By Weight, Percent)

Coarse Aggregate ® ¢ 0 ¢ s a4 s 6 8 s 6 0 s 6 0 o 1052
Fine Aggregate ® o & o 6 e ¢ © o 0 @ & 0 6 & ¢ o 3-09

ORGANIC IMPURITIES
(Color Value)

Fine Aggregate * & o & & o 6 % & ® e e o 9o » Plate NO. 3

MATERIAL FINER THAN A NO. 200 SIEVE
(By Weight, Percent)

Coarse Apggresalte o« ¢ ¢ o o « o o o o o o s o o « 1412
Fine Ageregate o« o o o o o ¢ o 5 o 06 0 ¢ o o s o 6.65

ABRASTCN CF COARSE AGCGREGATE
BY USE OF THE LOS ANGELES MACHINE

Grading o « « o o o o o s o o o o 0 ¢ ¢ o o o o o MAM
Weight of Sample Before Test, Grams o « « « « « o 5000
Weight of Sample After Test,

(Retained on a No. 12 Sieve), Grams « « » « « 3705
Ioss In Weight, Grams « o« « o « o o o o s + o o ¢ 1295
Percentage of Wear . « o« o o « o » o« o ¢ o o o o 2590
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SCUNDNESS OF COARSE AGGREGATE
BY USE OF SODIUM SULFATE (5-Cycles)

Quantitative Resulta:
Grading Weight of Passing Firer Weighted

of Test Frac= Sieve After Average
Sieve Size Original tions Be- Test (Actual (Corrected
Sampls fore Test, Percent Loss) Percent
Passing Retained Percent Grams Loss)
3/L% 59 T&87 519 3,06
3/L® 3/8n 25 1h9 Le50 1.12
3/8n No, U 16 1100 ho33 0469
Totals 100 738 .87
Qualitative Examinations
Pleces
in Test Appearance of Material After Test
Sieve Size Fraction ‘Pleces Affected
Befors Split or Chipped Pieces in
Passing Retained Test Disintegrated o Flaked Goocd Condition

1 172w 3/ 15 7 15 31

SOUNDNESS OF FINE AGGREGATE
BY USE OF SODIUM SULFATE (5-Cycles)

Quantitative Results:

Grading Weight of Passing Finer Weighted

of Test Frac~ Sieve After Average
Sieve Size Original tions Be- Test (Actual (Corrected

Sample fors Test, Percent Loss) Percent
Passing Retained Percent Grams Loss)
No. 100 - 5.3 gy — -
Noe 50  No. 1CO 6ol - -— -
Noe 30 Noeo 50 1392 100 3.9 O.Sl
No. 16  No., 30 20,8 100 he3 0,89
No. 8 No. 16  27.L 100 5¢5 1,51
NO. h NO, 8 25.’4 100 602 1057

3/8" No. h
Totals 150.0 T.00 L.L8
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CONCRETE AGGRFGATE
EAST GHOR CANAL ATICGNMFNT

(. From Wadi Arab, on East Ghor Highway,
Sample No. 10 ( at kilometer-post 155.

Material Retained on a No. L Sieve

Percent, By Weight ¢« o ¢+ ¢ ¢« « ¢« ¢« o & « o « 64.35
Material Passing a No. i Sieve

Percent, By Weight ¢« « 4 o « o ¢ « & « « « » 35.65

SIEVE ANAIYSIS
(Grading of Agoregate By Weight)

Coarse Aggregate ¢ Fine Agrregate 3
U. S. Cumulative Curulative
Standard Percent Percent Percent Percent
Sieve 3Jize Retained Passing Retained Passing
3 177 Q0 100
3 06 oL
2 1/2" 11 89
2n * 22 78
1 1/2v 31 69
i 53 L7
3/Lm 69 31
1/2n * 84 16
3/8n 91 09
No. L 100 00 00 100
No. 8 100 00 - 12 88
No. 16 100 00 27 73
No. 30 100 00 Ly 5¢
No. 50 100 00 65 35
No. 100 100 00 §_2_ 18
Fineness Modulus 7.97 2.30

kY3
2y

3

(Not included in Fineness Modulus calculations).

Sample separated on a No. L Sieve into Coarse and Fine Aggregate
classification prior to tests reported herein.

UNIT WEIGHT
(Lbse Per Cu, Ft,)
‘Rodded Weight
Room Dry

Coarse Aggregate ® o o 0 % @ s e 0 e 0 9305 (1)-197 KE/MB)
Fine Aggregate ® o & & ¢ 0 & 6 s 0 0 0 100.5 (1609 " )
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BUIX SPECIFIC GRAVITY
(Saturated Surface Dry Basis)

CoarseAggregate...............o 2¢h8
Fine Aggregate '« ¢ ¢ & o o ¢ o o o o o o o« « o 2.h4

ABSORPTION
(By Weight, Percent)

CoarseAggregate...........-.oo- 3057
HMAggregatEooooo.o-ooooooooo5.’48

ORGANIC IMPURITIES
{Color Value)

Fine Aggregate « « « ¢ ¢ « « « + . Betuween Plate No. 3 and
Plate No. L

MATERIAL FINER THAN A NO. 200 SIEVE
(By Weight, Percent)

