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EXECUTIVE SUMMARY

One of activities of the project “Ground Water Assessment Abu Dhabi” was the establishment of a comprehensive, relational data base, which has many features of an information system. The United Nations public-domain “Ground Water for Windows” (GWW) software was used as the basic data base software. The inauguration of the data base and information system started in January 1996. The initial steps were reported in the Report No. 1.

The Ground Water Information System (GWIS) of Abu Dhabi at the end of January 1997 stores a lot of information on lithology, stratigraphy, and water quality in the data base. In addition it also stores borehole geophysical logs for newly drilled wells GWA-1 through GWA-8, field pumping test data, and water levels either as individual point measurements or continuous records. Lithologic, stratigraphic and water quality data from oil wells have been extensively used in the GWIS of Abu Dhabi to create stratigraphic cross sections and maps. The following table displays the statistics of information transferred into the GWIS.

Statistics on Data in GWIS of Abu Dhabi in January 1997
	
	January 1997

	Master data
	1389

	Chemical data
	1215

	Lithologic data
	254

	Stratigraphic data
	323

	Pumping test data
	80

	Step drawdown data
	3

	Hydrographs
	32

	Oil wells
	37

	Individual water levels
	256

	Borehole geophysical data
	6


The table above does not give a full picture of the information currently stored in the data base. For example, out of 1215 chemical analyses, only about 290 contain complete analysis of major cations and anions. The rest of samples report only the electrical conductivity. On the other hand, the electrical conductivity is a very important parameter since it classifies a water as fresh, brackish, or too salty for any use.

Pumping test component shows that data from about 80 wells have been entered. Yet, for less than 10 wells the entire field set of data (i.e. observed drawdowns or levels at different times during a test) have been entered. The rest are the wells with reported transmissivity, storage coefficient (in rare instances), and hydraulic conductivity (as a derived value).

The NDC-USGS co-operative project reported that about 7,500 ground water quality analyses have been made available to the GWRP, out of which about 5,000 from Water & Electricity Department (WED) and 2,500 from Ground Water Department (GWD) Al Ain. These data could be transferred into the GWIS of Abu Dhabi.

Data on abstractions (pumping) from domestic and irrigation wells are not made available to this project. Yet, it is our understanding that daily production records from numerous wells under the WED jurisdiction are available for the period from 1981 through today.

The NDC-USGS project stores in its data bases geophysical borehole logs for almost every well that was drilled under the project. The GWIS of Abu Dhabi created for the GWA project stores only logs run on project drilled wells GWA-1 through GWA-6. ADNOC may want to have all borehole logs in one data base. To accomplish this the geophysical data in ASCII file format should be prepared, edited to make the format compatible with the GWW required format, and input these files into the GWIS.

The convention for naming wells is a subject of prime importance. Before the data base grows to several thousand wells, the naming convention should be decided upon by ADNOC. This project suggested and recommended a naming convention in its Report No. 1.

The Ground Water for Windows is a major package. To master all its intricacies demands full training to persons who would be assigned to handling the GWIS of Abu Dhabi. In other words, it is recommended that the work with ground water data in the form of a GWIS or any other, should be institutionalized. A GWIS office with an appointed administrator or manager should be established. The administrator would be responsible for (a) integrity of data base, (b) maintenance of “uncorrupted” copies of data base, (c) backing up in regular intervals, (d) assigning new names and codes to wells, (e) producing various reports (“basic documentation,” thematic reports on an aspect of ground water, on a selected area, etc..), (f) “housekeeping” all data files (ASCII files for each category of data), and much more.

To produce better maps using the ground water data it is recommended that a link is established between the GWW-created GWIS and a GIS (geographic information system) software. At this moment, the GWIS can import various maps in an Autocad’s dxf format. It is expected that future versions of the GWW software will read “shape files” from ArcInfo/ArcView and directly import data from other commercial data bases.

The recommendations above are intended to make the GWIS of Abu Dhabi a viable operation which will outlive the present ground water assessment project.

The GWIS that exists today is created with the user of ground water data in mind. Information on any aspect of the ground water system can quickly be retrieved in a graphical form. A well log of any well with known lithology can be displayed in seconds, and a location or thematic map can be created in minutes. If so desired, all headings, legends and texts can be made in Arabic. The same applies to a lithologic-stratigraphic cross section, to a pumping test analysis and display of results, etc.. Yet, the success of this and any other data base depends on completeness of data, verification and validation of data, and above all on an unambiguous coding and naming system of wells.

TABLE OF CONTENTS


    








       Page


EXECUTIVE SUMMARY

1.
INTRODUCTION ................................................................................................
  1

1.1.
General ..................................................................................................................  1

1.2.
Report No. 1 .........................................................................................................
  1

1.3.
Software used .......................................................................................................
  1

1.4.
Statistics on Data in GWIS of Abu Dhabi at End of January 1997 .....................
  2

2.
DATA STRUCTURE ..........................................................................................
  3

2.1.
General .................................................................................................................
  3

2.2.
Master Data Structure ..........................................................................................
  3

2.3.
Chemical Data Structure ......................................................................................
  7

2.4.
Borehole Geophysical Data Structure ..................................................................
  9

2.5.
Lithologic Data Structure .....................................................................................
10

2.6.
Water Level Data Structure .................................................................................
11

2.7.
Pumping Test Data Structure ...............................................................................
12

2.8.
Stratigraphic Data Structure .................................................................................
13

2.9.
Step Drawdown Data Structure ............................................................................
14

2.10.
Grain Size (Granulometry) Data Structure ...........................................................
14

3.
NAMING OR NUMBERING WELLS IN GWIS OF ABU DHABI ...................
15

3.1.
General ..................................................................................................................15

3.2.
GWP Wells ...........................................................................................................
15

3.3.
GWA Wells ...........................................................................................................
15

3.4.
Other Wells ...........................................................................................................
16

4.
GROUND WATER DATA IN GWIS OF ABU DHABI ......................................
20

4.1.
General ...................................................................................................................20

4.2.
Total Number of Wells .......................................................................................... 20

4.3.
Data Identifying Well Location and Location Name ..............................................
22

4.4.
Total Depth of Wells ..............................................................................................22

4.5.
Ground Surface Elevations .....................................................................................23

4.6.
Quick Look at Information Currently in GWIS .....................................................
23

4.7.
Ground Water Quality Data ...................................................................................
23


4.7.1. Entry Forms for Chemistry ..........................................................................
24


4.7.2. Presentation of Water Quality Data ..............................................................
26



Boron .........................................................................................................26



Electrical Conductivity ...............................................................................
26



Temperature of Water ................................................................................ 27



pH Value (Hydrogen Ion Concentration) .................................................... 27



Other Diagrams and Graphics ..................................................................... 27

4.8.
Lithologic and Well Construction Data ..................................................................
28

4.9.
Stratigraphic Data .................................................................................................. 33

4.10.
Water Levels from Monitoring Wells (Hydrographs) ...........................................
36

4.11.
Individual Water Level Records .............................................................................
39

4.12.
Pumping Test Data ................................................................................................40

4.13.
Step Drawdown Test Data .................................................................................... 44

4.14.
Geophysical Data .................................................................................................. 46

4.15.
Oil Wells ..............................................................................................................  49

4.16.
Digitized Data ......................................................................................................  50

5.
CONCLUSIONS AND RECOMMENDATIONS ................................................
51

LIST OF TABLES











        Page

  1.
Statistics on Data in GWIS of Abu Dhabi in January 1997 ..............................
  2

  2.
Master data structure field names ......................................................................
  4

  3.
Chemical data structure field names .................................................................
  7

  4.
Borehole geophysical data structure fields ........................................................
  9

  5.
Lithologic data structure fields ..........................................................................
10

  6.
Water-level time series data structure fields .......................................................
11

  7.
Individual static water level data structure fields ..............................................
12

  8.
Pumping test application data fields ..................................................................
12

  9.
Stratigraphic data structure ................................................................................
13

10.
Step drawdown application data fields ...............................................................
14

11.
Recommendations for Abbreviations of Agencies in Charge of Ground Water 


Data - Owners of Wells .......................................................................................
16

12.
Total Depth of Wells ..................................................... (appended in Text block)

13.
Ground Surface Elevations at Well Sites ...................... (appended in Text block)

14.
Boron in Ground Water Samples ................................... (appended in Text block)

15.
Lithologic Data Base ..................................................... (appended in Text block)

16.
A Portion of Stratigraphic Data Base Featuring Lower Fars 


and Older Formations ..................................................... (appended in Text block)

