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COMPUTER TECHNIQUES
IN GROUNDWATER RESOURCE
STUDIES

2nd Interim Report

Augqust 1979

SUMMARY

Examples of data from two hydrocgeological studies have
been used to illustrate some of the computer techniques

which are now available,

They have been grouped into the different data categories
and, in conjunction with the reference manual, will help
the user to operate the sSystem. 1In addition, it is hoped
that they will stimulate ideas for useful additional

techniques.

The work described in this report has been carried out
in the second year of a project funded by the Overseas
Development Ministry (ODM).
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BIBLIOGRAPHY

(1) Computer Technigques in Groundwater Resource Studies -
First Interim Report, July 1978

Computer techniques offer a basic facility to handle and
analyse large quantities of data. One of the main aims of
this project has been to develop general analytical methods

which can be applied to groundwater resource studies,

(2) Using the Groundwater Data Forms, March 1979

Data collected during groundwater resource studies can
conveniently be written onto coding forms in the field.
The coding forms have been designed in such a way as to
minimise the number of different types of forms and also
lead to data being put directly onto the computer in a
simple efficient way. Data not falling into either the
data categories or the descriptions discussed ' in this text
can be entered on the coding forms and also on to the data

system as long as some preparation work is done beforehand.

(3) Computer Techniques in Groundwater Resource Studies -

Reference Manual, June 1979

This reference manual is concerned with a computer data
system developed specifically for groundwater studies. The
system has been designed to analyse data from regional
studies, where some impact can be made using scientific
methods coupled with efficient data retrieval. It is not

intended for laxge scale, long-term data archival.



INTRODUCTION

The first Interim Report discussed the ideas implicit
in the development of computer techniques for use in
groundwater resource studies. As such there were three
elements (a data system, a set of basic anélytical
methods and a control language) which when combined
together form an efficient and simple way of analysing

and storing hydrogeological data.

By laying down the methodology and limits of the
development programme, it had been hoped to stimulate

ideas for new techniques. These have not been forthcoming -
probably due to the new approach to hydrogeological data

and its analysis which was required. As a result this
report contains a set of worked examples showing the

basic scope of the system. It is to serve two purposes:

(1) To stimulate users of the system to think about
their own requirements within the framework of

the data system;

(ii} To be used in conjunction with the reference
manual to illustrate the use of the system (the
runstreams required to produce the examples are

given in the Appendix).

The examples are based on data collected during two

groundwater resource studies - one in Northern Oman and"
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the other in Mugdisho, Somalia. To keep the size of this
report to a manageable proportion use has been made of

the selection facility of the data system. This

facility, in itself, can prove very useful during analysis
allowing the user to concentrate on particular regions or
features within the study area. The examples are not
intended to illustrate particularly significant interpretive
aspects, but rather show the range and types of techniques

available in this first level of the system.

This report has been structured to show the analysis of
the different data types separately, using the two
examples studies to highlight various forms of output.
However, in the analysis of data from a particular study

all the techniques can be brought to bear simultaneously.



THE EXAMPLE DATA

(i) Mugdisho water resource study

This is an exploratory study to determine the water
resources in and around Mugdisho and subsequently how

they may be best exploited. The present water supply

comes from groundwater pumped from the wellfield to a
reservoir outside the town. To supplement this supply

a new well field is envisaged and its siting and consequence

to the water table are prime objectives in the study.

Figure 1.1 shows the study area, approximately 450 km?,
bounded by the Mugdisho-Afgoi road, the Shebelli river

and the Balad-Mugdisho road. The river runs parallel

to the coast, in this region, at a distance of approximately
33 km. The geology consists of shallow marine and aeolian
deposits ageing from Late Miocene to Recent. These
sediments are very fine grained and uniform varying in
thickness from 85 metres at the coast to 160 metres, 15 km
inland. This sequence is underlain by about 50 metres

of sandy limestone at the base of which is at least

6 metres of calcareous clay. Groundwater is present
within the sediments overlying the sandy limestone

throughout the study area.

The example data from this study are of the following

types:
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(a) Site-List - the descriptive location, construction
details and other basic information concerning

about 150 wells.

(b) Chemistry - thirty eight samples, analysed for
pH, electrical conductivity and major ions, taken

at sites all over the study area.

(c) Water-levels -~ measurements made on a monthly

well round from some 70 wells,

(ii) Northern Oman water resource study

Unlike the Mugdisho study, the study of Northern Oman was
a regional one; and was not concerned with examining in
detail any specific water supply problem, As such the
major objectives of the study were to assess the
characteristics of the alluvial aquifers, determine major
sources of recharge and evaluate the aquifer potential of
the bedrock. The complete study area is shown in

Figure 1.2 and comprises essentially of those wadi

basins draining the Jabal Akhdar and Jabal Nakhl covering
an area of some 14,500 km?. The Jabal Akhdar/Jabal Nakhl
mountain backbone is the major watershed of the study
area and rises to over 2000 m from 400 m in the north

and 650 m in the south. Deeply incised wadis in the
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mountain flanks generally open out into broad fans on the

.alluvial plains., Because of size of the study and result-

ant data base this report has used selected data from just
two northern catchments; the Wadi Lansab and Wadi Rusayl.
The alluvial deposits along the coastal strip form a
single groundwater basin with the best quality water at
the mountain front gnd the poorest at the coast where
mixing with sea water occurs. The occurrence of deep
gravel aquifers is restricted to the narrow coastal zone.
Although the alluvial deposits appear to be water bearing
throughout the area, cementation of the gravels means

that they do not always bear water in exploitable quantities.

The example data from this study are of the following types:

(a) Site-list - the descriptive location, construction
details and other basic information about 20 wells,

3 springs and 2 aflaj.

(b) Chemistry - 18 samples, analysed for pH, electrical
conductivity, major ions and trace metals at sites all

over the study area.

(c) Pumping tests - examples of constant discharge,

recovery and step drawdown tests.

(d) Water levels - measurements made on a monthly well

round from all the wells.



2. SITE-LIST

This data type is used to provide a reference file of
information about the study area. The information
includes a full descriptive location, the well
construction details and other basic facts about the
sites. As well as being used by methods primarily aimed
at the analysis of other data types; there are three
individual techniques which can be used to display the

[S ite-list} information:.

(i) SITE MApP ({Reference manual 6.1.3 page 29)
(ii) SITE LOCATION INDEX (Reference manual 6.l1.1 page 29)

(1ii) SITE SUMMARY (Reference manual 6.1.2 page 29)

These techniques are exemplified with the data from each

of the studies,

FIGURE 2.1

Mugdisho site map

Shows the relative positions of all the sites in the study
area marked as A and the reference numbers taken from the
[Site—list]. The sea coast is plotted automatically from
data in the [Boundary} file. The title block and scale
that the map is drawn are options within the control
language. As can be seen in certain areas, the density

of sites make their identification impossible.



Figure 2.1(A), which has been superimposed on Figure 2.1,
shows an exploded view of one such area (a single grid
square) facilitating identification of the individual
sites. Scale of Figure 2.1 is 1:140000 and 2.1(A) is

1:30000. (The runstream is given in the appendix - A2.l).

FIGURE 2,2

Mugqdisho site location index

Shows the index of selected sites marked on Figure 2.1(A).
The title block, grid reference, site reference numbers
and descriptive location is printed;thecsites placed in
ascending grid reference order. This example shows one
way (selecting all sites within a grid square) of using
the selection facilities of the data system.

{The runstream is given in the appendix - A2.2}.

FIGURE 2.3

Muqdishé'site swmmary

Shows ‘the summary of the sites included in Figure 2.1(a).
The title block and the data from five sites, ordered

in columns, are listed on each page. The items

presented down the left hand side of the pages comprise

the standard list (cf "Using the groundwater data forms",
March 1979). Additional items may be added to the [Site-1list]
data file and listed using the same method using additional

options. (The runstream is given in the appendix - A2.3).

10
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GRID REF

$4172346

54212341

54212342

54222375
54232357

54252368

Sa2d23h06
4292371
54302359
54322304
54342369
54342379

$4352366
54352369

54362373

54372376
54372377

4382378

WELL NUMBER

lu.S5CP

lua

NWALlOA

13.58
11A

12.5CP

12.58
138
12a

1254
134
lats

13+

148P

13.5A

B814P1

BlaeFe

leA

OUBSERVATION WELLs KM
ON BALCAU RU ON LINE C OF THE WELLFIJIELD

MUQDISHO RESOURCE STUDY

FIGURE 2.2

SITE LOCATION INUEX

10.5

PRODUCTIUN WELLFELD 8OREHOLE

UBSERVATIOUN WELL9KM10 BALCAD
RD S0M TU Nw OF RO ADJACENT TO NwAlOD

PRODUCTION WELLFILELD BOREHOLE

PRODUCTION wELLFIELD BOREHOLE

OBSERVATION WELL+KM 12,5
ON BALCAD RDyUN LINE C OF THE

PRODUCT JUN
PRODUCT ION
PRODUCTION
PRODUCTIUN
PRODUCT JON

PRODUCTION

WELLFIELD
WELLFIELD
wELLFIELD
WELLF IELD
WELLFIELD

WELLFIELD

BOREHOLE
BOREHOLE
8BUHEHOLE
BUREHOLE
BOREHOLE

BUREHOLE

OBSERVATION WELLe+KM 13 ON
BALCAD RD+10M TO SE OF ROAD

OBSERVATION WELL XM 14 ON
BALCAD RDsON LINE B OF THE WELLFIELD

"PRODUCTION WELLFIELD BOREHOLE

OBSERVATION WELLKM 14 ON
BALCAD RUs1OM TO NW OF RD

OBSERVATION wELLeKM 14 ON
BALCAD RUs10 M TO W OF RD

FROUDUCTIUN WELLFIELD BOREHOLE

2

WELLFIELD
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MUGDISHO RESCURCE STUDY
FIGURE 2.3

SITE SUMMARY

GRID RLF 54172346 564212341 54212342 54222375 54232357
WELL NUMBEK 10.,5CP 104 NWALl0A 13.58 114
I HASIN ) ] ] 1 1
AWQUIFER 2 2 2 2 2
SUUKCE ] ] 1 | 1
1
CONTRACTOR FARSUNS PARSONS wDA PARSONS PARSONS
I CUNSTR. DATE 12 FERB 70 20 JAN 70 28 MAY 70 14 MAR 70
LDEPTH 111.600 140,000 97.000 119600 134,100
l DATUM 75.600 72.670 72.700 76+980 73.310
' CASING TYPE MILDL STEEL MILD STEEL MILD STEEL MILD STEEL MILD STEEL
DIAMETER «ellu . 339 o270 «273 W 244
|
SCREEN TYPr AnGLE TRUN  SLUT STEEL SLOT STEEL SLOT STEEL
I DIAMETER e1]0 «Chh « 16R 244
SCREENS 1 2
I DEPTH ) 105,000 100,000 BS.900 83.700
l LENGTH 1 6,600 37.700 33.700 25.700
DEPIH 2 127.800
l LENGTH 2 6.300
lz
i
i
]
i
l i3



MUQD1SHU RESOURCE STUDY

FIGURE 2.3

SITE SuMMaRY
GH1D REF 54252368 54 2R2366 54292371 54302359 54322364
wELL NUMBER 12.5CP 12.5¢ 138 124 12.5A
BASIN ] 1 1 1 )
AWUTFENR 2 2 2 2 2
SUUKCE 1 1 ) ] ]
CONTRACTOR FARSUONS PARSONS PARSUNS PARSUNS PARSONS
COWSTH. DATE 2% APR 70 20 APR 70 14 MAY 70 27 JUN 70 12 APR 70
ODEPTH B7.300 114.700 126.800 121.100 123.000
DajuM 72.080 T4e4l0 74,070 68.730
CASING TYPE MILU STEEL MILD STEEL MILD SYEEL M™ILD STEEL MILD STEEL
1 AWMETER «630 .273 .273 .273 .273
SCwEEN TYPE  ANGLE IwOn  SLOT STREEL SLOT STEEL SLO1 STEEL SLOT STREL
V1AMETER .500 .168 .168 .168 .168
SCREENS 1 ] 1 1
DEPTH 1 83.900 86,800 87.600 B85.500 67.000
LENGTH 1 3.400 27.900 36,200 35.200 36.000

DEPTH 2 1.000
LENGTH 2
14-
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GHIUL KREF Y4 342369
wbEiL L HUMHER 13A
nAS TN !
M ]FLEEK 7
SUuRCE 1
CORTRACTOR FalSOrS
COnNSTH, DATE 3 MAY T0
DEPTH 117.100
UATuM Hhe 3HN

CASING TYPE  MILL STEEL

UIAMETEH «2113
SCiebEv TYFE  SLUT STEERL
UInmETER e ltH
SCHEENS
DEFPTIH ] ble20n
LENGTH | 2%.000
UtkIn ¢
LENGIH 2

$4342319
14H

FARSUNS

3 MAR Ty
121.900
77.9un
“ILD STEEL

e 244

SLul STEEL

c244

872.300

36, .IUU

15

54352366
13

—

HYURUTELR
16 MAR 6%
HBu. U0V
65,940
M1LD STEEL

« 200

O.001M

« 160

MUGLISHL KRESOURCE STUD

54352369
14HP

PARSUNS

4 Mar 70
97.600
T7.940
4L STEREEL

110
ANGLE TRON

« 110

9]1.100

6.500

FIGURE 2.
SIT1E SUmMaR

54362373
13.5A

N

Bt

PARSUNS

20 MAY 70
121.600
711.570
MILD STEEREL

w273

SLOT STEtL

o 16H

85.300

304300
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1
MURUISHO RESOURCE STUDY
' FIGURE 2.3
I SITE SUMMARY
GRID REF 543723176 54372377 54382378
I wWELL NUMBER H14P) B14P2 144
BASIN i 1 |
I AUUIFER 2 2 2
SOURCE 1 1 1
I CONTRACTOR PARSONS PARSONS
CONSTR. DATE 10 JUN 69 S JUN 70
I DERTH 1364300 120,000
I DATUM 73.470 73.250
CASING TYFE MILD STEEL MILD STEEL
l D1AMETER 110 273
l SCREEN TYPE ANGLE IRON SLOT STEEL
DIAMETER 110 .168
l SCREENS 1
DEPTH 1 130,000 84.900
LENGTH 1 6.000 35.100
DEPTH 2
LENGTH 2
i
i
i
i
|
l 6



FIGURE 2.4

Oman site map

Shows the position of sites for the two catchments,

teogether with the catchment boundaries plotted automatically

from data contained in the {Boundary] file. The map is
drawn to a scale of 1:100000. (The runstream is given

in the Appendix - A2.4).

FIGURE 2.5

Oman site location index

Shows the descriptive location index of the sites from
the two catchments. The division of the catchments into
two lists, Wadi Lansab and Wadi Rusayl, shows another
feature of the selection facility. (The runstream is

given in the Appendix - A2.5).

FIGURE 2.6

Oman site summary

In this example the standard list of items in the [Site-
l;sﬁj, as shown in Figure 2.3, has been extended to
include the ground elevation and again the output
divided into the two catchments. (The runstream is

given in the Appendix - 2a2.6).

¥
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OGHIU REF
63106083

63116121

63315941

3535964
63650042

L365604 3

63716uy4d

637116040
04166024

ba3uvblo7

64656100

c4l776]006

64H36103

b4HE6NGS

wELL

hWUMBE R
J1YYy

JT55

SFRING

SPRING
Tw] Ug

Tw)

Tv.3

1w3 0Ub
SPRING

J154

JT26

JT02

JT01

J127

EXAMPLE STUOY = OMAN
FIGURE 2.9 wAD]1 LANSAB

SITE LOCATION INDEX

SPECIAL WELL FOUw PULICE COMPOUNUD AT ALIRPORT,

9kM £ OF SIB PALACE un MAIN .y
HU$ ) 5KM NoTHEN a4k E ON TRACKI]IOM WORTH

SPRING FrOM RUCK POUL SOUTH
OF AdBIYAHs AT EUGE UF JaHAL

HOVT SPRING N OF GURGE ENTRANCE y HAMMAN.
H5M FROM TwW],.

160M FRUM WATER TUWtRr ON
BEARING OF 345 A1 WAD] LANSAH.