Coarse Aggregate « v v o ¢« o ¢ « « ¢ o ¢« o s o o« 1.09
FineAggrega‘be............o....9-73

ABRASION OF COARSE AGGREGATE
BY USE OF THE LOS ANGELES MACHINE

Grading..:..................o"A"
Weight of Sample Before Test, Grams « « « « « « » 5000
Weight of Sample After Test

(Retained on a No. 12 Sieve), Grams . . . . o 3L5k
Loss inWeight, Graris « o « « o« o o o o o o o o « 156
Percentage of Wear . . v & o 4+ ¢ o ¢ o o« o s o o 30.92
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SOUNDNESS OF COARSE AGGREGATE
BY USE OF SODIUM SULFATE (5-Cycles)

Quantitative Results:

Grading Weight of Passing Finer Weighted

of Test Frac- Sieve After Average
Sieve Size Original tions Be=- Test (Actual (Corrected
Sample fore Test, Percent Loss) Percent

Passing Retained Percent Grams Loss)

T I/2W 3 /4 69 1703 16430 11,25
3/l 3/8n 22 1212 15.67 3.5
3/8n No. L 09 101 14,33 1.29

Totals I00 I316 15.959

Qualitative Examination:

Pleces
in Test Appearance of Material After Test
Sieve Size Fraction Pieces Aifected
Before Split or Chipped Pieces in
Passing Retained Test Disintegrated or Flaked Good Condition
I 172" 370 L7 5 15 25

SOUNDNESS OF FINE AGGREGATE
BY USE OF SODIUM SULFATE (5-Cycles)

Quantitative Results:
Grading Weight of Passing Finer Weighted

of Test Frac- Sieve After Average
Sieve Size Original tions Be- Test (Actual (Corrected
Sample fore Test, Percent Loss) Percent
Passing Retained Percent Grams Loss)
NOQ 100 - 18. 2 - - -
Noe 50  No. 100 17.2 -— - -
Noe 30  No. 5O 20,6 100 8.9 1,83
No, 16 Nos, 230 16.8 100 10,8 1,81
Noe 8 No, 16 1L.8 100 12,6 1,86
Noo L  Ne. 8 12,k 100 U1 175
3/8» No. h -— — — —

Totals 100, 0 T.00 T.25
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TABJIATION OF TEST RESULTS
.OF CEMENT FROM
JORDAN CEMENT PIANT

near Amman, Jordan

Sample No. 1

Tested in accordance with methods prescribed in ASTM Dasignations
C150-L9 and C186-L9

PHYSTICAL TESTS

Fineness:
Material Passing a No. 325 Sieve,
ByWeight,Percent...................80.0

Fineness:
Specific Surface Value, :
Sq. Cme Per Gram « o o o ¢ o ¢ o o o o e © & w e o o o o o 1632

Normal Consistency:
Amount of Water Required
ByWeig’lt,Percent...................2)4.00

Soundness:
Autoclave Expansion
Percent o« o« ¢« ¢ ¢ o ¢ ¢ ¢« ¢ ¢ ¢ o ¢ 06 5 0 06 6 9 06 8 o @ +7001

Time of Setting:
Gilmore Method

Initial Set = Hours: MIinutes « « « o ¢ o ¢ ¢ o ¢ ¢ ¢ o 13‘:(5”;

Final Set - Hours: MIinutesS o ¢ ¢« o ¢ ¢+ o ¢ s ¢ ¢ ¢ o



COMPRESSIVE STRFNGTH

(on Standard 2-Lnch Cubes)

(Ibs.Per Sq.In.)

Age At Test 3-Days
2100 (147.6 Kg/cm?)
2250 (158.2 " )
2225 (155.4 " )
Average - 2192 (1541 " )

Water used by Weight, Percent « o« « o« o 57.50
Flow (Consistency), Percent . « « o o o 112.50

TENSILE STRENGTH
(On"Standard Briquets)
(Ibs.Per Sq.In.)

Age At Test 3-~Days
3L0" (23.9 Kg/cm?)
365 (26,4 " )
330 (23.2 " )
Average - 345 (24,3

Water used by Weight, Percent . . . . . 10.50

CHEMICAL ANALYSIS

Magnesium Oxide (MgO), Percent . .

Sulfur Trioxide (SOB), Percent . . . e & o o o
Loss On Ignition, Percent . . ¢ ¢ ¢« ¢ ¢ « «
Iron Oxide (Feg0q), Percent o o o v v o o o o
Aluminum Oxide (A1,03), Percent + o « o « o «
Sodium Oxide (Na 0] s Percent e e o o o o o o
Potassium Oxide %KQO), Percent o o« o « o o o

Alkalies (Summation Percentage Na,0+0.4hL

Percen‘bKQO).................--

Calcium Oxide (Ca0), Percent « « « o « o o o o o o o o

L] L] L ) L L] .

* L] * . [ * L]
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T-Days
3075 (216,2 Kg/em?)
2925 (205,7 M

)
3050 (214,4 M ;

(2221 n

7-Da S

*® & & @ ¢ o o

L) L] * L] o * .