17.
Absolute Elevations of Base of Quaternary ................... (appended in Text block)

18.
Individual Water Level Measurements .......................... (appended in Text block)

19.
Aquifer Parameters from Pumping Tests ....................... (appended in Text block)

20.
Oil Wells in Ground Water Information System ............ (appended in Text block)

LIST OF FIGURES
  1.
“False easting” co-ordinate system adopted for GWIS of Abu Dhabi

  2.
Location map with all wells in GWIS of Abu Dhabi in January 1997

  3.
Location map with GWP wells (joint NDC-USGS project)

  4.
Locations of ground water assessment project wells (GWA)

  5.
Map showing location of wells with known ground surface elevation

  6.
Location map showing ground water quality sampling sites (wells)

  7.
Boron in ground water samples

  8.
Samples from wells showing electrical conductivity less than 5,000 µs/cm

  9.
Samples with conductivity in range from 5,000 up to 10,000 µs/cm

10.
Samples with electrical conductivity in range from 10,000 up to 15,000 µs/cm

11.
Samples with electrical conductivity greater than 15,000 µs/cm

12.
Ground water samples with extreme pH values

13.
Piper diagram with all samples from GWIS of Abu Dhabi

14.
Wilcox diagram with all samples from GWIS of Abu Dhabi

15.
Lithologic log for GWA-3

16.
Litho-stratigraphic log for oil well Mushash-1

17.
Base of Lower Fars in feet below sea level

18.
Base of Dammam formation in feet below sea level

19.
Base of Rus formation in feet below sea level

20.
Base of Umm Er Radhuma formation in feet below sea level

21.
Thickness of Dammam formation in feet

22.
Litho-stratigraphic cross section from Shuweihat (NW) to Mender (SE)

23.
Fence diagram through Liwa area

24.
Cross section lines and fence diagram area

25.
Locations of wells with water level data for 1992-94

26.
Depth to water in feet below measuring point

27.
Pumping test interpretation for well at Seih Al Miah

28.
Step drawdown test interpretation for well at Seih Al Miah

29.
Geophysical logs for GWA-2

30.
Lithology and geophysical logs for GWA-2

31.
Cross section through GWA-2 and GWA-3 west of Zaroub gap

32.
Oil wells in GWIS of Abu Dhabi (map)

33.
Locations of GWA wells in eastern region

34.
Sketch map for wells GWA-2, GWA-3, and GWA-4

35.
Sketch map for well GWA-5

36.
Sketch map for well GWA-6

37.
Location map between Khazna and West Al Ain

38.
Location map for well GWA-8

1. INTRODUCTION
1.1. General 
The establishment of a comprehensive, integrated, and object-oriented ground water information system (GWIS) for Abu Dhabi was one of objectives of the project Groundwater Assessment Abu Dhabi (GWA in text to follow). The project is jointly conducted by the German Technical Assistance (GTZ) and DASA - Daimler-Benz Aerospace-Dornier. The national counterpart and co-ordinating agency is Abu Dhabi National Oil Company (ADNOC). The GWIS of Abu Dhabi was to be based on a relational ground water data base.
1.2. Report No. 1
Project’s Report No. 1, titled Establishing a Ground Water Information System for Abu Dhabi, and released in February 1996, reported on inaugural steps in creating such an information system. That report presented the following:
· The software to be used for data base and GWIS;
· The co-ordinate system used in Abu Dhabi and to be used in the GWIS;
· Conversion formulas from UTM Zones 39 and 40 to the False Easting 500,000 system;
· Well numbering system: proposal and recommendations;
· Data structure for various components of the data base;
· Abu Dhabi data base template;
· Coding of lithology; and
· Data available or to be made available for the transfer into the GWIS.
The report also contained many examples of data presentation, interpretation, and analysis, which the selected software makes possible. 
1.3. Software used
The software recommended to be used and to be accepted by ADNOC, is the Ground Water for Windows (GWW). This is a public domain software without any copyright restrictions; it was created on behalf of and distributed by the United Nations. GWW is currently in its 1.31 version. One set of program diskettes (4) is kept in the GTZ-DASA office. The same version has been installed in two computers within the ADNOC’s Exploration Division. The software is about 14 MB big. It runs under Microsoft operating systems: Windows 3.11 (Windows for Workgroups), Windows 95, and Windows NT. If required, data could be reported in English or in Arabic, or in both languages. GWW is easily adaptable to languages other than English.
 1.4. Statistics on Data in GWIS of Abu Dhabi at End of January 1997
It is expected that the input of new data into the GWIS of Abu Dhabi would terminate by the end of January 1997. This means that the currently reported status of the data base is the final status as far as this phase of the project is concerned. Table 1 lists the data by categories which are entered into the GWIS of Abu Dhabi.
Table 1. Statistics on Data in GWIS of Abu Dhabi in January 1997
	
	January 1997

	Master data

	1389

	Chemical data

	1215

	Lithologic data
	254

	Stratigraphic data
	323

	Pumping test data

	80

	Step drawdown data
	3

	Hydrographs
	32

	Oil wells
	37

	Individual water levels
	256

	Borehole geophysical data

	6


2. DATA STRUCTURE
2.1. General
GWW software allows a user to create, modify, and edit the data structure that has been created in a template (blank or empty data base) for Abu Dhabi. The template has a default file name GWW.000 and it resides in the C:\GWW directory
 together with all other GWW executable files, help files, and various auxiliary files.
The template for the GWIS of Abu Dhabi has been modified many times since it was first created in January 1996. The latest modification in the data structure was the addition of trace metals to the chemistry data base. The currently active template GWW.000 is dated 22 January 1997; it is 698,863 bytes big. This template includes one map titled BasicMap which covers the Abu Dhabi Emirate in the “False Easting” co-ordinate system. It also has built in several digitised areas (such as the boundary of the Emirate, numerous green surfaces, housing developments, jebels, etc..), several lines (major and secondary roads, camel race tracks, etc..), and text for enhancing maps.
2.2. Master Data Structure
Master data are the data that describe a well or a sampling point in a unique way. These data are available to all other applications, or categories of data (chemistry, lithology, etc.. The dialogue box listing master data entries is as shown in Drawing 1.
NOTE. In the Master Data component of the data base only information on well sites of general nature should be maintained. Normally these data are co-ordinates, elevations, and names. It is also useful to keep the list of available data categories to indicate which information is available for a well.

Drawing  1. Master Data Structure Partial List.

The complete list is also shown in the form of an ASCII file in Table 2.
Table 2. Master data structure field names.
________________________________________________________
Field name
No.of    Type of    Data   Dec.pts   Units

