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Project Authorization 

TO. Edgar C. Harrell, Director, USAID/Jordan 

Your approval is required for a grant of $ 5,600,000 from the 
Economic Support Fund appropriation to Jordan for the Ground 
'l/ater Resources Investigation Project, 278-0243. 

Discussion: The project consists of developing and gathering 
reUabJ.e data by means of drilling wells to various depths, 
'!onducting aquifer, geophysical and related tests for determining 
water quantity and quality from individual aquifers and developing 
a data sto:;"age and retrieval system. 

Waivers: No waivers are contemplated at this time. 

Justification to the Congress: The Congressional Notification, 
Advice of Progra~ Change for this project was submitted to the 
Congress on September 12, 1980, and the waiting period expires 
on September 26, 1980. 

Recommendation: That you sign the attached Project Authorization. 
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PROJECT AUTHORIZATION 

Name of Country 
Name of Project 
Number of Project: 

Hashemite Kingdom of Jordan 
Groundwater Resources Investigation 
278-0243 

1. Pursuant to section 532 of the Foreign Assistance Act 
of 1961, as amended, I hereby authorize the Groundwater 
Resources Investigation Project for Jordan involving planned 
obligations of not to exceed $5,000,000 in grant funds over 
a two year period from the date of authorization, subject 
to the availability of funds in accordance with the A.I.D. 
OYB!allotment process, to help in financing foreign exchange 
and local currency costs for the Project. 

2. The project consists of developing and carrying out a 
systematic investigation of the availability of groundwater 
in Northern Jordan. 

3. The Project Agreement which may be negotiated and 
executed by ~he officer(s) to whom such authority is dele­
gated in accordance with A.I.D. regulations and Delegations 
of Authority shall be subject to the following essential 
terms and covenants and major conditions, together with such 
other terms and conditions as A.I.D. may deem appropriate. 

a. Source and Origin of Goods and Services 

Goo~s and services, except for ocean shipping, 
financed by A.I.D. under the Project shall have their source 
and origin in the United States and the cooperating country, 
except as A.I.D. may otherwise agree in writing. Ocean 
shipping fina~ced by A.I.D. under the Project shall, except 
as A.I.D. may otherwise agree in writing, be financed only 
on fl~g vessels of the United States. 

b. Conditions Precedent to Disbursement 

Prior to any disbursement, or to the issuance of 
any commitment documents under the Project Agreement, the 
Cooperating Country shall furnish, in addition to the 
standard legal opinion and specimen signature(s), in form 
and substance satisfactory to A.I.D., evidence that a Project 
Manager has been designated for the Project. 
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c. The Cooperating Country Shall Covenant: 

(i) to allow full and ready access to all well 
drilling sites and other places required for implementing 
the Project and to assure, to the extent that may be 
required, that such sites are free of mines and other 
explosive devices; 

(ii) that all the organizations involved in the 
water sector will cooperate with the NRA in the implementa­
tion of the Project and will provide all hydrologic and 
other data present.ly available and which may become avail­
able, to the NRA for the purpose of achieving the objectives 
of the Project; 

(iii) suitable NRA equipment and personnel, which 
are available at the time of this Agreement and are required 
to carry out the Project activities, will be assigned to the 
Project; 

(iv) that the additional staff required to operate 
and maintain the equipment procured for the Project will be 
employed and trained; and that the equipment and qualified, 
trained staff will be used to carry out this similar Project. 

Typed Name Office Symbol Date Initials 

(/j", ell . 
Signature I. tl-,~.c Acu-<- ':....t~ 

Edgar c. Harre11 
Typed Name of Authorization 
Officer 
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GROUND WATER RESOURCES INVESTIGATION 

SUMMARY AND RECOMMENDATIONS 

A. Grantee: The Hashemite Kingdom of Jordan. 

B. Implementing Agency: The Natural Resources Authority (NRA). 

C. Amount: U.S. $ 5.0 million to be financed from economic 
support funds, authorization, all of which is requested for approval and 
$1.62 million of which is requested for incremental funding in 1980. 

D. Total Project Cost: Total project cost is $8.765 million, of 
which $1.620 million is requested for obligation in FY 1980 and $3.380 
million, if funds are available, in FY 1981. The Government of Jordan 
(GOJ) contribution is estimated at 43% of the project cost, or $3.765 
million. 

E. proJect Purpose: To assist the GOJ in developing and carrying 
out a systematIC and comprehensive study to assess the availability of 
water in 1he ground water systems of Northern Jordan, while developing 
the capab l.ity of the NRA to continue such investigations in other areas 
of Jordan. 

F. Project Description: The project consists of developing and 
gathering reliable data by means of drilling wells to various depths, 
conducting aquifer, geophysical and related tests for determining 
quantity and quality of water available from individual aquifers and 
developing a data storage and retrieval system. 

G. Pro'ect Justification: The Country Development Strategy 
Statement (CDSS for Jordan stresses the need to concentrate on 
development of water resources to meet basic human needs. The needs for 
potable water in Jordan require that maximum knowledge be obtained 
regarding its total water resources. The currently known water resources 
cannot meet the needs of the present population, much less provide for a 
population estimated to double in size by the end of the century or meet 
the concomitant increase in agricultural production required to feed that 
population. The proposed project will provide timely data pertaining to 
the quality and quantity of the country's water resources. 

Because of the severe lack of water for all uses, there are no 
alternatives to an accelerated effort to verify the extent and quality of 
currently unused or unproven ground water resources, and related surface 
water resources. Failure to vigorously pursue the proposed investigation 
may result in: 
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(a) a reduction i~ the amount of water allocable for agriculture, 
with ~ubsequent negative effects on the balance of payments; 

(b) a continued and accelerated depletion of the currently used 
aquifers to the extent that they will be severely damaged by saline 
migration andlor excessive mining; 

(c) a search for more expensive alternate water sources. 

H. Grantee Contribution: The GOO will contribute staff, 
equipment and equipment operating costs, and logistics -- equaling 
approximately 43 percent of the total project cost. 

I. statutory Checklist: All statutory criteria have been met 
(See Annex B). 

J. Issues: None. 

K. Recommendation: That a Grant be approved for the purposes 
described herein in an amount not to exceed U.S. $ 5.0 million. 

L. Mission Authority: 179 State 196625 (see Annex H) delegated 
authority to USAID/Jordan to approve the project paper, authorize the 
project, and to obligate funds under the project. 

Project Review Committee 

COlE, Mr. Stanley A. Stalla, Chairman 
COlE, Mr. Royal R. Cline 
COlE, Mr. Aied Sweis 
PROG, Mr. Daniel Leaty 
CaNT, Mr. Douglas Sheldon 
OTP, Dr. Sami Khoury 

Mission Senior Advisory Committee 

DD/USAID, Ms. Lois Richards, Chairperson 
COlE, Mr. Thomas A. Pearson 
PROG, Mr. Daniel Leaty 
CaNT, Mr. Edward Giza 
OTP, Dr. James Turman. 
RLA, Mr. Garber Davidson 
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I • ffiOJECT BACKGRJLND 

A. Overview 

Because of its extreme scarcity in relation to needs, water 
takes on a pre-eminent importance as a constraint on development in 
Jordan. In the coming decades, more water will be required in Jordan for 
all three demand component~, i.e., for domestic uses, agriculture 
(irrigation) and industry. Unless a major ~rogram is initiated to 
explore and develop as yet unexploited or partially exploited surface and 
ground water resources, current projections indicate that high rates of 
growth for both the population and the economy will generate increasing 
demands for domestic water, which will force Jordan either to develop 
extremely expensive alternate sources, such as desalination, or to 
reduce the amount of water available for irrigation. Refer to 
USA I DI Jordan's "Water Sector strategy FY 82-86" paper (January, 1980), 
inclu~cJ dS an attachment to the FY 1982 CDSS and available in NE/PD, for 
a concise description of the magnitude of water related problems, both 
current and projected, to be confronteu by the country in the coming 
years. 

Development of Jordan's surface water sources, e.g. the King 
Talal Reservoir on the Zarqa River and the proposed Maqarin Dam on the 
Yarmouk River, will play an important role in meeting the country's 
increasing demand for water. Yet it should be noted that water quality, 
rainfall variability and evapo-tranf~iration are major constraints to the 
dependability of surface water resources; ground water is less subject to 
seasonal variations. The ground water data made available to the NRA 
under the proposed project will enable the GOJ to begin to think in terms 
of balanced management of all its water resources and may serve as a 
positive step in the direction of unifying all water-related activities 
under a single agency. 

This project will finance the investigation of all major 
ground water sources in the northern part of the country. The geographic 
limits of the study area are primarily determined by the hydrologic 
boundaries of four drainage basins: the Jordan Valley, Zarqa, Yarmouk and 
Azraq Basins. Although the study area comprises approximately 20 ~ercent 
of Jordan's total land area, it contains over 80 percent of the country's 
inhabitants, including the main population centers of Irbid and the 
Amman/Zarqa conurbation. See Annex A for more details on the project 
background, including Figures 1 and 2 for maps of the study area. 

B. Other Studies 

Except for the complementary study being undertaken by the 
Jordan Valley Authority (JVA) in the Rift valley (A.I.D. Loan 278-K-022), 
there are no other stUdies underway of the type proposed. 
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C. Lack of Usable Data 

Extensive and accurate data in a readily retrievable format 
are a prerequisite for rational formulation of a national utilization 
policy for the water sector. However, despite the fact that some earlier 
exploration work has been done in Jordan, there is still a lack of 
detailed and complete knowledge on the availability of replenishable 
water resources, particularly of ground water resources. Little is known 
about the occurrence, magnitude and quality of ground water at depths 
below 150 meters, primarily due to the lack of equipment and expertise 
for collecting the essential data at those depths. An additIonal problem 
is that much of the data already collected on ground water is currently 
unusable, unreliable and/or widely scattered among the various 
organizations involved in the water sector. Information from past 
studies may be available, but is not readily retrievable, and some data 
are suspect because of faulty or outdated methodology. The general 
paucity and unreliability of data are referred to time and again in the 
various analyses or studies of the water sector. What is needed is the 
establishment of an accurate and reliable data base for the entire 
country, based on a systematic and comprehensive approach to the 
investigation of Jordan's water potential. 

O. Rationale for U.S. Assistance: A.I.O. has assisted the GOJ in 
financing major irrigation schemes in the Jordan Valley, primarily from 
surface water sources, for increasing agricultural production. The GOJ, 
USAIO, international and other bilateral donors are currently providing 
financing to increase distribution of available water and improve 
collection and disposal of sewage in several major urban and rural areas 
throughout the country. Many of these water systems have been designed 
to accommodate the anticipated high population growth rate over the next 
few decades. As the population expands and dS the quality of life 
improves, additional sources of water will have to be developed to meet 
the basic human needs requirements of achieving acceptable levels of 
daily per capita water consumption and of increasing food production. In 
order to plan for meeting the~e growing expectations, the GOJ will need a 
reliable and complete data bank at its disposal, contairtng information 
on the country's different water systems and the ways they interact. An 
accurate investigation and assessment of ground water potential sources 
and an effective means of storing the results will be important step in 
contributing to the GOJ's basic objectives of meeting all sectors rising 
demand on available water resources. 
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A.I.D. is currentlv financing, through A.I.D. Loan 278-K-022, a 
ground water investigation project with the JVA in the Rift Valleyl/ 
to determine the quantity and quality of the water availaJle for safe, 
sustained exploitatio~. The data collected during the Rift Valley 
project will be converted to computer programs and will be inserted in 
the data storage and retrieval system to be purchased by the NRA under 
the proposed project. The computer equipment and related training to be 
acquired under the proposed project will be complementary to the work 
currently being undertaken under the Rift Valley project. 

E. Other Donor Coordination: At present there are no other donor 
projects directly related to the investigation of ground water resources 
in the proposed study area. 

17. The NRA is responsible for the exploration of all potential sources 
of water throughout the country's land area located at an elevation of 
500 meters or more above sea level. Since the Rift 
Valley project is located below 500 meters, it is being implemented by 
the Jordan Valley Authority (JVA). 
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II. ffiOJECT DESCRIPTION 

A. General Description 

This project will assist the GOJ in developing and carrying 
out a systematic and comprehensive study to assess the availability of 
water in the ground water systems of northern Jordan. This assistance 
will also develop the capability of the NRA to conduct similar 
investigations in other areas of the country. 

The NRA will drill a predetermined netivork of grouped 
exploratory/observation/test wells to fully appraise the quantity and 
quality of water in the shallow, middle-level and deep aquifers of the 
study area. Aquifer tests will be made at individual wells and at groups 
of wells to determine the interrelationship of the different aquifers, as 
well as the hydraulic character1.stics and boundaries of the aquifers. 
Other tests will determine the ~ypes of rocks being penetrated, the 
chemical properties of the water at various depths of the aquifers, and 
the vertical and horizontal directions and rates of movement. 
Concurrently, tests will be conducted on the study area's surface waters 
to determine stream and spring flows and the effects of rainfall and 
run-off on surface water supplies. The interrelationships between ground 
and surface water will be st~died, particularly the effects of developing 
aquifers on surface water supplies, e.g. at the Azraq springs, and the 
effects of contaminated surface water reaching ground water. The 
recharge potential for storing surplus surface water discharge in ground 
water reservoirs will also be addressed. 

The NRA collects data of various kinds, including 
climatological, surfac8 water, ground water and water quality data. 
However, only the daily and seasonal rainfall data are published on a 
regular basis. The lack of established routines for regular data 
processing and publicatbn reflets adversely on the long-term quality of 
the field work. Unless records are ccmputed routinely and promptly it is 
very difficult to collect the fielj data that adequately define the 
extreme hydrologic events. The inconvenience to the NRA and to outsid? 
users of hydrologic data of not having processed data available to me€;.: 
demand is considerable and is increasing. Some projects which involve 
water resource planning are severly hampered, and studies, which have 
restricted time frames, are being forced to use incomplete data which, at 
times, may be in error. Thus, it is imperative to develop a computer 
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system which will provide information collected from allover the country 
about water resources in a timely and accurate manner. This conclusion 
is 5LPPOlted by two recent reports on the need for "computerization" in 
the NRA.ll 

The project is designed to p~ovide comprehensive data on the 
availability, extent and make-up of the study area's water resources. A 
water resources information storage and retrieval system will be 
established to systematically store existing, as well as newly collected 
data, and to provide timely data to answer questions on water resources. 
The methods used for data collection and the experience gained through 
project implement3tion will be readily transferable to other geographical 
regions of Jordan. The computer system to be operated by the NRA will 
have the potential for storing water resources data for the entire 
country. Other GOJ agencies involved in the water sector will cooperate 
with the NRA in furnishing pertinent data from their files and from 
future studies. The computer system established under this project will 
evp.ntually be an excellent tool for the GOJ in planning the optimum 
:"anagement of the country I s water resources. 

The project involves the following elements of technical assistance: 

(1) consulting services and equipment to assist the NRA in 
developing a water resources information storage and retrieval system, to 
include developing computer programs to record existing and 
newly-discovered data, the training of NRA personnel to operate the 
computer system, and preparation of a final report. 

(2) Consulting services and equipment for a drilling program 
of test wells in the four drainage basins of the investigation, including 
the appraisal of available data, the drilling of new test wells to obtain 
new data, and the preparation of a final report. 

(3) Consulting services and equipment to define aquifers and 
analyze the hydrologic characteristics of ground water systems in the 
study areu, including the appraisal of available data, the testing and 
monitoring of water quality and quantity for all wells, the development 
of computer programs for simulation modeling of the ground water systems 
and the preparation of a final report. 