20 (29.5 Kg/cm?)
kos
Lo
22

(2835 " )
(309 " )
(297 " )

079
2.10
2.01
2.72
6.00
0.37
0.47

0.67

66.%

Tricalcium Aluminate (3Ca0.A1303) Percent o« o o o o » o 11,56

Insoluble Residue, Percent « « T ¢« ¢ ¢« ¢ o o o o ¢ « oe

0.19
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TABULATION OF TEST RESULTS
OF CEMENT FROM
JORDAN CEMENT PIANT

near Amman, Jordan

Sample No. 2

Tested in accordance with methods prescribed in ASTM Designation
C150-L9, Type 1

PHYSICAL TESTS

Fineness:
Material Passing a No. 325 Sieve, _
ByWeight,Percent.................. 81.20

Pineness:
Specific Surface Value,
S5qQ. Cm. PEr GIaM « o v o o o o o o o ¢ o e o o o o o o 1727

Normal Consistency:
Amount of Water Required
By weight’ Percent L] * * L ] L] . - - L) L 2 L ] L] * L ] L] L] * L[] 25.00

Soundness:
Autoclave Expansion
Percent L ] L] - . L ] ® * . L * L] . * L] - * » L ] L d * L] L] L ] +0 * 20

Time of Setting:

Gilmore Method
Initial Set = Hours: MInUtes « o« o o o o o o o o o o o
Final Set -~ Hours: Mimites +« v o ¢ o o o o o o « ¢ o

nw
83



Age At Test

Average

Water used by Welght, Percent « o« o o o o

COMPRESSIVE STRENGTH
(On Standard 2-Inch Cubes)
(Ibs.Per Sq.In.)

3-Days
“§4z“<151 2 Kg/cmz)

2200 (154.7 )
2250 (158.2 " ;
2200 (154, "

55.71

'Flow (Consistency), Percent « « « o + « o 112.50

Age At Test

Average

Water Used by Weight,

TENSILE STRENGTH
(on"Standard Briquets)
(ILbs.Per Sq.In.)

3-Days

3 25.0 Kg/cm?)

320 (22,5 " )

340 (239 " )

33 (23.8 " )

Percent e 3 e o o e e 10070
CHIMICAL ANALYSIS

Table 10
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7-Da
T'E( 193.4 Kg/cm?

Alumirum Oxide (Ale ), Percent o« o o o o c ¢ o o ¢ o o o«

Ferric Oxide (Fe
Magnesium Oxide %

Sodium Oxide (Na
Potassium Oxide %

Calcium Oxide (CaQ), Percent .
Ioss On Ignition , Percent . .
Insoluble Residue, Percent . .
Tricaleium Aluminate (3Ca0.A150;)
Alkalies (Summation Percentage
Percent K50), Percent « « « « ¢ & o &

O),Percentooooocooooo
KgO),Percen‘b...-...o..
Percent « « . .

HaG+0. 658

L
L
L
L]

L[] L] [ ) » ® L] L] *

O),Percen‘b..............
MgO), Percent
Sulfur Trioxide (S03), Percent

)

3150 (221.5 " )
3025 (212.7 " )
2975 (209.2 " )
T1-Days
LLO (30.9 Kg/cmz)
b20 (29.5 " )
L35 (30.6 " )
T3S (30.6 " )

5.26

2.56
. .. 0.99
. os 2,09
e oo 0.22
¢ s 0067
e oo 65.14
. se 2.33
e oo 0.13
L] L ] 9061
. .. 0.66



TABULATION OF TEST RESULTS

OF CEMENT FROM

JORDAN CEMENT PLANT

near Amman, Jordan

Samples No., 3 and L
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Tested in accordance with methods prescribed in ASTM Designations

C150-L9 and €186-L9

PHYSICAL TESTS

Fineness:
Material Passing a No. 325
Sieve, By Weight, Percent

Fineness:
Specific Surface Value
SqeCme Per Gram

Normal Consistency:
Amount of Water Required
By Weight, Percent

Soundness 2
quocIave.Expansion, Percent

Time of Setting:
Gilmore Method
Initial Set - Hours: Minutes

Final Set - Hours: Minutes

Sample 3 Sample i ASTM Stds,
80.6 8Lol
1585 1751 1500 min,
25,00 25,00
+0,19 40,62 0¢50 max,
L2220 2350 not less
than 1:00
6210 Lisho not more