      characters  data     format
____________________________________________________________
Well Ident          12   Well     
Type                10   Char     
Name                50   Char     
X                   8    Num(Dim) Fixed 
1  
m
Y                   9    Num(Dim) Fixed 
1  
m
Z                   8    Num(Dim) Fixed 
1  
feet           
ZM                  8    Num(Dim) Fixed 
1  
feet           
AquiferM            25   Char     
TD                  6    Num(Dim) Fixed 
1  
feet           
ConstrDate          8    Date     dd.mm.yy
RecPeriod           12   Char     
ValMaster           10   Char     
ObsPeriod           11   Char     
X-Zone40            10   Num(Dim) Fixed 
1  
m
Y-Zone40            10   Num(Dim) Fixed 
1  
m
X-Zone39            10   Num(Dim) Fixed 
1  
m
Y-Zone39            10   Num(Dim) Fixed 
1  
m
Comment             60   Char     
Source              6    Char     
Chem-info           1    Char     
Lith-info           1    Char     
Hydro-info          1    Char     
Ptest-info          1    Char     
Abs-info            1    Char     
Strat-info          1    Char     
Chem-D-info         1    Char     
Chem-T-info         1    Char     
WaterLevel-info     1    Char ____________________________________________________________
Well Ident is the relational parameter which uniquely identifies a well. It is dimensioned for up to 12 characters. Any combination of alphanumerical characters is permitted. Normally this field is filled with codes such as GWA-1, GWP-137, WED-15-UG, or a simple well name such as Shuweihat-1. This is the label that is normally printed on maps, cross sections, well logs, and other graphical presentations.
Type (of well) is intended to distinguish between ‘oil well,’ ’monitoring,’ ‘spring,’ ‘dug,’ or any other category of wells that may become important to distinguish from the others. In the current GWIS it is used only to identify oil wells. Up to ten alphanumeric characters are permitted, unless modified by a user.
Name is used to identify location, name of well owner (if any), alternative well identification, and such. Up to 50 characters are permitted, including blank spaces.
X and Y are the co-ordinates in the “False Easting 500,000 Co-ordinate System.” This system is shown in Figure 1. The X co-ordinate (“easting”) is dimensioned to maximum 8 characters including one decimal point. The format is 123456.7 which is sufficient for the range of values starting from about 250,000 in the west to about 710,000 in the east. The Y co-ordinate (“northing”) is dimensioned to a maximum of 9 characters, including one decimal point. The format is 1234567.8 which is sufficient for the range from about 2,500,000 in the south to 2,800,000 in the north.  The co-ordinates are input and stored in the metric system.
Z and ZM are elevations of ground surface and of measuring point (“stick-up”), respectively. Both are input, stored, and expressed in feet above a sea datum. The maximum dimension for both is 8 characters, including one decimal point
.
AquiferM is the code or name for various aquifers of Abu Dhabi. The data field is not yet used. The lithologic and well production data need to be interpreted first before production wells and water quality samples could be associated with an aquifer
. An aquifer can be identified with up to 25 characters. Aquifers in Abu Dhabi would normally be one of the following: Quaternary or Alluvium, Dammam, Umm Er Radhuma, Simsima, etc. If a well is terminated in the Lower Fars formation and is producing water, then the aquifer for that well may be the Lower Fars.
TD stands for ‘Total Depth.’ The unit used is feet. It is dimensioned to a maximum of 8 characters including one decimal point. Practically the largest number that can be input is 999999.9.
ConstrDate stands for the date of well construction. The format is that of a date: dd.mm.yy. 
RecPeriod is intended to be used by the Hydrographs application identifying the period of available water level data for a well. E.g., this field could have a data input as 02.92-06.94. This would be interpreted that the data are available for the period starting in February 1992 through June 1994. The current GWIS of Abu Dhabi contains very little information on water levels. This identifier is of little value at this moment.
ValMaster is a comment field for entering initials or names of people who validated master data (e.g. co-ordinates, land surface elevation, etc.). It is intended for a fully established GWIS with more data than are currently entered into the GWIS of Abu Dhabi. Such a system would be installed in a dedicated Water Information System (WIS) unit with an appointed data base administrator.
ObsPeriod is an entry intended to show the interval in which time series of chemical data are available for a well. It is currently of no use since no time-dependent chemical data have been made available to the project.
X-Zone40. These are the easting co-ordinates for wells as reported in NDC-USGS publications or obtained from maps displaying the UTM Zone 40 co-ordinate system. The dual co-ordinates are kept for reference and eventual checking.

Y-Zone40. Same as above, but refers to the northing co-ordinates.

X-Zone39. These are the easting co-ordinates for wells as reported in NDC-USGS publications or obtained from maps displaying the UTM Zone 39 co-ordinate system. The dual co-ordinates are kept for reference and eventual checking.

Y-Zone39. Same as above, but refers to the northing co-ordinates.

Comment. For some wells there is a need for additional comment, such as ‘Well not constructed because of collapse.’ Other examples may include ‘co-ordinates not certain,’ or ‘Z approximate,’ ‘aquifer unknown,’ etc. The maximum length of the text string is 60 characters.

Source. This field indicates the source of information. Typical entry would be ADNOC, ADCO, NDC, etc..

Chem-info, Lith-info, Hydro-info, Ptest-info, Abs-info, Strat-info, Chem-D-info, Chem-T-info, and WaterLevel-info are obviously data fields filled with one character Y if the information is available. Thus at a glance one may see from the Master Data entry screen which type of information is available for a well. The portion of an entry screen with these fields looks as shown in Drawing 2.



Drawing 2. A portion of the Master data entry screen.

2.3. Chemical Data Structure
Currently the following parameters and constituents make the chemical data structure (Table 3).
Table 3. Chemical data structure fields.
Well Ident          12   Well     
DateSample          8    Date     dd.mm.yy
Ca                  6    Num(Und) Fixed 1  
Mg                  6    Num(Und) Fixed 1  
Na                  6    Num(Und) Fixed 1  
K                   6    Num(Und) Fixed 1  
Fe                  6    Num(Und) Fixed 1  
AMn                 4    Num(Und) Fixed 0  
HCO3                6    Num(Und) Fixed 1  
CO3                 6    Num(Und) Fixed 1  
SO4                 6    Num(Und) Fixed 1  
Cl                  6    Num(Und) Fixed 1  
NO3                 6    Num(Und) Fixed 1  
NO2                 6    Num(Und) Fixed 1  
PO4                 6    Num(Und) Fixed 1  
F                   6    Num(Und) Fixed 1  
Sr                  6    Num(Und) Fixed 2  
Br                  6    Num(Und) Fixed 2  
ABoron              6    Num(Und) Fixed 0  
ABa                 4    Num(Und) Fixed 0  
ABe                 4    Num(Und) Fixed 1  
ACd                 4    Num(Und) Fixed 0  
ACo                 4    Num(Und) Fixed 0  
ACu                 4    Num(Und) Fixed 0  
APb                 4    Num(Und) Fixed 0  
ALi                 4    Num(Und) Fixed 0  
AMo                 4    Num(Und) Fixed 0  
ANi                 4    Num(Und) Fixed 0  
AAg                 4    Num(Und) Fixed 0  
AV                  4    Num(Und) Fixed 0  
AZn                 4    Num(Und) Fixed 0  
ACr                 4    Num(Und) Fixed 0  
SiO2                6    Num(Und) Fixed 1  
TDS                 6    Num(Und) Fixed 0  
Hardness            6    Num(Und) Fixed 1  
Alkalinity          6    Num(Und) Fixed 1  
Conductivity        6    Num(Und) Fixed 0  
pH                  6    Num(Und) Fixed 1  
Cations             8    Num(Und) Fixed 1  
Anions              8    Num(Und) Fixed 1  
SAR                 8    Num(Und) Fixed 2  
BalErr              8    Num(Und) Fixed 2  
Temperature         6    Num(Dim) Fixed 1  Celsius
SampleDepth         6    Num(Dim) Fixed 1  feet
RefChem             20   Char     
ValChem             15   Char     
EPM                 1    Char
The list of chemical constituents, or ground water quality parameters, includes major ions (calcium, magnesium, and sodium among cations; bicarbonates, sulphates, and chlorides among anions), minor constituents (boron, carbonate, potassium, nitrate, nitrite, fluoride, strontium, and iron), trace constituents (barium, beryllium, bromide, cadmium, chromium, cobalt, copper, lead, lithium, manganese, molybdenum, nickel, phosphate, silver, vanadium, and zinc). In addition, silica, temperature, hardness, alkalinity, electrical conductivity, total dissolved solids content, and pH value of water samples are also made a part of the chemical data base structure.
The program sums up cations and anions and expresses the sums in equivalents per million
 units (epm), which are also called milligram equivalents per liter (meq), or simply milliequivalents per liter. The sums of cations and anions are compared and a balance error reported by the program on the screen. Thus the GWW software offers a means for validating a chemical analysis.
The program allows the input of data in either epm or in parts per million (ppm), which for a water sample of density about 1.0 is equivalent to milligram per liter (mg/l).
The units for constituents in the current GWIS of Abu Dhabi are the following:
· For major ions, the unit is milligram per liter (mg/l) or parts per million (ppm). The list also includes nitrate, nitrite, phosphate, strontium, bromide, silica, carbonate, potassium, and iron.
· For electrical conductivity, the unit is micro siemens per centimeter (µS/cm) at 20 oC.
· For trace constituents such as barium, beryllium, boron, cadmium, chromium, cobalt, copper, lead, lithium, manganese, molybdenum, nickel, silver, vanadium, and zinc, the units are microgram per liter (µg/l).
· Total dissolved solids content (TDS) is in ppm units.
· Sums of cations and anions are in epm units; and
· Temperature is in degrees Centigrade.
The chemical data base structure has also a provision for date of sample, depth of sample (in feet), validation comments, and reference comments. While the date of sample is commonly input, this is not the case with the depth of sampling point. This information, although a very valuable one, is missing from most of published reports. Additional interpretation effort could help in identifying intervals of depths for more recent samples (GWP
, GWA, and some WED and GWD sampling wells).
Other chemical constituents or parameters can easily be added to this data structure should there be a need for it. E.g., some ground water analyses may contain data on industrial pollutants, or VOCs (volatile organic compounds), and the like. These could be added at any moment when the data become available.
2.4.  Borehole Geophysical Data Structure
The GWW software does not have a special application to deal with borehole geophysical data. The GWIS of Abu Dhabi uses the routine (application) Concentration-Depth to input, store, process, and present borehole geophysical data. The data structure is as shown below in Table 4.
Table 4. Borehole geophysical data structure fields.
Well Ident          12   Well     
RefConcDepth        15   Char     
ValConcDepth        15   Char 
Depth               8    Num(Dim) Fixed 2  feet
SP                  10   Num(Und) Fixed 2  
RES                 10   Num(Und) Fixed 2  
GR                  10   Num(Und) Fixed 2  
CALI                10   Num(Und) Fixed 2  
DT                  10   Num(Und) Fixed 2  
RHOB                10   Num(Und) Fixed 2  
NPHI                10   Num(Und) Fixed 2  
SFLU                10   Num(Und) Fixed 2  
ILD                 10   Num(Und) Fixed 2  
AT90                10   Num(Und) Fixed 1  
PEF                 10   Num(Und) Fixed 2  
After the ‘Well Ident’ entry, which is inevitable and must appear in every category of data to make this data base a relational one, come two comments fields: (1) for reference, and (2) for validation. Both are dimensioned to hold up to 15 characters. The depth field is in feet, but the units can be changed from within the application with a click of the mouse.
The abbreviated field names stand for the following
:
SP
( 
Spontaneous potential in milliVolts;
RES
(
Resistivity in ohm-m;
GR
(
Gamma ray activity in GAPI (Gamma units according to American Petroleum 
Institute standard);
CALI
(
Calliper in inches;
DT
(
Sonic data, actually transit time per foot expressed in µsec/ft, the inverse of 
sonic (acoustic) velocity;
RHOB
(
Density, normally uncompensated, in gr/cm3;
NPHI
(
Neutron porosity in volume/volume, or in fraction of 1.0 as a percentage;
SFLU
(
Spherically Focused Lateral Uncompensated resistivity, in ohm-m;
ILD
(
Induction lateral deep resistivity, in ohm-m;
AT90
(
Resistivity at 90-inch investigation, in ohm-m; and
PEF
(
Photoelectric factor.
Two decimal places are foreseen for all parameters except for AT90 resistivity. The data field of 10 numericals is too generous. To save space and the size of the data base, the fields could be limited to not more than 8 characters, allowing for a number such as -1234.56 to be stored without truncation
.
The geophysical borehole logging data are normally submitted as ASCII files from the logging company. In order to overload the data base with sometimes unnecessary information, these files are reduced, i.e. filtered, to eliminate too many measurements. Normally the logging company submits records for every 0.5 foot interval, while the GWIS of Abu Dhabi stores records for every second foot.
2.5. Lithologic Data Structure
This is one of major categories of data. Since the data are entered and stored in spreadsheet-like tables, one for a well, the data structure includes only some common identifiers as shown below in Table 5.
Table 5. Lithologic data structure fields.
Well Ident          12   Well     
Drill. Dates        15   Char     
SWL                 8    Num(Dim) Fixed 2  feet           
SpecCap             8    Num(Dim) Fixed 2  l/s/m
Drill. Method       30   Char     
Vert.Scale          10   Num(Und) Fixed 1  
Hor.Scale           10   Num(Und) Fixed 1  
CommentWL           15   Char     
RefLith             15   Char     
ValLith             15   Char     
The GWW program mandates the use of data fields such as SWL (static water level) which is shown on a graphical well log, Vert.Scale and Hor.Scale (which scale the log on the screen and in printout). A user must not change the way in which these field names are typed. Additional data fields are identifiers for a well: drilling dates in character format, specific capacity, drilling method, and comments on well log, reference and validation.
Static water level is in feet units. It is entered as an absolute elevation of water, not as depth to water. ASCII files which are used as a backup of lithologic and well construction data, will transfer from this list all data fields except specific capacity, and comment fields.
2.6. Water Level Data Structure
Water level data are stored in two applications:
· 
in Hydrographs application for a more or less continuous record from a monitoring 
well; and
· 
in User Data/StaticWaterLevel application, for individual water level records.
The former application is shown on the Applications submenu (Drawing 3) and the latter in User Data (Drawing 4).
Drawing 3. List of Applications in the GWW software. 
Drawing 4. User Created Applications.