T30M FROUM viaATER TUWER ON
HEARING OF 049 AT wAD]l LANSAB.

SM FROM Tw3,
CAUGING FUINTs+HANSHAR SPRINUG.

13.3KNM E
AIRPORT S

O MAIWw RU FROM
l.6KM N UN TRACKSIWELL 10M E OF THACK

15.88M EAST ALUNG CUAST ROAD
FROM ATRPORTIWELL IS 160M SUOUTH OF ROAD.

17.3KM EAST ALUNG COAST RHU
FROM ALIRPORTI460M N ALUNG RU.1360M E OF RuU,

177K EAST ALUNG
FROM

COAST wOaD
AIRPORT APPROX. 7TUM NORTH OF ROAD.

JB.SKM EAST ALOWG COAST ROAD
FROM ATRPURTSWELL IS 1lum SOUTH OF ROAD

19




GHID REF
07120036

62240120

b22i6bl2l

6¢365931

Gralblab

62556120
0’566115
62626111

br11ol2])

628406127

62995453

WhE L

IWUMBLR

wkLL 2

S5AG 17

SAG 11

FalLay

AUG 14

GP 3
WP 2
GP 6

AUG 13

JT 53

FalLaJd

EXAMPLE STUDY - OMaN
FIGURE 2.5  WADI RUSAYL

SITE LOCATION INDEX

HY SIDL UF Rouan.HUSayYL

1ueS5KM E UN Malih RD FRUM
SIB PALACE 4. 7TKM w O TRACKIWELL 20M TO N,

10.5KM £ ON MALH KU FROM
S1IB PALACE 4.3/M w O TRACKIWELL 140M TO i,

GAUGING POINTSw OF SA'ALJE SIDE OF wADl.

S5.8KM E ON MAIN ROAD FROM
SIB PALACES;wELL IS 300M SOQUTH FROM ROAD.

430M ON BEARING OF 000.5 FROM PUMP STATION.
060M O BEARING UF 130.5 FRUM PUMP STATION,
630m UON BEARING OF 074,00 FROM PUMP STAT1IUN,

KM £ O MAIN RD FROM SIB
PALACE§0e2K14 N Oiv TRACKIWELL 60M £ OF TRACK,

OKM B ON MAIN HD FHROM SIH
PALACES)elhM N UN TRACKIWELL 920M € OF THACK

Ww MISFAHR HOT FaALAJ wild LIME PRECIPITATE,

1o
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GR[U REF 63106083
wELL NUMBER JT59
HASIN 1
AQUIFEK
SUUKCE |
CONTHACTUR GEOPROSCO
CONSIR. DATE
VEPTH T1.000
LATUM 19.200
CASING TYPE
LIAMETER o244
SCHREEN TYPE TORCH SLOT
DIAMETER e 2k
SCREENS 1
VERPTIH ] 24,000
LENGTH ] 22000
DEPTH 2
LENGTH 2

GRUUND ELEV,

6311612])

JT55

GEOPROUSCO

71.000

3.100

o244

TORCH SLOT

e C4u

21.000

50.000

6331594
SPRING

EXAMPLE STUDY = OMAN
FIGURE 2.6 WADI LANSAB
SITE SUMMARY

63535964
SPRING

63656042
Twl 0B

—
un

TYLR""DRU.

58,000

064
TORCH SLOT

«064

12.000

46.000



GRID REF
wELL NUMHER

BASIN
AQUIFER
SOuKCt

CUNTRACTOR

DERTH
DATUM
CASING TYPE

DIAMETER

SCREEH TYPE
DIAMETER

"SCREENS
DEPTH 1

LENGTH ]

DEFTH 2

LENGTH 2

CUNSTK. UATE

GROUND ELEV.

63656043
Tw])

—

TYLH=WUHK,

36.000

S50.2060

w246

WlRE wOuUND
« 254

1

28.700

6.300

49.700

63716045
Tw3

St

TYLR=WORW.

36.000

49.000

« 244

dRUGE SLOY
178

2

22,000
4,000
28.000
4.000

48.300

22

63716046
Iw3 uUn

—

TYLR=WURW,

49,000

49.000

«05]

TOKCH SLO1

. 051

12.000

37.000

EXAMPLE STUDY = QMAN
FIGURE 2.6 WADI LANSAB
SITE SUMMARY

64306107
JT154

64166024
SPRING

GEOPROSCO

71.000

1.000

o244

TORCH SLOT
e Phk

1

21.000

50.000
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EXAMPLE STULY =~ OMAN
FIGURE 2.6 wAD1 LANSAH

SITE SUMMARY

GRIO REF 64656100 64776106 64836103 64886095
wELL NUMBER JT26 J102 JT01 Jre7
BASIN 1 ] } 1
AGUIFER 8 b R 8
SOURCE ] 1 1 ]
CONTRACTOR GEUPROSCO  GEUPROSCO  GEOPROSCUL
CONSTR. DATE
DEPTH 30.400 38.700 71.000
DATUM 13.600 274400 344100
CASING TYPE
LIAMETER 244 2244 2244
SCREEN TYPE TORCH SLOT TORCH SLOT TORCH SLOT
LI1AMETER e244 . 244 244
SCREENS 1 1 1
DEPTH ) 19.500 28,700 61,000
LENGTH 1 9.800 Se400 10.000
DEPTH 2
LENGTH 2
GROUND ELEV. 12.900 27.100 33.800
23



GRI1U REF
wEiLL NUMBER

bBASIN
AGQUIFER
SUuRCE
CONTRACTOR
CONSTR, DATE
UEFTH

DaTUM
CASING TYPE

OlIAMETER

SCREEN TYPE,
OlamETER
SCREENS
VEPTH ]
LENGIH ]
DEPTH 2
LENGTH 2

GROUND ELEV.

62126036
WELL 2

62246120
SAG 12

LAV
—

GEUPROSCO

100,000

26.000

115

TORCA SLOTY
«115

1

70.000

30.000

24

62276121
SAG 1)

GEUPROSCO

T1.000

21.300

«115

TORCH SLUT
115

l

53.000

18.000

EXAMPLE STUDY = OMAN|
FIGURE 2.6  WADI RuSavL |
SITE SUMMARY |

62426146
ADG 14

62385931
FALAJ

—
o]

GEOPROSCU

36.000

7300

244

TORCH SLOT
o244

}

10.400

21,900




1
EXAMPLE STUDY - pmMan
l FIGURE 246 WAUI RUSAYL
I SITE SUMMARY
OXlU REF 625561240 62566115 62626117 62716121 62846127
I wb L NUMBER GP 3 ¥RP 2 GP & ADG 13 JT 53
BASILE, Zl o 7 g 4
l AuvulFEKR R B 8 R 3]
SUUKCE 1 1 1 ] 1
I CUNTRACTOR GEOPRQOSCO GEOPROSCO GEOMROSCO GEUPROSCO GEOPROSCO
l CONSTR. DATE
LDEPTH 58,400 76.000 60.000 34.100 72.000
' UATUM li.900 Y.400 7.000 6.700
CASING TYPE
I ODIAMETER « 273 2244 »273 244 2244
' SCREEN TYPE TUORCH SLOT  wlkb woUND  TORCH SLOT TORCH SLOT TORCH SLOT
l LIAMETER « 2713 « 254 «273 e 244 244
SCREENS 1 | é | 1
l VEFTH ) 494100 50,000 25.300 11.300 22,000
LENGTH ] 10300 25.000 3.000 21.000 S0.,000
' UEPTH 2 45.100
' LENGTH 2 11.900
. LROUKD ELEV. 11.100 11,400 8.800 6+700
|
|
1
1
1
l 28



CHEMISTRY

The approach taken in the analysis of chemistry data has
been fully discussed in the "First Interim Report"

(July 1978). The basic techniques are as follows:

(1) QUALITY CONTROL (Reference manual 4 (3), page 20)
includes balance of ions and evaluation of

agricultural and domestic suitability,

(ii) CHEMISTRY SUMMARY (Reference manual 6.3.1,
page 30). Calculates the ratios of specified

chemical determinations.

(iii) CHEMICAL RATIOS (Reference manual 6.3.2, page 30).
Calculates the ratios of specified chemical

determinations.

(iv) STIFF DIAGRAM (Reference manual 6.3.3, page 30)
displays the relative concentrations of major ions

in the form of a bar diagram for each sample.

(v) PIPER DIAGRAM (Reference manual 6.3.4, page 31},
displays the proportional concentrations of major
jons in the form of plotted nomograms for all

samples.

FIGURE 3.1
Oman gquality control

The program calculates the ionic balance, agricultural

26




Ill‘ L \Ill G S BN - =N EN AN EN O S h &N AN SR oG . Ill.

and domestic suitability also produces a useful working
listing summarizing these results. Moreover, it adds

these results to the [Chemistry] file. 1In the agricultural
sultability classes the C signifies the conductivity class
and the S the salinity class as described in the

"Reference Manual” (June 1979) pages 20 and 21. This

basic quality control method also produces a distribution
of balance ranges which aids the selection of balance
ranges for the balance summary.

(The runstream is given in the appendix - A3.1)

FIGURE 3.2

Oman balance summary

Provides a summary of the ions from the chemistry samples
whose balance falls into certain ranges. The samples

are ordered with ascending percentage balance values
within each range.

(The runstream is given in the appendix - A3.2)
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EXAMPLE STUDY = OMAN
FIGURE 3.1

QUALITY CONTROL UF CHEMISTRY DATA FOR ALL CHEMISTRY SAMPLES

BALANCE - THE FOLLOWING DETERMINATIONS
HAVE BEEN USED 1IN THE CALCULATION:
' NA Ca MG K
S04 CcL C03 HCO3 OH
(INCOMPLETE ANALYSES
= I.E+ JHOSE LACKING ANY OF THE ABOVE DETERMINATIONS =
ARE INDICATED BY A NEGATIVE VALUE FOR THE BALANCE)

VOMESTIC SULTABILITY CLASS -

THE FOULLDWI G UEVERMINATIUNS Have BEEN USED IN THE CALCULATION ¢
Ca MG FE Cu Zi Su4
CcL MN PH TLS TOTH

AGRICULTURAL SUITABILITY = SALINITY HAZaRU CLASS CALCULATED

SODlumM (ALKALI) HAZARD CLASS CALCULATED
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GR1D REF. 62126036 SAMPLE 108
BaLANCE =s54¢ = INCUMPLETE ANALYSIS
NUMESTIC SUITAaiLITY CLASS 3
AGRICULTURAL SJUITABILITY CLASS (CaS2

GKID REF. 62246120 SAmMPLE 399
BALANCE =57 = INCOMPLETE ANALYSIS
DOMESTIC SUITAGILITY CLASS 2
AGRICULTURAL SUITABILITY CLASS (C3S]

GRID REF. 62246120 SaMPLE 400
BALANCE =+53 = INCOMPLETE aANALYSIS
DOMESTIC SULITABILITY CLASS 2
AGRICULTURAL SUITABILITY CLASS (C3S1

GRID REF. 62276121 SaMPLE 361

. BALANCE =50 = INCOMPLETE ANALYSIS

DOMESTIC SUITABILITY CLASS 3
AGRICULTURAL SUITABILITY CLASS (€351

GRID REF. 62276121 , SAMPLE ‘362
BaLanCE =+58 = INCOMPLETE ANALYSIS
DOMESTIC SUITABILITY CLASS 3
AGRICULTURAL SUITABILITY CLASS (C35]

GRIU REF. 62385931 SAMPLE 273
B8ALANCE =-+61 =~ INCOMPLETE ANALYSIS
DUMESTIC SUITABILITY CLASS 3
AGRICULTURAL SUITABILITY CLASS (€351

GRID REF. 62426146 SAMPLE 366
BALANCE -.44 = INCOMPLETE ANALYSIS
DOMESTIC SUITABILITY:=CLASS 2
AGRJCULTURAL SUITABILITY CLASS (351

GRID REF. 62626117 SAMPLE 681
BALANCE =2.39 == INCOMPLETE ANALYSIS
DOMESTIC SUITABILITY CLASS~3 -~
AGRlCULTURALfSUITABlLITYLCLASS'FQBSI

GRID REF. 62626117 °° .. .. SAMPLE .682

BALANCE =1.34 - -INCOMPLETE ANALYSIS :
DOMESTIC SUITABILITY CLASS -3
AGRICULTURAL SULTABILITY CLASS 'C3SI

GRIL REF. '627)6121 SAMPLE 17
BALANCE =.20 = INCOMPLETE aiWNALYSIS
DOMESTIC SUITABILITY CLASS 3
AGRICULTURAL SUITABILITY CLASS C4S3

GRID REF. 62Hab127 SAMPLE 35
B8ALANCE ~-.05 = INCOMPLETE ANALYSIS
DOMESTIC SUJTABILITY CLASS 3
AGRICULTURAL SulYadlLlTy CLASS (5%5
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GRID WHEF. 62995953 SaMPLE 207
BALANCE =.56 = INCOMPLETE ANALYSIS
DUMESTIC SULTABELITY CLASS 3
AGRICULTURAL SUITABILITY CLASS (351

GRID REF.. 63106083 :.. . SAMPLE
BALANCE =+05 = INCOMPLETE ANALYSIS
DOMESTIC -SUITABILITY CLASS 3
AGRICULTURAL SUITABILITY CLASS (352

GRID KEF. 63315941 SAMPLE 203
BALANCE - ~«93 = INCOMPLETE ANALYSIS
DOMESTIC SUITABILITY CLASS 3
AGRICULTURAL SUITABILITY CLASS (€3Sl

GRID REF. 63535964 SAMPLE 175
BALANCE =e44. = INCOMPLETE ANALYSIS
DOMESTIC SUITABILITY CLASS 3
AGRICULTURAL SUITARILITY CLASS .C351

GRID REF. 63716046 SAMPLE 200
BALANCE =1.18 =~ [NCOMPLETE ANALYSIS
DUMESTIC SUITAHILITY CLASS 3

AGRICUL TURAL SUITABILITY CLASS (€3Sl

GRIL REF. 64166024 SAMPLE 400
BALANCE =5.58 = INCOMPLETE ANALYSIS
OUMESTIC SUITABILITY CLASS 2
AGRJCULTURAL SUITABILITY CLASS (C3S)

GRID REF. 64306107 SAMPLE 31
BALANCE -.00 =~ INCOMPLETE ANALYSIS
DOMESTIC SUITABILITY CLASS 3 ‘
AGRICULTURAL SUITABILITY CLASS (€555

FREQUENCY DISTRIBUTION :
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% BALANCE 0-1 1-2 2-3 3-4 4=-5 5-6 6-7 7-8
CUMPLETE 0 0 0 0 0 U 0
INCOMPLETE 14 2 1 0 0 1 0

L= = ]



* .

‘S04 =

SAMPLES WITH BALANCE IN RANGE

(ALL ANALYSES)

GHID REFERENCE
NA = 34R.(00
GHIL REFERENCE
NA = 13.050
S04 = 44476
GRID HEFERENCE
NA = 40B.900
S04 = S3.,716
GRID REFERENCE
NA = 23-707
S04 = 6454
GR1U REFERENCE
NA = 5.655
SO‘O = 100580
GRID KEFERENCE
Nﬂ - 7-003
S04 = 34435

GRID REFERENCE
NA = ‘0.524
1.853 ..