11 Eicher, RalPh N. A Computer Develorment Capability for the Natural 
Resources Authority Hashemite Ki8Qdom 0 Jordan, U.S.G.S. , 1980. 
Showen, Charles R., COffij?uterizatlon of water Resources Data, UI-.ESCO, 1978. 
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(4) Consulting services and equipment to define streamflow 
systems (surface water) and their relationship to ground water, including 
the appraisal of available data, the testing and monitoring of water 
quality and quantity in surface water systems (streamflow, spring flow 
and rainfall), the measurement of inter action with ground water, and the 
preparation of a final repo~t. 

(5) Consulting services to assess water use (withdrawals) in 
the study area, including the appraisal of all available water data, the 
development of procedures for inventorying quantities of water being 
withdrawn from wells, springs, streams, and aquifers, and the publication 
of an annual report. 

A more complete description of the project is found in Annex A. 

B. Project Summary Budget and Projected Disbursement Schedule 
See Table 11-1 

Notes: Exchange rate: $1.00 = J.D. 0.291 
AID's contribution to the project will be provided in 
increments, the initial one being $1,620 million in FY 
1980. The subsequent increment will be subject to 
availability of funds to AID for the purpose and the 
mutual agreement of the parties, at the time of each 
subsequent increment, to proceed. 

The foreign exchange costs will be contributed by A.I.D. and 
the local currency costs by the GOJ. The local currency costs represent 
costs already recurrin~ in the NRA's budget insofar as they support 
current NRA employees, while the costs involved in paying for new 
personnel under the proposed project will be new, recurring costs in the 
NRA's budget increasing it by approximately $700,000 per year. 

The details supporting the above cost estimates are provided 
in Annex A, Tables 4, 5 and 6. Costs were estimated jointly by the NRA, 
USAID and a U.S.Geological Survey hydrologist. They are, therefore, 
considered reasonable and consistent with the data available. 



TAEl..E II-I 

Sl.J.1MARY BJIXiET AND PROJECTED DISB.RSE~NT 9:t-EDU..E 

(x 1,000) 

ItflJT GOJ USAID PROJECT PROJECTED DISBURSEMENTS 
(LC) (FX) TOTAL FY 81 FY 82 FY 83 FY 84 -- --

COOlmodities II 21 (-) 
Mini digital-ccimputer, related 

(4,153) (4,153) (1,009) (3,144) (-) (-) 

and peripharal equipment 163 163 163 
Drilling rigs 1,300 1,300 1,300 
Pumps 295 295 295 
Vehicles 275 275 275 
Related drilling equipment 1,565 1,565 1,565 
water testing and related CD 

)::0 

equipment 276 276 276 
Surface water recording and 
related equipment 279 276 279 

Personnel (3,765) ( 507) (4,272) ( 441) (1,300) (1,265) (1,266) 
GOJ Per sonnel 31 (3,677) ( - ) (3,677) ( 208) (1,049) (1,154) (1,266) 

Staff-on-hand 1,593 ( - ) 1,593 192 423 466 512 
Additional Staff 41 2,084 2,064 16 626 688 754 

Technical Assistance 51 ( 85) ( 507) ( 595) ( 233) ( 251) ( Ill) ( - ) 
ADP Advisor (1 advisor, 
(12 person months) 17 93 110 83 27 
Drilling Advisor (1 adv., 
(6 p/m) 8 47 55 55 
Hydrology (5 adv, 46 p/m) 63 367 430 95 224 III 

Overseas Training for GOJ 
Per sonne 1 6/ ( 340) ( 340) ( 200) ( 140) ( - ) 

98 p/m snort term training 

Total Budget (3,765) (5,000) (8,765) ( 1,650) (4,584) (1,265) (1,266) 
------- -------- ------- -------- ======= ------- -------------- -------- ------- -------- ------- -------

USAID 5,000 5,000 1,408 3,498 94 
GOJ 3,765 3,765 242 1,086 1,171 1,266 
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11 See itemized commodity listing in Annex A. 

2/ GOO is fully responsible for all clearance/in land freight costs for 
delivery of commodities to project site. This information is not 
detailed in the budget. 

3/ See Annex A Table 5. Note use of available staff on hand provides 
cost for 3 years instead of 4 years of project life. Budget considers 
cost of 1,593,000 spread over 3 1/2 years. 

4/ Additional staff required pert Table 5 of Annex A. For time phasing 
of new GOO personnel see implementation section. 

5/ see Table 6, Annex A fr-r breakdown of technical assistance require­
ments. USAID will fund technical assistance contracts; GOO local 
currency portions (JD 88,000) is for local operational and 
administration support of technicians. 

6/ See Table 6, Annex A, for training requirements. Note Holt estimate 
in Annex A was reduced to 340,000 to correspond to USAID estimates 
of short term training costs of approximately $3,500 plans. As 
detailed in Annex A, GOJ will be responsible for overseas travel 
pertaining to training. This has been omitted from the GOO budget 
contribution. 



III. ffiO.T;;r ( ANAL VSIS 

A. Technical Feasibility 

1. General 

- 9 -

This project paper is based large.l.y on a report entitled 
"A Proposed Prc.;gram for Systematically Assessinl) the Ground water 
Resources of Northern Jordan" by C.L.R. Holt, Jr., (Annex A). Mr. Holt 
is a hydrologist w~o recently retired from the U.S. Geological Survey and 
W;3S hired in Augus': 1980 to assist the Government of Jordan and 
Us£\ID! Jordan in the development of a program of ground water resources 
investigation. nle report was prepared with full cooperation and 
assistance from the NRA and other interested agencies in Jordan. It was 
discussed in draft with the NRA and the National Planning Council. 

This project is consistent with the national economic 
development program of Jordan that was SFot forth in the First Five-Year 
Plan (1976-1980) and that will be included in the Second Five-Year Plan 
now under preparation. One of the goals of the first plan was to 
"ascertain potential water resources, their location and 
classification." It cited the "insufficiency of accurate technical data 
on the availability of underground water in most regions, due to the 
incompleteness of previous studies" and proposed to "complete 
hydrological studies already under way and initiate studies on regions 
that have not yet been investigated." Two excellent studies completed 
during the first plan period (the National water Plan and the water 
Strategy for North Jordan by Howard Humphries and Son) identified more 
clearly than ever the inadequacies of existing data. This project, which 
includes facilities and technical a~sistance for storage and retrieval of 
hydrologic data and equipment and advisory services for a systematic 
drilling program, is intended to correct the deficiencies noted in the 
Five-Year Plan, the National water Plan and the Humphries study. 

2. Technical Issues 

Annex A presents a thorough, in-depth analysis of the 
problems and an attainable program of solving them using relatively 
simple, standard techniques that are easily transferable to the NRA. The 
present antiquated, inefficient method of manual storage of a la!ge mass 
of hydrologic data makes retrieval difficult. The task can be 
accomplished with a small computer costing less than $200,000. The 
benefits far outweigh the costs. NRA staff can be taught to operate the 
equipment and to maintain it, with the help of the manufacturer's local 
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representatives. Except for the computer, the NRA already owns and 
operate$ equipment of the type proposed for purchase under this project, 
including drilling rigs and related drilling equipment, pumps, vehicles 
and water-testing and water-recording equipment. The project provides 
funds for an increase in NRA staff, advisory services and training. It 
is concluded that there are no significant technical issues. 

3. Project Cost. 

Most of the equipment required for the project will be 
purchased in the first year of the project. The estimated costs include 
an allowance for inflation during that period. Estimated costs of 
advisory services and training have been similarly escalated. It is 
concluded that the costs are reasonable. 

4. statutory Criteria 

(a) Section 611(a)(1). The consultant's report provides 
the planning necessary to carry out the assistance and contains 
reasonably firm estimates of the cost to the U.S. 

(b) Section 611(a)(2): The NRA is empowered by law to 
assess the water resources of Jordan (See Para III,B.(l) below). No 
further legislative action is required to permit orderly accomplishment 
of the purpose of the project. 

(c) Section 611(b): The project will systematically 
assess the ground water reSJurces of Northern Jordan. The basic data 
gathered by the project will be available for use in the preparati~n or 
modification of Jordan's national economic development plans such as the 
Second Five-Year Plan (1981-1985), in the preparation of regional and 
river basin studies and in specific project feasibility studies. Thus 
the project falls within the category of "Level A - Framework Studies and 
Assessments," as defined by the water Resources Council in Section 7.10.4 
of Principles and Standards for Planning water and Related water 
Resources. Section 710.101 of the Principles and Standards states that 
any appropriate planning process may be chosen for Level A Studies. The 
planning process proposed for this project is deemed to be appropriate. 

B. Administrative Analysis 

1. The Natural Resources AUthorit~ The project will be 
implemented by the NRA, which was founded in 66 to integrate the East 
Ghor Canal Authority, the Central water Authority and the Geological 
Survey and Bureau of Mines. It is functioning under the Organization of 
Natural Resources Law No. 12 of 1968, which entrusted NRA with broad 
responsibilities for water policy and planning, control of well drilling 
and construction operation and maintenance of irrigation and domestic 
water supply projects. 
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Since 1973, when the water Supply Corporation was detached 
from the NRA, and 1977, when the Jordan Valley Authority was established, 
the NRA has not been concerned with the domestic water supply problems in 
the country except for well drilling nor has it been concerned with the 
water studies and irrigation schemes in the Rift Valley region wp to the 
500 meter level above the sea. 

At present, the NRA, besides its functions outside the 
water sector, is effectively responsible for the following duties: 

a. All hydrological and hydrogeological data collecting 
in the country, aside from the area under the jurisdiction of the Jordan 
Valley Authority. 

b. Drilling of water wells for exploratory and public 
purposes. 

c. Designing, constructing, operating and maintaining 
irrigation ~rojects in the Plateau and Desert. 

d. Developing and maintaining of water springs, and Roman 
pools and cisterns. 

e. Designing, constructing, operating and maintaining 
earth dams for purposes of irrigation and ground water recharge in the 
Plateau. 

f. Licensing and control of private water wells, water 
rigs and rig operators. 

To achieve these objectives, the NRA maintains three 
directorates, one for water development, one for drilling and one for 
irrigation. It operates 16 water rigs (6 rotary and 10 percussion) and a 
national network of hydrometric and hydrometeorological stations for 
flood measurements, precipitation, temperature and humidity observations. 

2. Administrative Capability of the NRA: 

The organization of the NRA is shown in Annex I. The 
implementing unit for this project are the Directorates of water 
Resources Development (WRD) and Drilling which have a nucleus of 
highly-qualified senior staff who received academic training in the 
United States and practical training in Jordan under the supervision of 
AID-financed geologists and engineers in the 1960s. Under the Director 
General, who is an able administrator, the directorate and division heads 
of WRD and Drilling have the capability to manage this project. 
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During the past several years, however, NRA has lost a 
large number of its professional employees, drillers and technicians who 
accepted jobs in the private sector, both in Jordan and in neighborinG 
countries because of the low pay rates in Jordan's public sector. There 
is thus a shortage of qualified people at the lower levels of NRA's 
organization. 

Semi-autonomous agencies such as NRA are now entitled to 
pay higher rates if their proposed employment regulations are approved by 
the Government. NRA has drafted such regulations. If the regulations 
are approved by the Council of Ministers, recruitment of new employees 
and retention of trained and experience staff should be easier. 

C. Social Soundness Analysis: Since this is an investigative 
activity, no social soundness analysis is required for this project. 

D. Environmental Considerations: The proposed project will have 
no adverse effect on the environment. This project falls within the 
categorical exclusions of 22 CFR 216.2(c)(2) as a technical assistance 
project not subject to further environmental analysis. The ~nvironmental 
Officer, Near East Bureau, has concurred in this determination (see State 
242824). 
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IV PROJECT IMPLEMENTATION AND EVALUATION 

A. Project Implementation. Because of the important need to 
gather and have available as soon as possible reliable information on the 
Azraq area and Zarqa Basin, implementation of the project will begin in 
the Azraq area. As soon as equipment and personnel are available, the 
investigation will begin in the Zarqa Basin as well. It is anticipated 
that the investigation may be conducted in both regions concurrently on a 
first priority basis. 

Proposed Project Schedule 

Negotiation and execution of Project 
Agreement 

Implementation Letter No. 1 

Conditions Precedent met 

NRA personnel available to carry out 
project activities 

Computer specialist arrives in Jordan 

Drilling specialist arrives in Jordan 

Phase I of study begins (See Annex A, 
Table I) 

Procurement of project financed 
equipment begins 

Ground water Hydrologist arrives in 
Jordan. 

Senior Hydrologist (Team Leader) arrives 
in Jordan 

Computer, water-testing, laboratory 
equiment arrive in Jordan 

water Quality Hydrologist arrives in 
Jordan 

Project financed drilling equipment 
arrives in Jordan 

September, 1980 

October, 1980 

December, 1980 

December, 1980 

January, 1981 

February, 1981 

February, 1981 

March, 1981 

March, 1981 

June, 1981 

SeptentJer, 1981 

January, 1982 

March, 1982 
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Phase II of study begins (see Annex A, 
Table II) 

Surface water Hydrologist arrives in 
Jordan 

Interim project evaluation 

Phase III of study begins (see Annex A, 
Table III) 

Recharge Hydrologist arrives in Jordan 

completion of drilling program 

Final reports submitted 

Final project evaluation 

April, 1982 

April, 1982 

January, 1983 

April, 1983 

April, 1983 

May, 1983 

September, 1984 

January, 1985 

The NRA will be responsible for recruiting and hiring its new 
personnel in a timely manner in order to be on schedule with the 
implementation activities of the project. The new computer staff should 
be on board by June of 1981 in orderto begin compiling and transferring 
data to a format that can be programmed into the computer. The 
additional engineering, geology, hydrology, technicians and support staff 
should be hired by October through December of 1981 to begin training on 
available NRA equipment, to act as back-up for those being sent overseas 
for training, and to anticipate the additional staff requirements of the 
new equipment due to arrive by March or April of 1982. 

A more detailed implementation schedule is found in Annex A, 
Figure 3. 

8. Disbursements: Grant funds will be used to finance 
consultant services and the contracts for drilling, water testing, 
laboratory and computer equipment of A.I.D. Geographic Code 000 and 
Jordanian source and origin. Jordan has been procuring drilling mud from 
Cyprus and Kuwait. Because of differences in transportation costs, 
drilling mud from these sources delivered in Jordan is estimated to cost 
$400,000, or less than 50 percent of what it would cost to bring it from 
the U.S. and approximately 8 percent of A.I.D. 's total grant. A waiver 
to permit Code 935 procurement may be necessary. The Project Activities 
Completion Date (PACD) will be September 30, 1984. Grant funds for 
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foreign exchange costs will be disbursed either under direct letter of 
commitment or by the letter of commitment/letter of credit procedure. 
Jordanian dinar expenditures will be made in accordance with the terms 
and conditions of contracts and/or agreements as approved by A.I.D. The 
estimated disbursement schedule follows: 

ESTIMATED DISBURSEMENT SCHEDULE 
(U. S. $ X 1,000) 

FY 80 FY 81 FY 82 FY 83 FY 84 Total -
A.I.D. 0 1,408 3,498 94 0 5,000 

G.O.J. 0 242 1,086 1,171 1,266 3,765 

c. Recurrent Costs: As stated above, this project has a dual 
purpose: (1) a comprehensive study of ground water availability in North 
Jordan, and (2) development of the capacity of the NRA to continue ground 
water investigacions. The latter poses recurrent cost implications for 
the GOJ. 