The data structure of the Hydrograph application comprises the following data fields (Table 6).
Table 6. Water-level time series data structure fields.
Well Ident          12   Well     
RefHyd              15   Char     
ValHyd              15   Char     
Aquifer             25   Char     
Date                8    Date     dd.mm.yy
Depth               8    Num(Dim) Fixed 2  m
Level               8    Num(Dim) Fixed 2  m
Time                8    Time     hh:mm:ss
The Hydrographs application stores the data from monitoring wells. Water levels are time series of either the depth to water from a measuring point or absolute elevations of water table (or piezometric head). Each monitoring well will have one spreadsheet-like table with columns as shown in Drawing 5.
Drawing 5. Water Level Data Table 

The User Application’s StaticWaterLevel module has the following data fields (Table 7).
Table 7. Individual static water level data structure fields.
Well Ident          12   Well     
MeasDate            8    Date     dd.mm.yy
DepthToWaterMP      10   Num(Dim) Fixed 2  feet           
WaterLevelElev      10   Num(Dim) Fixed 2  feet           
DepthToWaterGS      10   Num(Dim) Fixed 2  feet       
This application is intended to store individual water level data, which by far are more abundant than continuous time series of water levels (i.e. hydrographs).
2.7. Pumping Test Data Structure
The pumping test application is both data storage and data processing-and-interpretation module. The following is a list of data fields prepared for the pumping test application (Table 8).
Table 8. Pumping test application data fields.
Well Ident          12   Well     
TestDate            8    Date     dd.mm.yy
Distance            8    Num(Dim) Fixed 2  m
AvgPRate            10   Num(Dim) Float 5  l/s
Duration            10   Num(Dim) Float 5  min
InSatTh             10   Num(Dim) Fixed 2  m
Transmissivity      10   Num(Dim) Float 3  m2/day
Storage             10   Num(Und) Float 5  
Leakance            10   Num(Dim) Float 5  1/day
ConfAqThickness     10   Num(Dim) Fixed 2  m
b                   10   Num(Dim) Fixed 2  m
l                   10   Num(Dim) Fixed 2  m
d                   10   Num(Dim) Fixed 2  m
l1                  10   Num(Dim) Fixed 2  m
d1                  10   Num(Dim) Fixed 2  m
StandardError       10   Num(Dim) Fixed 2  m
Method              35   Char     
AquiTest            10   Char     
TransSelected       10   Num(Dim) Fixed 1  m2/day
StorageSelected     10   Num(Und) Expon 2  
HydrCondSelected    10   Num(Dim) Fixed 2  m/day
RefPT               15   Char     
ValPT               15   Char     
Time                10   Char     
Drawdown            10   Char     
PRate               10   Char     
Selection           10   Char     
EstValues           10   Char     
Difference          10   Char     
Most of data fields in this application are mandatory. A user should not make any editing to fields such as Distance, AvgPRate, Duration, InSatTh, Transmissivity, Storage, Leakance, ConfAqThickness, b, l, d, l1, d1, StandardError, Method, AquiTest, Drawdown, PRate, Selection, EstValues, and Differences. These fields and their names are used internally by the program to fit a curve through field data, to use an appropriate method or aquifer set-up, etc.. The transmissivity, storage (coefficient), and leakance are the parameters calculated by the program by one of selected fitting algorithms. StandardError is also a field in which the GWW program types a calculated value (in this case this is the nonbiassed standard deviation which defines the quality of the fit). The parameters b, l, d, l1, and d1 define the geometry of the set-up a pumping well - an observation well in a partially penetrating aquifer situation. 
In this GWIS a user is given an opportunity to overwrite the program-calculated transmissivity, hydraulic conductivity, and storage coefficient by typing selected values in the fields TransSelected, StorageSelected, and HydrCondSelected.
2.8. Stratigraphic Data Structure
The GWIS of Abu Dhabi stores also the data on absolute elevations of various stratigraphic units and formations of importance to ground water. The following data fields are made a part of the data structure for stratigraphic controls (Table 9).
Table 9.  Stratigraphic data application fields.
Well Ident          12   Well     
ALL-BASE            10   Num(Dim) Fixed 1  feet
OLI-BASE            10   Num(Dim) Fixed 1  feet
UFARS-BASE          10   Num(Dim) Fixed 1  feet
LFARS-BASE          10   Num(Dim) Fixed 1  feet
DAMMAM-BASE         10   Num(Dim) Fixed 1  feet
RUS-BASE            10   Num(Dim) Fixed 1  feet
UER-BASE            10   Num(Dim) Fixed 1  feet
ARUMA-BASE          10   Num(Dim) Fixed 1  feet
SIMSIMA-TOP         10   Num(Dim) Fixed 1  feet
DAMMAM-TOP          10   Num(Dim) Fixed 1  feet
UER-TOP             10   Num(Dim) Fixed 1  feet
MIOCENE-TOP         10   Num(Dim) Fixed 1  feet
LFARS-TOP           10   Num(Dim) Fixed 1  feet
The field names have the following meaning:
ALL-BASE