64306107
CA = 43,912
CL = 425.820
63106083

caA = 3i243
CL = 12.83]
628461217

CA = 4l.417
CL = 504,780
62716121

CA = 7.58%
CL = 364660
63535964

Ca = 4990
cL = S.753
62426146

ca = 1.547
cL = 5,009
62276121

CA = - 514367 -

CL = -'4.963

00.0 - 050
SAMPLE NUMHER
MG = 75.661
HCO3= 2.754
SAMPLE NUMBER
MG = 4770
HCO3= 4,032

SAMPLE NUMBER

HCO0A3= +983
SAMPLE NUMBER
MG = 14.4T74
.Hc‘03= 2754
SAMPLE NUMBER
MG = 2.38%
HCO3=  2.754
SAMPLE NUMBER
H‘G = 6.661
SAMPLE NUHBER .
MG = 4112

HCO3= i 34245

EL

EXAMPLE STUDY = OMAN

CHEMICAL BALANCE SUMMARY

31

9
nn

co3

14

Cco3

35

€03

17

=
T

co3

175

Co3

366

co3

361

K o=
€03 := .-

BALANCE
8,441
ABSENT OH
BALANCE
e 256
ABSENT OH
BALANCE
7.418
ABSENT OH
BALANCE
281
ABSENT OH
BAL ANCE
«171
ABSENT QOH
BALANCE
102
ABSENT OH
BALANCE
o 0179

ABSENT .. OH

4
Al

It

FIGURE 3.2

-.00‘5

ABSENT

-, 05%

ABSENT

-.05%

ABSENT

- 2U%

ABSENT

-I““g\

ABSENT

“e 4%

ABSENT

i 50%

ABSENT
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SAMPLES W1TH BALANCE IN RANGE

(ALL ANALYSES)

GRID KEFERENCE
NA 5176
S04 l.686

GR1y KEFERENCE
NA 16095
S04 7.079

GHIU KEFERENCE
NA = 4002
S04 = 3.081

Gr1D KEFERENCE
NA 5.176
S04 1.749

GRID REFERENCE
NA 445067
S04 1.936

GRIO REFERENCE
NA 3.393
504 2.707

GRID REFERENCE
NA = 3.915
S04 = 24790

62246120

CaA = 048

CL = 5.302
62126036

ChA = S¢140

CL = 15.228
62995953

CA = 44,042

CL = 30102
62246120

CA = 1.048

cL = 5.132
62276121

Ca = 1e247

CL = 44907
62385931

Ca = 2+994%

cL = 2+623
63315941

CA = 3.393

CL:t? ' :
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SAMPLE
MG =
HCO3=

SAMPLE
MG =
HCO3=

SAMPLE
MG =
HCO3=

SAMPLE
MG =
HCO3=

SAMPLE
MG =
HCL3=

SAMPLE
MG =
HCO3=

" SAMPLE

MG =

“HCO3=

a2

NUHMBER
3.865
3.147

NUMBER
5.099
3.934

NUMBER
1.892
3.737

NUMBER
3,865
3.245

NUMBER
4,112
3.147

NUMBER
2.714
3.737

NUMBER

2.220

‘3.934

400

Cco3

1n8

CO03 =

207

x
nu

co3

399
K
Co3

362
K
Co3

273
K«

co3

203

K *@'“
€03 ="

EXAMPLE STUOY = OMAN
CHEMICAL BALANCE SUMMARY

"ABSENT ~OH -

: T e e
L P .
oy

P

FIGURE 3.2
BALANCE = =,53%
»153
ABSENT OH = ARSENT
BALANCE = ~,54%
192
ABSENT OH .= ABSENT
BALANCE = =-e56%
097
ABSENT OH = ABSENT
BALANCE = -e57%
+153
ABSENY ©OH = ABSENT
BALANCE = =,58%
179
ABSENT OHn = AHSENT
BALANCE = =,61%
077
ABSENT OH = ABSENT
. BALANCE = =,93%
“t e 079 ' :
= ABSENT



SAMPLES WITH BALANCE IN RANGE  1.00
(ALL ANALYSES)

GRID REFERENCE 53716046 SAMPLE
NA = " 6525 CA = 3.992 MG =
S04 =  4.684 CL = 6,119 HCO3=
GRID REFERENCE 62626117 SAMPLE
NA = .6.525 CA = 2,660 MG =
S04 = 2.475 CL = 9,013 HCO3=
GRID REFERENCE 62626117 SAMPLE
NA = 6.525 CA = 2,300 MG =
S04 =  2.492 CL = 9,405 HCO3s
GRID REFERENCE 64166024 SAMPLE
NA = 3.262 CA = 2.076 MG =
SU4 =  2.451 CL = 3,229 HCU3=

33

- 6.00

NUMBER
4,770
4,327

NUMBER
S.814
3.245

NUMBER
64530
2.872

NUMBER
3.109
1967

682
K

€03

681

co3

460

co3

EXAMPLE STUDY - = UMAN
CHEMICAL BALANCE SUMMARY

BALANCE
-« 205
ABSENT OH
BALANCE
«136
ABSENT OH
BALANCE
0136
ABSENT OH
BALANCE
«102
ABSENT OH

FIGURE 3.2

= -1.18%

= ABSENT

2 =l.34%

= ABSENT

-2.39%

= ABSENT

-5 58%

= ABSENT



FIGURE 3.3

Mugdisho balance summary

Shows an example of the use of the balance summary to
highlight samples whose jionic in-balance is worth further
investigation.

(The runstream is given in the appendix - A3,3)

FIGURE 3.4

Mugdisho chemistry summary

The complete summary of all the chemistry samples is

given to aid the interpretation of the example techniques
that follow, Blank spaces in any of the columns indicate
that a particular determination has not been made. The
standard list of items (see "Using the groundwater data
formsf, March 1979) has been included as well as several
additional items (tptal, carbonate and non-carbonate
hardness}).

(The runstream is given in the appendix - A3.4)

FIGURE 3.5

Oman chemistry summary

This summary includes only the standard list of chemical
items. As a contrast to Figure 2.6, this summary has not
been divided into the different catchments.

{(The runstream is given in the appendix -~ A3.5)
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SAMPLES W1TH BALANCE IN RANGE

(ALL ANALYSES)

GR1D REFERENCE
NA 3.380
S04 4.000

GRID KEFERENCE
HA 3.700
504 18.540

GRIV REFERENCE
NA 44020
SV4 S5e990

nu

GRIp HEFEREMNCE
NA = «BAD
= 2.040

GRID REFERENCE
NA =  2.140
S04 = 4.830

GR1V KEFERENCE
NA = 6.300
S04 = T7.080

54412508
ca = 1.370
cL = 1.130
52872391
CA = 12.200
cL = 1.180
52092356
ca = 5.900
cL = 1.180
54352598
caA = 3.180
ce = «620
2122392
ca = 44430
CL = 1« 240
91342372
CA = 4.020
cL = 1.910

«50

SAMFLE
M5 =
HCO3=

SAMPLE
My =
HCO3=

SAMPLE

MG =
KCO3=

SAMPLE
MG =
HCO 3=

SAMPLE
MO =
HCO 3=

SAMPLE
MG =
HCO 3=

as

- 5.00

NUMBER
2.830
2.500

NUMBER
5.160
1.400

NUMBER
1.600
44400

NUMBER
1.020
24400

NUMBER
2.870
3.100

NUMBER
4.380
4.800

MUQD1SHO RESUURCE STuvLy
CHEMICAL BALANCE SUMMARY

FIGURE 3.3

15 BALANCE = «52%
= «130

S BALANCE = «H4%
= « 290

4 BALANCE = «56%
= «180

39 BALANCE = «H8%
= « 090

3 BaALANCE = 1.98%
= «100

33 BALANCE = 3.36%
= « 050

e e et e = m t % vm



GH1O REF
wELL NUMBER
SAMPLL

DATE

HASIN
AQUIFER
SUURCE

DEPTH

TOYAL S0LIDS
ELEC. COND,
PH

CATIUNS CA
MG
NA
K

o3
HLO3
OH
504
CcL
NO3
NQ2

ANTONS

HARDUNESS TOT
CARBONATE
I\ON-CARB.

DUMES ..
AGRIC,

CLASS
CLASS

® CONCENTRATION EXCEEDS WeH.0e HIGHEST DESIRABLE

51342372
Hé6
33
12 APR 79

— ) v

950.¢
1250,
790

4,.,02%
4,38¢
be30

« US

4R

T.08%
l1.91
96"

42000
240.00
180.00

3
C3sl1

‘51432365

17
23 FEB 79

—

— ()

1200.%
1320.
8.30

R.66%

S. 7“’

4.92
21

440

8.33¢
6.74%
« 06

720.00
220.00
500.00

3
€331

51742340
T4
23
11 +EH 79

(&)

- Ny

1000.#
1300.
7.80

4.0

4.92¢

“.60
+31

4.00

Ts92¢%
2e59

480400
200,00
280.00

3
C3s1

MUQDISHO RESOURCE STUDY

FIGURE 3.4

CHEMISTRY SUMMARY

51782325
a7
36
12 APR 79

— P

1672.%%

2300.
7.80

T40¢

6.60¢4
12.78
«12

Tedu

1441400

5.35
.01

700400
370.00
330.00

3
C4S2

LEVEL

v® CONCENTHATION EXCEEDS WeHeO0. MAXIMUM PERMISSIBLE LEVEL

36

51862330
18
35
12 APR 19

—

(=)

1720.*+
2100
1.70

F.43"

S5.37*
11.68
I20

6.00

16.14%%
4e51
«03

T40.00
A00.00
440,00

3
Cas2



MUQDISHU RESOURCE STUDY

l FIGURE 3.4
CHEMISTRY SUMMARY
- - \
lUHlD REF H2092356 $2122392 52322302 52582299 52672285
WELL WUMHER MU 4P MG 3P MGG 2P 59 a4
S AMPLE 4 3 2 30 14
lumt’ 23 FEb 79 23 FEB 79 23 FEB 79 Y SEP 78 12 APK 79
lHAsxm ] 1 1 ) 1
AUUIFER 3 3 4 2l 2l
SOURCE 1 1 1 ] ]
DEPTH
TOTaL SOLIDS 7504% 610.% 1080, 1200.% 870.%
ELEC. COND. 840, 720, 1260, 1600, 1050.
PH B.60% fBe30 8.10 7470 7.90
- l(:A]lONS ca Se90® 44430 7.54¢8 64100 6.26%
MG 1460 2eBT 7.62¢ 7.70% 4o34%
. NA 402 2.14 1.90 5.65 3.26
I K .18 .10 .19 .23 .09
ANIONS  CO3
l‘ HCUB 4440 3-10 3.6 2.80 “-80
OH
504 5.99e 4,830 10.R34e 10,7]%e 7.089
L 1.18 1.24 2.77 6.08% 2.03
I NO3 .13 .37 .05 .09 04
NOZ2
Innuuwﬁss 107 375.00 365.00 760400 690.00 530,00
CaHRBONATE 22000 155,00 180.00 140400 2640400
NON=-CARB . 155400 210.00 58000 550,00 290400
lUUmLS. CLASS 3 3 3 3 3
AGRIC. CLASS c3s1 €351 €351 €3asl1 €351
CONCENTRATION EXCEEUS WeHs0. HIGHEST DESIRABLE  LEVEL

®
I ee CONCENTRATION EXCEEDS WeH.0.

37

MAXIMUM PERMISSIBLE LEVEL




b

GHIUL KEF
wELL NUMBER
SAmPLE
UATE
sASIN
AUU]FEHR
SOukCE
DEPTH
TO1AL SOLI1DS
ELEC. COnD.
FH
CATIONS ca
MG
NA
K
ANTOUNS COo3
nRCO3
OH
S04
CL
NO3
NOZ

HARUNESS TOT
CARGONATE
NON=-CARB .

LDUMES .
ALKR]IC.

CLASS
CLASS

& CONCENTRATION EXCEEDS w.H.,0. HIGHEST DESIRABLE

52772332

8
23 FEG 79

1515,4%
1670«
B.00

TeBT#
5433
1U0.43

« 17

6.80

13.90%°
3.10

660.00
340.00
320.00

3
€381

528622R3
MGL P

1

23 FEB 79

1340.%
1580.
8.20

6.02%

5.98¢

9.40
«17

Sebdd

10.42%%
5.49
096

600.00
280.00
320.00

3
C3s1

52862283
MGQ1P

31

23 FEB 79

—

1550,8¢
220,
6.75%

10,21
He 39
9.78

26

8,00

Bebsus
Q.94
+ 06"

830.00
400.00
430.00

3
C15]

MUQDISHO RESOURCE STuDY

FIGURE 3.4

CHEMISTRY SUMMARY

S2R72391
MGLSP

5

23 FEB 79

— N

1445.¢
1550.
8.30

12,200
5.16¢
3.70

.29

1.40
18,5444

.18
«23

798400

3
€351

LEVEL

ao CONCENTRATION EXCEEUS weH.0. MAXIMUM PERMISSIBLE LEVEL

38

v3202498

9
23 FEB 79

3165,.**
3300,
T.80

16.39%#

1T.21%¢

17.20
20

2.80

29.50%¢®
18,504
11

1680,00
140400
15640400

3
CaSe2




l oRlu RE.F
wELL WNWUMBER
I SamPiLE
UATLE
HAS TN
AGQUIFER
I SOURCE

VEPTH

TOTAL SOLIDS
ELEC. COND.
PH

ICAHONS Ca
. MG
Na

| K

AN]IONS Co3
HCQO3
- OH
S04

CcL
I NO3

NO?
I HARDNESS 10T

CARBONATE
NON'FARB.

I DOMES. Ct ASS
AGR]IC. CLASS

1 -

%3£22320
71
20
11 FEd 79

— ) =

660.*

970
8.00

Z.88
3.52
283

28

4.00

4.01
1.49
«01

320.60
200.00
120.00

3
C3S1

CUNCENTRATION EXCEEDS onoOo
e CONCENTRATION EXCEEDS WeH, O

537282419
MGO2T

25
10 APR 79

Bt

-

1000.*%

1280,
7.80

360.00
230.00
130.00

3
Cc3

39

53292418

32
3 MAR T9

1020.%
1340
T.70

9,474
5.53%
l.?“

012

5.20

Talt®
4.5]
«01

750,00
260,00
490-00‘

3
‘C3S1

HIGHEST DESIRABLE
MAXIMUM PERMISSIBLE LEVEL

MUQDISHO RESOURCE STUDY

FIGURE 3.4

CHEM]STRY SUMMARY

53332285

73
24

920.
7.85

3.54

G.26%

2.117
* 36

4.00
40390

l1.92
«02

390.00
200.00
190.00

3
C3sY

LEVEL

53492262

32
18

23 FEB 79

LAV o

2210.%*
2720,
8.00

S.00¢

8.20¢
22.61
«17

1460

11.55%¢
C2.67%*
16

660.00
BU«00
568000

3
€453




IGHIU REF
WELL NUMBER
SAMPLE
LATE

I BAS 1N
AUUIFEK
SUURCE

LEFPTH

TOTAL SOLIDS
ELEC. COND.
FH

MG

A

I X
ANITONS Co3
HCO3

1 on
SG4

CL

I NO3
NO2

l HARDNESS TOT
CARBONATE
NON=CARE,

I CATIONS  CA

I VOMES. CLASS
AGRIC. CLASS

l @  CONCENTRATION EXCEEDS WeH.0. HIGHEST DESIRABLE
o4 CONCENTRATION EXCEEDS WeH.0.

3642341

29
29 LEC 78

770.4
GCU.
B.60"

3.52
3.28
5.37

«17

4490
3.04

340,00
220+ 00
12000
3

€3s51

536642342

7
23 FEB 79

920.*
1000,
B.60%

4o43%

3.57

6.52
«18

S.00
6.31°

3.37
02

400400
250400
150.00
3
€3s1

40

53672379
sL1oT

22

20 FEB 79

420.00
160,00
260.00

3
€351

MUQDISHO RESUURCE STUDY

CHEM]ISTRY SUMMARY

53812287
2
38
2l JUN 79

145.¢
G50
Te70

G.49¢

3.11

1.97
11

2+60

T.08¢
1.97
-0l

480.00-
130.00
3%0.00

2
C3s1

LEVEL

MAXIMUM PERMISSIBLE LEVEL

FIGURE 3.4

53822529

10
23 FEB 79

680,
785,
8.30

6.37%
le43
2.72

s 14

2+60

6.23%
1.80
«03

390400
130,00
26000

3
C3s]




GKRID REF
wELL NUMHEK
SAMPLE

DAYF

BASIN
AQUIFER
SOUKCE

DEPIH

TO1AL SOLIDS
ELEC. COND.
PH

CATIONS Ca
MG

NA.

K
ANJONS €03
HCO3

OH
S04

CL
NO3
NO2
HARUNESS TOT

CARBONATE
NON-CARH.

LDOMES.
AGRIC.

CLASS
CLASS

® CONCENTRATION EXCEEDS WeH.0. HIGHEST DESIRABLE

54072300
55
26
28 SEP 78

1350.%

1950.
7.70

4.18%

3.52
14.48
19

4.20

7.31¢
10.76*

.10

385,00
210.00
175.00

3
€3s¢

54152322
MGO3CP

13

23 FEB 79

1125.*
1300.
8.20

3.77%

4.“3.