than 10



COMPRESSIVE STRENGTH
(On Standard 2-Inch Cubes)
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Sample No. 3 Sample No, L
Age At Test 3-Days {=Days 3-Days [ ~Days
P.S.T. Kg/cm® P.S.T. Kg/cm?2 P.S.Te Kg/cm P.S5.T. Kg/cm?
2310 162, 3250 228,5 2250 158,2 2650 186.3
2200 15L.7 3025  212,7 2075 1l5.9 2720 191.2
Avere
age - 2278 160.,2 3008 211,5 21h2  150,6  27L0  192,6
Water used by Weight, ¥ 51,29 5he29
Flow (Consistency), % 112,50 112,50
TENSILE STRENGTH
(On Standard Briquets)
Age at Test 3-Days T7-Days -Days 7-Days
P.S.T. Kg/cm® P.S.T: Kg/cm?2 P.S.T. cm? P,S.I, cme
2Lia3 LhO 30,9 350 L35 .
355 25,0 h30 30,2 315 22,1 h10 28,8
320 22,5 55 32,0 325 22,9 h20 29,5
Aver- - -
age - 3L0 23.9 Lh2 31.1 330 23,2 L22 29,7
Water used by Weight, 4 10,70 10,70
CHEMICAL ANALYSIS
Sample No., 3 Sample No, L
Magnesium Oxide (Mg0O), Percent 0.91 1.06
Sulfur Trioxide (SO,), Percent 2,12 2.71
Alumimum Oxide (Al, 8 , Percent 6.11 6.89
Ferric Oxide (Fe, O ), Percent 2,67 2.77
Sodium Oxide (Na % Percent 035 0,110
Potassium Oxide %K 0), Percent 0.81 0.89
Calcium Oxide (Caog Percent 6lio oL 6LoL8
Loss on Ignition, Percent 2,77 2.39
Insoluble Residue, Percent 0,12 1.1k
Tricalcium Aluminate ‘
_ (30a0.Al203), Percent 11,68 13,58
Alkalies (Summaticn Percentage
(Nay 040,658 Percent K,0), Percent 0,88 0,98

The above analyses indicate that Sample No, 3 complies with Type I and

III cement. Sample No. L complies with Type IIT cemente



CHEMICAL ANALYSES OF WATER FROM

RIVERS AND WADIS

PPM Jordan River %W/Tabis W/Kufrinja W/Rajib Zarga R. Yarmouk R, W/Hisban W/Kafrein
Calcium 58 51 L8 51 70 L2 59 52
Magnesium 28 20 18 19 28 19 28 3L
Sodium 130 18 11 10 55 50

Bicarbonate 195 22h 195 210 237 207

Chloride 220 30 26 2k 98 61

Sulfate 6 8 12 Ll 32 38 79
Nitrate 12 20 15 15 Lo 10

TOTAL SOLIDS 703 369 321 3l 572 421

pH 7.5 7.5 7.5 7.4 7.4 7.7

g~IA Xypusddy

T Jo T 39848
AR AN



DRAWING Vi-B-I

KHALID
—— ’ 4575 © INPERVIOUS
\h Syrian side Jordan side
EifYoquse Arec A 198000 m>  Arec I 500,000 m®
300 Areo 8 252,000 m3  Arec I 250000 m®
S P — - Area C 210000 mS  Arec ¥ (500,000 m®
Nj240,000 Dobbusi » 3 Kot = Area D 560000 m®  Areo I¥ 900000 m?®
K & 7d Areo £ 600000 m?® Area ¥ unlimited
T e, Area F 30000 m?
I~ Adrec 6 8Q000 m?3
] L~ Area H 156,000 m?
/ - Areo J_ 500000 m>
P [ Toral 5580000 m®  Rtal 2,950,000 m>
; T PERVIOUS ~ Arecs O& K
3 / Unlimited
N N ROCK FILL 8 RIPRAP Areo L
» N 236,0 9 Unlimited
Nl2¥s, . N — MAQARIN
< IMPERVIOUS .Arso A Areoc B Area C
s 1200000 m* 730,000m® unlimited
i N PERVIOUS ~ Areos FA G
\ o Unlimited
o L i ROCK FILL 8 RIPRAP Areas DA E
’/ /" ; { 00’ > Unlimited
( £ YARMOUK DI AM
Tk (’\v- { IMPERVIOUS
% g\.‘ N 234,000 M N Aree C 450000 m°®
4
1,238,000 ~ PERVIOUS
A / Areo A 20,000 m°®
e — 1 \ = 2o0 : s Aréo 8 110000 m?
L | A Ve ; W LR O ‘-/‘7 R ROCK FILL 8 RIFRAP Areos DBE
A “,7;‘; Fecrozin, ., ik € Rotid P L Untimited
wifer” (g % : ! = ZARQA IRRIGATION DAM
\/\( (= : IMPERVIOUS
100 200 Y SE .
-~ N ™ R g 0, | Areo ABB  unlimited (Lison Marl)
:/—'00/\ b § ﬁj-.." o\\ . o - Arec C&D unlimited (Alluvial soif)
MO0 or g & N — PERVIDUS  Areo £
< o \ u KL \ f S Unlimited
“ / X ROCK FILL 8 RIPRAP  Areo F&G
3 - Unlimited
ey P~ CONCRETE AGGREGATE Areo E
KHALID / ‘ 1,500,000 m?
$ o \
o 8 el 8 &) >
3 o 2 ( LEGEND
N 231000 X . = N 230,000 3 o : \ & impervious moterial
t AN N Rock fill and riprop
MAQARIN ) )
SYRIA 1 Pervious materiol
N & International boundory

4kis of proposs N{179,000 | e mproved roads

+f

dom ‘ =enwesws  Unimproved roods
Sha'ar ho Golan H Y~ Bridge
D /\*-200 SREXRREN  Sreap clitf
Deir Alic © .
N 232,000.—] . = % ‘ M viroge
Massadg &

> 7 N NOTES:

/ “\._ e-jjfo‘s’;‘f’ Coordinotes refer to the FPalestine Grid Systam
ATarSe Elevations refer to meon sec level

et
o
o o
; ) All dimensions ore in meters
N!177,000

7’?
) ) / C S v 0:’ "\' ‘ & ' = A"' For location of results of soil tests on foundation ond
- 3

T -2as
X

construction moteriols see Drowings
oo _|

e
A% \\ i BN

JORD

0y
|
L4
°
°
N
&
?
®
S
-3

N 230,050, / Adaslya o dom

Scals O 13500 Meters
[ U S S

THE GOOPERATIVE DEPARTMENT FOR
! i o WATER RESOURCES DEVELOPMENT
) .’ S HASHEMITE KINGDOM OF THE JORDAN
) // / ) (( YARMOUK - JORDAN VALLEY | GENERAL
Fr=ry 14 o
= [ %‘—’«\g/ /8 / % 8 g 8 SOURCES OF
PRINTS / < B =
o Jome osaTar wetine o s » & & s CONSTRUCTION MATERIALS
WJ” IIII"J j
ac |2 : HARZA ENGINEERING COMPANY
YARMOUK DIVERSION DAM ZAROA  IRRIGATION DAM MICHAEL BAKER JR, INC.
i =Y oann RATURL OF REvISion  joms jare CHICASO, IUivois ]MTG VI-B-t




DRAWING VI-B-2

US. Stondard sieve size > ]
3in. " No4 8 16 30 50 100 200 — - t
100 r i T30 B A -Mois? densily A4
o 90 > T 04 1 e :
£ o0 i - - /318 / 3 !
7 = — T
E s% A 4 — . T 1/ N _AMoist density A7
- -t 130 o <
$ i CER RN | | s /
§ « ] - Note: Test corried out on specmens - ]
g 30 A7 RN ~ at, optimum_density ~ 1 4
20 T e £ 16 - ze
10 ht ]; LES ‘& § / 1/
% 00 100 0 o o 00l ] = N / /' |~Optimum water content 3.2%
Grain_size in_miimeters 2 i 122
A sur | cear| P s bd_lezes Y T 1l
§ RN P < § / | tOry density A4
FithajLing | LL% | PL%| P!%|Spec. grov. Clossitication L ® Y PR g s !
Da z72 Cloy £ —N < /1 1/ )
A4 |—|334 (87 (153 27 Clay ° guss. [ N S Llres 1) 11
4 X S ne +
83 275 Clay loom ) 4 //' / N NN \\ § // | Y Oy density A7
c6 | 279 Cloy loom - Y Y Q 4 =T t
47 |-—-|49.2| 210 | z8.2] 264 Clay loam il WA \ A0
4 0 13 3 20 z4 28 32 %o 7 f“‘ [Optimam water
CLASSIFICATION TESTS Normal stress kg /em* i conlen! /14.5%
IMPERVIOUS MATERIAL TRIAXIAL COMPRESSION TESTS 106 y
(Quick undroined) ) 4 //
IMPERVIOUS MATERIAL 7 7
4 12 1€ 20 24
Woter content in percent of dry weight
MODIFIED PROCTOR TESTS
IMPERVIOUS MATERIAL
U.S. Standord sieve size LEGEND
In. Coor. - Cooarse
100 31&{ i N‘;‘ ° lemISgTsIo ‘901200 LL - Liguid /mit
90 } Hr b‘[f,‘g{} + 1t Pl = Plasticity index
S 80 | NS E anstr from ot PL - Plastic limit
3 70 - NN g e D &
g so Pit2 — AT SEAY il
: 50 to‘s/m ! N
S 40 : :
L. 30 Ty Pitd NOTES:
< 20 — Mo site. + /. Pits D4, A4,83,C6 and A7 are locoted
<] us RS inny in the /low flood plain terrace
0 . H S L 2. Pervious moteriol from Pit 2 represents
1000 160 Kéra/n size ',‘-,? Himat oj oo 0oa the fine froction of the materiol in
RAVE] AND Pits  to 3 inclusive, locarted in the gravel
COBBLES ine CoadMea ; SILT l cLar l bar downstreom from the site.
iCoarsd Fine ICoalMegiur Fine Pervious malerial from Pits 2 ond 4
i represents the fine [raction of materiol
Areo Pit No{Line | Description Notes in Pits | 1o 5 inclusive, located in the grovel
Grovel bor 50% to 70% by wl of bar adjocent to site.
dnstr trom site | 2 Sondy grovel | material >750mm. 3. For locotion of site ond fterroces see
Grovel bar o ) Drowing
odjocent to site | < Sandy gravel| 50% by wt of materiot
Grove/ bor >750mm. B
adjacent fo site | ¢ |~ ——| Sondy grove/ "
CLASSIFICATION TESTS
PERVIOUS AND FILTER MATERIAL
THE COOPERATIVE DEPARTMENT FOR
WATER RESOURCES DEVELOPMENT
HASHEMITE KINGDOM OF THE JORDAN
YARMOUK-JORDAN VALLEY] YARMOUK DIVERSION DAM
DISTRIBUTION
S CONSTRUCTION MATERIALS
oo oare RESULTS OF SOIL TESTS
‘”X VIis
ia
Lt HARZA ENGINEERING COMPANY
MICHAEL BAKER JR, INC.
.4 neY| NATURE OF REVISION W oo [arep GHICAGO, ILLINOIS o4 -NO. Vi-B-2