Base of alluvium (Quaternary)
OLI-BASE

Base of Oligocene
UFARS-BASE

Base of Upper Fars
LFARS-BASE

Base of Lower Fars
DAMMAM-BASE
Base of Dammam
RUS-BASE

Base of Rus
UER-BASE

Base of Umm Er Radhuma
ARUMA-BASE

Base of Aruma
SIMSIMA-TOP

Top of Simsima
DAMMAM-TOP

Top of Dammam
UER-TOP

Top of Umm Er Radhuma
MIOCENE-TOP

Top of Miocene clastics (Sahil formation), and
LFARS-TOP

Top of Lower Fars.
The data entered using this application allow (1) the creation of various stratigraphic contour maps, (2) drawing stratigraphic lines on litho-stratigraphic cross sections, and (3) drawing these lines on fence diagrams.
2.9. Step Drawdown Data Structure
The step drawdown application is a utility used to calculate well efficiency. It stores field data, calculates well efficiency and parameters featured in the well efficiency equation, and displays of prints diagrams and tables. Data stored can’t be backed up in an equivalent ASCII file as is the case with all other data entered into a GWW data base. Table 10 lists data fields which make the data structure.
Table 10. Step drawdown application data fields.
Well Ident          12   Well     
A                   10   Num(Und) Float 4  
B                   10   Num(Und) Float 4  
p                   10   Num(Und) Fixed 2  
Efficiency          10   Num(Und) Fixed 2  
All these parameters are mandatory and a user must not change them.
2.10. Grain Size (Granulometry) Data Structure
GWW has a separate application which is intended to store, process, display, and print grain size distribution curves. It is not used in the current GWIS of Abu Dhabi since no grain size data were made available. It may be of use in loose soils and sand of the Quaternary: alluvia, wadi deposits, sand dunes, etc..
The data structure for this application contains only one data field: Well Ident. A user can add data fields if and when data become available. Typical data that are normally stored in this application apply to mechanical properties of soils, such as: specific retention, Atteberg’s limits of plasticity, total and effective porosity, unsaturated hydraulic conductivity, friction, cohesion, etc..
3.  NAMING OR NUMBERING WELLS IN GWIS OF ABU DHABI
3.1. General
In project’s Report No. 1 which was prepared and submitted in February 1996, certain recommendations were made suggesting a well numbering system. The project suggested that the system that is currently in use in Abu Dhabi could be accepted, albeit with some modifications. The Report No. 1 also suggested that it would have been advisable to make a decision on well numbering system in an early stage of the project. Since no comments on the system proposed to be used in the GWA project were received, the system to be explained below was accepted and adhered to
.

Of little practical value would be the decision to replace the currently accepted system of numbering wells with a completely new system that would be more in concordance with the principle of a DBMS (data base management system). According to the DBMS principles each well’s name should be of equal length and follow exactly the same naming convention. 

3.2. GWP Wells

The wells drilled under the Ground Water Research Project (NDC-USGS jointly operated GWRP) are identified by a “GWP” (Ground Water Project) prefix, followed by a dash and a number. At the time of this reporting, the GWIS of Abu Dhabi created by this project stores the information from 206 “GWP” wells in the GWIS of Abu Dhabi (starting with GWP-1 and terminating with GWP-211). These are recently drilled wells. More or less a complete information on drilling, lithology, stratigraphy, and water quality is available from these wells. The GWA project believes that there should be no change or renumbering of these wells, since they are featured in many maps, in cross sections, and in many other tabular and graphical presentations produced by both the GWRP and GWA projects. Likewise, there is no ambiguity in their identification since no other wells in Abu Dhabi will have the number starting with GWP-. The maximum number of digits that a ‘GWP’ well may have is 8; e.g. GWP-211C.

3.3. GWA Wells
The Groundwater Assessment Project designed and supervised the drilling of 6 wells in 1996. Two more wells are currently under drilling in Khazna and Liwa, respectively. These wells are numbered as GWA-1 through GWA-8. Every other well to be drilled subsequently by this project will be given a number such as GWA-9, GWA-10, etc..

There is no reason to modify the currently accepted numbering for these wells. The wells are already known as GWA-1, GWA-2, etc., in news clips, technical reports, and in daily communications with ADNOC.

3.4. Other Wells

Ground Water Department (GWD) of Al Ain municipality, Water & Electricity Department (WED) of Al Ain and Abu Dhabi municipalities, and several other organisations within the municipalities of Abu Dhabi and Al Ain (e.g. agriculture and forestry) are the agencies responsible for drilling, operation, and maintenance of wells. Many wells that are under the jurisdiction of either GWD or WED are already in computerised data bases and are reported in brochures periodically released by the GWRP. However, the numbering of wells does not follow a well established and non-ambiguous system. Numbers of wells such as Well 1, or any other number, are being repeated over and over again in different well fields
.

The Groundwater Assessment Project Abu Dhabi recommended that the well numbering system for all wells other than GWP, GWA, and some wells drilled to supply oil wells with injection water (in Bu Hasa, e.g.) be composed of a coded prefix, a number, and, if necessary, a coded suffix. The number part would be separated from prefix and suffix by a dash (hyphen). The recommended prefix would be one of the following, as shown in Table 11.

Table 11. Recommendations for Abbreviations of Agencies in Charge of Ground Water Data - Owners of Wells (Report No. 1)
	Recommended Prefix (Agency)
	Name of Agency (Owner of Data)

	GWP 
	Ground Water Project (NDC-USGS)

	GWD
	Ground Water Department, municipality Al Ain

	WED
	Water & Electricity Department, for Abu Dhabi & Al Ain

	FAD
	Forestry Department, municipality  Abu Dhabi

	FAA
	Forestry Department, municipality Al Ain

	AAA
	Agriculture section, municipality Al Ain

	AAD
	Agriculture section, municipality Abu Dhabi

	AGG
	Agricultural guidance for municipality Abu Dhabi


This coding system was recently made a part of the template GWW.000. In the Master Data application under the option Select Entry Form, this look-up table is shown in the Entry Form Source-Of-Information-Codes (see the list of available Entry Forms in Drawing 6). When the form ‘Source-Of-Information-Codes’ is double clicked, the screen displays a list explaining the system used currently in the GWIS of Abu Dhabi. The list, as shown in Drawing 7 is expanded using the table 11 as its predecessor.

Drawing 6. List of Master Data Entry Forms.

If found appropriate codes for other entities, such as municipalities, local governments, other agencies, and certainly oil wells, may need to be introduced. (It is not yet clear how wells drilled for supplying oil rigs with water should be identified and numbered. Some of these wells were turned into water supply wells and periodically monitored.)

The suffix would be a code for a well field. For several reasons, such as overlapping of well names on maps, storage space, etc., it is advisable to keep the well number to maximum ten to twelve characters. (The current version of the GWIS of Abu Dhabi is “dimensioned” to maximum 12 characters for well names.)

Similar to the “prefix” part of the well number, the “suffix” identifying the abbreviations for well fields is also made a part of the GWW.000 template. The Entry Form ‘WellSiteCodes’ as shown in Drawing 8 is taken directly from the Master Data application.

Drawing 7. Coding System for GWIS of Abu Dhabi according to Source of Information or Ownership of Wells.

Drawing 8. Abbreviations for Well Fields.
This list is incomplete. The principle to follow is that (1) up to 3 letters are assigned to a code, (2) if a well field name is made of more than one word, use initial letters of each word, and (3) use initial three letters for a single-word well field name; if necessary, use four or five characters if using three would create ambiguity in naming. Remember that the maximum number of characters for any well name is limited to 12.

In the system adopted by the GWIS of Abu Dhabi, a well numbered as, e.g.

WED-412-UG
would imply a well locally numbered 422; drilled, used, or monitored by Water & Electricity Department; and located within the Umm Ghafa well field south-east of Al Ain.

As another example, the number of the well:

AAA-15-OHA
would indicate that its owner or agency responsible for its maintenance, use or monitoring is Agricultural Section of Al Ain municipality; that it is located within the Ohah well field (north of Al Ain); and that it is locally reported by the number 15. Admittedly, some inconsistencies have been noted, but they have nor jeopardised the convention system.

At some stage, some wells probably would need to be renumbered. This pertains to wells identified in the NDC report “Summary of the Chemical Content of Ground Water and Rain Water in Abu Dhabi Emirate, 1988 - 1995’ which was released in July 1996. Wells numbered as EMQS (Emirate Quality Samples), QWS (Al Ain area Quality of Water Sample), and LQ (Liwa Quality) do contain a lot of very useful information, especially on trace metals. Yet, except for co-ordinates, their names do not tell which agency is responsible for these wells and in which places they are located.