9.57
.18

3.20

Tet2®
T.32%
«01

410.00
160.00
250.00

3
€351

54302577
76
r
J4 FEB 79

— ) e

620.%
900.
790

6.07%

2.13

1.65
«38

240

6.36%
1.46
«01

410.00
120.00
290.00

3
€351

MUGD1SHO RESOURCE STUDY

CHEMISTRY SUMMARY

54342521
75
19
14 FEB 79

550.¢%
780.
7.80

2.81
2.79
2.13

46

3.98
1.01

280.00
160.00
120.00

3
€351

LEVEL

e CONCENTRATION EXCEEDS W.H.O. MAXIMUM PERMISSIBLE LEVEL

41

FIGURE 3.4

54352598

39
26 SEP 78

300.
470,
Ted0

3,18
l1.02
«86
« 09

2.40

204
62
« 09

2i0.00
120.00
90.00

3
€2s1




MUUD1SHO RESOURCE STUDY
FIGURE 3.4

CHEMISTRY SUMMARY

GHIU KEF 54412508 56442455 54442455 54442656 54442456
WwELL HUHMHBER 6l MGO3T MGU 3T MGRTP MGOTP
SAMPLE 15 14 21 28 37
LATE 23 FEB 19 23 FEB 79 23 FEB 79 Yy 0CT 79 9 OCT 79
BASIN ] ] ] 1 1
AGUIFER 2 2 2 2 2
SOURCE 1 1 1 )| |
VEPTH
TO1AL SOLIDS 520.% 650, 660, 620 ¢ 975.*
ELEC. COND. 550 780. 940, 900. 1340,
PH Bed0 8450 7.70 7.80 7.80
CATIONS  CA 1.37 3.90¢ 141l 5.2]¢ 6.21%
MG 2.83 4.10 4.59¢ 2.79 2.79
NA 3.38 2.54 3.56 2.17 6.74
K .13 .18 bl .33 .11
AN]ONS co3 X :
HCO3 2.50 4480 5,20 2.40 6.10
OH
S04 4.00 3.91 2.08 3.71 3.44
cL 1.13 1.92 2.70 4.39 6.20%
NU3 .08 .06 .02 e11
NO2
HARUNESS 10T 210400 400.00 300400 100.00 450400
CARBONATE 125.00 240.00 260400 10000 305.00
MON-CARE . 85.00 16000 40400 145.00
vUMES. CLASS . 3 3 3 3 3
AGRIC. CLASS c2sl €351 ‘€351 €3%1 €351

© CONCENTRATION EXCEEDS W.H.O.

HIGHEST DESIRABLE

LEVEL

oe¢ CONCENTRATION EXCEEDS WeH.0Os MAXIMUM PERMISSIBLE LEVEL

42



MUQDISHO RESUOURCE STUDY
FIGURE 3.4

CHEMISTRY SUMMARY

.o e
N L]
.

GRID KEF. 9545%2327 54712315 55022437 55512457
wELL NUMBER 63
SAMPLE 12 11 (3 16
DATE 23 FEH 79 23 FEB 79 23 FEB 19 23 FEB 79
BAS]IN 1
AWUIFEK Z
SOUKCE |
VEPTH
TOTAL SOLIDS 24B5,0¢ 30500.%@ Y70.¢ 1290.%
ELEC. COnD. 2860, 42000 1180, 1620.
PH 8.00 7.60 8.70% B.80*
CATIONS (o} 8.55¢ 92,10 5.11% 1.89
M TebsT78 62.3000 3.69 131
N A 2313 343.60 6.76 17.39
K .32 6.80 15 12
AN1ONS €o3
HCO3 5.20 2.80 5.20 7.80
OH
S04 18, 754 5]1.3040 5.71% 5.52¢
cL 15.84% 450,700 4«80 Te35%
NO 33 o U4 04
NOZ
HARDNESS TOT "820.00 7720.00 440400 160.00
CARHBONATE 260.00 140,00 260.00 160.00
NON-CARRA, 560.00 7580.00 180,00
DO4ES. CLASS 3 3 3 3
AGRIC. CLASS Ca4S3 C5SS Cas] C3s3

© CONCENTRATION EXCEEDS WeM.0. HIGHEST DESIRABLE
so CONCENTRATION EXCEEDS WeH.O.

43

LEVEL

MAXIMuUM PERMISSIBLE LEVEL




6KRID REF
wELL NUMBER
SAMPLE

LATL

BASIN
AVULFEK
SUURCE

VEPLTH

TUTAL SsoLIDS
ELEC. COND.
PH

CATIUNS Ca
MG

VA

K

ANTUNS €03
HCO3
OH
S04
CL
NO3
NO2

DOMES.
aGRr1C.

CLASS
CLASS

© CONCENTRATION EXCEEDS
o® CONCENTRATION EXCEEDS weH.O,

62126036
WELL 2
1n8

16 JAN T4

AV V)

1570.%¢
2300.
7.60

S5.14%

5. 10‘

16410
19

3.93
7.08%

15.23%
«13

3
CaS2

62246120
Sa6 12
399

6 NOV 74

-0 N

590.*
8&0.
B.490

1.05
3.87
5.18

«15

1.75
5.13
«03

2
€351

N-H.O.

62246120
Sab 12
400

6 NOV 74

-0 N

590.¢
880,
8.30

1.05
3.87
5.18

*15

1.69
530
«U3

2
C3S1

HIGHEST UESIRABLE
MAXIMUM PERMISSIBLE LEVEL

EXAMPLE STuULY = OMAN

FIGURE 3.5

CHEMISTRY SUMMARY

62276121
SAG 11
361

J NOV T4

-

SA0.%
900,
-8e20

1.35
4.1)¢

452
«+18

C3s1

LEVEL

62276121
SaG )11
362

3 WOV T4

- N

580.%
900.
8.20

1.25

4.11%

4.57
18

3.15
1.94

4.9]
« 05

€3Sl




EXAMPLE STUDY =~ OMAN

FIGURE 3.5

CHEMISTRY SUMMARY

I GRHD KEF 62385931 62426146 62626117 62626117
wELL NUMBER FALAJ ADG 14 GP 6 GP 6
SAMPLE _ 273 366 641 682
l DATE 17 JUN T4 29 OCT 74 2 AUG 75 2 AUG 75
BASIH 2 2 2 2
AULLFER 1 8 8 8
SUUKCF 5 1 1 1
I DEPTH 27.000 54.000
TOTAL SOLIDS 540.% 870.* 1856,%% 1830.%¢
ELEC. COND. 7680. 1250, 1143, 1141
FH .10 T+60 8.10 T80
CAT10ONS (o 299 1.5% 2.30 2.66
l MG 2.71 6o HE® 6.53¢ 5.81¢
. NA 3.39 7.00 6.52 6.52
K .08 .10 elé o l4
' AN ] ONS co3
HCO3 3.74 3.74 2.87 3.25
I OH '
SU4 2.71 3.44 2449 2.48
cL 2.62 8.01% G.4Q® 9.0l
NO3 «01 .06
]
DOMES. CLASS 3 2 3 3
l AGRIC. CLASS €351 €351 C3s1 €351
#  CONCENTRATION EXCEEUS WeH.0so HIGHEST DESIRABLE  LEVEL
I @® CONCENTRATION EXCEEVUS weHeOe MAXIMUM PERMISSIBLE LEVEL

45

627116121
aDG 13

17

18 SEP 73

- N

2710.%%
3900.
8.00

7.58%
14o4Toe
23.71

.28

215
Heta5*

36. 66
15

€453



GRTD REF.
wELL WUMBER
SAMPLE

Dalt

BASIN
AWULFLEK
SOURCE

VEPTH

TOTAL SOLILS
ELEC. COND.
FH

CATIONS CaA
MG

N A

K

ANTUNS Co3
HCU3

UH

S

CL

NO3

NO2

UOMES. CLASS
AGH1C. CLASS

© CONCENTRATION EXCEEDS WeH.0s HIGHEST DESIRABLE

62846127

JT 63
35

1 NOV 73

3V}

L

32300,%
40000
Se40%@

4)].42%0
101,16
408.90

Tet?2

«98
53.72%¢

504.78%¢
- 21

3
€555

62995953
FALAJ

201

24 APR T

P

620.%
950.
8.00

“.04e

1.89

4.00
.10

€3Sl

63106083
J1569

14

1 ayG 73

[

—

1260.#
1850,
T T.60

3.24
4,77

13.05

26

4e4Re®
12.83¢

3
€352

EXAMPLE STULY = OMAN

FIGURE 3.5

CHEMISTRY SUMMARY

63315941
SPRING
203

24 APR T4

570.¢

ange.
8.00

3.39
2+.22
3.91

-08

279
2e71
«03

3
€351

LEVEL

©e CONCENTRATION EXCEEUS WeH.0. MAXIMyM PERMISSIHLE LEVEL

63535964
SPRING
175

T MAR T4

P

830.¢
1200,
7.80

4.99¢

2.38

5.65
17

4aHHO
S5.75¢

C3s1




¥

ExXaMPLE STUDY = OMAN

FIGURE 3.5

CHEMISTRY SUMMARY

I GKLD REF 63716046 646166024 64306107
wELLL NUMBLR TW3 08 SPRING J154
SAMPLE 200 460 3]
l VALE 21 APR 714 26 FEB 75 1 NOV 73
dASIN ] 1 1
l AUULIFER 5 1 8
SUURCE ] 4 1
l DEPTH
TOTAL SOLIDS 9}0,® 516.% 27700.%®
ELEC. (ONU. 13500 883, 330000
| PH 7.50 8410 7.80
CATIONS  CA 3.99¢ 2.08 43,9]1%e
I MG 4,77¢ 3.11 715.66%%
. Na 6.52 3.26 348,00
N .20 .10 Betid
I ANIONS (O3
HCO3 4,33 1.97 2.75
UH
l S04 468" 2.45 4T.4T70®
cL 6.12% 3.23 425,82¢
N03 « 18 o« 14 oCh
1
LDUMES. CLASS 3 2 3
AGRIC. CLASS C3s1 €351 €555

®  CONCENTRATION EXCEEDS w.H.0. HIGHEST DESIRABLE LEVEL
#e CONCENTRATION EXCEEUS WeH.Os MAXIMUM PERMISSIBLE LEVEL

AF




FIGURE 3.6

Oman Piper diagram

Shows the three shapes characteristic of Piper diagrams
with the two triangles indicating the relative proportions
of cations and anions and the trapezium indicating the
relative amounts of monovalent, divalent cations and
carbonate and the remaining anions. The positions are
marked on the diagram with a small circle and distinguished
by different letters and colours. A key indicating the
number of each sample is plotted on the graph. Also the
value of the determinations for each chemical sample is
listed; to be used in conjunction with the diagram.

(The runstream is given in the appendix - A3.6)

FIGURE 3.7

Oman chemical ratios

Shows the sodium (NA), calcium (CA), magnesium (MG)
concentrations and the ratios of sodium to cdalcium and

to magnesium for all the chemical determinations. .Because
of the wide range of values taken by ratiocs they are listed
in the form of an exponent and a mantissa (eg .1234 + 002
means 12.34 and .5678 - 003 means .0005678). ABSENT

means that one or other of the determinations is missing

or equal to zero.

(The runstream is given in the appendix - A3.7)

48
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PIPER DIAGKAM - KEY 10 SHEET

GRID REFERENCE

CA = Se140
L = 15.228
GRID KREFEREWCE
Ca = le048
CL = 5.132
GHID KEFERENCE
CA = le0u4H
CL = 5.302
GRIN KEFERENCE
ca = 14347
CL = 4963
GRIU KEFERENCE
Ca = 1.247
L = 4.907
GRID REFEREMCE
Ca = 2994
CL = 2.623
GR1U REFERENCE
Ca = 1.547
CL = H#.0009
GRIU KEFERENCE
Ca = 2+300
CcL = F.4U5
GRID KEFERENCE
Ca = 20660
cL = g.013
GHRID KEFERENCE
Ca = 7.585
CL = 36.660

62126036

MG = 5.099

5C03= 3.934
62246120

MG = 3.H6Y
HCO3= 3.245
62246120

NG = 3.H6b
HCO3= 3.147
62276121

MG = 4.112
HC0O3= 3.245
h2276121

MG = 4.112

HCOL3= 3.147
6234593|

MG = 2+714

HC{3= 3,737
62426146

MG = 6.66])

HCO03= 3.737
62626117

MG = 6.530

HCO3= 2.872
62626117

MG = S.814

HCO3= 3.245
62716121

MG = 14,474

HCO3=  2.754

‘NA

SAMPLE
NA
COo3

" u

SAMPLE
NA =
co3 =

SAMPLE
NA =
Co3 =

SAMMLE
NA
€o3

1)

SAaMPLE
Na =
Co3 =

SAMPILE
Na =
Co3 =

SamMPLE
NA
o3

LU 1}

S AMPLE
Na =
C03 =

SAMPLE
NA
Cco3

non

SAaMPLE

Cco3

50

NUMHE R
16.095
. 000

NUMBEKR
5.176
«000

NUMBE K
5.176
«+000

NUMBER
4.524
«000

NUMBER
44567
«000

NUMBER
3.393
« 000

NUMBER
7.003
«000

NUMBER
6.525
« 300

NUMBER
6.525

NUMRER
23.707
«000

682

.y
twon

oH

17

OH

SU4

S04

S04

S04

S04

S04

S04

S04 .

S04

S04

7,079

1.749

1.686

1.853

1.936

2.707

3.435

Ce492

475

6.454



PIPER Dl1AaGRAM - KEY TO SHEET

GRID KREFERENCE

CA- = 4].4)7
CL. = 504.780
GRID RFEFERENCE
Ca = 4,042
CL = 3.102
GRID REFERENWCE
Ca = 3.243
CL = 12.83)
GRID KEFERENCE
Ca = 3.393
cL = 2.707
GRIU REFERENCE
CaA = 4.990
cL = 5.753
"*GR10 REFEREICE
CA = 3.992
cL = 6.119
GRID REFERENCE
Ca = 43.9312
CL = 425.820

62546127

MG = 101.,15%
HCO3= 983
62995953

MG = 1.6927
HCO3= 3.737
63106083

MG = 4.770
HCO3= 4,032
63315941}

MG = 2«220
HCO3= 3.934
63535964

MG = 2+ 385

"HCO3= 2.754
637160406
MG = 4.770
HCO3= 4327
64306107

MG = T75.661
HCO3= 2.7154

1 (CUNTINUED)

SAMPLE NUMBER

tNA = 408.900
Co3 = «+ 00U
SAMPLE RWUMBER
NA = 4.002
€03 = «000
SAMPLE NUMUBEK
NA = 13.080
Cu3 = «N0U
SAMPLE NUMBER
NA = 3.915
C03 = « 000
SAMFLE NUMBER
NA = 5.655
€03 .= -« N00
SAMPLE NUMBEK
NA = 60525
cCo3 = «000
SAMPLE NUMBER
NA = 34B.000
Cy3 = «N00
.51

S04

S04

504

504

504

S04

S04

i

$3.716

3.0H81

4ebTh

2.790

4.580

4.6H4

47.470



JD=REF SAmMP

Gel26036

leea(,l?u
62240120
i??blEl

21612l

62385931

t‘li’blab

62626117

626117

'271612]

62Ba6k1 27

l2995953

3106043
i33159a1
'35359tm

63716046

I‘albf.)UZ‘o
i‘v;‘l}bl 07

1048

399

36¢
°13
306
681
6az

17

35
207

14
203
175
200
460

31

NA
«1610+002
«5176+001
«51764001
«6524+001
< 45674001
«3393+001}
.70034001
c 65254001
.6525+uul
.23714002
<4UB9+00U3
+40024001
.1305¢002
«3915+001
«5655+001
65254001
23262001

+3480+003

CA
«H140+001]
+104B«Q0]
«10484+00]
«1347+001
21247+001

v 2994+001

e 1547+001

+2300+001
26604001
« 7585+001]
«64142¢002
«4042400]
.32430001
«3393+001
«4990+001
«3952+001
«2076+001

«439])+0u2

52

M6
« 5099+ 0110
+ 3865+ 00
e 38654001
«+4112+4001
eb]llee001l
«27144+001
eb66140U0]
«6530+001
e5814+001
« 14474002
«1012+003
«1BG2+001
«4770+001
« 22204001
«2385%+001
047704001
»3109+001

. 75664002

EXAMPLE STuDY - OUMAN

NAZCA
«3132+001
«4940+001]
c4940+001
«3358+001
.3661+001
«1133+001
«4527+001
«28364001
«2453400)
«3126+001
+9873¢001
«9901+000
«4023+4001
«1154+001
«1133+001

+1635+001

s 15724001

«71925+00)

CHEMICAL RATIO0 SUMMARY

FIGURE 3.7

Na /MG
¢ 3157+001
«1339+001
«1339¢001
«1100+001
e11114+00])
«12504001
«1051+001
«9993+000
«1122+001
+163H+00])
«4042+001
e21)6+001
2 2736+00])
v1763+001
23714001
«1368+001
+1049+001

« 45994001



FIGURE 3.8

Mugdisho Piper diagfam

This diagram is plotted in the same way as Figure 3.6.