Annex A, which details project resource requirements, 
indicates that 136 additional employees will be required for the expanded 
scope of the NRA as envisioned under the project. Most of the additional. 
staff will be utilized in the strenghtening of the following NRA 
functions: (1) drilling and pumping; (2) ground water systems; (3) 
surface water systems; and (4) water use. The development of an ADP 
function, i.e. a national water information storage and retrieval system, 
will require nine additional employees. Recurrent costs for the GOJ are 
generally the personnel and operational support costs for the additional 
staff. 

The Holt study places an annual personnel cost, of 
approximately $695,000 or JD 202,940 for the new staff. The 1980 NRA 
personnel budget is JD 757,300. The proposed increase in personnel 
costs, scaled back to 1980,1/ would therefore represent an increase of 
24% over the 1980 budgeted personnel level. The overall NRA budget, 
exclusive of capital cost, for 1980 is JD 1,580,000. If a proportionate 

1/ Personnel costs for 1981, detailed in the Holt Study, have been scaled 
back 10% to approximate an overall cost of living adjustment, for 
comparison with 1980 budget figures. (x)(l.l) = JD 202,940 x184,490. 
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increase of administrative support cost to personnel cost is assumed, the 
total increase in personnel and operational support costs, scaled back to 
1980 would be JD 344,560, or 22% of the total NRA budget.21 Personnel 
expenditures have already increased 136% between 1976 and-198D.~ 

The GOJ provision of additional personnel is obviously 
essential to the achievement of the project purpose and the GOJ indicated 
a willingness to increase budgetary allocations for personnel costs. The 
Grant Agreement accordingly includes a covenant concerning the timely 
provision of additional staff. 

D. Implementing Responsibilities: The Grantee will be the 
Hashemite Kingdom of Jordan; the implementing agency will be the Natural 
Resources Authority (NRA). An organization chart of the NRA is contained 
in Annex 1. The project will be under the Head of the water Resources 
Development Department of the NRA, a man who is experienced and 
well-qualified in conducting hydrologir.al studies. 

(1) NRA Responsibilities: 

NRA Obligations will include, but not be limited to: (a) 
providing approximately $3.765 million equivalent in local currency; (b) 
providing all the necessary financing beyond the financial plan which may 
be required for completion of the project; (c) selection or aid in 
selection of consultants and contractors and execution of their 

21 Assume that dept. of administration increases to some extent as 
proposed personnel cost increase and that non salary portion of 
water Resource Development Division increases to some extent as 
personnel cost increase: 

Admin (JD 653,000) (.24) 

water Resource Development (JD 14,000) (.24) 

Total increase for admin & Operational Support 

Personnel Cost Increase 

Admin & Operational Support 

TOTAL 

= 156,720 

= 3,350 

= JD 160,070 

JD 184,490 

JD 160.070 

JD 344,560 

~ Normal cost of living adjustments of the salary scale of 10% 
per annum would compound to 40% of the increase between 1976-
1980. 
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contracts; (d) providing all available background information and data 
required to carry out the project; (e) supervision of activities; (f) 
allocating drilling, test and laboratory equipment to the project, (g) 
providing facilities and personnel required for the project. 

(2) AID Responsibilities: AID/obligations will include, but 
not be limited to: (a) review and approval of the scopes of work and 
contract documents for consultants and contractors; (b) approval of the 
selected consultants for supervision of the program and of the selected 
contractors for supply of the equipment; (c) review and approval of 
requests for disbursement; (d) follow-up on project progress and 
reporting; and (e) review of draft and final reports. 

E. Project Monitoring: USAID/J will be responsible for AID 
project monitoring. within the Mission, primary monitoring 
responsibility will rest with the Office of Capital Development. The 
project Manager will be the Mission's Chief Engineer. It is now 
anticipated that a consulting hydrologist will be required to assist 
USAID/J, on an intermittent basis, in carrying out its project monitoring 
activi ties. 

F. Project Evaluation: AID and NRA will prepare an interim 
evaluation of the project in January 1983 and a final evaluation after 
completion of the project (January 1985). The interim evaluation will 
not only review physical implementation in the first two years, but will 
also evaluate progress toward satisfying special covenants and identify 
any apparent shortcomings in equipment, human resources or training, 
which may inhibit achievement of the project purpose. It will recommend 
how shortcomings can be remedied and, to the extent feasible at that 
time, also evaluate the development impact of the project. The final 
evaluation will evaluate in depth the accomplishments of the project and, 
to the degree feasible, evaluate the overall development impact of the 
project. Refer to the Logical Framework, Annex J, for indicators against 
which an evaluation can be made. 

G. Selection of Contractors: 

(1) Equipment: The selection of the contractors to provide 
the necessary drilling, water testing, laboratory, and computer equipment 
will be accomplished in accordance with the procedures set forth in 
HandJook 11, Country Contracting, Chapter 3, "Procurement of Equipment 
and Materials". Dates for compl€'..ion of the solicitations, their 
approval by USAID and advertising in the Commer~e Business Daily and the 
A.I.D. Export Opportunities Bulletin, deadlines for receipt of proposals 
and bids, and award of contracts will be worked out with the NRA and 
their consultants upon their arrival in Jordan. 
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(2) Consultants: The sele~tion of consultants to provide 
the necessary services mdY be accomplished in accordance with the 
procedures set. forth in Hanrnook 11, Country contracting, Chapter 1, 
"Procurement of Professional and Technical Services." However, it is 
more likely that A.I.D. or host country personal'services contracts 
and/or Participating Agency Services Agreement (PASA) arrangements with 
the u.s. Geological Survey will be used. The contracting procedure(s) 
used for obtaining consultants' services will be determined by A.I.D. and 
NRA during project implementation, in the manner deemed most appropriate 
in providing the r.equisite services within the project's time limitations. 



- 19 -

v. PROJECT NEGOTIATING STATUS 

A. PID Issues: During the NEAC review and approval of the Ground 
water PID on July 19, 1979 (See Annex H), it was requested that the 
project paper address the following issues raised by the NEAC: 

(i) Skills Audit: The GaJ has now es~ablished a committee to 
determine the availability of trained persons in the water and wastewater 
sector and to estimate the training needs. The training to be conducted 
under this project will help meet a part of the GOJ's needs. 

(i~) GOO water Program: The GOJ is in the process of 
developing l~S Second Five-Year Plan (covering 1981-1985). While we 
believe that the financial requirements for development of the water 
sector will be substantial, it is still premature for USAID/J to 
establish the amounts of these finances or the sources of funding which 
may be available to the GOJ. The proposed project will contribute to the 
framework for assessing·such projects. 

(iii) Demand Management: The data to be obtained under the 
proposed project will help the GOO reach management decisions regarding 
overall demand for the resource. 

(iv) Retention of skilled GOJ employees: During design of 
the proposed project, this subject was discussed with officials of the 
NRA, who explained that they are actively seeking ways to ameliorate the 
situation. 

(v) Source and Origin: The Grant Agreement will provide for 
U.S. Geographic Code 000 and Jordanian source and origin in the 
procurement of equipment and services. Waivers may be considered on an 
individual case basis. 

B. Nerotiation Status: USAID officers have discussed the 
preparation 0 this Project Paper with appropriate officials of the GOJ 
at various stages during its development, and have made them aware of the 
conditions precedent and the special covenants that are being included in 
the Project Grant Agreement, which is attached in draft, along with the 
authorization, as Annexes 0 and G respectively. No difficulty is foreseen 
in negotiation of t:,e Agreement or the conditions precedent and covenants. 



A PRCFO~D PROGRAM FOR SYSTE~TICALL Y 
AS~SSING THE GROUND WA TER RESOURCES 

OF NORTHERN JORDAN 

by 

C.L.R. Holt, jr. 
U.S. Geological Survey 

Prepared in cooperation with 
The Hashemite Kingdom of Jordan 

Natural Resources Authority 

Under the auspices 

of the 

Annex A 

United States Agency for International Development 

Administrative Report 

Septerrtler, 1980 



TABLE OF CONTENTS 

SlKtmary • . • • • • • • • • . • . • • • • • . . . . . . . . . . . . • . . . • . . . . • • • • • • • . • • • . • . • • • • 1 

Intro duction 1 

Background - Needs for Study.................................... 3 

Objectives 
Tecrmical ....•... 
Man agemen t •...... 

4 
5 

.5t:: ope. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

Technical Approach 
Phase of Study .•................. 
Aquifer data available and needed for study 
Networks of observation wells •.......... 

Work Plan For the Systematic Investigation of Ground Water 
Resourcs .................. t c ••••••••••••••••••••••••••••••• 

Equipment needs and recommendations 

Personnel needs and recommendations 

Training needs and recommendations 
Organizational. 
on-the-project . 
Overseas, short term 
Academic ........... . 

Advisory services 

Report products .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
Selected references 

Figures I through 3 

Tables I through 6 

6 
7 

10 

10 

14 

15 

15 
16 
16 
17 

17 

18 

19 



TABLES 

1. Data collection and evaluation - Phase one of study. 

2. Systems analysis and testing - Phase two of study. 

3. water data management - Phase three of study. 

4. Equipment needed to obtain and analyze data. 

5. Personnel needed for study. 

6. Training needs for study and advisors needed. 

FIGURES --
1. Index map of proposed project area in the Hashemite 

Kingdom of Jordan. 

2. Proposed sites for groups of wells in the Kornub-Zarqa 
aquifer, the Amman - Wadi Sir aquif~r, and the shallow 
aquifers underlying the northern drainage basis of 
Jordan. 

3. Work plan for the systematic investigation of ground 
water resources of North Jordan. 



SUM~RY 

The urgent need for developing the ground water resources of 
Jordan requires comprehensive, reliable, and timely information on 
the quantity and quality of water in the major aquifers - and their 
interrelationships to surface water. To obtain such information for 
efficient management of the resource, it is proposed that the 
Natural Resourcs Authority (NRA) conduct a systematic study of 
several basins in the most populated area of Jordan (See Figure 1). 
The experience and training acquired by its staff, through the 
assistance of advisors and overseas training, would be transferable 
to other areas of water need in Jordan. A computerized system for 
water resources data is reconmended to provide timely data readily 
analyzed and available for answering questions pertaining to the 
water resources and to alternatives for its management. 

INTRODLCT ION 

The proposed program and recommendations described in this 
report were prepared under the auspices of the Agency for 
International Development (A.I.D.) to assist the Hashemite Kingdom 
of Jordan in developing a systematic plan to assess, manage, and 
utilize the ground water resources of Jordan. The plan includes 
requirements for equipment, training, and technical assistance. 

This plan of study evolved from an original request to the 
U.S. Geological Survey to assist the NRA and A.I.D. in planning a 
ground water development program and to assist also in drafting a 
scope of work and services relating to the Zarqa and Azraq Basins. 
Early meetings with officials of the NRA and the National Planning 
Council (WC) focused on the need for a "model" ground water study, 
whereby the NRA could apply systematic methods for comprehensively 
assessing the availability of the ground water systems in Jordan. 
Because of the pressing need to obtain ~ater in the populated area 
of northwestern Jordan and in the Gre~t Azraq Basin and to train the 
NRA staff in techniques and skj~ls to conduct a comprehensive study, 
these areas were selected as a "pilot" ground water study (Figure 
1). A detailed study of problem areas in the Zarqa Basin and in 
the northern part of the Great Azraq Basin is included in the scope 
of this program. The experience acquired in this study would have 
immediate transfer value to similiar stuaies of other areas in 
Jordan. 

The Azraq basin has been included for immediate study in order 
to gain factual information on the grC'und water resource and its 
relation to the Azraq springs. The need for this study has been 
accelerated because ten contract wells are scheduled to be drilled 
in the near future and becausp tne Azraq spring is to be pumped on a 
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trial basis into a new pipeline to Amman. Meetings have been held 
with the NRA and others in which it was proposed to immediately 
commence monitoring the water quantity and quality of the ground 
water system, especially in the area planned for developing 
production wells, and of the Azraq springs. Suggestions have been 
made as to the type, location, and frequency of measurements 
required. 

Among the many persons who have participated in defining the 
objectives and scope of this project, and who have contributed vital 
background material are the following:-

Yousef F. Nimry, Director General, NRA 
Ahmad K:lani, Director, water Development Directorate, NRA 
Salim Tannous, Asst. Director, Drilling Directorate, NRA 
Hamid Abu Obeid, Head, Ground water Division, NRA 
Amin wardan, Head, Surface water Division, NRA 
Abdul M. Khateeb, Head, water Quality Division, NRA 
Dr. Raja Gedeon, Head, water Quality Laboratory, NRA 
Dr. Kamel Radaideh, Asst Drilling Director, NRA 
M.A. Nabulsi, Head Drilling Division, NRA. 
Abdullah Melkawi, Head Pump Division, NRA. 
Kays Kaysi, Head Geophysics Division, NRA 

Nabil Sweis, Assistant Secretary General NPC 
Boulous Kefaya, Head water and Sewerage Sector 
Pat Johnson, UNDP Advisor NPC 
Sverker Skans, UNDP Senior water Engineer, NPC 

Dr. Usama Mudallal, Deputy Director General AWSA. 
Michel Kirre, Senior Engineer AWSA 

Dr.Farouk A. Arsalan, Inspector General WSC. 

Omar Abdul12h Dakhgan, President, Jordan Valley JVA 
Authority 

Dr. Yousef Nuseir, Director of Computer 
Division RSS 

The advice and information recieved from the above persons, as 
well as the many others not listed are gratefully appreciated. The 
excellent cooperat.ion and the friendship I received made my visit to 
Jordan an enjoyable and meaningful experience. 
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The assignment was carried out during the period August 16 to 
Sept. 17, 1980. 

BACKGROUND-NEEDS FOR STUDY 

The water resources of Jordan are very limited because of the 
relative scarcity and unequal distribution of rainfall. Increasing 
demands for water, especially in the North Jordan region, to meet 
the needs of rapidly expanding municipalities and industries as well 
as for the need for irrigated farming, are a prime restraint to 
socia-economic development. It has been estimated that tnese 
demands for water resources will exceed the known water supplies by 
the ~id 1980's Of equal concern is the reduction of potable water 
sources, e.g. by pollution and by the migration of saline water. 

The water resources of Jordan have been the subject of numerous 
detailed and reconnaissance studies as well as of broad regional 
analyses, the most recent being the North Jordan water Use Strategy 
(Humphreys and Sons, 1978). In addition, the Natural Resources 
Authority and several other agencies have collected voluminous 
quantities of data on all aspects of the water system. Monitoring 
of changes in climate, surface water, ground water, and water 
quality is being done on a nationwide basis for rainfall, 
streamflow, and eVaporation, with the other parameters being 
measured only in areas of greatest need. Only rainfall and 
evaporation data are published on a regular basis. The majority of 
all data is neither thoroughly analyzed, readily retrievable from 
storage, nor made available to users in a timely manner. 

Recognizing the urgent need for a survey of Jordan's water 
resoures and needs and a plan on how best to manage the water, a 
National water Master Plan (Agrar-und Hydrotechnik GmbH, 1977) was 
prepared from a detailed review of existing information. This study 
underscored the insufficiency of water data and pointed out the 
inaccuracies of much of the data for planning purposes. 