DRAWING VI-B~3

130
US. Stondard sieve size
0 3in.  din Nod 8 i€ 30 50 o200 Rl (U S N N ﬂg@ggﬁ_ _ﬁ\i’ﬂg};f"dans/'y
% e i HEREREEN /2 e At
® 80 Area Note: Tests corried out on specimens /3% I~
B 70 T « 16 af optimum densit, 1] y
S 60 { E
Q s S . 4
x 2 ! Pir 4 3 3 / Moist dans ry
H a0 + T * S e / Arec Il
L 30 ” - 13 ©
Pit 4 B ¢
£ 2 : = s s 171 H 7
10 1 I 1 . — = F N g-559
+ T+ T Y ] g He
° 50" 56— 6 X 2] Bol Bol LY == = ™~ §.
Grain size in_millimeters 3 L P A
i b4
COBBLES [ e s T SILT | cLar] 2 N S !
- — 4 Q
7 Tiine |Sp2c Coetiicient of Clossitication : [/ / \ \ < y
Arsoll 282 |14 X/0-tcm/sec. Clay D 106
7 7
Pit4 |[——=1275 | 4.2 %10 % cm/sec Cloy a ) 12 I6 20 24 28 32 'g' :f%’,;’r’:f,'fm 205%
* Coellicient of permeobility determined for optimum density Normal stress kg fem® Q L 03y T~ _,g'?éi? P
i e Sl e Ryl vl o g = —|—
102
CLASSIFICATION TESTS TRIAXIAL COMPRESSION TESTS /y '| \
IMPERVIOUS MATERIAL (Quick undrained ) - — X
Ory density Area -7} /
IMPERVIOUS MATERIAL o8 ikl /] SN
) 7 7 y COptimum wate
Dry density Pit 4‘)\/ % ”/m_” oY ,:
4
94 )
/ i
‘ E
€ 2 3 20 24 28
: Woter content in percent of dry weight
MODIFIED PROCTOR TESTS
IMPERVIOUS MATERIAL
\ U.S. Stondard sieve size
3in 2i* No.4 8 16 30 30 100 200 - 3
T T m Pit Specimen Om Do we Qu
K:; ! T - No. ’ No. b/ cv b/ cult % 1/sqg ft
& 80 Arsc Il / 78 899.2 18.8 572
S 710
E co v \\ Arec IT 2 123.9 102.8 20.8 4.92 LEGEND
S gp 1 . Areo [T 3 120.3 870 24.0 2.7/ Coor - Coarse
E 40 +H 90 Dd - Density, dry )
5 :‘; o : UNCONFINED COMPRESSION TESTS : 37 - 2:::;;{,’."501:;" pressive strangth
Q + -
o 53/117 M IMPERVIOUS MATERIAL WC - Water content
01665 L S X S0l 000!
Grain size in_millimeters
| grAvEL ] SAND ] I ]
UOBELESIC‘oar, 1 Fine iCoarlMechur] Fine | SiLT | cLar NOTES:
. L Pit 4 is located in the upstreom terroce
Sample Description on the Jordan side of the site.
fe. — 2 Arec I is o terrace on the Jordon side
4 Sandy gravel from dazer pit in river about 2 kilometers of the site.
140 Proposed coarse filter (2nd stoge, ‘::”':da '/;3,’" the ‘ 3.Sample No. i4 was obrained from o pit in the
’ ¢ '
140 Propsed fine filter (Ist stage) 0/5.,,,‘,’,,,’ No. 14 “ ;(/;;;Mbadc‘i’mmihln the areg for the proposed
4 For location of ;
CLASSIFICATION TESTS or location of lerroces see Drowing
PERVIOUS AND FILTER MATERIAL
THE COOPERATIVE DEPARTMENY FOR
WATER RESOURCES DEVELOPMENT
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ST CONSTRUCTION MATERIALS
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US. Stondard sieve size
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§ 70 LSRR ko5
3 80 rE b N }\'
S s0 i i
40 Sompie 3km sou RIS
30 Yof laft ? LC,
e 20
0 y
e u 6.0 .00
:
areo 57 |Line { G5 | G5 | B (220 Ciossification
A |LE4] 2.8/ Cloy
A L6 6]—— 2.60 Clay
A [LC3 72.8)| 258|470 | 254 Clay
A _LCS || 740]|300[440] 2.55 Cloy
PR 274 Clay
-] 4 —= 278 Clay
k77
c outh 2.800 Clay
CLASSIFICATION TESTS
IMPERVIOUS MATERIAL
AREAS ABBC
Note: Tests carried out of | - l
. water content! of 16.5% <
« MY $:29.5°
&
$ -
o 12 -
= . - \\
~N
E- 7 1#\ < N
§ LAV N \
° 1A
IS . 12 . 20 24 28
Normo! stress kg/cm*
TRIAXIAL COMPRESSION TESTS
(Quick undrained)
IMPERVIOUS MATERIAL
AREA B
DATE | MO. | DWTRIBUTION
PRINTS

kg/cm?
[

Sheaor stress

L]

»

Note: Tesis carried out on specmens
at_oplimum o

m_densily,

ALC3
_ .'chs t < -{-41-2'
' \\ \ N ( \\ k‘; _5-
' RVAR }
H . 6 [} (13 16

Normal stress kg /em*

TRIAXIAL COMPRESSION TESTS
(Quick undroined)
IMPERVIOUS MATERIAL
AREA A

Densily in pounds per cubic foo!