The patterns indicated tell a confused story and further
analysis is called for. However, the 'tail' leading from
the main body of sample points with an increasing sodium
proportion on the cation diagram may be indicative of
mixing with brine waters. Although a concomitant ‘'tail’
is not apparent on the anion diagram with an increasing
chloride proportion. A sensible next step is to identify
specific samples from the diagram, chemistry summary lists
and chemical ratios (Figure 3.10) to establish waters with
different compositions. Marked on this diagram are seven
such samples for which further analysis has been
undertaken.

(The runstream is given in the appendix - A3.8)

FIGURE 3.9

Mugdisho stiff diagram

Sstiff pattern diagrams have been produced for the seven
samples indicated on the Piper diagram. Classifying the
chemistries of each sample by taking the largest
concentration of cation and anion, except two samples
they all fall into a different class (Na-S504, MG-SO4,
CA-SO4, NA~-CL and CA-HCO3) with sample 9 having more or

less equal concentrations of NA, CA and MG as well as

53



e 13 / § | 4 : e
NAa/ N S
VA VaVaNAVAVAVANANAN
: no’ 8‘44&.‘4‘“ 02
WAVAYAYS VATV
u414.¢€rﬂ‘4%% \ ‘ z Y
A\%%@ ’ "" @»/\</2

ey W = el el

oo
s
RN

QL)

W

8.8 il

AR LS 30 AR S S BHS EHEEW -




-

PI1PER DIAGRAM = KEY 10 ShFte]

GRID KEFERENCE

CA, - 4-020
CL - 10910
GRID KEFEHRENCE
CA = H.600
CL = 6.740
GRID KREFEREWCE
Ca = 4.080
cL = 2590
GRID REFERENCE
CA = T+400
cL = 5350
GKRID REFERENCE
Ca = Y430
CL = 44510
““GRID KREFEKENCE
CA = 5.900
CL = 1+1R0
GRID HEFEREMCE
CA = 4430
CL = 1.240
GRID HEFERENCE
Ca = T+540
cL = 2+770
GRID REFERENCE
Ca = 6100
cL = 6,080
GRID KEFERENCE
CA = _6026U
CL = 2030

51342372

MG = 4.380

HCO3= 4.H00
51432365

MG = HYeT4au

HCou3i= GG DY
BYl742340

MG = 41920
HCO3= 4,000
51782325

MG = 6.600
HCO3= Tea00
51662330

®G = 5.370
HCU3= 60010
52092356

MG = l«600
HCO3= 4.400
52122392

MG = 20670
HCO 3= 3.100
52322302

HG - TObEU
HCO03= 3.600
52582299

MG = T.700
HCO3= 2800
52672285

MG = Q.BAU
HCO03= 4.800

SAMPLE

Na
co3

nu

SamPLE

NA
co3

SAMPLE

NA
co3

SAMPLE

Na
co3

SaMPLE

NA
co3

nn

SaMPLE
NA =
cn3 =

SamPLE
NA =
cNnl =

SAMPLE
NA =
cnl =

SAMPLE

NA
cn3

SAMPLE
NA =
c03 =

NUMRER
6.300
«000

NUMBER
4.920
« 000

NUMBE R
4.600
«000

NUMBE R
12.780
«+000

NUMBLR
11.680
+ 000

NUMBEK
4.02U
«000

NUMBER
2.140
«000

NUMBER
1.900
« 000

iNUMBEH
5.650
«000

NUMABER
3.260
+000

050
« 000

«210
« 000

«310
« 000

«120
« 0G0

2200

«+ 000

«180-

«000

.100
« 000

« 190
»U00

« 230
- 000

<090
. 000

S04

504

S04

S04

504

S04

S04

SU4

504

S04

7.080

He330

T.924

14,1690

16140

5.990

4.830

10.830

10.710

7.080



PIPEK DIAGKAM = KEY TU SHEET

6310 REFERENCE

CA’ = 70870
CL = 30}00
GRIU KEFERENCE
Ca = 6.0V
CL = S.4G0
GRID REFERENCE
Ca = 10.210
CL = 9.940
GRID REFEKENCE
CA = 120200
CL = 1.180
GRID KEFERENCE
CA = 160390
"GRIU KEFERENCE
Ca = 2.880
.CL - ].490
GRID KREFERENCE
CaA = G.070
CL = ﬂoSlU
GRID REFEKERCE
CA S 3.5‘00
cL = 1.920
GRID REFERENCE
Ca = 5.000
CL = 22.670
GRID REFERENCE
CA =. '3-520
CL - 3'0‘40

52772332

MG = 5.330

Hc03= 608“0
HZ2Hor2e83

Ml = H.9b0
HCO3= S5.600
52862283

mG = Ge390
HCO3= 8.000
52872391

MG = 5.160
HCO3= 1.400
53202490

MG = 17.°210
HCO3= 2.800
L 3222320

MG = 3-520
HCO3= 4.000
53297416

MG = 5.530
HC03= 5.200

‘ 53332285

MG = ‘0026U
HCO3= 4.000
3492262

MG = 8.200

HCU3= 1.600
5364234)

MG = 3.280

1 (CONTINUED)

SAMPLE WUMBER
SAaMPLFE NUMHER
A = 9.‘1’“0
Co3 = «000
SAMPLE NUMHER
NA = 9. 78U
c03 - « 000
SAMPLE NUMBER
NA = 3.700
€03 = «000
SAMPLE NUMBER
NA = 17.200
C03 = « 000
SAMPLE NUMBER
NA = 2.830
Co3 = «000
SAMPLE "NUMBER
iva = 1.740
C03 = .OUU
SAMFLE NUMBER
NA .= 2.170
C03 = « 000
SAMPLE NUMBER
NA = 22610
Ch3 = ,000
'SAMPLE_NUMBER
NA = 5.370
co3 = « 000
56

c
x
nu

A
nn

C
I
nnun

o
b 4
nwn

P
Inu

«170
«+ 000

«170
+ 00U

» 260
0V

«290
« 000

« 200
« 000

«2R0
- 000

«120
«000

« 360

V00

170
« 00U

170

<000

504

S04

S04

Sua

S04

SVL4

S04

S04

S04

13.500

10,420

B.,640

18.540

29.500

4,010

T.140

4,390

11.550

4,900



PIPER DIAGHAM - KEY TO SHEET

GRID REFERENCE

Cﬂ ‘= 4430
CL = 3.370
GR1D REFERENCE
CA = 3.1950
CL = 4.280
GRID REFEREWCE
Ca = 6e490
CcL = 1.970
GRID REFERENCE
Ca = 64370
CL - 1300
\
GRID REFEHENCE
Ca = 4elB0
CL = 10.760
“ GRID KEFERENCE
Ca = 3.770
CL = 7.320
GRID REFERENCE
Ca = 6.070
CL = l1.460
GRID REFERENCE
CA = 2+810
CL = 1.010
GRID KEFERENCE
ca = 3.18¢0
L = 620
GRID REFERENCE
CA =  1.370
CL = 1.130

536423472

MG ‘= 3057“

HCO 3= 5.000
5367237y

MG = 5.250
HCO 3= 3.200
53812287

MG = 3.110
HCO3= 2.600
5382252y

MG = 14430
HCO3= 2600
54072300

MG = 3.520
HCO3= 4,200
54152322

MG = 44430
HCO3= 3.200
54302577

MG = 2130
HCO3= 2.400
54342%2]

MG = .2.790
HCO3= 3.200
54352598

MG = 1.020

-HCO03= 2400
54412508

MG = 2.830

HCO3= 2500

1

(CONTIHNUED)

SAMPLE NUMBER
NA = 6.520
€03 = «000
SAMFLE NUMHEK
Na = 2.260
Co3 = <000
SAMPLE WUMBEK
Na = 1.970
C0O3 = «000
SAMPLE wWUMBER
NA = 2eT20
Co03 = « 000
SAMFLE NUMBER
NA = 14.480
C03 = «000
SAMPLF NUMBER
NA = 9.570
Ci3 = « 000
SAMPLE NUMBER
Na = 1.650
Cn3 = «000
SAMPLE NUMBER
NA = 2.130
co3 = «000
SAMPLE NWUMBER
“Na = « 860
Cu3d = « 000
SAMPLE NUMBER
NA = 3.380
C03 = «+ 000
5%

nn

«]180
«000

« 361)
« DOUY

«11lu
000

« 140
« 000

«190
000

e 180
« 000

+ 380
+000

460
«000

« 0990
+000

«130
« 000

S04

504

S04

S04

S04

S04

S04

S04

S04

S04

n

6.310

3.540

T.080

6.230

7.310

T«420

6.3060

3.980

2.040

4,000



PIPER UD1AGRAM = KEY TO SHEET

GRID REFERENCE

CA. = 3.900
CL = 1.92720
GRID REFERENCE
CA = l1e4}0
Ct. = 2700
GRID KEFEWRENCE
CA = Se2]0
CL = 4 ¢ 390
GRID REFERENCE
CA = 6021“
CL = 6200
BGRID REFERENCE
CA = 8;550
CL = 15.880
““GRID REFERENCE
Ca = 92-100
CL = 450.700
GRID HEFERENCE
CA = S.1]10
CL = 4800
GRID REFERENCE
CA = 10890
CL = "Te350

5444245

MG = 4.100

HCO3= 4.800
Sa4442454
(ETCR 4.590

HCO3= S«.200
54443456

MG = 21790

HCO3= 2e400
54442456

MG = 2790

HCO3= 6plOU
54552327

MG = T«870
54712315

MG = 62.300
HCO3= 2800
55022437

G = 3.690

HCO3= S.200
55512457

MG = 10310

HCO3= T«800

1 (CONTINUE)

SAMPLE WUMBER
NA = 2+540
CU3 = « 00
SAHMPLE NUYBER
NA = 3.560
Culd = LU
SAMFLE MNUMBEK
NA = ZOI.IU
C03 = s H0U
SAMPLE NUMBER
NA = 64740
C(3 = « 000
SAMPLE NUMBER
Na = z3.13¢0
Co3 = N0
SaMPLE KUMBER
WA = 343.600
cC03 = <000
SAMILE NUMBER
NA = 6.760
Co3 = 000
SaMPLE NUMBER
VA = 17.390
C03 = 0000
58

14

K = e 150

UH = « 000
Z2)

Y = e44()

Un = U000
28

K = « 33U

OH = U000
31

[N = .110

UH = « 100
12

K = .320

Or - « 000
1]

[ = 6.800

OH = <000
6

L8 = «150

OH = «000
16

K = «12V

OH = « 000

SU4

S04

S04

S04

S04

S04

504

S04

3.910

2.080

3.710

3.440

18,750

51.300

5.710

5.520




MUQDISHU RESOURCE STUDY
FIGURE 3.9

GRIU REFERENCE 1862330
SAMPLE NUMBER 35

TOTAL SCALE = 2¢ MILLIEWUIVALENTS PeR LITER EACH DASH= 1,00

I - .
—

0
NA e ————— L ——————— S04
) 0
0
\ V]
N 0
\ 0
O Ty, O-e—m=n- CcL
0
0
0
0
0
L O=me——n HCO3
\ 0
0
0
0
0
0
0
0
198765432101234567891
l‘ATER TYPE === SOUluM SULPHATE
I:ONSTITUENTS I MILLIEQUIVALENTS PER LITER
'A = 1le680 Cca = 9.430 MO 5.370 K 200
504 = 16140 CL = 4510 HCO3= 6.000
iALﬂNCE= « 6%
l 59



MUGDISHY RESOURCE STUDY
FIGUKRE 3.9
GRID REFERENCE 53202494

SAMPLE NUMBER 9

TOTAL SCALE = S50 MILLIEWQUIVALENTS PER LITER EACH DASH= 2.50

1 987654321012366567889]1

0
0
NG eememeae- Nr—mm—r—cen—. S04
0
0
0
0
0
ca emeae=- Q=== cL
0
0
0
0
0
MG ememeea- 0- HCO3
0
0
0
0
0
0
0
U
1 987654 3210123456786
WATER TYPE ==- MAGNESIUM SULPHATE
CONSTITUENTS IN MILLIEUUIVALENTS PER LITER
NA 17.200 CA = 16.390 MG 17.210 K 200
S04 = 29,500 CL = 184590 HCO3= 2.800
BALANCE = o1l%
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MUQDISHU RESOURCE STUuDY
FIGURE 3.9
GRID REFERENCE 53222320

SAMPLE NUMBER 20

TOTAL SCALE = S MITLIEQUIVALENTS PER LITER taCH DASH= .25

1 9 87T 6544 321012345617889))

O
0
NA et et e et T L S04
0
0
)]
0
0
CaA = memrecascee- (=== CL
1]
0
(]
0
0
MG 0 meeceecceca—a fr-mm—=m-———me—a—a HCO3
0
]
0
0
U
-0
0
) .0
1 987654 3210123456178291]
“ATER T1YPE =-- MAGNESIUM SULPHATE
CONSTITUERNTS I MILLIEUWUIVALENTS PER LITER
NA = 2«B30 CA Z2«8HB0 ™G = 3.520 K + 2890
50‘0 = 4.010 CL = 1-490 HC03= 4.000
BAaLANCE = « 5%
61



MUGH)SHG RESOURCE STuDy
F1GURE 3.9
GRID REFERENCE 53492262
SAMPLE NUMBER 18
TOYAL SCALE = SU MILLIEWUIVALENIS PER LITER EACH DASH= 2.50
1 98765432101 234567829.1
0
0
NA reemeea-- Ym=——- S04
0
)
0
0
1
o m=Qmem—————- cL
0
0
0
n
0
MG ———y- HCO3
0
0
0
0
0
U
0
)}
1 vy 87664321012 345¢6178°9))
WATER TYPE === SODIUM CHLORI1DE
CONSTITUENTS N MILLIEQUIVALENTS PER LITER
A = 22.610 CA = 5.000 MG = B.200 K 170
S04 = 114550 CL = 22+.670 HCO3= 1.600
HAL ANCE = el P%
62



MUQDISHO RESOURCE STuDY
FIGURE 3.9
GRID REFERENCE 54302577

SAMPLE NUMBER 27

TOVAL SCALE = 10O MILLIEQUIVALENTS PER LITER EACH DASH= 450

1987654 321012346456178€9.1

0
0
NA bl | ol ket i L T S04
0
0
0
¢
0
tah = meerescccen- Q=== CL
0
0
0
0
f]
‘MG —m—mmm————— HCO3
0
0
0
0
0
-0
0
0
198765432101234%6717889.1
WATER TYPE ==~ CALCIUM  SULPHATE
CONSTITUENTS IN MILLIEQUIVALENTS PER LITER
NA 1650 ca 6.070 MG 20130 K « 380

S04 = 6+360 CL 1.460 HCO3= 24400

BaL AMCE = ..05%

63




MUODISHO RESOURCE STUDY
FIGURE 3.9
GRID REFERENCE 54352598

SAMPLE NUMBER 39

101aL SCALE = 5 MILLIEQUIVALENTS PER LITER EACH DASH= .25

1 98765466 3210123456789

0
0
NA mem(err———— SU4
0
0
0
¢
0
Ca e it il O~=- cL
]
n
0
0
0
MG —mmm (e ———— HCO3
0
0
0
0
0
0
0
0
1 987 654 321012345617 8291
WATER TYPE --= CALCIUM B ICARBONATE
CONSTITUENTS IN MILLIEQUIVALENTS PER LITEK
tNA = «B6U Ca = 3.180 MG l1.020 K « 090
504 = 2«040 CL = +620 NHCO3= 2400
HALANCE = . B0
o4



MUWDISHO RESOURCE STUDY
FIGURE 3.9
GRID REFERENCE 54712315

SAMPLE NUMBER 11

TOTAL SCALE = 00 MILLIEWQUIVALENTS PER LITER EACH DASH=25%.00

1 9 A7 654 32101234567889.1

i ;
0

I NA  =meeeeccccaa-- 0-- 504
0
0
0

i 0

. 0
CaA il | Ll b b b cL

I 0
0
0

l 0
0

MG -={ HCO3

0

| 0
0
0

l 0
0
0

I 0

1 987 654 321012 34567 AR 9]
'hﬁTER TYPE === SOUDIUM CHLORI]DE
CONSTITUENTS IN MILLIEQUIVALENTS PER LITER
INA = 343.600 CA = 92,100 MG = 62.300 K 6.800
ISU4 = 51.300 CcL = 454.700 HC(O3= 2800

' IHALANCE= « V0%

l 65




S04 and HCO3.