None of the above mentioned inadequacies of water data are due 
to any basic lack of technical competence or energy and time 
expended by the NRA in seeking reliable data. Instead, most of the 
insufficiencies in water data are because Jf the pressing need of 
the NRA to use its resources in obtaining local water supplies and 
in making stUdies of specific problem areas. As a result, many 
pieces of useful data are available for interpretation, but this 
data is limited in use because of its fragmentary nature and its 
inadequate storage. 
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Because most of Jordan's surface water resources are known, 
ground water resources are being looked to for their potential in 
relieving water shortages. In addition, ground water is sought 
because it is more evenly distributed than surface water (which runs 
off the surface rapidly), it has generally good quality, and it is 
less subject to immediate pollution. 

To obtain the ground water information necessary to 
knowledgeably plan for the wise management of the total water 
resources of northern Jordan, it is necessary to have accurate and 
timely knowledge of the availability of the entire ground water 
resource, from the land surface to its deepest depth. It is also 
necessary to understand its relationship to surface water - its 
recharge from precipitation and surface flow - and its ability to 
store surplus waters. 

Because water quality and its increasing deterioration by 
pollution are expected to be the greatest new deterrents to ground 
water development, a major effort is needed in relating ground water 
quality to its lost cores and the rate and direction of ground water 
movement. 

PROGRAM OBJECTIVES 

Technical Objectives 

A general objective of the program is to systematically assess 
the availability of water in Jordan's major ground water systems. 
Specific objectives, given in Tables 1 and 2, are as follows: 

1. Define the hydrologic and geochemical characteristics and the 
geohydrologic boundaries of the aquifer systems; 

2. Determine the chemical quality of the water, including sources 
and extent of pollution, both natural and man-made; 

3. Determine the available storage of fresh water and saline water 
and the rates of depletion of storage; 

4. Estimate when serious reductions in yield may begin to occur in 
different parts of the systems; 

5. Evaluate alternative methods for extending the useful life of 
the systems including redistribution of withdrawals, conjunctive use 
of surface water both as a source of direct supply and for aquifer 
recharge, salvage of natural discharge, and reduction of evaporation 
and transpiration losses; 
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6. Estimate the impact of future withdrawals on water quality and 
land-surface conditions, including vertical and lateral saline water 
migration and land-surface subsidence; 

7. Define the role of ground water in extreme hydrologic events, 
especially sustained drought. 

Management Objectives 

1. The planned integration and coordination of all units of the NRA 
operationally involved in conducting the proposed project A team 
philosophy is essential to meet the technical objectives of this 
comprehensive study (see Table 1). 

2. Dev~lopment of a National water Resources Data Unit in the NRA. 
This unit would hae the responsibility for development of a water 
data information retrieval system. For details see Work Plan, Part 
A. 

3. The techniques and experience acquired in the comprehensive and 
systematic study will have maximum transfer value for conducting 
similiar studies of other basins in Jordan (see Figure 1). 

4. To train the project participants of the NRA in current and 
practical procedures, techniques, and skills necessary for managing 
the project and to achieve the technical objectives of the study. 
(For details see Table 7). 

5. It is essential for meeting project objectives to maintain a 
continuity of personnel assigned to this project. Every effort 
needs to be made to assure that salaries are commensurate with the 
jobs. 

6. To assist in the planning of similiar systematic studies of the 
other basins of Jordan. 

SCCFE 

The proposed project conforms to the National water Master Plan 
of Jordan (July 1977). Full use should be made in the study of this 
sourL~ of information, as well as such sources as 1) the data files 
of the NRA, 2) the reports on water Use Strategy, North Jordan 
(Humphreys and Sons, 1978), and 3) other reports listed in the 
referenes. 
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The project will include all aspects of the hydrologic system 
which have impacts on the ground water aquifers. 

The project is considered to be a pilot study with experience, 
equipment and a systematic approach to be transferred to other 
basins in Jordan. 

The study of northern Jordan will be limited to the effective 
recharge and drainage areas of the Yarmouk, Zarqa and Yarmouk 
Basins, the northern part of the Great Azraq Basin, and the Jordan 
Valley. The wala, and the Dead Basins have priority for study, 
after the completion of this project (See Figure 1). 

All water-bearing rocks within the study area will be 
considered, with major emphasis placed on the principal aquifers: 
the Amman-Wadi Sir aquifer, the Kornub-Zarqa aquifer, and the 
Shallow aquifers. 

TECHNI CAL PFRrnCH 

Phases of Study 

The work will be done in the following phases and as described on 
Table 1: 

1. Data collection and evaluation phase -- existing file and 
published information will be gathered from the NRA and other 
institutions. The types of available data are given in Table 1. 
Also included in this Table are the recommended design and spacing 
for the networks of hydrologic monitoring sites - observation wells 
in each major aquifer, stream flow stations on all significant 
wadis, rainfall stations, spring flow stations, and quality of water 
stations for each of these water parameters. The hydrologic aata 
now available to the NRA and the data needed to be collected for the 
proposed study are also given in Table 1. During this phase, data 
will be tabulated and examined for validity and accuracy. In 
addition, an evaluation will be made of the adequacy of data for 
simulation modeling of all or part of the regional ground water 
system. 

2. System analysis and testing phase -- conditioned by the 
adequacy of data, conceptual models of the regional aquifer system 
will be analyzed with the aid of computer simulation to test 
first-trial values for aquifer characteristics and the regional 
synthesis of water-quality fabrics (See Table 2). Sensitivity 
analyses will be made to define data-network needs. 
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3. water data management phase -- develop individualiled 
programs for monitoring system response to changing patterns and 
trends of resource development (See Table 3). The continuing 
feedback of supplemental data will e~able refinement of the system 
models and upgrading of the monitoring programs Data from the 
system-simulation mOdels will be published with an accompanying 
analysis of their significance of planning for optimum use of each 
ground water system. 

AQUIFER DATA AVAILABLE AND NEEDED IN STUDY AREA 

I. ~b-Zerqa Aquifer 

This "deep sandstone aquifer", which consists of fine-grained 
sandstone with some limestone of Cretaceous age, represents a 
potential major ground water reservoir in the study area; it crops 
out in the lower Zarqa Wadi and along the escarpment, and underlies 
the entire area east of the escarpment. Direct recharge occurs in 
the outcrop area and leakance from the overlying units may 
contribute recharge to eastern parts of the buried aquifer. Good 
yields of good quality water are known in the outcrop area with the 
potential for mineralization increasing with depth of occurrence. 
This aquifer is confined below a thick series of limestones and 
marls of the Ajlun group. 

A. Aquifer data available 

Although at least 17 wells have tapped this aquifer, most 
of the wells are located in the middle Zarqa Basin. Few of these 
wells penetrate the full depth of the aquifer, nor are they 
developed exclusively in the aquifer. Specific capacity, specific 
yield, water quality and lithologic data are available from most 
wells. 

B. Aquifer data needed 

At least 10 test wells tapping the full thickness of the 
aquifer and sealed from the overlying aquifers should be drilled in 
the general areas indicated on Figure 2 and as follows: 

Yarrr,ouk Basin Jordan Valley - 1 in hi!fllands of the Jordan 
Valley, ~ in northern par and 1 in eastern part (near the divide) of 
the Yarmouk Valley; 

Za!qa basin - 1 in highlands, 1 in the Northern part (near 
aivide), 1 in eastern (basal t) area, and 1 in southeast area. 
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Great Azraq Basin (N) - The approximate locations are shown on 
Figure 2. 

The test wells need to be located, insofar as possible, at 
sites wich would aid in defining ground water recharge, movement, 
saline occurrence, changes in quality, and boundary conditions. 
Locating test \·ells in the Amman-Wadi Sir aquifer and in the shallow 
aquifer near each Kornub-Zerqa test well would give data on leakance 
between each aquifer. 

II. Amman-Wadi Sir Aquifer 

This aquifer, consisting primarily of limestone rocks of Upper 
Cretaceous ages, is the most important, and most used, aquifer in 
the study area. It occurs throughout the study area except in the 
Jordan Valley. It crops out in most of the western highlands. 
Flowing artesian wells may be developed in eastern parts of the 
area, and are confined to the east by thick layers of overlying 
marl. Direct recharge occurs in the outcrop area. However local 
leakance through fractures and limestone layers may occur to an 
unknown extent. Good quality water prevails in the outcrop area, 
with mineralization increasing eastward. 

A. Aquifer Data Aailable. 

Numerous wells have been drilled into the aquifer, with 
the greatest number being in areas of high population density. A 
majority of the wells are in the middle and upper parts of the Zarqa 
Basin with 4D or more wells scattered in the remaining areas. 
However, less than onp-fourth of all of these wells penetrate the 
full thickness of the aquifer. Many of the wells tap more than one 
aquifer and therefore cannot be used to define aquifer 
characteristics, unless each aquifer is separated by well packers or 
seals. Specific capacity, specific yield j water quality, and 
lithologic data are available from most wells. 

B. /\qui fer Da ta needed 

At least 38 test wells tapping the full thickness of this 
aquifer, with the well sealed above and below the aquifer, should be 
drilled in the following areas: 

A test well of the Amman-Wadi Sir aquifer should be 
drilled in the vicinity of each well tapping the Kornub-Zarqa 
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aquifer (see Figure 2). In addition, 8 wells should be spaced in 
the Yarmouk-Jordan Basins, 5 wells in the Zarqa Basin, and 9 wells 
in the Great Azraq Basin(N). 

All test wells and their relationship to existing wells 
should be spaced insofar as possible to aid in defining ground water 
recharge, movement, changes in water quality, location of 
boundaries, and relations to surface water. Slim hole test wells 
drilled near selected Amman-Wadi Sir test wells may be necessary for 
aquifer tests, if existing ~ells are not nearby or of adequate 
aquifer penetration. 

III. Shallow Aquifers 

Alluvial deposits in the Jordan Valley, relatively thin 
deposits of limestone and chalk of the Wadi Shallala formation in 
the Y8rmouk Basin, and basalt in the easternmost part of the Zarqa 
Basin and the northern part of the Azraq Basin make up locally 
important aquifers. Recharge to these aquifers is thought to be by 
direct infiltration, underground flow from ground water draining 
from adjacent aquifers, or by recharge from flood waters. The 
quality of the ground water varies widely, depending on recharge and 
its relationship to surface water. Pollution is the greatest threat 
to the quality of water in these shallow aquifers. 

A. Aquifer data available 

Numerous dug and drilled wells tap the alluvial deposits of 
the Jordan Valley. Additional wells are planned by the Jordan 
Valley Authority to increase the known water supply and irrigetion 
potential of the Valley. The basalt area in the Yarmouk Basin has 
been tapped by test wells with good results. In the Azraq Basin, 
many wells have tapped the basalt and the underlying limestone, 
yielding fair to good quantities of good quality water. Recently 
drilled wells in the immediate area indicate the presence of thick 
shale and marl basalt. Numerous dug and drilled wells tap the water 
in the Wadi Shallala Formation. 

B. Aquifer data needed 

Additional test wells need to be drilled in the shallow 
aquifers for the purposes of defining aquifer boundaries, recharge, 
movement, relationships to surface water, and changes in ground 
water qUdlity ~cause many of these wells are planned to be drilled 
through the pursuit of other studies, close cooperation will be 
needed in obtaining the aquifer data needed to meet objectives of 
this study. 
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16 wells should be drilled as part of the "group" or cluster of 
wells related to the Kornub-Zarqa tests (Figure 2). 16 supplemental 
wells should be drilled for aquifer test purposes, including 5 test 
wells in the eastern part of Yarmouk Basin and 16 wells in the Great 
Azraq Basin. The test wells in the Azraq area should be spaced 
widely throughout the area northwest of Azraq springs. Primary need 
is to defin~ Jources and directions of ground water movement to the 
springs. 

Two gro~ps of test wells tapping shallow and deeper aquifers 
near the springs must be developed in a manner to determine vertical 
as well as horizontal movement toward the springs. These will 
especially ser. - to better define hydrologic boundaries and 
relationships to surface water, to develop the hydrologic 
characteristics needed for analyzing the aqui fer system and to 
provide the simulation modeling necessary for efficient management 
of water. 

IV. Networks of ubservation W~lls 

Each area-wide group of test wells, plus selected existing 
wells tapping a single aquifer, will form a network of wells for 
observing changes in water levels and in th3 quality of water. The 
following well data will oe collected: sample logs, cores where 
needed, electric and gamma ray logs, caliper and other logs, depth 
of well, and altitude of well curb. water quality samples and 
p.;mping (yield) tests shoud be madE. at intervals of drilling -
especially at major lithologic changes. Packers should be used to 
isolate the zone being tested. 

WORK PLAN FOR THE SYSTEMATICALLY INVESTIGATION 
OF GROUND WATER RESOURCES 

A flow diagrams of pruject work is given on Figure 3 with the steps 
of study described as follows (~~epolt produce are emphasized as 
goals): 

A. Steps for Developina a \'later Resources Information 
Retrieval System. 

1. Develop computer data forms. 

2. Create computer programs for insertion, reolacement, 
addition, and deletion of records. Also error check. 
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Master records, daily records, well records, quality 
records, hydrologic characteristics records, and water 
use records. 

3. Datu key punched and verified by project personnel. 

4. Install com~ter and sofbare. 

5. Use and thoroughly test, all computer prJgrams (see 3. 
above) to file and retrieve data. 

6. Assist hydrologists in examining data for validity and 
accuracy. 

7. Print tables of data usable in publication. 

8. Prepare com~terized directories to link records and 
files. 

9. Maintain up-to-date final data on file in the data 
bank. 

10. Prepare report on computer techniques found applicable 
for country-wide use. 

8. steps for Identifying the water Bearing Rock Units~ 

a. Co-appraise all available ground water data - locating 
all existing wells in study areas on maps. Review data 
for accuracy. 

b. Transfer historical well data to new forms. Add new 
data to data forms, as collected in field and lab. 

c. Field locate test well sites as recGmmended. Survey, 
determine location and altitude. 

d. Drill clusters of test wells into Kornub-Zarqa aquifer, 
Amman-Wadi Sir aquifer, and shallow aquif~rs. Slim­
hole test wells to be drilled for later use. 

e. Conduct down-hole geophysical and other tests. 

f. Develop test wells and test-pump wells. 



g. 

h. 

j. 

c. 

1. 

2. 
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Sample water quality in each aquifer and in each 
aquitard. 

Prepare tables of well data, water quality, and yields. 

Publish report on the water-bearing rocks. 

Steps for Defining Aquifers, AnalyZinr their Hydrologic 
Characteristics, and Giving Managemen AlternatIves. 

Appraise, integrate, and interpret all available ground 
water and quality of water data. 

Transfer historical ground water data to computer 
forms. Add new data to forms as collected in field. 

3. Perform field aquifer tests of clusters of wells. 

4. Develop initial network of gauges in new test well~ and 
existing wells to monitor water-level changes. 

5. Develop initial network of gauges in new test wells and 
existing wells to monitor water quality changes. 

6. Develop computer programs for sirnulation modeling of 
all or parts of ground water system. 

7. Evaluate adequacy of data for simulation modeling of 
aquifer systems. 

8. Monitor changes in aquifer systems. 

9. Map hydrogeology and chemical quality for each 
aquifer-both areally and vertically. 

10. Prepare data on capacities of aquifers to transmit and 
to store water. 

11. Determine recharge and boundary conditions. 

12. Prepare tables, maps, and graphs showing changes in 
water quality - areally and vertically. 

13. Prepare water table and potentiometric maps for each 
aquifer, showing changes with time. 
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14. Test and verify simulation models. 