DRAWING VI-B-4

12864
28 Izl = 3 2N .——7..(‘.— —
& — D -
- —[2een L AT D
T YA
Moist density LC3 / \
24 ] "
¥4
7
YA
120 T
/ Y Moist densily LCS
/ 4
/
ue 7
/V
7
/ 7/
n2 4
[
108 L
| rOptimum woler
101.6}. p/ content 20%
= e —
— v - — —— ] 1
104 / | NeTOry density LC3
w4 V1|
-1 ] W
100 4 - A
/ ‘/ \
7 ASI L'OpI/'/m/m waolter
%6 -4 ontent 22.8
Lory density LCS
92
12 16 20 24 28 32

Woter content in percent of dry weight

MODIFIED PROCTOR TESTS
IMPERVIOUS MATERIAL
AREA A

LEGEND

LL - Liquid limit
Pl - Plasticity index
PL - Plastic timit

NOTE:

For location of Areos A, B ond C see
Drawing

THE COOPERATIVE DEPARTMENT FOR
WATER RESOURCES DEVELOPMENT
HASHEMITE KINGDOM OF THE JORDAN

YARMOUK—~JORDAN VALLEY l MAQARIN DAM

CONSTRUCTION MATERIALS
RESULTS OF SOIL TESTS

HARZA ENGINEERING COMPANY
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US. Stondard sieve size

00 3in ain Nod4 8 16 30 50 100 200 .
] T T ] v tt ~
90 " T } 1 - [. U/ T s
80 i e — T o 'ﬂ}( S S
SRS 1 g *
§ 70 ] 1 Ué NP
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g 3 : T ' T Py PR ‘ K 3
It 1 2,
3 50 i amEsE - Yo 5
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: Jm . U6y §
30 1 AR i : 1 b3
20 : ; : - ; —H
10 T I T - . 1» : : : ' :
° 1T : T 1T 881
000 100 10 1.0 O.1 00l 0.001
Grain_size in_millimeters
L GRAVEL SAND T 1
COBELES [Zoorsel Fime 1CoorlMedum | Fine | S/LT ICL‘Y
Hole }Samp.i ; ;. Nat | LL | PL | PIt Om} Dd.| Ou ec.| Depth |Elevation b
Wo. | #a|Line Lga% % | % | % \wohslons| heldbec) Oep m Clossification
AR4 YUY |- 12811357 222 13.5{123.5| 964 3.17|284| 12.37 {-265.87 Clay
ARGl U4 | _1284|395|2/0| /1851/1250|973) 175|279 1469 {-270.59 Clay
ARG U6 |———|277 |48 | 205|213 [1/19.2193.5] /185|282| 1620 |-27360 Clay
ARG I U8 2101348) /16.2| 186|127511053|3.30,276| 18.95 |-279.05 Clay
ARGV UIN |——205|357| 179 176 |130.01/1080| 780 | 275| 2340 |-288.00 Clay
ARGy UIZ |- 2541382| 180]202(123.5\1985) 183|279 2564 |-29244 Cloy
Note: Somples Ul ond U /3 have similor grain size distribution.
CLASSIFICATION TESTS
FOUNDATION MATERIAL
US. Stondord sieve size
3in_ 30 No4 B 16 30 50 100200
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90 “ H v " ‘U/Z"‘ﬂ:‘ T 5x—l““1
80 I . a ; LN ey 10—
- S E NN i " RNk t
S0 g r e # U/ —
S - ; - - T U 7- B E N0
a 60 ot —HE
2 T U A
N T T T
$ 0 RS 1) A e it R
< s0 T Ao
20 SRR A
10 m : me AR ) i
o i SN T 118
000 00 0 1.0 ol 0.0 0.00
Grain size in milimeters
[ 6rRAVEL SAND ] [ ]
COBBLES e Fine_|CooAMedium] Fine 1 S'tT cLay
Hole [Samp.| , . Natt LL | PL L PI | Om | Dd | Qu |Spec| Depth |Etevotion P
Mo [ Mo |0 lwew]l % L x| % lwrr | it Gor | m Classification
ARIIU/ (|28 3140.1115.8|24.311175 | 9/.5 | 204|276 534 [-23804 Clay
ARV (US |——1284138.1/} 187} 194 (1360| 980]| 3.52| 2.70 76/ -2426/ Cloy
ARINUZ |*=x12641306| /82| 124125 |889| 2.14|2.76] 929 |-24599 Cloy
AR! |Ui0 306|280 1651 /5 1/1/8.51908) 2/0]2.89] 1156 |-25056 Clay
ARI U2 |—~1299]|304] 168 13.6{/122.0{940| 199|273 1222 | 25182 Clay
ARI (U114 |~—=|359.6]|46.2209{253|1170| 839 150 285| 1325 |-25395 Cloy

CLASSIFICATION TESTS
FOUNDATION MATERIAL

NOTES:

Hole AR/ is located on the right obutment

at centeriine St0. O +112.0 see Drowing

HMole AR 4 is located on the right bank

ot centeriine Sto. 0+324.4 see ODrawing

Pit L 1000 is locoted on the left bank approximately 1000meters

downstream from the centeriine. Material obtoined represents the Lison Marl of Areoc B
Parmeability test No. 4 is located in the knolls of the Lison Moarl, Area A.