FIGURE 3.10

Mugdisho chemical ratios

Shows the values of chloride (CL) and the ratiocs of
sodium (NA), magnesium (MG), sulphate (SO4) and total
carbonate (HCO3) to chloride.

{The runstream is given in the appendix - A3.10)
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(JU-REF SAMP

51342372
I1432365
51742340
B 782325
1862330
52092356
I2122392
52322302
25R229Y
2612285
52712332
I2862283
2562283
i287239l
3202496
$3222320

I32824]9

i3292418
33322185

I3«92262
53042341

I3642342

33

17

23

36

35

30

34

20
25
32
24
18

29

CL
«191N0¢001
«0740+001
« 25904001
+5350+00)

«4510+001

+1180+001

1240001
227704001
«G0H0+00]
«2030+001
«3100+001
«5450+001
«9940+001
«11804001
+1859+002
+1490+001
ABSENT
$4510+001
19204001
22674002
«3040+001

+«3370+001]

nNA/CL

e 3298«00]

« 7300+000

«17T76+001

+2389+001
2590+ 00])
«3407+001
17264001
«6H85y+ 000
«9293+000
« 1606+001)
«3365+00)

«1712+001}

98394000

-3136+00]
-9252+000
<1899¢00]
ABSENT

. 36584000
«1130+001]
<9974 4000
«17664001

«1935%+00]

MG/CL
«2293+001
«H516+4000
« 15004001
«12344+001
«1191+001
«1356+001
223154001
«2751+001
«1266+001
«2138+4001
«1719+001
«108Y+001
o 6429+000
+4373«001
«9258+000
«2362+001

ABSENT
«1226+001

022190001

‘e 3617+000

61

«1079+4001]

«1059¢001

MUQOLD ] SHO RESOURCE STuULY

CarsCL
«2105+001
« 12854001
«1807+001
«1383+001
«2091+001
+5000+001
«3573+001
.27224001
« 10034001
«30H4+001
« 2939+ 001
«1097+001

«1027+001

«1034+002 .

+86817+000
«1933+001)
ABSENT

+2100+001
« 18444001
« 22064900
«1158+001

«1315+001

CHEMICAL RATIO SUMMARY

FIGUKRE 3.10

S04/CL
e 3707+001
12364001
»3058+001
e 2643+00]
«35795+001
+5076+001
«3895+001
«3910+00]
«1762+001]
«3488+001
44844001
«1898+001
«8692+000
«1571+002
+ 1587+ 001
+ 26914001
ABSENT
«1583+001
«2286+001
+5095+000

«1612+001

.1872+001 _

HCO3/CL
25132001
«6528+000
2 1544+001
«1383+001]
«1330+00]
«3729+001
«2500+00)
+1300+001
e 4605+000
«2365+001
«2194+001
10204001

«+8048+000

+1186+001

«1506¢000
. 26854001
ABSENT

+1153+001
«2083+00)
«7058=001
014474001

+14B4+00])



IIU-HEF SamP
6723719 27

|4H] 2257

53622529

'-072300

4152322
1302577
| '.342521

543525938

'u.12508
iaaz«ss
£424%5

I:.t.zasb

54442456

'552327
i7l2315
n224 31

'5512457

3

10

26

13
27
19
39
15
14
21
28
37
12
11

6

16

cL
$4280+001
«1970+001
«1600+001
«10764002
.7320+001
14604001
«10}10+00)
«6200¢000
«1130+001
«1920+001
.2700+001
«4390+001
.6200+001
15884002
«45u7+003
«4800+00]

«7350+001

Na/sCL
«H280+00N
«JU00+00]
«1511+001
«1346+00]
«1307+00)
«1130+001
«2109+00]
13874001
«2991+001
«1323+00)
13194001
45434000
«1087+400]
«1457+001
« 16244000
» 1408B+00)

23664001

MG/ CL
e 1227+001
e )5TY+001
s 7944+000
32714000
«6052+000
« 1459001
« 27624001
«1645+001
«2504+001
2135400}
«1700+001
«6355+000
«4500+000
e 4956+000
.1382+000
« 76874000
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MUQUISHO RESOURCE STUDY

CasCL
« 7360+000
32944401
+ 35394901
+3885+000
5150000
24158400}
«2782+001
«5129+001
«1212+001
«2031+00]
«5ce2+ 000
«1187+001
«1002+00]
«5384+000
»2043+000
«1065+001

SU4/CL
«B82714000
«3594490)
e346]1+001
267944000
«1074+001]
«4356+00)
«3941+00]
«3290+001
«3540+001
«2036+00]
s 7704000
«B4S1e000
«5548+000
«1181+001]
«1138+000
«11590+001

«75104000

CHEMICAL RATIO SUMMARY.

FIGURE 3.10

HCO3/CL
W T4T7T+000
«1320+001
e1444+00)
«3903¢ 000
e4372+000
«1644+00])
+3168+00]
«3B71+00]
«2212+001
« 2500001
«1926+001)
«5467+000
«YH3GH OO0
«3275+000
6213-002
«1083+001

«1061+001



4, PUMPING TEST

A general plotting method provides the basis for the first
stage of analysis of pumping test data. It can be used to
plot constant discharge, step drawdown or recovery data
with the axes either log/log or log/linear (time/drawdown).
Also included in this preliminary stage of analysis is

quality control and a pumping test summary.

(i) QUALITY CONTROL (Reference manual 4(4) page 22)
checks the monotonicity of pumping test results
detecting random fluctuations which maybe an

error in the data.
(11) PUMPING TEST SUMMARY (Reference manual 6.4.1 page 31).

(iii) PUMPING TEST PLOT (Reference manual 6.4.2 page 31).

FIGGRE 4.1

Oman pumping test quality control

This figure shows the quality control listing for the three
tests that are used as examples. These data have been
chosen to show recovery (62626117), step-drawdown (63116121),
constant rate discharge (64886095). The guality control
program highlights times when the gradient of drawdown
(with respect to time) changes. The user should then check
that these changes are not spurious. For the recovery test
all the output is included; for the step-drawdown and
constant rate discharge tests up until and including 45

minutes. In addition the quality control program checks

67



GRID REF.
GHRADIENT OF

GRADIENT UF

GRADIENT UF

.GHADIENT OF

GRADIENT OF
GRADIENT OF

GRADIENT OF

GHID REF .’
GRADIENT OF

GRAUVIENT OF
GRADIENT OF
GRADIENT OF
GRADIENT OF
GRADIENT OF

GRADIENT OF

TIME=DRAWDOWN
TIME=DRAWDUWN
TIUE ~DRAWDOWN
TIME=DRAWDOWN
TIME-DRAWDOWN
TIME-DRAWDOWN

<r
™

TIME-DRAWDOWN

11ME-DRAWDOWN
11ME=DRAWDUWN
TIME-DRAWOOWN
1 1ME~DRAWOOWH
TIME-DRAWDOWN
TIME-URAWDOWN

TIME=-DRAWDOWN

64886095 PUMPING TEST

PLOI
PLOT
PLOT
PLOT
PLO
PLOT

PLOT

62626117 PUMPING TEST

PLOT
PLOT
PLOT
PLOT
PLOT
PLOT

PLOT

CHANGES
CHANGES
CHANGES
CHANGES
CHANGES
CHANGES

CHANGES

CHANGES
CHANGES
CHANGES
CHaNGES
CHANGES
CHANGES

CHANGES

FICURE 4.1

(NO DATE RECURDED)

SIGN AT TIME

SIGN ATl 1IME

SIGN
SIGN
SIGN
SIGN

SIGN

SIGN
SIGN
STGN
SIoN
SIoN
SIGN

STOGN

Al
Al
AT
Al

AT

AT
Al
AT
Al
Al
AT

AT

TIME
TIME
TIME
TIME

TIME

{(NO DATE RECORDEW)

TIME
T IME
TI&E
T1ImME
11ImME
11ME

TIME

GRID KEF, ~63i161é1 PUMPING TEST (NO DATE RECORDED)

GRADIENT OF
GRAUIENT OF
GHRADIENT OF
GRADIENT OF
GRADIENT UF
GRAD1ENT UF

GRADIENT OF

TIME-DRAWDOWN
TIME=-DRAWDOWN
TIME=DRAWDOWN
TIME=-DRAWDURN
TIME~URAWDOWN
1 IME~DRAWDOWN

T IME=-UKAWDOWN
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PLOT
FLOT
PLOT
PLOT
PLOT
PLOT

PLOT

CHANGES'
CHANGES
CHANGES
CHANGES
CHANGES
CHANGES

CHANGES

SIGN
S1GN
S1GN
SIGN
SIGN
SIGN

SIGw

A7
AT
AT
AT
AT
at

Al

TIM

TIME
TIME
TIME
TIME
TIME

TIME

3.0

4.0

1040
22.0
2640

45.0

180.0
210.0
420.0
460.0
Tov.0
84040

900.0

20,0

22.0

26.0
23.0

45.0



that the start and end times of steps in drawdown tests
run consecutively and the times at which drawdown is
measured are also correctly ordered.

(The runstream is given in the appendix - 24.1),

FIGURE 4.2

Oman pumping test summaries

Shows the data fqr the three tests in a summéry form. The
pdmping rates which are presented, on the first page of
each summary, give the rates and time intervals for each
step. A recovery test is treated as a constant rate
discharge test with a zero pumping rate,

{The runstream is given in the appendix - A4.2).

FIGURE 4.3

Oman pm{iping test plots

The data summarized in Figure 4.2 has been plotted as

follows:

(i} Recovery test data as a log/linear plof
(ii) Recovery test data as a_log/log plot
(iii) Constant.rate test data as a log/linear plot
(1v) Constant rate test dafa as a log/log plot
(v) Step-drawdown test data as a log/linear plot

{The runstream is given in the appendix - A4.3).

Fdl



ExaMPLE STUDY = OmMaAN

FIGURE 4,2
CONSTANT RATE TEST - PUMPED WELL
PUMPING AT GFP 6 GRID REF., 62626117

VATE OF TEST NOT RECORUEUD

PUMAPING KATES (M%e@3/DAY)
.0 FRO™ 0.0 MINS TO 1080.0 MINS

REST WATEK LEVEL NOY RECURDED

TIME (MINS) DRAWDUWM (M) TIME (MINS) DRAWOOWM (M)
.0 36.720 22.0 13.250
1.0 33.670 2440 11.730
20 30.630 2640 10.810
3.0 27.960 2840 10.200
440 264970 30.0 8.980
S o) 264050 35.0 8370
640 254440 4040 7.770
70 Z24.830 45.0 7160
840 23.970 5040 5.940
9.0 23.010 5540 5.630
}0.0-2 22.400 60.0 4.570
11.0 21.480 7540 3.500
12.0 20.870 90.0 2.890
1340 19.730 105.0 2.590
14.0 184130 1200 2.2R0
1540 17.210 150.0 1.970
16.0 16.820 180.0 2.210
18.0° 15.690 21040 . labT6
20,0 144170 24040 1.371
72



(CUNT InULD) EXAMPLE STUDY - UMAN
FIGURE 4.2

CONSTANT RATE TEST - PUMPED WELL

PUMPING AT GP 6 GRID HEF, 62626117

VATE OF TEST NUT RFCORDED

TIME (M]1iNS) UDRAWDOWM (M) TIME (MINS) DRAWDOwWM (M)
30040 1.066 720.0-. . 051
360.0 <761 78040 e 05)
42040 «914 84040 <000
480.0. .457 90040 <000
S40.0 .152 960, 0 <000
60040 e127 102040 «000
66040 .102 1068040 .000

3



PUMPING RATES
537.0 tROM
7220 FHRUM
‘1590 tROM

S

EXAMPLE S5TUDY - OMAN

FIGURE 4.2

TEP URAWDOWN TEST -

PUMPING AT JT55 GRID REF,

(Mee3/D4Y) !
0.0 MINS TU

1000.0 MINS TO

2000.0 MINS TU

REST waTER LEVEL NOT RECOKDED

TIME(MINS)

10.0
12.0
14.0

16.0

DRAWDOWHM (M)
+ 000
1.570
3.770
4.530
5.020
5.420
5.620
S.650
5.720
5.760
5.763
5.805
6.075
6.078
6.060
6.063
Ce 063

6. 065

74

PUMPED wELL

!

63116121

DATE OF. TEST NOT RECORULED

1000.0 MINS
2000.0 MINS
3000.0 MINS

TIME (MINS)
2640
28.0
30.0
35.0
4040
45.0
5040
5540
6040
70.0
80,0
90.0
100.0
110.0
12040
135.0
150.0

165.0

URAWDOWM (M)
6. 065
6.073
6.075
6.113
6,115
6.073
6.075
6,113
6.090
6.0R0
64085
6.065
6.063
6065
6.068
6.080
6. 080

6.083



(CONTINUED) ExaMFLE STULY = Oman
FIGURE 4.2

STEP DRAWLCOWN YEST - PUMPED WELL

PUMPING AT JT755 GRID REF, 63116121

DATE OF TEST NOT RECOKDED

TIME (M]INS) DRAWDUWM (M) TIME (MINS) DRAWDOWM (M)
180.0 6.085 870.0 64365
210.0 6.100 900.0 be383
240.0 6.103 930.0 60415
27040 6.105 960.0 64445
300,0 6.10% 990.0 64465
330.0 6.108 1000.0 6+498
360.0 6.108 1001.0 6.503
390.0 ©.108 100240 64560
420, 0 64120 1003.0 6.715
45040 6+130 100440 6,693
480.0 64150 1005, 0 6.+955
51040 6.190 1006.0 6.993
54040 6.203 1007.0 74063
57040 6.208 100640 7.115
60040 6.228 1009.0 7.143
63040 6.235 101040 7.193
660.0 6.253 1012.0 7.265
6900 6.293 101440 7.313
720.0 6.313 1016.0 7.340
75040 6.315 1018.0 7.365
760.0 6.330 1020.0 7.383
610.0 64340 10220 T 7.405
840.0 6.353 102440 7.420
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{CONT INUED)

TIME (MINS)
1U26.0
Tu28.0
1030.0
1035.0
10640.,0
1045.0
1050.0
10v55.0
1060.0
1070.0
1060.0
1090.0
1100.0
1110.0
1120.0
1135.0
1150,0
1165.0
1180.0
1210.0
124040
12700

130V.0

PUMPING AT

DRAWDUWM (M)
Tet70

74485

7.555
7.575
74595
7.605
7.618
7.640
7.650
7.673
7.703
Te745
7.785
7.818
7.860
7.903
7.943
7.983
8,018
Be040

8.080

76

ExaMPLE STULY = UMAN

STEP DRAWDOWN TEST =~

FI1GURE 4.2

PUMPED wELL

J155 GRI1D REF,., 63116121

DAYTE OF TEST NOY RECORDED

TIME (MINS)
133040
1360.0
1390.0
142040
145040
1480, 0
151040
154040
157040
160040
163040
16600
16900
172040
1750.0
178040
181040
1840.0
187040
190040
1930.0
196040