15. Use simulation models to define effects of changes in 
recharge, discharge, storage, and water quality. Also 
ground water movement, saline migration, and relation­
ships of ground water to surface water • 

16. Publish report on aquifers and their hydrologic 
characteristics. 

17. USP. simulation models for meeting management needs 
anJ objectives. 

18. Define data network needs - a sensitivity analysis. 

19. Establish water monitoring requirements from above 
analysis. 

20. Prepare summary report on entire comprehensive study, 
emphasizing planning and management alternatives. 

D. Steps for Defining Streamflow Systems & Their Relations 
to Ground water. 

1. Appraise all streamflow, rainfall, and spring data in 
study area. Review data for accuracy. 

2. Transfer historical data to new forms. Add new data to 
data forms as collected in field and analyzed in lab. 

3. Develop initial network of streamflow gauges to monitor 
volume, rate, and duration variability necessary to 
determine quantity and quality of runoff. 

4. Install automatic recording gauges where necessary to 
complete network. 

5. Install additional rainfall gauges where necessary to 
complete existing network. 

6. Install automatic recording or manual spring flow 
gauges (flumes) at selectee spring sites. 

7. Monitor changes in the quantity and quality of 
streamflow, rainfall, and spring flow. 
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8. Prepare maps, tables, and graphs showing changes with 
time. 

9. Conduct series of streamflow ~easurements along 
selected reaches of streams to determine the gain or 
loss of ground water - in cooperation with ground 
water team. 

10. Determine hydrologic characteristics of streams in 
each basin and their relationships to ground water. 

11. Prepare reports on above information. 

E. steps for Assessing water Use. 

1. Appraise all available water use data in study area. 
Locate sites on maps. Review data for accuracy. 

2. Transfer historical water use data to new forms. Add 
new data to data forms as collected and/or estimated 
in field. 

3. Develop procedures for inventorying the daily, monthly 
and annual quantities of wate: being withdrawn from 
wells, springs and streams for public supply, 
industrial, irrigation, domestic, and stock uses. 

4. Mea~IJre or estimate discharge of water from each 
aquifer and basin in study area. 

5. Seek and test improved methods for improving estimates 
of water. 

6. Prepare tables, maps, and graphs of water use in area. 

7. Publish annual reports on water use. 

EQUIPMENT NEEDS AND RECOMMENDATIONS 

Relatively detailed estimates have been made of the needs for 
equipment to conduct the proposed study, of the type and condition 
of equipment (September, 1980) avai12ble to NRA for the study, and 
recommendations for additional equipment needed for the study. The 
estimates on the cost of equIpment are based on the experience of 
the NRA staff and some available information on new products. 
Equipment specifics are given in Table 4. 
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PERSONNEL NEEDED FOR STUDY 

Estimates of the numbers and types of professional, technician, and 
other personnel deemed necessary to conduct a comprehensive water 
study in Jordan are given in Table 4. The estimates of salary cost 
for an average three years of work were supplied by division heads 
of the NRA. 

TRAINING NEEDS AND RECOMMENDATIONS 

The training of personnel and institutions in technical skills 
and management experience necessary for the optimum development of 
all of Jordan I s ground water, is a fllajor objective of the proposed 
project. Techniques and experierce acquired in tr" comprehensive 
and systematic study of the ground water resources of the northern 
basins, as well as the development of a National water Resources 
Data System, may be used to assess systematically the potential for 
ground water development in the remaining basins of Jordan. 

Among the types or' training believed to be appropriate are 
organizational training, on-the-project training, overseas 
short-term training, and academic training. The proposed training 
needs of the NRA to conduct the study are given in Table 7. 

Organizational Training 

Senior hydrologis+:'s having experience in pla.nning, managing, 
and coordinating comprehensive and systematic studies of ground 
water and in the development of a water resources information 
retrieval system can assist the NRA in developing management 
capability necessary to assure full application of technical input. 

A program planning specialist would assist the NRA in 
developing a practical plan to systematically conduct the 
comprehensive study. He would assist in coordinating the efforts of 
the study teams to produce timely and useful information. This 
advisor should be assigned to the NRA for periods of two months 
during each year of the project. 

A senior computer specialist would assist the NRA in developing 
the organizational structure that would direct and support a 
computer center. He would assist in guiding the development of an 
internal training program to assure operational efficiercy and 
effectiveness in data processing services This advisor should be 
assigned to the NRA for or.,; year. 
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The above advisors may provide advice to the NRA the NPC, the 
JVA and others on an all-Jordan basis during their assignment to 
this study. 

Dn-the-Project Training 

The proposed project will provide excellent training 
opportunities for varied types of professional and technical 
specialists to gain experience and competence. Not only will they 
expand their own areas of skill and methodology, but they will also 
experience a team approach to the study because close communication 
and the frequent exchange of data anJ assistance between departments 
is necessary in conducting a comprehensive study. 

Advisors in the development of computer systems, in deep well 
drilling equipment, in the study of ground water, surface-water and 
quality of water resources, and in the development of simulation 
models will provide trainin to project participants directly 
applicable to this project (see Table 2). 

The most important and enduring training will be that given by 
each participant to his associates, based on courses taken overseas 
and on other in-country training in special skills and methods. The 
rapid transfer of new skills and methods will be of benefit to the 
trainee and many others. 

Overseas Training 

Project participants requiring sp~cialized training not 
available through the above proposed training programs may obtain 
4-6 months of traininG overseas, depending upon the experience 
required and upon the availability of training during the duration 
of the project. Each overseas trainee will be expected to rapidly 
rejoin his study team so that he can apply the benefits of his 
training to as much of the project as possible. All training 
assignments should be related closely by an agency supervisor to 
specific work applications to this project. 

It is recommended that the Unitd states Geological Survey 
(U.S.G.S.) provide the short-term training of hydrologists, 
primarily at its National Training center in Denver. Training in 
automatic data processing techniques and analysis should be arranged 
at a hydrologic agency having such services. The USGS in Reston, 
Virginia may be able to provide some training. Other training 
experiences should be scheduled with conmercial firms, such as 
drilling, well screen, cementing, acidizing, pump, and water-quality 
testing comp~nies. 
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Academic Training 

Participants requesting academic training in hydrology, of two 
years duration, cannot be accomodated by this project because they 
would not have the time to participate in the study. I suggest that 
especially deserving project participants be given the opportunity 
for specialized academic training after the completion of their role 
in this study. 

Ot~er Training Opportunities 

Technicians training - A formal training program for hydrology 
technicians, such as proposed by UNESCO (Farvolden, 1978) could , 
provide the eseential skills needed for advancing the work on this 
project and for ensuring the proper collection and handling of 
hydrological data. Because the two-year course at the Poly technical 
Institute has not yet begun, graduating technicians will contribute 
to subsequent studies of hydrologic basins of Jordan. 

Drilling techniques training - the NRA is to be commended for 
its "short course" on the basic techniques of drilling, casing, and 
testing of water wells. 

ADVISORY SERVICES 

Senior hydrologists generally having special skills in subjects 
directly pertaining to this project are recommended for 2 to 24 
month consultant assignments to the NRA for advisory services. 
These consulting hydrologists would give supplemental training and 
provide on-the-project experience to project participants, di~ctly 
pertaining to the geologic and hydrologic characteristics of the 
study area. The advisors proposed for this project are shown in 
Table 7. 

The NRA has requested, at several levels, that the USGS provide 
the advisory personnel needed for this project. They have been 
notified that the USGS cannot provide much support in this area 
because it is under severe personnel restraints, while having 
increasing amounts of work to do within the U.S.A. 

During the last several years, an unusually large number of 
highly experienced hydrologists have retired from the USGS. Some of 
these people have indicated an interest in continuing to work in 
their fields of speciality. I recommend that the USGS notify these 
men of the proposed project's advisory jobs and permit their return 
to the USGS as rehired annuitants. An alternative might be to seek 
a personal service contract with the NRA. 
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REPORT PRODUCTS 

All data and interpretive products resulting from this 
program should be published in an interpretive format, using 
tables, maps, cross sections, charts, and diagrams. A typical 
report product of this project would include text, maps and 
diagrams showing: 

1. Aquifer boundaries and thickness, and cross sections 
depicting hydrologic and physical characteristics of the 
aquifer materials; 

2. Recharge and discharge areas of the regional aquifers 
and approximations uf the average annual flow quantities; 

3 The distribution of chemical quality characteristics of 
the ground water, both laterally and vertically, the 
distribution of fresh and saline water resources, and the 
sources and extent of pollution; 

4. contours of the water table or potentiometric surface 
and historic changes in water levels; 

5. The magnitude and distribution of water use and its 
relation to water-level trends; 

6 Areas favorable for ground water development in terms 
of drilling depths, pumping lifts, chemical quality, and 
aquifer productivity. 

'1. Effects of various aquifer management alternatives on 
the areal distribution of the available water resources and 
discussion of the effects of each; 

8. Results of hydrologic system simulation by 
mathematical modeling techniques, including simulation of 
water-level trends and the movement and storage of ground water 
movement of dissolved chemicals in the ground water, including 
saltwater encroachment, and land-surface subsidence. . 

9. Data retrieved from the computerized system, computed 
and analyzed, should be published in a timely manner and in a 
format suitable to users. 
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Jir~.!ti("~. uf ,-:' ·uIiJ;.·~t.<:r ~,U·"~r.,·.·::t 9.nd relaticn:;hips 
to .;: urf~::= \'.', ~ ,-::-
Dcf'~ne !·:\:c·~~.:f rc- '!I!.L!'i;C on br")undwntcr 
:;to:"3Ce 

LJcfi!le' ef':"cf"!t.: :f ~t:-··:.:~CS un rc~'!hal1!e, 

dI~~:.:}rt:t. ~HJJ 3tor:tt;e ~ondi tion~ 

Define v;a :er qu~lli ty proble:ns-include effects 
vI' pol hn iOli and saline water migration, 
whi·.!:l o·~\!.Jr nc)'l;_ 

Def::le d:,:a r.ec·"'Jrk r·.f'cJ:; . 
kcr:.:;rt or. rt·;;u! t.; of P11.'];;f: I I for p'ltllc!ition 

\vATE.'i O:"T:" I.Wlt' .. GEIDJIT PHASE II! OF STUDY 

OuJECTIVES 

Esti=late ~.~tentinl yield of aquifers ~r.d when 
serious rt!:ductions on y1 eld lII!ly occur in parts 
of the sy~tem. 

Esticnte Impact or ruture withdrawals on water 
qualltJ' including vertical and lateral saline 
water rnilration-al:;o sub:;Idence of laud surfa::e 

EvaL~!!.te ::.lterr:ut.l\'~ ;:.ctl.oJ for ~cn(:f1tt1ne the 
::quI:"cr::, ::Jcludi:-,~ r-!iL:tJ"i~'_~ion of wi thJ.ra"N:u ... , 
conj.mcti'.-e use of :;urfl1<!c ':Iater fur aquifer re­
char.:;e, s:livage or natural Jischa!"{;e, and reduction 
of E:' los,;;e~. 

Evall,;!lte p"Oolu::s aull pre~ent alternate solutions. 

Fin3: R~:.:~~ f'~- i1u: ... :'ica!i,::-. 

i BEST AVA/LAB' c: c" . f 
L_ vr 

:':vnlu3te ndeql.lur:: of data for ::lr::'llation 
.':loJel.i He of all or purt of ~:;stem. 

~~p:; ar,d sec tiuns shoViing di !"ections of 
flow and relation of GW to ~W. 

.ill.'l.lyses of urjuifer systems. Tes1.::: of first 
tri~l vnlue3 cf aquifer ~horacteristics and 
regioaal syr,the::;is of water quali ty fabrics. 

Iden ti fy of areas !'avorable for aroundwa1.er 
development in terms of drilling depths, 
pumping lifts, chemical quality, and aquifer 
yield productivity 

Specific monitoring requirements fo: wat(.~· 

quality and quantity. 

.' ',:: I . 

CC'!!lputc~ ~1::,: .. 11n~.~c-n ~~ 3:::1]:;":'-' .. ~:~:t.-:..'~. ()f 
9.qui fer.;;. 

Sensit:V:1:r a.nalj·~i~ of o.:"'':)Vt.: da~a t..) d~flhe 
data ne:.,:ork ne~dc~. 

Baseline net .... ork-ana!.y:?I!" /&t~erv&.tior. wells in 
areas not GiGtlificantly effec tc:::d by pu:np1ne. 

:-.ensitiv1.ty 8!'al::si:; '"If ab:we dQta tc do:fine 
data network needs 

Published report on the groundwater syster.;s 
of thp study, area. 

I Use report on Phase 1 

Table J. Water data ounaberr.ent - t't.:!!:e three of study. 

PROOOCTS 

Individualized progrr~ for monitoring system 
response to changing patterns and trends of 
resources dev~lopment 

Results of hydrolugic simulat~on modelling 
including the siwulation of water-level trends. 
ftDd the movement and storage of groundwatcr& t.1t: 
movement of dissolved chemicals in ground· .. 3ter. 
i~clllJlne .;:.!lirae r::ir.;ration. 

TYPES OF l.rlDELS 

Physical models or aquirEr syste!""'; 
Aquifer, 
.ater budeet 
Hydrodynand c 

Water Qu&ll ty , ":.ldels or Aquifer Syst.em 
Enert'Y ~ Ch0mic9.l ;'~ss ct:'lr!lcter 
Energy &: Ct:0rr.i c!ll ~\~'1~~ Balnn~e 
J::nercy ~ Che~.rc~l ::~'o:: ~'r'l.nsport 



TC -:';L r~EE[;G 

1 :''ir;i t~l CCx~.'lter and eqllipmer.t 
:.u.'::!: as: Pri:ner/Plotter, 
;.rabi ~- Enel i sh di splay termir:al 
x-y diritizer, digital rlotter, 
a.,d 1 I~ n,e~,ory. 

~e~ Arrcr:dix :~~ details. 
J :-:otary Drilline pigs 2,500' 
5 Fercussion P~gs - 2,000' 
;: :eep Well Test Pui:lps 1,5CO' 
J ':crUca':' p=",s 1,000' 
6 flat bed Trucks 
1: Pi ckup Trucks (H ton) 
1 ','''ell Ac1di;;l:-.e Unit 
)(,,000 Well Cadnc-Asst. Sizes 
1,,'JO Screen, Stainless Steel 
1 ~trascnic Pipe Tester 
6(K· Tons Drilling Mud 
JOe Bits, Drilling-Ass't Types 
1 Cementing Unit 
2 Packers, expandable (Airline) 
r~ophysical LoCging equipment-includes 
Trucks, resistivity, self potential, 
gaoma garr.ma, caliper, depth, and down­
hole TV equipmen t 

35 Continuous water-level recordes 
6 Elec. water-~evel reels 

10 :..1rl1ne prt:s~ure gauges 
20 Steel Tape~ - 50-200 m 
4 Vehicles - ~ ~heel drive 
1 House Trail er 
2 SurveyinG t~uip.-also Bruntons 
2 Water Qu~lity Field Kits 
5 ~C bridge;; 
4 Water Well samplers, reel & Tripod 
1 laborato:-y equip. -sample bottles 

chemicals & operations-2500 samples 
1 Automat monitoring system 
1 Gas cru'Omotography 
1 Spectrophot~ter, Infra re~ 

80 Ralnf811 StatIons 

10 Digital recorder of stage, stream­
flow, and precipitation 

10 Station equipment for each recorder 
streamflow station 

7 ·.'ehicles, 4 wheel drive-type 
Power Wagon, double cab. 