Some wells attributed to WED may actually belong to the Forestry Department. An additional check into the naming will be required.

4. GROUND WATER DATA IN GWIS OF ABU DHABI

4.1. General
This Chapter deals with the categories of data, and with the quality and quantity of data currently in the data base. Deficiencies in data are explained and ways to improve the information system are suggested. Several tables are also appended to the report listing wells which have a certain category of information (e.g., total depth of wells, ground surface elevations, locations of oil wells, chemical samples with trace metals, etc..).

Numerous (38) graphical data presentations are appended as figures to this report. They are intended for the following purpose: 

(1) To present location maps for various categories of data to understand better the quantity of data that were made available to the project; and

(2) To suggest the ways in which the GWW software displays and presents the information.

The GWW software, as the data base software, and the GWIS of Abu Dhabi, as the product of GWW, are used to make the ground water data processing, data management, and data presentation an easy task for properly trained and motivated staff of ADNOC. The philosophy behind the establishment of the GWIS is basically the following. This is the data base which should be shared among ground water data users to make analysis, interpretation, and planning of ground water development a timely and efficient job. 

4.2. Total Number of Wells

The statistics offered in the Introduction suggests that about 1,388 wells
 are currently entered into the GWIS of Abu Dhabi. This is the number which is displayed on the Master Data Entry Form as shown in Drawing 9.

Drawing 9. Master Data Standard Entry Form (Input Data Screen).

The lower part of the screen shows for each well which category of information is available. Not every category is available for every well. Most of information comes in the form of electrical conductivity only. For many wells in which electrical conductivity of water was measured, missing is depth of well, depth of sampling, depth to water, complete chemical analysis, etc.. Yet this does not diminish the value of the information such as the electrical conductivity. Knowing how important for Abu Dhabi is the quality of ground water, this information may be of critical value in analysing the ground water system of an area and assessing potentially suitable development areas.

The location map presented in Figure 2 shows schematically (without labelling due to overlapping) the density of wells currently making the GWIS of Abu Dhabi. Evidently, there are much more wells in the eastern part of the Emirate, notably in the wider Al Ain area.  There is also a concentration of wells within “oil area” well fields, namely in Bab, Bu Hasa, and Asab. There are also many wells within the Liwa Crescent area. Several wells fall outside the borders of the Abu Dhabi Emirate. 

Figure 3 is the location map with GWP wells. As indicated there are 203 wells located in this map. A great majority of wells was drilled in the wider Al Ain area. 

Figure 4 shows GWA wells. The wells are shown in two categories: (1) wells drilled in 1996, completed and tested, and (2) wells the drilling of which started in January 1997.

4.3. Data Identifying Well Location and Location Name
The locations of all wells in the data base are identified with co-ordinates from either UTM Zone 39 or Zone 40 (see also Figure 1). As shown in Drawing 9, for each well the data base stores both UTM co-ordinates and “False Easting 500,000” co-ordinates. As reported in Report No. 1, the UTM co-ordinates have been converted to the “False Easting” system using the formulas developed by this project.

Most of wells are identified with a name of the location. Locations reported in various reports are the names of well fields, such as Mazyed, Umm Ghafa, Khazna, East Khadar, etc.. The only wells that are not associated with a location name are the wells reported in the NDC report “Summary of the Chemical Content of Ground Water and Rain Water in Abu Dhabi Emirate, 1988 - 1995” which was released in July 1996. The wells numbered as EMQS, LQ, and QWS are identified only with their respective co-ordinates. These sampling points are extremely important for understanding the quality of ground water since they report on boron and trace metals in ground water. Boron appears to be in many samples above an acceptable limit which is recommended for human consumption and irrigation. Therefore, an attempt should be made to identify these wells (EMQS, LQ, and QWS) according to ownership, use, year of construction, depth of sampling, and present conditions of wells. These wells probably would be renamed once their belonging is identified.

Some other wells may also need to be renamed. The Master data base contains comments on several wells questioning whether these wells have been double entered. Example is the group of wells named as BU-xxx, which are the Bu Hasa water wells supplying oil wells operations.

4.4. Total Depth of Wells
The information on total drilled depth of wells is available from 331 wells. These are, again, all GWP wells, six GWA wells, and all oil wells, plus few other wells. The individual wells’ depths are presented in Table 12 which is appended at the end of the text
.

This information becomes important for the interpretation of ground water quality. When the salinity of ground water is analysed, expressed either as electrical conductivity or total dissolved solids content, it is of advantage to associate the quality with the depth of sampling. However, for many wells which do present the water quality information the depth of drilling and/or sampling is usually not known.

4.5. Ground Surface Elevations
The ground surface elevations are known (and entered into the data base) for 341 wells only. Elevations of these wells are listed in Table 13 which is appended to the end of the text. These are all GWP wells (207), all GWA wells (8), and all oil wells (33). The rest comes from several WED and GWD well fields. In principle, this information is absolutely required for all wells that have (1) drilling, construction, and lithologic data; (2) stratigraphic data; and (3) water level data either in the form of a continuous hydrograph or individual depth-to-water measurements. Ground surface elevations are needed for making litho-stratigraphic cross sections and fence diagrams, and for creating hydrographs and drawing piezometric maps. For wells in which only water quality samples are taken and analysed, the lack of this information has no negative consequences.

It is believed that land surface at sites of most wells that are currently made a part of the GWIS of Abu Dhabi is known and entered into one of existing computerised data bases, notably the one established by the GWRP. This project was not successful in acquiring these data.

For the sake of visualisation of the information on topography (ground surface elevations) as obtained from wells, map in Figure 5 identifies the wells for which the land surface is known.

4.6. Quick Look at Information Currently in GWIS
As mentioned earlier and shown in Drawing 2, the Master Data Entry Form offers a summary of information that is available. When an information is entered for a well such as lithologic data for a well, the so-called “Info” field is checked (that is, an upper case character Y is typed). This check is automatically transferred into the Master Data screen filling in the line (or two) that display fields for different types of data. It is not expected that a well must necessarily store all information for all category of data, e.g. lithologic and stratigraphic data, water quality as individual sample, time series, or depth-related, etc.. If it were than there would be no wells in data base!

4.7. Ground Water Quality Data

Currently the GWIS comprises 1215 ground water quality analyses taken from 1203 wells. In some wells there are more than one sample taken and entered into the data base. These wells are:

· BU-68
2 samples

· GWA-1
3 samples

· GWA-2
3 samples

· GWA-3
2 samples

· GWA-4
2 samples

· GWA-5
3 samples

The location map showing the sampling sites (wells) is presented as Figure 6. 

4.7.1. Entry Forms for Chemistry

The current template for the GWIS of Abu Dhabi contains two entry forms
: (1) Standard, and (2) Metals. The first form is used to enter major cations and anions, plus some additional parameters (temperature, conductivity, TDS, pH, alkalinity, etc..). The second form is used to enter trace metals. The ‘Standard’ entry form is shown in Drawing 10, and the ‘Metals’ entry form in Drawing 11.

Either of the forms can be used to type Well Identification, Name, co-ordinates, elevation, aquifer sampled, date of sample, and depth of sampling. In the current GWIS the information on depth of sampling and on aquifer sampled is mostly missing. This information can be entered at a later stage in which the emphasis would be more on data interpretation than on entering data into the data base.

Drawing 10. Standard Entry Form for Ground Water Quality Data Input.

As mentioned earlier, the GWW ground water quality entry forms display the water balance of anions and cations as a means to check and validate an analysis. The SAR (sodium adsorption ratio) is also calculated by the program. This parameter is used to classify the water according to its usability for irrigation. The formula for SAR is:

SAR = Square root of {[ Na / (Ca+Mg)*0.5]}

where sodium, calcium, and magnesium are in milliequivalents per liter (epm) from the water analysis. Evidently, if one of the three constituents is missing, the program can’t calculate the SAR nor display a Wilcox diagram. (The Wilcox diagram is the suitability-of-water-for-irrigation diagram.)
Drawing 11. Alternative Entry Form for Input of Trace Metals.