1980.0

DRAWDUWM (M)
b.110
Bel60
8.180
8.200
8.215
B.243
B.275
B.293
B.315
8,343
8.373
8,405
B8.433
8,465
B.473
B.503
B8+.545
8.583
8.625
B.643
84663
B.683

8,703



{CUNT INUED)

TIME (MLiNS)
2000.0
20010
c0n2.0
2003.0
20040
2005.0
2006.0
200740
2008.0
2909.0
20]0.0
2012.0
201440
201640
2018.0
c020.0
c022.0
2024 .0
202640
2028.0
2030.0
2U35.0

2040,0

PUMPING aT

DRAWDUWM (M)
8.733
6.863
8.885
8+90%
8.923
6.945
8.965
B.993
Y4000
94020
9.030
9.035
9043
9.063
9.095
9.113
9.153
Y.195
9.223

9.253

9.315-

9.323

9.325

77

ExAaMPLE S1UDY - OMAN

STEP DRAwWDOWN TEST -

FIGURE 4.2

PUMPED wELL

J155 GRID REF. 63110121

VDATE OF TEST NOT RECOROED

1 IME (MINS)
204540
205040
2055.0
206040
207040
2080.0
2050.0
2100.0
2110.0
2120.0
2135.0

215040

2165.0

218040
2210.0
224040
2270.0
230040
2330.0
236040
2390.0
242040

245040

DRAWDOWM (M)
9,328
94330
9.333
9.335
9.335
9.338
9,340
94350
94360
9.370
9.373
9.373
9.375
9.378
9.380
9.390
94400
94410
9.420
9.423
9.430
9,440

9.450



EXAMPLE STUDY = OMAN

FIGURE 4,2
CONSTANT RATE TEST = PUMPED wWELL
PUMPING AT JT127 GRID REF, 64886095

OATE OF TEST WU RECORULED

PUMPING RATES (M®#e3/0AY)
102.0 FROM 0.0 MINS TO 14400 MINS

REST  waTER LEVEL NUT RECURDED

TIME (MINS) DRAWDOWM (M) TIME (MINS) VRAWDOWM (M)
.0 «000 2840 44635
1.0 3.570 3040 44645
2.0 44420 35.0 44660
3.0 3.H6S 4040 4,665
4.0 4.260 4540 4,650
S0 4.470 S04 0 44650
640 44540 5540 4.650
7.0 44365 6040 44650
60 44320 7040 4¢655
940 4.305 6040 44655
10,0 44545 9040 4,658
12.0 44563 100.0 4,660
1440 4,575 110.0 4,670
16.0 4578 120.0 44695
1840 4,583 135.0 44695
2040 4.585 150.0 4,698
2240 4.585 16540 4.703
2440 44590 180.0 40705
2640 446)3 21040 " 4,708
78



(CONT IhUED) EXAMPLE STUDY =~ UMAN
FIGURE 442

STEP DRAWDOWN TEST = PUMPED WwELL

PUMPING AT JI55 GRIND REF. 63116121

UATE OF TES1 NOT RECURDEL

TIME {M]INS) DAwOWM{M) TIME {MINS) LRAWDOWM (M)
248040 Y465 2780.0 9,340
251040 9e343 2R10.0 94345
256040 9.285 286040 9.350
2510,0 9.280 2870.0 9,350
260040 9.320 290040 9.353
2630.0 9.33% 2930.0 9.355
2660.0 96340 2560.0 9,353
269040 Ye338 2990.0 9.358
272040 Ye343 3000.0 9,350
2750.0 Ye340

#9



(CONT INUE D)

T1ME (MINS)
24040
270.0
300.0
330.0
36040
390.0
42040
450.0
45040
510.0
5404.0
570.0
60040
630.0
660.0
65040
720.0
750.0
7680,.0
B10.0

84040

EXAMPLE STUDY -« OMaN

"CONSTANT RATE TEST =

FIGUKRE 4.2

PUMPED WwELL

PUMPING AT JT27 GRID REF, 64886095

LDRAWDOWM (M)

4750

4770

4e 790

4.815

4.823

4.825

4oH2H

44835
44835
4.850
4.850
44850
4+R50
4.850
44650
4.850

. 44850

4.850

44900
4.9]0

4.900

80

DATE OF TESY NOT RECORULED

T1ME (MINS)
87040
Y000
93040
96040
99040

1020.0
105040
108040
1110.0
1140.0
117040
1200, 0
1230.0
1260.0
1250.0
13200
1350.0
1358040
141040

1440.0

DRAWDOWM (M)
4,905
4.900
44,900
4.?00
4,910
4,920
4,930
4.928
4,933
4e940
4,940
44960
4,940
4,945
4+950
4.950
4,950
4,950
44,950

4,950
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5. WATER LEVELS

In the early stages of evaluating the hydrogeology of an
area, water level information is of prime importance.
Thus the ease and speed of analysis of this data can

be crucial in deciding which direction the further work
will take. The program design has taken this into
account; so they can be applied at different stages of a
study as the amount of available data increases. The

methods fall into the following categories:

(1) QUALITY CONTROL (Reference manual 4(5) page 22)
Usually water levels vary smoothly; the qualify
control consists of identifying poiqts which
deviate from a smooth variation by more than a

certain tolerance, defined by the user.

(ii) DEPTH TO WATER SUMMARY (Reference manual 6.5.1,
page 31}). This is an initial listing of the data
to be used both in conjunction with {i) and for

early evaluation.

(iii) ﬁATER LEVEL SUMMARY (Reference manual 6.5.2, page
31). Uses the datum of the well measuring point
which is stored on the (Site-list) file and
calculates the groundwater levels above mean sea
level. Obviously this is used in later stages

of the study once these datum have been surveyed.

(iv) HYDROGRAPH OF DEPTH TO WATER (Reference manual

6.5.3, page 31). Plots the information summarized

B2
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(v)

(vi)

by (ii) with the user having the option of whether
the depths to water increase or decrease away from
the time axis and whether to plot the data points
only, the points joined by straight line segments
or the points joined by a smooth curve {cubic
spline). The user may decide on the time

interval required for plotting by specifying the
start and end dates as well as the scale at

which the depths will be plotted.

WATER LEVEL HYDROGRAPH (Reference manual 6.5.4,
page 32), Plots the information summarized by

(iii) with options as specified as in (iv).

WATER LEVEL DIFFERENCE SUMMARY (Reference manual
6.5.5, page 32). Water level data is often
measured irregularly in time. To compare the
temporal variation for different wells the water
level record for each well is interpolated using
cubic splines. 1In this way the change in water
level at each well during a given time interval
can be estimated. Summarizing these variations
help in understanding the seasonal changes for

different wells.

(vii) WATER LEVEL DIFFERENCE MAPS (Reference manual 6.5.6,

page 32). The changes in water levels in (vi) can
be put into a regional perspective by plotting
them on a sequence of maps for successive time

intervals. The scale and area covered by the



. _ .

maps can be chosen by the user,

FIGURE 5.1

Mugdisho water level quality control

This Figure shows examples of output from the quality
control program at three values of tolerance .1, .2 and
.3. The resulting lists show that for some dates values
of water level are suspect, at the lower tolerance levels,
but are satisfactory at higher tolerance levels. However,

for some data even the higher tolerance level are suspect.

.The user must decide on what tolerance level is suitable

to use for checking; taking into account the variability
of the data.

(The runstream is given in the appendix - A5.1l)

FIGURE 5.2

Mugdisho depth to water summary

The wells within the single grid sguare (Figure 2.1(A))

have been used to exemplify the depth to water summary.

The values and dates are listed in two columns in data
ascending sequence with continuating pages listed where
necessary.

(The runstream is given in the appendix -~ A5.2)
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FIGURE 5.4

GRID KEF. 521712332 TULERANCE buwaLS {(RANGE © ,100LeU0U)
CHECK DATA FUR FOLLOWING DATES!-

80379

1103719

190379

GRID REF . 52862283 TOLERANCE EQUALS (RAWGE ® 100E+0V)
CHECK DATA FOR FOLLOWING :DATES:~-

71278

171278

40179

110179

130279

GRID REF, 5287239) TOLERANCE EGQUALS (KANGE ® 4100£E+00)
CHECK DATA FOR FOLLOWING DATES:-
231278
40179
70279
210279
50379 O
110379
190379
270379
40479

GRIUL KEF, 52042356 TOLERANCE EWUALS {(RANGE ® +100£+00)
CHECK DATA FOR FOLLOWING DATES:-
231278
40179
130179
702719
210279
190379
270379
40479

GRID REF. 52122392 TOLERANCE EOQUALS (HANGE © ,100E+00)
CHECK DATA FOR FOLLOWING DATES:-
210279

GRID REF. . 2322302 . TYOULERANCE EQUALS (KANGE @ .100E+00)
CHECK DATA FOR FOLLOWING DATES:~-
51178
121178
181178
261178
71278
171278
260179
210279
50379
110379
170379
210379
40479

85



DATE. WATEK LEVEL
M AHUVE M,S,.L.)

9 MAR 73 1.060

12 JUN 73 1.150
30 JUN 73 1.090
16 JUL 73 ;.110
13 AUG 73 1.060
12 SEP 73 1.040
23 SEP 73 1.030
20 0OCY 73 <980
12 NOV 73 $970
29 DEC 73 1.000
5 JAN 74 -4 260

9 FEB 74 1.030

31 MAR 74 1.020
28 APR T4 .880
26 MAY T4 «600
T JuL 74 .370

21 AUG 74 .120
1 StP T4 <120

29 ‘SEP 74 -.020
26 0CT 74 -.350

90

UATE

3
17

23

15
21
29
11
lb

26

12
16
18
22
25

12

NOV
NOV
WOV
DEC
DEC
DEC
LEC
JAN
JAN
JAN
FEB
FEB
FEB
FEB
FEB
FEB
FEB
MAR
APR

APR

EXAMPLE STUDY - OMAN
WATER LEVEL SUMMARY

FIGURE S.3

GRID REF. 62556120
SITE -NAME 6P 3

T4

T4

74

T4

14

T4

74

75

75

75

75

75

75

15

75

75

75

75

75

WATER LEVEL
(M ABOVE M.S.L.)

-.090
-.170
-.200
-.200
-.110
-.220
-.240
~.280
-.280
-.280
-.290
-.270
-+.280
-.280
-.290
-.180
-.280
-.280
~.330

-+350



N

FIGURE £.1

GRID REF., 5204923%6 TOLERANCE EUUALS (RANGE @ ,200E+00)
.CHECK DATA FOR FOLLOWING DATES:-
40179
210279
40479

GRID REF. 52122392 TULERANCE EQUALS (KANGE ¢ ,200E+00) - N0 CHECKS

GHID KEF. bY23z223u? TOLERANCE EQUALS (KHANGE & ,200E+00)
CHECK DATA FOR FOLLOWING DATES: -
121176
181178
261178
11278
260179
210279
Su379
110379
170379
270379
40479

GRIU REF. 52772337 TULERANCE EGUALS (RANGE @ .200E+00)
CHECK DATA FUKR FOLLOWING DATES:- '

BU379

110379

190379

GRID KEF. 52862283 TOLERANCE EQUALS (RANGE € .200E+00)
CHECK DATA FOR FOLLOWING DATES:-
171278

40179
110179

GRID KEF. 52872391 TOLEHRANCE EQUALS (RANGE *® .200E+00)
CHECK DATA FUR FOLLOWING DATES:- '
231278
210279
50379
110379
190379
4419

86
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FIGURE

GRIL REF. 52092356 TOLEéANCE EQGUALS (RANGE ® ,300E+00)
GRID REF. 52122392 TOLERANCE EQUALS (RANGE # ,300E+00}

GRID REF. 52322302 TOLERANCE EQUALS (RANGE ¢ ,300E+00)
CHECK .UATA FOR FOLLOWING DATES:- )

121178

181178

261178

0379

110379

170379

270379

404179

GRIL KEF. 52772332 TOLERANCE EQUALS (RANGE ®© 4300£+00)
CHECK DATA FOR FOLLOWING DATES:=-

80379

190379

GRID REF. 52862283 TOLERANCE EQUALS (KANGE # .300E+00)
CHECK 1JATA FUR FOLLUWING LDATES:- )
171278
40179
110179

GRID KEF . 528712391 . TOLERANCE EuunLS’fR;NGE ® ,300L+00)
CRECK DATA FUR FOLLOWING DATES:=-

210279

50379

110379

81

5.1

= NO CHECKS
- NO CHECKS



FIGURE 5.3
Oman water level summary

A few well records have been chosen as examples of Oman
water levels; in fact those wells where hydrographs

will be shown later.

(The runstream is given in the appendix - A5.3).

838



DATE

30
11

12

31

2y

29

21

i0

12

JUN
StR
NOV
DEC
MAR
MAR

APR

JUN

BEC
DEC
JAN
FER
FEB

FEB

73
73
73
73
14
74
Ta
T4
T4
T4
75
5
5

15

wATEK LEVEL
(1 ABUVE M.SelLa)

1.060
1.020
1,040
1.040
.980
$940
.930
850
.« 750
.760
<730
£750
«760

1.090

89

UATE

13

19

el

15

21

17

28

10

FEB
FEB
FEB
MAR
MAR
APR
APR
MAY
MAY
JUN
JUL
JuL

SEP

EXAMPLE STUDY = OMAN
WATER LEVEL SUMMARY

FIGURE 5.3
GRID REF. 62426146
SITE NaME ADG 14

WATER LEVEL
(M ABOVE M.S.L.)

15 420
75 «900
75 «BHU
75 «B810
75 + 780
75 480
75 660
75 670
75 690
75 640
75 640
75 «690
75 640



DATL

19

gV
o

10

16

APH

APR

MAaY

MAY

MAY

JUN

JUN

15

75

75

75

75

75

WATLR LEVEL
('1 AUOVE M-S.L-,

=.350
~.380
=390
=390
=~.400
-+.380

~e240

Y

DATE

29 JUN
16 JUL
3 AUG

l1u SEP

28 SEP

26 0CT

75
75
75
75
75

75

wATER LEVEL
{M ABOVE M.S.le}

=760
-+330
-+390
=470
-.500

-.5]0



DATE WATER LEVEL
(M . ABOVE M.S.L.)

24 APR T4 3%.560
28 MAY T4 344810
20 AUG 74 32.890
3 SEP 74 32.540

3 NOV 74 10.200

2 DEC 74 12.190

5 JAN 75 12.190

30 JAN 75 12.190
10°FER 75 12.190
12 FEB 75 31.870
13 FEB 75 12.180
19 FEB 75 20,200

92

OateE

25

19

17

10
28

26

FEB
MAR
MAR
APR
APR

MAY

“JUN

JUL
AUG
SEP
StP

oCcT

EXAMPLE STUDY = Oman
WATER LEVEL SUMMARY

F1GURE 5.3
GR1LD REF. 63716046
SITE NAamt Tw3 08

WATER LEVEL
(M ABOVE M.S.L.)

75 21.110
75 21.320
75 23.090
75 21.620
75 21.620
75 19.080
75 17,520
75 16,280
75 154480
75 144290
75 13.780
75 13.060



FIGURE 5.4

Mugdisho depth to water hydrographs

These graphs show one of the examples summarized in

Figure 5.2, with the depth axis increasing (Figure 5.4 (A))
and decreasing (Figure 5.4(B}) to the time axis., In these
examples the data points are joined with straight lines.

(The runstream is given in the appendix'- AS5.4).

FIGURE 5.5

Mugdisho water level hydrographs

These three araphs exemplify different ways of presenting

the data: in 5.5(A) the water level data points are joined
with straight line segments, 5.5(B) the points are shown
only and 5.5(C) the points are joined by a smooth curve

evaluated using cubic splines.

FIGURE 5.6

Oman water level hydrographs

In this example three well records have been chosen to
exem;iify one of the uses of water level hydrographs.
The hydrographs show a variation in response to

a recharge in the mountains from wells nearer the
coast. The three wells in question are shown on the
site map (Figure 2.3) joined by a line.

(The runstream is given in the appendix - A5.6).