2 Poouse Trailers 

5 orifIce plates-several sI~s 
5 ?ortablc We:: rs 

EQUIFMEtIT HEEDED TOJ3TAIN ~ fJ:f.JX:.r [Of.T'!' 

.AVAlLAELE TO !i!'.A 

None 

2 Rotary Drilling Rigs 
J Percussion Rigs 
1 Deep Well Te5t Punp 
1 Vert! cal Pur.:p 
2 rlat bed TruckS 
J Pickup Trucks (Ii ton) 
/lone 
12,000 Well Casing 
None 
Ilone 
200 Tons Drilling !.Iud 
100 Bits, Drilling 
None 
None 
All, but down-hole TV 

2001) I 
1500' 
15CO' 
1000' 

20 Cont. water-level recorders 
nor:e 
10 Airline pre:;sure gauges 
12 50-100 m 
none 
non. 
none 
none 
1 
none 

none 
none 
none 
none 

$15 RaInfall statIons 
5 EVapotranspiration stations 

24 

~ 

Not 

Not 

Streamflow 
non-digi tal 
J complat 
11 partial 
Vehicles 

Available 

AvaIlable 

(manned) 
stations 

record 

~:IT.rtD BY NM 

'.'inl-.l1ri:al cor.Tllter anLl rela~ec 

tquiprr.ent 

rcrjrher~l ccr.:putcr cquipr.ent 

[ee flrp~ndix for cet~i]s. 
1 Rotary brillinr kie 
2 Percussion r~gs 
1 Dee~ Well ~-:1p 
2 Vertical Pu:::ps 
5 Flat Bed Trucks 
9 Pi d.-ups, (H ton) 
1 Well acidizing unit 
24,000 well casing (Feet) 
1000' v:ell screen, Stainless steel 
1 . ultrason1 c :- ipc tester 
400 Tons drilling mud 
200 Bits 
1 Cementing 'mit 
2 Packers ezpandable 

25(' .. .:' 
20JJ' 
15C'(" 
lOC;) 

TV cacera + equipment for down-tee-hole 
examination of porosity and lithology. 

15 Continuous water level recorders 
6 Elec. water level reels 
o 
8 Steel Tapes 100-200 D 
4 Vehicles - 4 wheel drive 
1 House Trailer 
2 Surveying Equipment 
2 Water quality Field Kits 
4 EC bridges 
4 Water samplers, reel & Tripod 
1 Laboratory equip.-bottles, chemicals 

and operations for 2500 saq>les. 
1 Autorratic monitoring system 
1 Gas chromatograph 
1 Spectrophotometer, infra red 

$ Recording weather stations 
10 Digital water-level recorders 

stage and flow equip. for stream 
g~uge stations 

10 Recording precipation gages for 10 
Digital stations 

~ Vehicles, 4 wr.eel drive 
Power V;agon Type 

2 House Trailers 

4 sets (9 sizes) orifice caps 
5 Portable weirs, galv.:ti zed 

.;: , '-, .... ·0 

._---_.-
~ : l' J , (\(J() 

$ =UO,0\XI-
.. Ju,GOO-
! 7(1, C I)()-
125,000-
:OO,CCD-

75,000-
250,(00-
5C:J,COO-
L::O,ooo-
4C,000-

1:)0,000-
);0,000 
la~,000 

10,000 
$ 60,000 

$3,~-

$ 10,000 
50U 

400 
56,CXXl 

6,CXXl 
20,CXXl 

600 
2,CXXl 
1,500 

20,000 
20,CXXl 
40,CXXl 
24,CXXl 

$ l!i,ooo 
S 65,000 

40,000 

50,000 

20,000 

7C',CGO 

!2,OOO 
$ ~'''',15015 

1,000 
1,000 
:".C::,O 



Table 5. Personnel needed for study. 

PERSONNEL NEEDlID FUR STUDY 

NEEDED BY NRA NO. t~~IO~Nr---------------------~----------~AvwA1~Lm~LE~~TO~N~RAr---------------------------~~~~~~--------------

1 Head, Dept. of Data 
1 Head, tech.Bupport 
1 Head, operations support 
1 Systems programmer 
1 s,ystems analyst programmer 
1 Computer Operator 
3 Data preparation technicians 

! EngIneers 
2. Drilling support 

22 Drillers 
. 24 Assistant Drillers 
60 rig Workers 
10 Watchmen 
15 Pump Crpw 
22 l"lrivo::rs 
10 W",lders 

5 Mechanics 
1'7b 

3 !hgineers 
3 Geologists 
4 Technicians 
1 Programmer - GW 

Hydrologist, Senior 
1 Programmer - QN 

Hydrologist, Senior 
1 Geoc:herni st 
4 Drivers 

rr 
5 SenIor Hydrc.l.:>gists (!ng.) 

Co:lece ~raduates experience 
4 Technical Assts.-Mld level 

20 Observers-High schcol graduates 
5 Drivers 

14 

1 IIy:jrolcG'i~t, 
3 Te~~. Asst's or ~iGt Sehool 

240 Perf'ons 

no. Cost/3 years 
None 

J 168,000 
2 50,000 

11 237,000 
14 202,000 
20 )60,000 
10 54,000 

5 90,000 
5 72,000 
4 57,000 
2 50,Q()() 

"""7b $ 1,280,000 

2 Engineers 50,000 
2 Geologists 50,000 
4 Technicians 44,000 
None 

None 

None 
None 
r $ 144, tiOO 

3 70,000 
1 11,000 

11 79,000 
1 90,000 

lb $ 169,000 

None 

104 Persons 
Sl,5'},000 

Costn ,.-ear. 
1 50,000 
1 35,OOC 
1 35,000 
1 JO,OOO 
1 28,000 
1 20,000 
3 441000 
~ $ 242,00C' 
J 108,000 
0 

11 238,000 
10 144,000 
40 )60,000 

0 
10 180,000 
17 245,000 

6 86,000' 
J 75,000 

1W $ 1,436,000 

1 25,000 
1 25,000 
0 
1 33,000 

1 33,000 

1 28,000 
4 )6,000 
'9 $ 160,000 

2 45,000 
3 32,000 
9 65,000 
4 36,000 

n- $ 178,000 

1 $ 25,000 
J $ 2J,(VJ0 

$ 2,004,000 



TF.AINI!:G tlf!':D.S FOR STITH & ADVI~OR.': !IFf.[,~fl 

TIlATrlWG I:~"=::ED J,[\n :'C2;:; Ii F1]II:· 

CATEGOE':" C:I--: HF.-P!lDnr'!' mon',h ':: '.'f.f'~EA.:. month CCST TYPE ::UPJ\7IGt~ CG~7 

lIational 1 Dept. Head U l ~J:t. I:ead $ 16,000 Auto-Data Processing tc L? mo. $ 110,000 
~:ater Ina 1 ':'ecr.. :::uppor~ 6 l Tech. Support 16,Oon Senior co~uter specialist 
Inform<i- 1 8pernticn Su;port 6 1 Opt!ratioll Support 16,000 
tion 1 ~ysterr$ ProGTamm 6 1 Sys ter.ts Prot;ra::;::l 16,000 

system ]. .system Analyst 6 l System Anplyst 16,000 
1 Computer Operation 6 1 Coc.puter Operation 6,000 
3 Technicians g - Tect-,nidans $ ~ 

z;- b 

Test 3 Engineers 18 ~ Er.£'. -Well Design 12 48,000 1 Drilling Cc~~aPS 6 mo. $ 55,000 
Drillin[ 2 Prillinr SuP?Ort 12 1 Eng.-Well Development 6 24,000 Specialist to 

nnd 1 Eng.-Pump Testing & use of Packers 4 16,000 train NP.A crew. 
Pumping "5 30 1 Eng. -Ad d and CellEnt Work 4 H., 000 

"5 ~ $l~ 

Ground- 3 Engineei"s @ 12 2 En&ineers 8 32,000 1 Senior Hydrologist 
Wuter 3 Geo1cgists @ 12 2 Gt.ologistz 8 32,000 Progt"arl }.I.anager 5 fO. $ 50,000 

System 
i Hydrologist GW Qual! ty 6 1 Hydrologist GW Program 6 24,000 1 Hydrologist with GW 

Program MJdelling Experience 24 mo. $220,000 
1 fiydro1ogist ClI/ 6 1 Hydrologist QW Program 6 24,000 

Program 1 Hydrologist with QW 
1 Geochemist 6 1 Geochemist 4 24,000 Modellir.g Erperience 5 mo. 40,000 

V- n- '7 ~ $ 136,000 1 Hydrologist with 
Rechange Experience 2 mo. 20,000 

I~~,~ 

Su~.ce 2 Engineers 12 2 f.rIgineers 8 32,000 1 Hydrologist with SN 
.. ter MOdelling Experience 10 mo. S 90,000 
S;yetu. 1 !ngineer 6 1 ~neer SN Program 6 24,000 
~llt.Y Sf Prar~r 

" Tech. AIIets. 12 
20 Observers 40 

"'PI '70' 'j 14 $ ~ 

Water 1 6 1 Hydrologist 4 $ 16,000 
Uee 3 12 

Overseas Travel (NRA Cost) $ 30,000 

54 Persons 205 23 98 $ 430,000 7 Specialist Advisors 64 mo. $595,000 
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FIGURE 2 
PROPOSED SITES FOR GROUPS OF TEST WELLS IN THE 
KORNUB-ZARQA, AMMAN-WADI SIR AND SHALLOW AQUIFERS 
UNDERLYING THE NORTHERN DRAINAGE BASINS OF JORDAN 
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ANNEX B 

SC (2) - PROJECT CHEClLIST 

Listed below ere statutory criteria applicable seneral1y to projects 
with FAA funda and project criteria applicable to individual fund 
aourees: Development A.si8tance (with a subcatesory for criteria applicable 
oaly to loans); and Econo1lic Support Fund. 

CB.OSS REFERENCES: IS COUNTRY CHECKLIST UP TO DATE? IDENtIFY. HAS 
STANDARD l;TEM CBECXLIST BEEN REVIEWED FOB. THIS 
PROJECT? Country checklist is up to date. 

Standard item checklist has been reviewed for this Pl'()j ect. 

A. GENERAL CRITERIA FOR PROJECT 

1. FY 79 Ape. Act Unnumbered; FAA Sec. 
6S3(b)j Sec. 634A. 

(a) Describe now Committees on 
Appropriations of Senate and House 
have been or will be notified 

. concerning the projllcti (b) is assistance 
within (Operational Year Budget) country 
or international organization allocation 
reported to Congress (or not more 
than $1 million over that figure)? 

2. FAA Sec. 61l(a)(1). Prior to 
obligation in excess of $lOO,OOOJ will 
there--i:i.i(a)eaa1.neeriDg, - finan-cW. - .-
and other plana necessary to carry 
out the assistance and (b) a reasoaably 
firm estimate of the cost to the U.S. 
of assistance? 

3. FAA Sec. 611(a)(2). If further­
leSislative action is required within 
recipient country, what is buis for 
reasonable expectation that such action 
will be completed in time to permit 
orderly accomplishment of purpose 
of the assistance? 

4. FAA Sec. 6l1(b)j Py 79 App. Act Sec. 
101. If. for vater or water-related 
l&iid resource construction, has 
project mat the standards and 
criteria as per the Principle. and 
Standards for Planninl Water and 
Ialated Land B.esourea. dated 
1)ctOHr2S. 19731 . 

(a) It is contained in an Advice of 
Program change to the Congres~ooa.. 
fresentation of FY 1980. . . 

(b) Yes 

(a) Yes 

(b) Yes 

No further legislative action is 
required. 

Yes 



5. FAA Sac. 611(a). If project is capital 
aaaiatance (a.g., conatruction). and 
all O.S. assistanca for it will exceed 
$1 Dillion. has Mission Dir~ctor 
certified and Regional Assistant 
Adminiatrator taken into consideration 
the country's capability effectively 
to maintain and utilize the project? 

6. FAA Sec. 209. Is project susceptible 
of execution as part of regional or 
multilateral project? If so why is 
project not so executed? Information 
and conclusion whether assistance will 
encourage regional development 
programs. 

7. FAA Sec. 601(a). Information and 
conclusions whether project will 
encourag~ efforts of the country to: 
(a) increase the flow of international 
trade; (b) foster private initiative 
and competition; (c) encourage 
development and use of cooperatives. 
credit unions, and savings and loan 
associations; (d) discourage monopolistic 
practices; (e) improve technical 
efficiency of industry. agriculture 
and commerce; and (f) strengthen free 
labor unions. 

8. FAA Sec. 601(h). Information nnd 
conclusion on how project 'Jill 
encourage U.S. private trade and 
investment a~road and encourage 
private U.S. participation in 
foreign assistance programs (including 
use of private trade channels and the 
services of U.S. private ~nterprise). 

9. F~\ Sec. 612(h); Sec. 636(h). Describe 
steps taken to assure that, to the 
maximum extent possible, the country 
is contributing local currencies tQ 
meet the cost of contractual and other 
services, and foreign currencies oWned 
by the U.S. are utilized to meet the 
cost of contractual and other services. 

N/A 

Project is not susceptible, 
Assistance will not directly 
encourage regional development 
programs. 

N/A 

U.S. private enterprise will 
supply the equipment needs of 
the project, and U.S. citizens 
will provide technical assistance. 

The Project Agreement will 
so provide. 



10. FAA Sec. 6l2(d). Does the U.S. own 
e.cels fore ian currency of the country 
and, if so, what arransementl have 
bean made for its relea.e? 

11. FAA S.c. 60l(e). Will the project 
utilize competitive selection procedures 
for the awarding of contracts, except 
where applicabl. procurement rules 
allow otherwise? 

12. FY 79 App. Act Sec. 608. If assistance 
is for the production of any commodity 
for export, is the commodity likely 
to be in surplus on world markets 
at the time the resulting productive 
capacity becomes operative, and is 
such assistance likely to cause 
substantial injury to U.S. producers 
of the same, similar or competing 
commodity? 

B. FUNDING CRITERIA FOR PROJECT 

1. froject Criteria SolelY for Economic 
Support Fund 

a. FAA Sec. 53l(a). Will this 
assistance support promote economic 
or political stability? To the extent 
possible, does it reflect the policy 
directions of section 102? 

b. FAA Sec. 533. Will assistance 
under this chapter be used for 
military, or paramilitary activities? 

Jordan is not on exoess currency 
country. 

Yes. 

N/A 

The assistance will support economic 
stabili ty by prollXlting a coordinated. 
approach to groundwater resources 
investigation. The Project will 
reflect policy directions of Section 
102 indirectly. 

No 
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ACTION (~Opy ~ 

Ground Water Resources Investigation 

Reference is made to our discUS:3ions concerning the grant fran USAlD 
for Ground Water Resources Investigation. 

Would' you kindly make the necessary arrangements to allocate the sun 
of 5 million US Dollars to finance this project. 

Yours sincerely, 

cc H.E. Vice President - NRA 



Annex D 

A.I.D. PROJECT NO. 278-0243 

PROJECT 

GAANT AGf£Et-ENT 

EETEEN 

THE HA9-IEMITE KINCDOM CF JOR~N 

AND THE 

UNITEL' STATES CF At-ERICA 

FOR 

GRIl..NDWATER RESOURCES INVESTIGATION 

oate: Septerrtler ,1980 



A.I.D. Project No. 278-0243 

ProJect. Grant Agreement 

Date: September ,1960 

Between 

And 

The Hashemite KirlJoom of Jordan ("Grantee") 
acti~ throug, the National Plam1rlJ Courcil ("f'.PC") 
as its representative and the Natural Resources 
Authority (~) as the implementirlJ agency. 