The form used for entering data on trace metals can be expanded if and when additional parameters or constituents are sampled. Currently there are 174 samples with information on boron and trace metals. Additional entry forms can be created for pollutants, such as benzene, toluene, xylene, ethyl-benzene, and hundreds of VOCs.
4.7.2. Presentation of Water Quality Data
Boron
Table 14 presents, as an example, boron content in all samples. Map in Figure 7 illustrates the distribution of wells which are sampling boron and shows categories of boron content
. The NDC report “Summary of the Chemical Content of Ground Water and Rain Water in Abu Dhabi Emirate, 1988-1995” states that the guideline value for drinking-water quality is 0.3 mg/l of boron. The reports refers to the World Health Organisation recommendations from 1984
.
The data on boron in Figure 7 are shown in three categories: (1) less than or equal to 1000 µgr/l (1 mg/l), (2) greater than 1000 but less than or equal to 2000 µgr/l, and (3) greater than 2000 µgr/l. There are 50 samples in the first category, 34 in the second, but 90 samples have the boron content greater than 2,000 µgr/l. The water from the third category can seriously damage plants.
Although the interpretation of ground water quality is not a subject of this report, it is obvious that the GWIS of Abu Dhabi can be used for quick data retrieval, analysis and interpretation of quality of water for whichever area of the Emirate, and for presenting data in meaningful ways. The map in Figure 7 is one of such presentations.
Electrical Conductivity
Out of 1212 ground water quality samples entered in the GWIS, 1,035 samples report electrical conductivity. This is an important parameter considering the range of its value in the Emirate from a minimum of about 37 (?) to a maximum of 250,000 µS/cm. Several maps are appended to this report to show the sites in which the electrical conductivity of ground water is in the range up to 5,000 µS/cm (Figure 8), greater than 5,000 but less than or equal to 10,000 µS/cm (Figure 9), greater than 10,000 but equal to or less than 15,000 µS/cm (Figure 10), and greater than 15,000 µS/cm (Figure 11).
A quick interpretation of information presented in these maps is the following:
· Areas with good quality ground water (conductivity less than 5,000 µS/cm) are primarily in Al Ain and north of Al Ain and in Liwa Crescent. A few wells between Bu Hasa and Ghayathi also located shallow aquifers containing good quality water.
· Poor quality water (conductivity greater than 15,000 µS/cm) can be found almost anywhere within the Emirate. Although the maps in Figures 8 through 11 do not refer to any depth, but rather lump together samples from depths, it is known that inferior quality water comes mostly from deep aquifers, notably Umm Er Radhuma and Dammam. The Lower Fars formation contains also water bearing layers yielding very saline water. This is due to abundance of evaporites (gypsum and anhydrite) within the Lower Fars.
Temperature of Water
Using the search-and-select option of the GWW, one can quickly retrieve any information within the data base. For example, the search for samples that have data on water temperature produces the following results:
· There are 72 samples which report the temperature.
· The range of ground water temperatures is from 18.7 to 49.5 oC.
· Most of samples are in the 30’s oC range.
pH Value (Hydrogen Ion Concentration)
Water is said to be either acidic or alkaline (basic), depending on the relative concentration of hydrogen ions. The hydrogen ion concentration of water is expressed as pH value. The pH is equal to the logarithm of the inverse of the hydrogen ion concentration. A pH value of 7.0 indicates a neutral solution. A pH less than 7 indicates an acid solution, whereas a pH greater than 7 indicates an alkaline solution. Most of ground water have pH values that range from about 6.0 to 8.4.
The GWIS of Abu Dhabi currently contains 216 samples with known pH value. The map in Figure 12 shows locations of these sampling points. It also locates samples with extreme values. There are 3 samples which are extremely acid, that is with pH value less than 6.0 (GWP-154, NDC-16-BAB, and JY-1) and 6 samples which are extremely alkaline (GWP-143-B, GWP-153, GWP-188B, GWP-198, GWP-68, and EMQS-30). The sample from the well GWP-68 is extremely alkaline with pH of 11.6. 
All other samples (207 out of 216) are within the normal range.
Other Diagrams and Graphics
The ground water quality application of GWW (called ‘Chemistry’) allows data presentation in various pre-programmed chemical diagrams: Piper, Wilcox, Stiff, and Schoeller. Two examples are appended as Figure 13 (Piper) and Figure 14 (Wilcox). In each of the two all samples with relevant information are plotted. In the case of the Piper diagram, the “relevant” means the availability of Ca, Mg, Na, HCO3, Cl, and SO4 ions as a minimum. In the case of the Wilcox diagram, the minimum data requirement is Na, Ca, Mg, and electrical conductivity.
Although these diagrams would be of better use if they were constructed for a certain area, certain aquifer, or an interval of depth, they do offer some general conclusions about the ground water system of Abu Dhabi.
The Piper diagram (Figure 13) indicates that in most of samples the prevalent cation is sodium (in the diagram: Na+K). Almost in all samples it is more than 50% of all cations. Among anions, the dominant ion is Cl, then SO4, while bicarbonate and carbonate hardly ever make more than 20% of all anions.
The Wilcox diagram (Figure 14), which is the quality-of-water-for-irrigation diagram, classifies the ground waters of Abu Dhabi as mostly with high and very high salinity hazard (classes C3 and C4) and low to medium sodium (alkali) hazard (classes S1 and S2). The waters that contain calcium and magnesium ions sufficient to equal or exceed the sodium ions, serve well for irrigation purposes, even though the total mineral content may be quite high.
The GWW software allows such diagrams to be created for a selected area within few minutes. A data group that is displayed on a diagram is created using any one of possible search-and-select criteria.
4.8. Lithologic and Well Construction Data
GWIS of Abu Dhabi currently stores lithologic data from about 254 wells. Table 15, which is appended at the end of the text, lists these wells, giving their names, co-ordinates (in “False Easting” system), ground surface elevations (in feet AMSL), total drilled depth
 (in feet), and belonging to a project. The last entry distinguishes between ‘Oil Well,’ ‘GWAP’ well (which is drilled under this project), and ‘GWRP’ well drilled under the NDC-USGS Ground Water Research Project. The Entry Form used by the Well Log application is shown in Drawing 12. It features a list of all wells currently in the lithologic data base and various options on the menu bar. One of options is ‘Display.’ To display a well log of any well within the data base only two clicks of the mouse are needed: (1) click on a well to select it, and (2) click on ‘Display.’ Normally a well with lithology and construction log will be displayed in few seconds.
Drawing 12. Entry Form for Lithologic Data Input.

Data are stored in one or more tables for each well. The following tables make a complete data entry:
· Well log table (for description of lithologic units);
· Hole table (for drilling diameters and depths);
· Casing table (for diameters and depths of casing strings);
· Screen table (for screened intervals); and
· Annulus table (for various operations and materials filling the annular space between a hole and casing).
These tables are shown in Drawings 13 through 17 for the well GWA-2.
Drawing 13. Well log (lithology) table.

Drawing 14. Hole drilling data.


Drawing 14. Casing data.

Drawing 17. Screen data.


Drawing 18. Annulus materials table.

Two coding systems make a part of the lithologic data base: (1) for lithologic units, such as sand, limestone, marl, etc.., and (2) for materials filling the annulus (gravel pack, cemented surface casing, open hole, concrete plug, and many more). These codes are used to display and print a well log, a cross sections, or a fence diagram. One example, using the GWA-3 well, is appended to this report as Figure 15 displaying materials filling the annular space. The other example, of oil well Mushash-1, displays stratigraphic information instead of “annular space.”  The column reserved for “annulus” can be used either for annulus or for stratigraphy but not for both at the same time.
The log displayed in Figure 16 as an example, demonstrates the use of colours to enhance the stratigraphy. When such logs are plotted on a cross section or in a fence diagram, the colours chosen make the interpretation of the stratigraphy easier. E.g., the violet colour is used only for the Lower Fars formation. The Dammam limestone is distinguished from the Umm Er Radhuma limestone by the blue colour of the former versus the green colour of the latter.
The list of lithologic codes that are currently
 available is presented below. The first word in each line is the code that can be used in the lithologic data table as shown in Drawing 13. The rest of text on each line is the default description (characterisation) of that lithologic unit.
Lithologic codes and their default descriptions
A-ALL Alluvium
ANH-LF Anhydrite
ANH-R Anhydrite
ANHYDRITE Anhydrite
B-UFARS Upper Fars
BRECCIA Breccia
C-LFARS Lower Fars
CHALK Chalk
CHALK-LF Chalk
CHALK-R Chalk
CHALK-UR Chalk
CHERT Chert
CLAY CLAY
CLAYSTONE Claystone
CONGLO Conglomerate
D-OL-LIME Oligocene Limestone
DOLO DOLOMITE
DOLO-D DOLOMITE
E-OL-MIOC Oligo-Miocene Clastics
EVAPORITE Evaporite
F-DAMMAM Dammam
G-RUS Rus
GRAVEL Gravel
GWS GRAVEL with sand
GYPSUM Gypsum
GYPSUM-LF Gypsum
H-UER Umm Er Radhuma
LIME LIMESTONE
LIME-D LIMESTONE
LIME-LF LIMESTONE
LIME-R LIMESTONE
LIME-UR LIMESTONE
LOSS Loss of circulation
MARL Marl
MARL-D Marl
MARL-LF Marl
MARL-UR Marl
MISSING Missing sample
MIXED Mixed sand\and silt
MUDSTONE Mudstone
SAND SAND
SHALE Shale
SILT SILT
SILTSTONE Siltstone
SS Sandstone
SS-D Sandstone
SS-LF Sandstone
The on-screen editor for existing or new lithologic symbols is shown in Drawing 19, and various options available for creating, importing or deleting lithologic units in Drawing 20.
Drawing 19. Dialog box for on-screen editing lith. unit.