Pirs FF7 and F 10 are located on fterraces within the reservoir basin, Areos Dond 8.
Sample No. !4 wos obtained from on unnumbered pit locaoted in the grovel

of the streombed.

For location of Areas A8 ond D see Drowing

~

US. Stondard sleve size

DRAWING Vi~-B-5

Density in pounds per cubic fool
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TRIAXIAL COMPRESSION TESTS Groin size o miimeter.
{ Quick undrained) T _GRAVEL SANG 1 l j
IMPERVIOUS MATERIAL COBBLES Kogrse | Fine iGoorlMedum [ Fine | ST | CLAY
Somple | inel 45 | BE | & |220e gg},{,’.’ﬂg;},‘,’"{ Classification
Pit L 1000}~~~ 2.85| 84 XK *cmec Clay
FF7 {—— 2.8/ | 78/ x 10 %cm /sec Clay
FIl1o {-—-i 280|277 x 10 %cm /fsec) Clay
sermedbity — 1365|217 | 14.8|273 Sitty clay loom

"*Coefficient of permeabilily determined a! optimum density

CLASSIFICATION TESTS
IMPERVIOUS MATERIAL

|

T

/134.
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/136.0
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z LA
_T.-}-..’.-._
13407 135 L/

D =(Moist density
]/ Permeabitity

- —_— 4 R =4
/

test No. 4
X

Mois? density FIOb/

AN K

/ N

L/‘Mo/'sr densffy L1000

X
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T
[rOgtimu) ter content 3.8
/L T7] ""?'4'5? ib{y da:nsi” F /]0
4 T

J
lo-‘./Oprimum waler
31— conlent 19.8%

"7!* Dy density

Parmeodility —T—
3 test No ¢ {

EATINSS| Optimum woter
P \\ rent 15.8%

iR

/
2l

{Oph'mum water content I75%

y density FF 7)

e

T 7 T
+Ory density L 1000

L] 8

14

111

20 24e

Worter content in percent of dry weight

MODIFIED PROCTOR TESTS
IMPERVIOUS MATERIAL

Sin. Lin.

US. Stondord sieve size
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Grain _size_in_millimeters
1 _GRAVEL ] SAND ]
COBBLES arsel Fing adMedium| Fine | SILT IC'LAY ]
S%Zf" Description f:g
/3 Sandy grave! from sireombed 100
/3e Proposed coorse filter (2 nd stoge) |derived [rom 65
, segregation of
138 Proposed fine filter (/st stoge) Sample No. I3 3§
CLASSIFICATION TESTS
PERVIOUS AND FILTER MATERIAL
AND CONCRETE AGGREGATE
LEGEND

Coor. — Coorse

Dd - Density, dry

Om - Density, moist

Ligud hmit

Pl - Plasticity index

PL  ~ Plastic limit

Qu = Unconfined compressive
strengm

WC -~ Water content

~
~
)

THE COOPERATIVE DEPARTMENT FOR

WATER RESOURCES DEVELOPMENT
HASHEMITE KINGDOM OF THE JORDAN

YARMOUK ~JORDAN VALLEYJ ZARQA STORAGE DAM

FOUNDATION AND CONSTRUCTION
MATERIALS
RESULTS OF SOiL TESTS

wev
wo. | DATE

BATURE OF REVISiOn Y. Comd

HARZA ENGINEERING COMPANY
MICHAEL BAKER JR, INC.
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US. Stondard s/eve size
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Graoin gize In millimerters
Cobbles Grove/ Send Sin Clay
Coorse I Fine CMr:o[ Medium ] Fine
IMPERVIOUS MATERIALS
Sample No. Line Clrossification | LL * L 1’ Remarks
St0i7+630 |——— |Clay 4.5 | 206 | 209
Somples obtained from
Stol9+850 — | Clay 2701178 9.2 3lationing along the
510244000 |—-—-—|cray toom 329 | 194|125 proposed conal dlignment

XLLeLiquid limit

PL = Plastic /imit

Pl = Plosticity index

Percent passing

DRAWING Vi-B-6
US. Stondord Sieve s/re
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Groin s/ze In millimeters
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PERVIOUS MATERIALS
Sample No. Line Claossificotion| L L PL | P/ Remarks
7 —— Sandy grovel
. S Sondy gravel
9 ———— | Sondy grovel
10 — Sandy grovel
YARMOUK-JORDAN VALLEY

EAST GHOR
CONSTRUCTION MATERIALS

HARZA ENGINEERING COMPANY
MiCHAEL BAKER JR. INC.

DATE

[ow&uo. Vi-B-6