The United states of America, acting through the 
Pq!ncy for International Devel~nt ("A.I.D.") 

Article 1: The Agreement 

The purpose of this Agreement is to set out the understandings 
of the parties named above ("Parties") .wlth respect to the under­
takirlJ by the Grantee of the Project described below, and with 
respect to the financing of the Project by the Parties. 

Article 2: The Project 

SECTION 2.1. Definition of Project. The Project, which is 
further described in Annex 1, wll1 consist of devel~ing and carry­
ing out a systematic invesigation of the availability of ground 
water in Northern Jordan. Annex 1, attached, amplifies the above 
definition of the Project. Within the limits of the above 
definition of the Project, elements of the amplified description 
stated in Annex 1 may be changed by written agreement of the author­
ized representatives of the Parties named in Section 8.3, without 
formal ameroment of this Agreement. 

secTION 2.2.(a) Incremental Nature of Pro ect. A.I.D.'s 
contribution to the Pro ect w be proved n lrcrements, the 
initial contribution of O'1e Million Six ttJndred Twenty Thousand 
United states ("U.S.W) dollars ($1,620,000) being made available in 
accordarce wi th section ).1 of this Agreement. Subsequent 
ircre/ll!r1ts will be slbJect to availability of funds to A.I.D. for 
the purpose, and to the rutual agreement of the parties, at the time 
of a subsequent increment, to proceed. 
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The total A.I.D. contribution over the life of the Project 
will not exceed Five Million United States ("U. S.") dollars 
($5,00l.DX» • 

(b) Within the overall Project Completion Date stated in this 
Agreement, A.I.D., based upon consultation with the Grantee, may 
specify in Project Implementation Letters appropriate time periods 
for the utilization of fUnds granted by A.I.D. under an individual 
irerement of assistance. 

Article 3. Finareing 

SECTION 3.1. The Grant. To assi~t the Grantee to meet the 
costs of carrying out the Project, A.I.D., pursuant to the Foreign 
Assistaree Act of 1961, as amended, agrees to grant the Grantee under 
the terms of this Agreement not to exceed One Million Six HUndred 
Twenty Thousand United States ("U.S. N

) Dollars ($1,620,000) 
("Grant"). . 

An ireremental grant of Three Million Three Hundred Eig,ty 
Thousand U.S. Dollars ($3,380,00) is expected to be made subject to 
the availability of funds to A.I.D. for this purpose. Such incre­
mental grant is expected to be made by amendment to this Agreement. 

The Grant may be used to finance foreign exchange costs, as 
defir~d in Sec7ion 6.1, and local currerey costs, as defined in 
Section 6.2, of ~ ,ods and services for the Project. 

SECTION 3.2. Grantee Resources for the Project. 

(a) The Grantee. agrees to proviae or cause to be provided for 
the Project all funds, in addition to the Grant, and all other 
resources required to carry out the Project effectively and in a 
timely mamer. 

(b) The re .ources provided by Grantee for the Project will be 
not less than the equivalent of U.S. $3,765,000, including costs 
borne on an "in-kind" basis. 

SECTION 3.3. Project Assistance Completion Date. 

(8) The "Project Assistaree Completion Date" (PACD), whIch is 
September 30, 1984, or such other date as the Parties may agree to In 
writing, is the date by which the Parties estimate that all services 
finareed under the Grant will have been performed and all goods 
finareed under the Grant will have been furnished for the Project as 
contemplated in this Agreement. 
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(b) Except as A.I.D. may otherwise agree in writing, A.I.D. 
will not issue or approve documentation which would authorize 
disbursement of the Grant for services performed subsequent to the 
PACO or for goods furnished for the project, as contemplated in this 
Agreement, subsequent to the PACD. 

(e) Requests for disbursement, accompanied by necessary 
supporting documentation prescribed in Project Implementation Letters 
are to be received by A.I.D. or any bank described in Section 7.1 no 
later than nine (9) months following the PACD, or such other period 
as A.I.D., giving notice in writing to the Grantee, may at any time 
or times reduce the amount of grant by all or any part thereof for 
which requests for disbursement, accompanied by necessary supporting 
documentation prescribed in Implementation Letters, were not 
received before the expiration of said period. 

Article 4: Conditions Precedent to Disbursement 

SECTION 4.1: First Disbursement. Prior to the first disburse­
ment under the Grant, or to the issuance by A.I.D of documentation 
pursuant to which disbursement will be made, the Grantee will, 
except as the parties may otherwise agree in writing, furnish to 
A.I.D. in form and substance satisfactory to A.I.D.: 

(a) An opinion of counsel acceptable to A.I.D. that this 
Agreement has been duly authorized and/or ratified by, and executed 
on behalf of, the Grantee, and that it constitutes a valid and 
legally binding obligation of the Grantee in accordance with all of 
its terms; 

(b) A statement of the name of the person holding or acting 
in the office of the Grantee specified in Section 8.3., and of any 
additional representatives, together with a specimen signature of 
each person specified in such statement. 

(c) Evidence that a Project Manager has been designated for' 
the project. 

SECTION 4.2. Notification. When A.I.D. has determined that 
the Conditl~~s Precedent specified in Section 4.1 have been met, it 
will promptly notify the Grantee. 

SECTION 4.3. Terminal Dates for Conditions Precedent. 

If all of th! Conditions specified in Section 4.1 have not 
been met within 90 days from the date of this Agreement, or such 
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later date as A.I.D. may agree to in writing, A.I.D., at its option, 
may terminate this Agreement by written notice to Grantee. 

Article s: Special covenants: 

SECTION 5.1. Project Evaluation. The Parties agree to 
establish an evaluation program as part of the Project. Except as 
the Parties otherwise agree in writing, the program will include, 
during the implementation of the Project, and at one or more points 
thereafter: (a) evaluation of progress toward attainment of the 
project purpose; (b) identification and evaluation of problem areas 
or constraints which may inhibit such attainment; (c) assess-
ment of how such information may be used to help overcome such 
problems; and (d) evaluation, to the degree feasible, of the 
overall developnent impact of the Project. 

SECTION 5.2. Access to Sites. Grantee agrees to allow full 
and ready access to all well drIlling sites and other places re­
quired for implementing the project and to assure, to the extent 
that may be required, that such sites are free of mines and other 
explosive devices. 

SECTION 5.3. co~eration. Grantee agrees that all the 
organizations involved In the water sector will cooperate with the 
NRA in the implementation of the Project and will provide all 
hydrologic and other data presently available and which may become 
available, to the NRA for the purpose of achieving the objectives of 
the Project. 

I 

SECTION 5.4. Eguirant and Personnel. Grantee agrees that 
the suitable NRA equipmen~nd personnel, which are available at the 
tlme of this Agreement and are required to carry out the Project 
activities, will be assigled to the project. 

SECTlCJ14 5. S. USe of Project Equipment. Grantee agrees tha t 
the additional staff requIred to operate andImaintain the equipment 
procured for ~he Project will be employed and trained; and that the 
equipment and qualified, trained staff will be used ~o carry rut 
this and similar projects. 

Article 6: Procurement SOurce. 

SECTION 6.1 Foreign Exchange Costs. Disbursements pursuant 
to Section 7.1 will be used exclusively to finance the costs of 
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goods and services required for the Project having their source and 
origin 1n the united States (Code 000 of the A.I.D. Geographic Code 
Book as in effect at the time orders are placed or contracts 
entered into for such goods or services) ("Foreign Exchange Costs"). 
except as A.I.D. may otherwise agree in writing, and except as 
provided in the Project Grant Standard Provisions Annex, Section C.l 
(b) wi th respect to marine insurarce. 

SECTION 6.2. Local Currency Costs. Disbursements pursuant to 
Section 7.2 will be used exclusively to 'finance the costs of goods 
and services required for the Project ·,Qving their source and, 
except as A.I.D. may otherwise agree in writing, their origin in the 
Hashemite K1~oom of Jordan ("Local CL~rercy Costs"). To the extent 
provided for IJnder t:-Jis Agreement, Local Currency Costs may also 
irclude the provision of local currercy resources required for the 
Project. 

Article 7: Disbursement. 

SECTION 7.1 Disbursement for Foreign Exchanjie Costs. 

(a) After satisfactiorl of the Conditions Precedent, the 
Grantee may obtai., disbursements of funds under the Grant for the 
Foreign Exchange Costs of goods or services required for the Project 
in accordarce with the terms of "~lis Agreement, by such of the 
following methods as may be RlJtually agreed upon. 

(l) By submitting to A.I.D., with necessary supporting 
documentation as prescribed in Project Implementation Letters, 
(a) requests for reimbursement for such goods or services, or 
(b) requests for A.I.D. to procure commodities or services on the 
Grantee' 5 behalf for the ProjeCt; or, 

(2) By requesting A.I.D. to issue Letters of Commitment 
for specified amounts (a) to one or more U.S. banks, satisfactory,to 
A.I.D., committing A.I.D. to reimburse SUOl bank or banks for 
paymel"ts made by them to contractors or sl';:lpliers, under Letters of 
Creolt or otherwise, for such ga'Jds or services, or (b) directly to 
one or more contractors or suppliers for such goods or services. 

(b) Banking charges ircurred by the Grantee in connection 
with Letters of Conmitment and Letters of Credit will be financed 
under the Grant unless the Grantee instructs A.I.D. to the 
contrary. Such other charges as the Parties may agree to may also 
be finarced under the Grant. 
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5ETI~ 7.2. Disbursement for Local Currercy Costs. 

(a) After satisfaction of conditions precedent, the Grantee 
may obtain dlsbursl!!IIIents of funds under the Grant for Local Currency 
Costs 'required for the Project in accordance with the terms of this 
Agreement, by sutxnitUng to A.I .0.; with necessary supporting 
documentation as prescribed in Project Implementation Letters, 
requests to finarce suc:tl costs. 

(b) 'The local currercy needed for such disbursements may be 
obtained: 

(1) By acquisition by A.I.D. with U.S. Dollars by 
purchase; or 

(2) By A.I.D. (a) requesting the Grantee to make 
available the local currercy for such costs, and (b) thereafter 
making available to the Grantee, throl.lCj'l the opening or amendment by 
A.I.D. of Special Letters of Credit in favor of the Grantee or its 
designee, an amount of U.S. Dollars equivalent to the amount of 
local currercy made available by the Grantee, whidl dollars will be 
utilized for procurement from the United States under appropriate 
procedures described in Project Implementation Letters. 

The U.S. Dollar equivalent of the Local Currency made 
available hereunder will be, in the case of subsection (b) (1) above, 
the amount of U.S. Dollars required by A.I.D. to obtain the local 
cur re rcy , and in the case of subsection (b) (2) above, an amount 
calculated at the rate of exchange specified in the applicable 
Special Letter of Credit Implementation Memorandum hereunder as of 
the date of the opening ~r amendment of the applicable Special 
Letter of Credit. 

SECTION 7.3. Other Forms of Disbursement. Disbursements of 
the Grant may also be made through SUCh other means as the Parties 
may agree to in wr~ t 1,19. 

SECTION 7.4. Rate of Excha'!le. Except as may be more 
specifically provided under Section 7.2, if funds provided under the 
Grant are introwced into the Hashemite Kingdom of Jordan by A.LD. 
or any p.Jblic or private agency for purposes of carrying out 
obligations of A.I.D. hereunder, the Grantee will make such 
arrangements as may be r.~essary so that such funds may be converted 
into currercy of the Hashemite Kingdom of Jordan at the hig,est rate 
of exchal'YJe which, at the time the conversion is made, is not 
unlawful in the Hashemite Kingdom of Jordan. 
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SECTl1»4 7.5. Date of Disbul'sement. Disbursements by A.I.D. 
wIll be deemed to occur (a) on the date on which A.I.D. makes a 
disbursement to the Grantee or its des! glee, or h1 a bank, contractor 
or sl.CJplier pursuant to a Letter of COlllnitment, contract, or 
purchase order; (b) on the date on which A.I.D. disburses to the 
Grantee or its desi!1lee local currency acquil"ed in accordance with 
Section 7.2(b)(1)j or (c) if local currency is obtained in 
accordance with Section 7.2 (b)(2), on the date on which A.I.D. 
opens or amends the Special Letter of Credit there referred to. 

Article 8: Miscellaneous: 

SECTION 8.1. Investment Guarant Pro ect A roval. Cons­
truction work to be nanced under h1S Agreement 1S agreed to be a 
project approved by the Hashemite Kingdom of Jordan pursuant to the 
Agreement between it and the United States of America on the subject 
of investment guaranties, and no further approval by the Hashemite 
Kingdom of Jordan will be required to permit the United states to 
issue investment guaranties under that agreement covering a 
contractor's investment in that project. 

SECTION 8.2. Communications. Any notice, request, document, 
or other communication submitted by either Party to the other under 
this Agreement will be in writing or by telegram or cable, and will 
be deemed duly given or sent when delivered to such party at the 
following addresses: 

To the Grantee: 

Mail Address: The National Planning Council 
AlTman, Jordan. 

To A.I.D.: 

Mail Address: U.S.A.I.D. Mission 
AnmSn, Jordan 

All such communications will be in English, unless the Parties 
otherwise agree in writing. Other addresses may be substituted for 
the above upon the giving of notice. The Grantee, in addition, will 
provIde the U~3:D Mission wi th a copy of each comlllJnication sent to 
A.I.D. 
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SECTION 8.3. Representatives. For all purposes relevant to 
this Agreement, the Grantee wIll be represented by the individual 
holding or acting in the office of the President, National Planning 
Council and A.I.D. will be represented by the individual holding or 
acting 1n the office of Mission Director, each of whom, by written 
notice, may designate additional representative~ for all purposes 
other than exercising the power under Section 2.1 to revise elements 
of the ampli fled de'scription in Annex 1. The names of the 
representatives of the Grantee, with specimen signatures, will be 
provided to A.I.D., which may accept as duly authorized any 
instrument signed by such representatives in implementation of this 
Agreement, until receipt of written notice cf revocation of their 
authority. 

SECTIOIN 8.4. Standard Provisions Annex. A "Project Grant 
Standard Provisions Annex" (Annex 2) is attached to and forms part 
of this Agreement. 

IN WITNESS ~EREOF, the Grantee an1 the United states of 
America, each acting through its duly authorized representative, 
have caused this Agreement to be Signed in their names and delivered 
as of the day and year first above written. 

THE HASHEMITE KINGDOM OF JORDAN 

BY: Hanna Odeh 

TITLE: President, National 
Planning council 

THE UNITED STATES OF AMERICA 

BY: Edgar C. Harrell 

TITLE: Mission Director, 
USAIDI Jordan 



Annex I 

PROJECT IESCRIPTION 

1. Project (l)Jective. 

The objective or the project is to assist the Government of 
Jordan, ~t.ural Resources Authority, in developing and carrying out 
a systemL~~C and comprehensive investigation of the availability of 
ground water resources in northern Jordan. This assist2nce will 
include helpi~ the NRA to develop the capability to conduct similar 
investigations in other areas of the c~Jntry. 