Drawing 20. Sub-menu options under Lith.Units.

One should remember that any change made in one of lithologic symbols and codes will globally affect all wells in which this symbol is used. This is called “hot-wire” change. E.g., if one wants to modify the symbol for limestone for a well GWA-2, the display and printout of the limestone unit will be altered in every well within the GWIS.

Within the list of lithologic codes there are several entries which contain only background colour but not a line symbol. These are normally used to display the stratigraphy in colour codes since the lithologic data may not be available.
4.9. Stratigraphic Data
“Stratigraphy” here implies the absolute elevations of either top or base of various stratigraphic units (formations).  To activate the application ‘Stratigraphy’ one has to open the Application menu, and select User Data as shown in Drawing 21. The final entry on this list, ‘User Data,’ expands to three additional applications, as shown in Drawing 22. The Stratigraphy application is one of the user-created applications.
Drawing 21. List of Applications.


Drawing 22. List of User Applications for GWIS of 





Abu Dhabi.

The data entry form for stratigraphic data looks as shown in Drawing 23. Featured are the following stratigraphic units (see also Table 9 in Section 2.8.):
· base of alluvium;
· base of Oligocene;
· top of Miocene clastics (Sahil formation);
· base of Upper Fars;
· top and base of Lower Fars;
· top and base of Dammam;
· base of Rus;
· top and base of Umm Er Radhuma;
· base of Aruma; and
· top of Simsima.
Drawing 23. Entry Form for Stratigraphic Data.

The source of information is primarily geophysical logs for selected oil wells and the report by NDC titled “Summary of Geologic and Well Construction Data and Geophysical Logs for Ground-Water Research Project Boreholes GWP-6 to GWP-100.” The report, which was released in July 1996 presents this information for the first 100 wells drilled under the GWRP
.
A portion of the information is presented in Table 16 (Lower Fars, Dammam, Rus, and Umm Er Radhuma) and in Table 17 (Quaternary). Similar tabular presentations can be created for any parameter in the data base.
The information on stratigraphy is used by applications Cross Sections and Fence Diagrams to draw stratigraphic lines, and by the Mapping application to draw stratigraphic contour lines.
Maps presented in Figures 17, 18, 19, and 20 are  structural maps showing the base elevations of the Lower Fars, Dammam, Rus, and Umm Er Radhuma formations, respectively. The map in Figure 21 is the thickness of the Dammam map. (It was created by subtracting the base of the Dammam from its top, using a routine developed by this author outside the GWW environment.) The structural maps are computer program products. The gridding (interpolating between random points) and contouring ignores eventual structural controls, such as faults, folds, reverse faults, etc.. One should not take these maps at face value without additional insight into the geology of Abu Dhabi.
The objective of this report is not to analyse the geology and stratigraphy of Abu Dhabi. This has been presented in Report No. 13. 
An example of stratigraphic contour lines drawn in a lithologic cross section is presented in Figure 22. Cross sections like this one, based on good interpretation of stratigraphy provided by oil wells geophysical logs and paleontologic analyses, can be used to interpret the geology at sites where water wells were drilled. E.g., the GWP wells shown in Figure 22 are drilled all in Lower Fars. Only three wells penetrated into the Dammam. None of wells reached the base of the Dammam.
Stratigraphic lines can be added to fence diagrams as shown in Figure 23. The location of four wells featured in this diagram, namely Mushash-1, Salabikh-1, Agrab-1, and Shah-1, is shown in Figure 24. The fence diagram covers the entire central part of Abu Dhabi. 
In order to create the cross section of Figure 23, the following GWW applications have been used: master data, well logs, user data (stratigraphy), mapping, and finally cross sections. To add piezometric heads for one of aquifers the hydrograph application would be used; to add eventual chemical diagrams showing the variation of water quality with depth, the concentration-depth application would be consulted. 
�  Wells with every category of data (chemistry, lithology, stratigraphy, etc..), regardless in which application (module) are entered, are automatically copied to the Master Data application.


�  The number of “chemical data” refers to either number of wells or number of samples. In the Chemistry-Samples application, one well may have only one chemical analysis. If more than one sample is taken from a well, the user has a choice: (a) to use identification number for the well with a suffix, say GWA-2/1 and GWA-2/2, or (b) use the application Concentration-Time for samples taken at different times or Concentration-Depth for samples taken from different depths in the same well. In the current GWIS, the first method is used.


�  Pumping test data may be entered as field data with time-drawdown or time-depth-to-water pairs. Alternatively, calculated and reported hydrogeologic parameters (such as transmissivity, hydraulic conductivity, and storage coefficient) may be entered. 


�  GWW software does not have a special application to enter, store, and process borehole geophysical data. For this, in this GWIS the application Concentration-Depth is used.


�  It is not mandatory to install the GWW software into the C:\GWW directory. It can be installed in any directory, any disk drive, including networked server’s drive. The command line in the AUTOEXEC.BAT file tells the program where to look for program files. This command line is typed as:


		SET GWW=C:\GWW


�  Realistically, the number of characters for this input should be 6 only. This would allow for a maximum elevation of 9999.9 ft.


�  This is believed to be beyond the task of the present phase of the project. The aquifer code entered in the Master data application is shared among all applications except the hydrograph. There, there is another aquifer code which is “proprietary” to that application.


�  To determine the epm, an ion concentration in mg/l is divided by the equivalent weight of a particular ion. Equivalent weight equals molecular weight divided by the valence. These conversion factors are contained in an auxiliary GWW file, PPMTOEPM.TBL, which is installed together with all other GWW program files.


�  For the well number coding system please refer to Chapter 3.


�  If required, the same application could include other borehole depth-related parameters such as drilling mud conductivity, progress of drilling, etc.. For this, the data structure above would need to be modified.


�  This might be a real “saving” if and when geophysical logs from all other sources (e.g. GWRP) are entered and stored in the GWIS of Abu Dhabi. With six GWA project wells only, there is no much point in modifying the data structure.


�  At this late stage of Phase I  when the data base and GWIS are ready to be transferred to ADNOC, it would not be advisable to make changes to the system used.


�  At least 47 well fields are reported in the Al Ain area alone. GWW software can’t handle a repeated well identification entry. Each well must have a unique ‘Well Identification.’


�  The number is less for 8 wells. These are repeated sampling points from the same well, or repeated pumping test sites (e.g. GWA-2, and GWA-4). There is also one dummy well which has no information but is used for a specific software-related purpose. 


�  This table, as well as every drawing and graphical presentation in this report is a direct output of the GWW software. The depth reported for oil wells is not their final depth. Only the upper parts of these wells, some several thousand feet, are transferred into the GWIS.


�  Entry Form is an equivalent to Data Input Screen. This is the form in which data are either typed directly using the keyboard or are transferred from ASCII files.


�  There is an ambiguity in interpreting the boron content. Driscoll, in ‘Groundwater and Wells,’ 1989 writes: “One minor constituent, boron, is often determined in arid and semiarid regions where the water is used for irrigation. Although boron in trace amounts is essential to plant growth, it is quite detrimental to many plants when present in excess of 1 mg/l in irrigation water... Severe problems are expected when greater than 2.0 mg/l.”


�  WHO guidelines from 1984 state that the boron content of 1 mg/l is acceptable. This is in contradiction with the NDC report (July 1996) which sets this recommendation at 0.3 mg/l.


� Except for oil wells where only an upper part is transferred into the GWIS.


�  A user can create additional codes in three ways: (1) use one of existing codes and rename the code in the lithologic symbol dialog box; after renaming it, change either background colour or add a line or more to the symbol; (2) create a new code using the option Lith.Units/Edit Lith.Units/New Lith. Unit; and (3) create a new symbol in an ASCII file as is explained in the User Manual.


�  The GWRP drilled by the end of 1996 at least 217 wells. It is expected that it will prepare a similar ‘Summary Report’ for the rest of wells at the end of the project. 
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