93



o) o o Q o o 0 Q Q o) Q Q
s S & ® o N & & & ® & o
W v Wt v P WO v W & W i i
< Q Q Q ® ) Q ) Q Q Q Q
1 1 | 1 | L 1 1 1 | | 1 a
Y
N
(/]
hend
®
(=]
o
o
oM
| ® o
I_
» T
Bt
> |
o
=
D
[ P —
o™
]
- &
23
- —f
Vo
m
w
=8
)
o
n
=0
~
(-]
r ° -
2]
[e
d43S9°01 "3IWYN 3118 @

9vEZLTYS 3IN3Y343Y OI1¥9| v°S F¥YNIId

HdBYIO¥AAH T3A37 ¥31UM| AOQNLS 3J¥NOS3Y¥ OHSIADNW
B S OF EN EN A B B B B R B B B DN B B O ESE .




Q o o o o Q Q o S Q ) O
A,.,%/ o&oa. 40,«/ Jv&f mv@.r S n@f < On.,. S OA/ J,.%./ K %f .w%. 0&«
o Q¥ T\ Y Qv Q¥ QY QY QY N Q¥ Q¥
] ] 1 L ] 1 ) 1 1 i
g
-3
a
[=+]
—
[vs]
-
8
[=)]
<
ro
4
2
L
L3
to
[ws]
llmr..u.
3
9
2
L
! .
=
423501 IWYN 3LIS ! 3
QYEZLTIYS ATNIYILAZY QIO ¢S J¥N9I1 4 _
HJBYODYE0AH T2A3T ¥Z19M! AQNLS 3J¥NES328 GHSIITNK L_
i EE B ar A I BN D D By GE B TN BN O B TS B e =

-d

431uM 81 HLd

(SIALIAW)



O Q ) < O S Q < Q Q Q Q
§ &nf 0&.02 404/ (oof mwo.v S nﬂo/ P On/ < p/n/ ) (&4/ K wa/ .v,%./ 00«/
o Q¥ Q¥ Q¥ Q¥ Qv PAY Qv Qv Q¥ Qv Qv
1 1 L L ! 1 1 L 1 1 1 =
N
F N
.l.....u
b
o)
- —
m™m
| A
-
o
| m
<
m
Wonl oy
F 9
8 —
| =
m
e
am
N
- @
DD
- 0O
-t 0
2=
| m
=
..l”..u *
N
N o
.
[
®
o
-
l......_
- @
d43S°01 JWEN 3JLIS ®

9vESLTPS JININI43Y OI¥D)S*S 3yNII4
HdYYOONO0AH 13A37 "431UYM|[ AGNLS 334NBS3Y BHSIOADNUW
Nl =S N N BN B BN O G N I EE N I TS O S S e -




Q ® o o o O o o ) o
Y N S ) " ) N N N N
& S & o T O N & > o S &
o Qv Qv Q¥ Q¥ Qv Q¥ A N QY Q¥ Q¥
| 1 1 L ) L ¢ 1 i I ! =
~N
F Y
Q _I....-
@ o=
@ D
- -
e @9 - m
,.9 I.nuUd
Q0 8 H
@ m
[~
F
In) @,
e
m
o=
%3 ~
S o
| o
v
=
~ <
. m
=
| ™.
- 0N
z.
|
© .
n mr
o
.IL
435" 01 "3WON 3116 3
9ve2LTPS 3INIYIL3Y OIYS[S°S INNOI S .
- N e ABNLC NI UNEI ., (sn IR N -E .-

YOS A HIEE \ T J B




' ozeL ¥2°L
d3LUM

{

1) A

AW) T13A30

93
SA¥1

VQJL
NSNS

2L L
(=71"S° |

Gy~

~—==r=-

84-L

435" 01 IWYN JiiS
9PEZLIYS IONIU=43Y C1¥91S5+S 3¥N9ld |

| HJUY¥00MO0AH T3A37 ¥315M| ACNLS 3J¥NOSIY BESICINM |

- EE NN N AN IR I AN BN IS DE BN S G B D G o e .




"ovidz- oo
T3IAFT ¥31UM

" o8- 0-

(“71°S°W 3A08H S3¥LIU)

‘r
%
f

08°0

T

T
or'2

1

oo ¥

I

]

09°3

T

|
og*L

y1 908 JHEN 3118
S¥182¥29 JONIY343Y (GI¥D| 9°S 3J¥NJI4

| HdBJOOQJOAH T3A3T ¥3IiUM| NBHO - AONLS 3I7dWHX3
MY SN N AN SR B S SR N N N N D G G ) SE WE I

99



|
2

(*7°S°W 3A08H S3Y¥L3IW) T3IA3T ¥ILM

' b9-§-

T
00 ¥-

)

" ove2-

1

]
08°0
100

T

]

T
o¥-2

1

1
11k 4

S

£ d9 JWHN 3118

oS

02195529 3IN3¥343y4 Q1D

§*S 3JyN914

HdBY90¥OAH T3A37 ¥31UM

NHWB -" AONLS 3TdHBX3




R K K KN 9 K O K
= £ ® N S & $P S
i L | ] 1 1 ] s
o
o
By
o
Sp
- —
m
- =0
"
-
_m
i
s —
o
=
m
=
Lo =0
afrm
=3}
D
r D
o @
=
D o T
o
[=;]
0 .
A
z L
=
r
[ ]
"
N
—n
80 £€MUL JWYN 3L1S 3
9Y091LEY ITININISIAY QIyY9[9*S 3¥N9ld

49

AH 13A31 ¥3ILHM

NEWO - AONLS 31dWHX3

104



-

FIGURE 5.7

Oman water level difference summary

The summary listings show the interpolated changes in

water levgls for the following three monthly periods:

5.7(A) 1.1.1974-1.4.1974
{(B) 1.4.1974-1.7.1974
(C) 1.7.1974-1.10.1974
(D) 1.10.1974-1,1.1975

These summaries can alsoc be used to aid the interpretation
of the water level difference maps where the regional
pattern of charge can be -studied.

(The runstream is given in the appendix - A5.7).

FIGURE 5.8

Oman water level difference maps

For the changes summarized in Figure 5.7(A)-(D), maps have
been drawn with rises in water level appearing in blue,

falls in red and & indicating positions, without numbers,

‘where there is no data for the particular time period.

The interpolation of water levels requires that there
must be water level measurements either side of the

dates over which the interval is taken.
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6. FURTHER CONSIDERATIONS

In this report it has not been possible to fully cover

all aspects of the system. 1In particular, the simplicity
of using the data system to handle, select and present
data cannot be fully appreciated without actually using
the programs; it is proposed that some example data will
be available, on the Univac 1108 computer, to allow
potential users to experiment with the system. A complete
summary of the techniques available is given in the
"Reference Manual" (June 1979) for all standard data types:
some of which have not been included in this report. The
basic system, described in the manual, can be readily
extended both to different data types and also to additional
analytical technigques. It is envisaged that the two basic
types of file (Library and Master files) will give
sufficient flexibility to cope with the storage of
virtually any relevant set of data; their use is discussed
in the "First Interim Report"” (July 1978). The data

forms, described in "Using the Groundwater Data Forms"
(March 1979}, can be adapted to recording different data

types in the field.

Some planned extensions which will be implemented in the

near future are described below:

(1) The development of programs which will simplify
the plotting of a whole range of spatially
varying information (eg chemical concentrations,

aquifer parameters).



(2) Certain aspects of data analysis and presentation

(3)

have been deliberately omitted because they

are adequately covered by standard and generally
available computer packages. For example, the
automatic contouring package (SACM) and the
statistical analysis package (ASCOP)., 1t is
proposed to provide links between the data
system and these packages so that they can be
easily used. An example of the result of such a
link is given in Figure 6.1, where part of a
water-table contour map, generated using SACM,
is shown; the map is based on data from the

Mugdisho water-level and site-list files stored

on the data system.

The use of digital modelling at an early stage
of a study can lead to modifications of the
field programme. Modelling of this type can
never be part of general package since each
model needs to be developed within its own
mathematical constraints. It is-'essential for
this work to be able to select those data which
are of relevance to the model and here the data
system itself can be of great value, Some
preliminary research has already been carried
out into modelling with scarce data; it is planned
to continue this work bringing more statistical
analysis into the development of further

techniques.

1



FIGURE 6.4

MUGDISHO WATER TABLE
CONTOUR __MAP. (PETAW)
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(4) Research has also been carried out into the
analysis of pumping test data including the
possibility of developing automatic methods,
into programs to calculate interference patterns
in wellfield design and intoc the use of
statistical techniques to help in the

identification of different water types.

Finally, even if the analytical technigues described in
this report are inapplicable to a particular study, there
are important advantages in organising the data in the form
of a data system. The existence of a single, up-to-date
and easily accessible copy of all the data, on the data
system, minimises the problems of out-dated versions

of the data. Moreover, it is a prerequisite of the data
presentation stage of a study that the units and

classification of the data are consistent.

14



A2.1

p_g
N
N

"A2.3

“w

APPENDIX

RUNSTREAMS

In this appendix only the control cards for the relevant

figures are given. These control cards are embedded in

a few Univac 1108 executive statements and the reader

is referred to the "Reference Manual" fJune 1979),

page 2 for the relevant details.

TITLE MUGD TSHO RESUURCE STUDY

FEN Ued

HE AT NG FIGURE 2+1(A)

SITeEmab

GRIGIN  54002340/SCALE 3./GR1V 1lo/sS12E 160 16.0
HOUKIYARIES

HE ADT WG FIGURE 2.1

SilktmMapP

UkJGIN  50402220/SCALE 14. /01U  40/S17E 35.0 9.7
BOUNDARIES

ENDRLUI

TITLE FUQDISHO RESOURCE STUDY

SELLCT FIGURE 2.2

BUX XMIN=S400/XMAXES44U/YM]Iv=23640/YMAX=2380/
£nND

LOC~SUMMARY

ENDRUIN

TITLE MG ISHY RESQURCE STULY

StLEC] FIGURE 23 .

hUX AMINZS400/AMAREDLGU/YHIN=2340/YHAR=2380/
t )

S1TE=SUMMARY

t U

"ns
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A2.4

A2.5

A2.6

TITLE EXAMPLE STULY - OmAN
PEN Oaete
HE AL ING FIGURE 2.4
SITEMAP
OKIGIN 62005900 /SCALE 10./6K1ID
BUUNDARIES
ENDRUN
TI1TLE EAAMPLE STUDY = OMAN
SLLECT FIGURE 2.9 WAaD] LANSAQ
COUVE 127
£inD
LOC=-SUMIMARY .
SELECT FIGURE 2.5 waDl RUSayL
Cuut. 1272
ENU
LuC=-%uMaRY
LIRDRUN
T11ILE EXaMPLE STUDY = UMAN
SELECT FIGURE 2.0 walbl LAaNSaAg
Cobt 1271
Enp
SITE-SUMMARY
GROUND E F1l0.3 / GRUUND LELEV,
EfnD
SELECT F1GURE 2.6 AUl RUSAYL
Cunt 1272
Evls
SITE=-SUMMARY
GROUND £ Flu.3 / GRUUNU ELEV.
Bl ’
ENDRUIN
1é

50/517¢

35.0

29.7
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T1TLE EXuaMPLL STUDY = AN
HE AUING F1GURE 3.1

wuaLlly CHEM]ISTRY ALL
ENDRUN

T11LE ExarPLE STUDY = OlMAK
HE ADIING F1GURE 3.2

Bal~SUMMARY 0./0.5/1.0/640/ALL
EtNUKUN '

VITLE MUQNJSHO RESUURCE $TULY
HEADTING FIGURE 3.3~ . —
HALZSUMAARY 0.5/5.0/4CL  9ae®

EnDRUN o

v S
TITLE MUUD1ISHO RESQURCE STUDY
HEADLIHG FIGURE 3.4
CHEM-SUMMARY/STANDARD LIST
TOTH Flu.?2 HARUNESS 1
CAKRHH F10.2 CARSONATE
NUNCARBHF 10.2 NUN=CARB,
EnD
ENDRUN
111LE EALMPLE STUDY = OMan
HLALING FIGUKE 3.5

CHEM=SUMMARY/Z0ONLY STANDAKU LIST
EnDRUN

13
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TITLE
HLADING
RATIO
ENDRUN

T1TLE
HE AL TG
FEN
PIPER
ENURUN

TI1ILFE
HEaLl NG
FE
PlPER
ErUN

TITLE.
SELECT
oRIU

51R02330" -

53202494
53222320
53452262
54302577
54352564
54712315
EnD

STIFF
ENURUN

T1TLE
Ht ADIwNG
Hul10
EivDRUN

ExarpLE STUDY - OMAN
FlOUKRE 3,7
SNAZCAIMGINAZCAINA/MG:

EXAMPLE STUDY = Uman
CFIOURE 3.6

UL 4

AB/S, 0% /7aLL

mUUDISHO RESOURCE Sluby
FIGURE 3.8

Vet

A3/S.0%/ALL

MUUDISHU RESOURCE STupy
FIGURE 3.9

S« 0%/ALL

HUUDESHO RESUURCE SThuY
FIGURE 3.1¢ )
:CLdNA/CL:MG/CL:CA/LL:SU«/CL:HC03/CL:

18

——r

BRI L



I AL T11LE EXAMPLE STUlY = OMAaN
HE ADTING FIGURE a1
' WUALTTY PUMPENG=TEST
FINDRUN
A4.2 T11LE EXaMpLE STULY = UMAN
HE AU THIG FIGURF 4.2
I T£51 =SUiMMAaRY
ClvurUN
A4 .3 TLILE EAAMPLE STUDY = uUitan
I SELECT FIGURE 443
GrIb
6Hroeebll7?
HLHEO(YY
l Erly
TEST=PLUT BOTH
SELECT FIGURE 4.3
I GRID
63116121
[N
I TES1=PLUT  LUG=LIN
ENURUN
I 19



FITLE
SELECT

L —GRID
5092356
Sele23ve
Se3ze3ue
52771¢337
Hedseezs 3
SA8T2391
borad
wUALTTY
QuaLlly
a1y
it

=
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A5.2 (— 110k
@) —StLecT
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(VIR

TITLE
HEAD TG

ENDRUN

TITLE
SELECT
GrlU
54172346
EnD
(%i)N-HYUHU
_ DW=1YDRO
(o) Ennrun

AS.4

I Tl N R TN N O BN D B N AR B G B B EE e
>
N
[¥1]

@ S~ tie')
e =ShAKaKRY

"Wl=SUMMARY

Flig{r i Snl)

HRESOURCE STuuY

FIGURE 5.1

wo lER=-LEVEL 0.1
Walble=LEVEL Qe
wATER=-LEVEL 03

MUWNTSHU KESOURCE Stuuy

FIGURE %,

¢

& 77L;

A IN=S4 00/ XMar=5440/YMIN=234U0/YHAX=23B0/

EXMAMPLE STULY = Uiy

tIGURE 9.3

PrUWl] SHO

F10UFE Seu

FROM Q20170 1w

KESOURCE STuoy

FROM 20T T caulitvsL/d

U

120

W
//3
24”179/Lr
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TITLE
StLEC
Gr1UL
541723410
EnD
wWlL=t1YUHD
WL=HYDRO
AL=HYDRU
FrDHLUIN

1170k
SteeCl
LHILD
Hrudblabd
n2556]120
63716046
£
wiL=riYury
E RN

T1TLE

HEALITNG

wl =D [F Sy

EHURUN

T1TLE
Pt
HEADING

WL =DIFMAP
62005900/5CALE
BUNDARIES

URIGEN

E kU

UG SO RESOUURCE STuuy

FIGUKE 5459

FUM 20178 10
FROM 020178 10
Frour 020178 TU

EXAMPLE STUDY -
F IGURE 5.6

flevl}l 19

y20179/L
B201T9/S

Otran

FRU'Y 010375 10 311075/L/R=G.0

EXAMPLE STUDY = OMAN

FIGURE H.7
InTERVAL

3 MONTHS

EXAMPLE STUDY = OQiai

Dot
FIGURE 5.8
INTERVAL

121

3 MONTS

U /G 1V

Fom 01ul74 10 010175

FROM 010174 10 010175

50/517¢E

35.0

29. 17