2. Project Conponents. 

The project has the following elements of technical assistance 
as components: 

(a) Consulting services and equipment to assist the NRA in 
developing a water resources information storage and retrieval 
system, to include developing computer programs to record existing 
and newly-discovered data, the training of NRA personnel to operate 
the computer system, and preparation of a final report. 

(b) Consulting services and equipment for a drilling program 
of test wells in the four drainage basins of the investigation, 
including the appraisal of available data, the drilling of new test 
wells to obtain new data, and the preparation of u final report. 

(c) Consulting services and equipment to define aquifers and 
analyze the hydrologic characteristics of ground water systems in 
the study area, including the appraisal of available data, the 
testing and monitoring of water quality and quantity for all wells, 
the development of computer programs for simulation modeling of the 
ground water systems and the preparation of a final report. 

(d) Consulting services and equipment to define ~treamflow 
systems (surface water) and their relationship to ground water, 
including the appraisal of available data, the testing and 
monItoring of water quality and quantity in surface water systems 
(streamflow, spring flow and rainfaJ.l), the measurement of inter­
action with ground water, and the preparation of a final report. 

(e) Consulting services to assess water use (withdrawals) in 
the study area, including the appraisal of all available water data, 
the development or procedurees for inventorying quantities of water 
being withdrawn from wells, springs, streams, and aquifers, and the 
publication of an annual report. 
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NRA obligations will include, but not be limited to: 
(a) providing approximately $3.765 million equivalent in local 
currency; (b) providing all the necessary financing beyond the 
financial plan which may be required for completion of the project; 
(e) selection or aid in selection of consultants and contractors and 
execution of their contracts; (d) providing all available requisite 
background information and data required to carry out the project; 
(e) supervision of activities; (f) allocating drilling, test and 
laboratory equipment to the project, (g) providing facilities and 
personnel required for the project. 

A.I.O. obligations will include, but not be limited to: 
(a) review and approval of the scopes of work and contract documents 
for consultants and contractors; (b) approval of the selected con­
sultants for supervision of the program and of the selected contrac­
tors for the supply of equipment; (c) review and approval of 
requests for disbursement; (d) follow-up on project progress and 
reporting; (e) review of draft and final reports. 

NRA and AID will hold periodic meetings to jointly review, 
evaluate and recommend solutions to problems encountered during 
project ifl1Jlementation. 

3. Project Cost Estimate and Financial Plan. 

(a) Estimated Project Costs. 

Total project cost is estimated at U.S. $ 8.765 million, 
of which $5.0 million represents foreign exchange costs. Subject to 
the availability of funds and to the mutual agreement of the 
parties, AID funds will be utilized to meet up to $5.0 million of 
the costs. The division between foreign exchange and local currency 
expenditures projected for each element of the Project is set forth 
in Table 1. 

(b) Financial Plan. 

The estimated Disbursement Schedule is set forth in 
Table 2. 
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TAB..E 1 

COST ESTI~TE W:s. $ X l,()j) 

1/ 
Ite .. Local- Foreign Total -

1. Mini-digital computer, 
related and peripheral 
~ipnent. 163 163 

2. Drilling rigs 1,300 1,300 
J. Pu •• 295 295 
4. Vehicles 275 275 
5. Related drilling equi~ment 1,565 1,565 
6. water testing and related 

equipment. 276 276 
7. Surface water recording 

and related equipment. 279 27Cj 
8. ~ persomel requirements 3,677 3,677 
9. NRA training requirennents 340 340 
10. NRA consultant requirements 88 507 595 

2/ 
TOTAL ),765 5,000 8,7G5 

Notes: 1/ Exchange late :$1.00 ~ J.D. 0.291 
£I AID's contribution to the ProjecL will be provided in 

ircrements, the initial one being $1,62li million. 
Subsequent increments will be ~ubject to availability of 
funds to AID for thle purpose and to the iITIutual agreement 
of the parties, at the time of a subsequent increment, to 
proceed. 

TAaE 2 

ESTltlATEC DISBJR~~NT SCI-EIll..E 
(U. S. $ X 1)000) 

FY 80 FY 81 FY 82 FY 83 FY 84 Total 

A.I.D. 0 1,408 3,498 94 ° 5,000 

G.O.J. 0 242 1,086 1,171 1,266 3,76' 
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Because of the important need to gather and have available as 
500n IS possible reliable information on the Azraq area and Zarqa 
Basin, implementation of the project will begin in the Azraq area. 
As soon as equipment and personnel are available, the investigation 
will begin in the Zarqa Basin as well. It is anticipated that the 
investigation may be conducted in both regions concurrently on a 
first priority basis. 

Proposed Project Schedule 

Negotiation and execution of Project Agreement 

Conditions Precedent met 

NRA personnel available to carry out project 
activities 

Senior I'tjdrologist (team leader) arrives in 
Jordan 

comp.Jter spechl1st arrives in Jordan 

Drilling program using NRA equipment begins 

Procurement of project financed equipment 
begins 

Comp.Jter, water-test1~, and laboratory 
equipment arrive in Jordan 

Project financed drilling equipment arrives 
in Jordan 

Interim project evaluation 

CO"1lletioo of drillirg program. 

Final reports submitted 

Final project evaluation. 

SeptentJer, 1980 

Decefltler, 1980 

DecetTtler, 1980 

January, 1981 

January, 1981 

February, 1981 

March, 1981 

SeptentJer, 1981 

March, V82 

January 1 ~83 

May, 19f.) 

Sept entJ er , 1984 

January, 1985 
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AGENCY FOI INTERNATIONAL DEVELOPMENT 

ADVICE OF PROCRAM CHANGE 

Date: 

Countrys Jordan 

Project Title: Groundwater Resources Investigation 

Project Number: 218-0243 

PY'80 CP Reference: None 

Appropriations Category: Economic Support Fund 

Intended FY 1980 Obligations: $1,620,000 

Thi. is to advise that AID plans to obligate $1.620 million in FY 1980 for the 
Groundwater Resources Investigation Project, with an anticipated Life of Pro­
ject COlt of $5 million to be funded in future years. The Project will assist 
the Government of Jordan in a systematic and comprehensive approach to the 
development of its groundwater resources. The Project was not presented in 
the FY ' 80 Congressional Notification. Its development has oroceeded at Q 

more rapid pace than originally planned. 

Attachment: Revised Activity Data Sheet 

NE/PD/SJI~~~gig 9-8-80 

learance: 
N~/PD:SATaubenblatt Draft Date 9/8/80 
N~/JLS:BRichardson Draft Date 9/8/80 
GC/LPID:JRoaan ~D;:';r;";;a~f';;'t-/-:"7-----Date 9/8/80 
NUDP:Wc:Hoil ~ '/ Date4l31fiJ 
D-AA/NE:BLangmaid =;sc Date~ 
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..... &11: Jordan ACTIVITY DATA SlifEr cr ••• :. ••• ,., 

PROI'OSED OILIGATION II" , ...... MI. u/ oIu ... q-------------~ 

Purpose: To assiat the Govern_lit of Jordan (COJ) de"elop a .lyste.aUc 
and ca.prehensive approach in the development of Jordan's groundwater 
r •• "urces. 

lIackground: Recognition of the It.ited avaUabiUty of vatel' as one 
of Jordan', priaary develop.ent constrainta haa resulted in t.he decisio 
to initiate a ... Jar prosr_ to dlaco"er and de"elop aU por.sible source 
of vater. Although., exploratory veIl drill ins prosra. vaa atarted In 
the 1960'" it .aa prt.arlly 11.ited to vater supplies at depths above 
ISO aete~a; con.equently, very little ia known about the PQtentially 
lar,. amouats of vster lylns below that level. Thia pro8r,~ viII In­
clude a tboruuah atudy at the availabIlity of exploitable g~~undvater 
reaourcea in a aelected ,eosraphical region which includea tbe .o£.t 
hea"ily populated are •• In the country. 

Ittectlve ~yel~pment of Jordan'a ,roundwater reaources viII require 
I) ISOre data than ia currently available on the location, aize, origin 
and cOftteat ot pot.ntLally exploitable aourcea; 2) a trained ataff 
adequately versed in ~ta collection and interpretation, a. veIl a. 
ia pI_ire uad reaource -.n8se_nt; and J) a data atorase and re­
trie"al ay.t~ that vll1 contain the now videly acatter~d data collect­
.d fro. pr .. ioua effort .... vel! aa nevly dLlIco"arad in_~"l1IIation. 

A pradetermined network of exploratory vella viII be drilled at aelect­
.d deptha In order to collect data on ahallow, .iddle-Ievel, and deep 
eqaUen. Yield teata vill be .ade tor each _11 In each a"dfer 
drilled to detatwine ~ Int.rrelationah~p of tb. different aquifers ... 
.. 11 as tbe ~ueatlty of vater a"ailable. 'lel4 teata at each alt. viII 
.. t.ra1ae. tbe typea of rocb bein, penetrated and the cheal cal proper-­
U.a of ~ vater at _rioua deptha. 1'be Intarrelatlonshipa between 
._ ..... t.~ .... aurface vater w~_ \ 1 b. atadied. panicularly the effec'u 
of .... lopaent of aquifera on .~ltaca vater aupplies. In additiOD. the 
recbara. poteetial for atorins aarfaca vater diachargo !n sroundwater 
r."l"YOir "Ul be a4dr_aed. The _thod. used for data collectiou an": 
the a.,.rLeace ,aia.d "rin, project t.ple .. ntatloa viII be readily 

U.a. f ""IIC." .......... ~'-" 
O~ .. *. 10 ..... _ 

-- --- -- F_.Y_D~'" 
1.620 f-! ,,: un -- ---......... ~y ........ 

FY.O ----- -IIIFEO': - ---- ---

1.62Q ~. _______ p~~clr ___ ~,OOQ --_____ _ 
INITIAL ESTIMJ\TfD FIN"'L tSfI ..... IEUCOIIPlfrlON .. AIL 
OIlLIGATION OBLIGATION OF PlI().MOer 
F y 80 FY III _F_Y....::8::J:-_____ _ 

transferable to other secgraphical regions of Jordan. The eatablishment 
:.d a vater reaources infonaatlon storase and retrieval .yate., wth the 
potential for containlns vater data for the entire country, viII be 
es~e~tial In develop ins the technical procedurea required for plannin, 
and managing the a~ti.um eaploitatlon of the country'. vater reaources. 

Host Country and Other Donora: Jordan viII contribute ataff. equip~t 
and operating equip.ent ~osta. and 10gl.tica. expected to equal or ea­
ceed 2S percent of the t~~al coat of the project. ~o otber donora are 
eapeeted to be directly invol"ed in the project. 

Beneficiariea: National leaourcea Authority personnel .111 benefit 
fro. the tect-nical alaiatauce and trainlnl. A eucc •• afully elt.bli.hed 
vater resources prolr .. viii Dotentt.ll. h~np.ftt al.aat the entire 
t'0pulatloa of th. country.' -

Kajor Outputs: 

I. A vater resources data .ank 
2. Data .anagement ayat __ 
J. Tr.ined aud .qalpp.d peraoonel 

~ID-'inanced Inputa: 

Zqulpoeent 
Conaultanta 
Training 

l'OTAL 

620 
600 
~ 

1,620 

PRIIIC.AL CONTRACTo.. 5 ott ""fllCltS 
u,.. ..... 

Tn be .. lactad 

E ....... r.blC .. 
---5 ;nocr---

All Yean 

1 
1 
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DRAFl' AaI'ICN MEKlRANDUM FOR PROJEaI' AUOORIZATION ANNEX F 

September 23, 1~90 ~ 
~"-~ a . ;If..,U r .... ~y ~.l ., CDIE, A.I.D. 

Project Authorization 

UNITED STATES GOVERNMENT 

memorandum 

TOI Edgar C. Harrell, Director, USAID/Jordan 

i 

Your approval is required for a grant of $ 1,620,000 from the 
Economic Support Fund appropriation to Jordan for the Ground 
Water Resources Investigudon ,;Project, 278-0243. 

Discussion: The project consists of developing and gathering 
reliable data by means of drilling wells to various depths, 
conducting aquifer, geopl~sical and related tests for determining 
water quantity and quality fro~ individual aquifers and developing 
a data storage and retrieval system. 

Waivers: No waivers are (:I)ntemplated at this time. 

Justification to the Con~ress: The Congressional Notification, 
AdVice of Program Change for this project was submitted to the 
Congress on September 12, 1980, and the waiting period expires 
on September 26, 1980. 

Recommendation: That you Ci~l the attached Project Authorization. 

Clearance: 

NAME INITIAL DATE - , 

TPearson CD 

DLeaty PROG 

EGiza CONT 

GDavidson RLA 

LRichards DD 

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan OPTtONAL FORM MO. II 
(MY, ,.," caM ...... (., cnt, .. ,., , .• 

.. ~~.!~~. 
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DRAFI' l'R)JE'CI' AIJ'IB)RIZATION ANNEX G 

PROJECT AUTHORIZATION 

Name of Country 
Name of Project 
Number of Project: 

Hashemite Kingdom of Jordan 
Groundwater Resources Investigation 
278-0243 

1. Pursuant to Section 532 of the Foreign Assistance Act 
of 1961, as amended, I hereby authorize the G.t'oundwater 
Resources Investigation Project for Jordan involving planned 
obligations of not to exceed $5,000,000 in grant funds over 
a two year period from the date of authorization, subject 
to the availability of funds in accordance with the A.I.D. 
OYB/allotment process, to help in financing foreign exchange 
and local currency costs for the Project. 

2. The project consists of developing and carrying out a 
systematic investigation of the availability of groundwater 
in Northern Jordan. 

3. The Project Agreement which may be negotiated and 
executed by the officer(s) to whom such authority is dele­
gated in accordance with A.I.D. regulat~ons and Delegations 
of Authority shall be subject to the following essential 
terms and covenants and major conditions, together with such 
other terms and conditions as A.I.tI. may deem appropriate. 

a. Source and Origin of Goods and Services 

Goods and services, except for ocean shipping, 
financed by A.I.D. under the Project shall have their source 
and origin in the United states and the cooperating country, 
except as A.I.D. may otherwise agree in writing. Ocean 
shipping financed by A.I.D. under the Project shall, except 
as A.I.D. may otherwise agree in writing, be financed only 
on flag vessels of the United States. 

b. Conditions Precedent to Disbursement 

Prior to any disbursement, or to the issuance of 
any commitment documents under the Project Agreement, the 
Cooperating Country shall furnish, in addition to the 
standard legal opinion and specimen signature(s), in form 
and substance satisfactory to A.I.D., evidence that a Project 
Manager has been designated for the Project. 
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c. The Cooperating Country Shall Covenant: 

(i) to allow full and ready access to all well 
drilling aites and other places required for implementing 
the Project and to assure, to the extent that may be . 
required, that such sites are free of mines and other 
explosive devices; 

(ii) that all the organizations involved in the 
water sector will cooperate with the NRA in the implementa­
tion of the Project and will provide all hydrologic and 
other data presently available and which may become avail­
able, to the NRA for the purpose of achieving the obje~tives 
of the Project; 

(iii) suitable NRA equipment and personnel, which 
are available at the time of this Agreement and are required 
to carry out the Project activities, will be assigned to the 
Project; 

(iv) that the additional staff required to operate 
and maintain the equipment procured for the Project will be 
employe~ a~d trained; and that the equipment and qualified, 
trained staff will be used to carry out this similar Project. 

Typed Name Office Symbol Date Initials 

Signature ______________________ __ 

Typed Name of Authorization 
Officer 
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