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Pumping Test 

 

Principles of Pumping Test 

The principle of a pumping test involves applying a stress to an aquifer by 
extracting groundwater from a pumping well and measuring the aquifer 
response to that stress by monitoring drawdown as a function of time. 
 

 
Figure shows pumping well with observation wells in unconfined aquifer 

These measurements are then incorporated into an appropriate well flow equation to 

calculate the hydraulic parameters of the aquifer. 

 الهيدروليكية للتكوين المائي.تساهم هذه الحسابات في ايجاد العوامل 

The Importance of Pumping Tests 

Pumping tests are carried out to determine: 
1 How much groundwater can be extracted from a well based on long-term 
yield, and well efficiency? 
2 The hydraulic properties of an aquifer or aquifers. 
3 Spatial effects of pumping on the aquifer. 
4 Determine the suitable depth of pump. 

5 Information on water quality and its variability with time. 

 
Design Considerations 
There are several things should be considered before starting a pumping test: 



Groundwater                                                                                                                          Dr. Rafid 

1 Literature review for any previous reports, tests and documents that may 
include data or information regarding geologic and hydrogeologic systems or 
any test for the proposed area. 
2 Site reconnaissance استطلاع الموقع- - to identify wells status and geologic 
features. 
3 Pumping tests should be carried out within the range of proposed or 
designed rate (for new wells, it should be based on the results of Step 
Drawdown Test). 
4 Avoid influences such as the pumping of nearby wells shortly before the 
test. 
5 Determine the nearby wells that will be used during the test if it’s likely they 
will be affected, this well depends on Radius of Influence. The following 
equation can be used to determine the radius of influence (R0): 
 

  
where, R0 is the radius of influence (m) 
T  is the aquifer transmissivity (m2/day) 

t  is time (day) 

S  is the storativity 

This equation can be applied for a pumping well in a confined aquifer. 

6 Measure groundwater levels in both the pumping test well and nearby wells 

before 24 hours of start pumping. 

7 Make sure that the water discharged during the test does not interfere with 

shallow aquifer tests. 

8 Determine the reference point of water level measurement in the well. 

9 Determine number, location and depth of observation wells (if any). 

 

First- Steady Radial Flow to Wells 

 

1- Confined Aquifers 
If a fully penetrating small-diameter well penetrating a confined aquifer is 
pumped for a very long period of time until the water level reached a 
steady state, i.e. the water level and the cone of depression became stable, 
and then by applying Darcy equation it is possible to calculate the well 
discharge:  

 



Groundwater                                                                                                                          Dr. Rafid 

Where: 
A= Cross-sectional area of flow (L2) 
V= Darcy velocity (L/T) 
r= radial distance from main well to any point in the aquifer (L), 
D= thickness of the aquifer (L). 
K= hydraulic conductivity (L/T). 
h= head (L) 
since: 
T = Dk 
Then                      
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In order to apply this equation a small diameter fully penetrating well is  
pumped and the drawdowns are measured in two observation wells 
(s1,s2) at two different distances (r1,r2( .The equation can be written as: 

  

 This is the simple form of Thiem’s Law for confined aquifers 

 

 

Thiem Equation can be used to estimate the transmissivity 

 

 

sw = drawdown in the pumped (main) well. 

To calculate the radius of influence (R) s1 is assumed = 0, since it is located 

at the end of the cone of depression, hence the equation becomes: 

 

  

the equation can be written as: 

 

2-Unconfined Aquifers 
In unconfined aquifers the saturated thickness (D) is variable; therefore it 
is not possible to apply it in the flow equation. As an alternative we use 
the head (h), which represents the elevation of the water level above the 
base of the aquifer. 
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Replacing h by s, the equation becomes: 

  

This is the simple form of Thiem’s Law for unconfined aquifers 

If the well suffers from large drawdown compared to the saturated 
thickness of the aquifer (ho), then transmissivity (T) becomes nearly equal 
to: T = k ho 

Therefore equation 2 becomes; 

  

 
 
An approximate steady state flow condition in an unconfined aquifer will only be 
reached after long pumping time. 
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Well in a Unconfined Aquifer with Uniform Vertical Recharge 
Figure below shows a well penetrating an unconfined aquifer that is 
recharged uniformly at rate W. The flow rate Q toward the well increases 
as the well increase as the well is approached, reaching a maximum of Qw 

at the well.  

 

The discharge of the well is supplied by the vertical recharge and  the 
aquifer storage. Thus 
 

 

By comparing this Thiem equation the effect of vertical recharge 
becomes apparent. 
It follows that when r= r0  Q=0, so that equation 1 becomes: 

  

Thus the total flow of the well equals the recharge within the circle 
defined by the radius of influence, which means that the radius of 
influence is controlled by the well pumping and the recharge rate only. 
This results in a steady- state drawdown. 
 

Relationship between Discharge and Drawdown in Steady-State Flow 
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Water level drawdown in wells depends on the rate of discharge. It is 
possible to make a relationship between the drawdown values of 
groundwater levels and the discharge of wells penetrating either confined 
or unconfined aquifers. 
Specific Capacity (discharge / drawdown Qs): is defined as the amount of 
well discharge per one meter drop in the groundwater level.  
 

 

  

When plotting discharge vs. drawdown we obtain a curve of two parts: 
1- Initial part is a straight line 
2- A parabola starts when the drawdown reaches critical point where 
minor increase in the discharge rate causes large drop in the 
groundwater level. 

 

 

 The relation between specific discharge and drawdown is linear: 
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Example 1/ A 30cm diameter well penetrates vertically through an aquifer to an 
impermeable stratum located 18.0 m below the static water table. After a long period 
of pumping at a rate of 1.2 m3/min, the drawdown in test holes 11m and 35 m from 
the pumped well is found to be 3.05 and 1.62m respective. What is the hydraulic 
conductivity of the aquifer? Express in meters per day. What is its transmissivity? 
Express in cubic meters per day per meter. What is the drawdown in the pumped 
well? 
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Solution: 

 

                                    

 

   

 

            

 

 ------------------------------------------------------------------------------- 

Example 2/ The following observations were recorded during a pumping out test on a 
tube well penetrating fully in a free aquifer: 
Well diameter = 25cm 
Discharge from the well = 300 m3/hr 
E.L of original water surface before pumping started = 122.0 m 
E.L of water in well at constant pumping = 117.1 m 
E.L of water in the observation well = 121.3 m 
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E.L of impervious layer = 92.0 m 
Radial distance of observation well from the tube well = 50 m 
Determine (a) the field permeability coefficient and 
(b) radius of zero draw down. 

 

 

Free aquifer = unconfined aquifer 

 

(a) Field permeability coefficient (k) is given as: 
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(b) Radius of zero drawdown = Radius of influence (R) 

 

ln R - ln 0.125 = 7.1    

Ln R= 7.1+ ln 0.125 = 5.02 

By convert ln to log : (ln x= 2.303 log x) 

2.303log R= 5.02   

Log R= 2.179                          R= 10 2.179                      

R=1.51 m 

Hence the radius of zero drawdown, R = 151 m  
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Second :Unsteady- State Radial Flow 

 الغيرمستقر الشعاعي السريان: ثانيا

Theis's Method 

 

 

     



Well Completion البئر إنهاء 

Placement of Casing 1- التغلٌف 

Cementing of Casing 2- التغلٌف( تثبٌت) لحم 

Placement of well screen 3- المصافً تركٌب 

Gravel packing 4- الحصوي الحزام وضع 

 الأمر عملها. ٌتطلبفً الصخور الصلبة ٌمكن ترك الببر كحفرة فقط دون إجراء هذه العملٌات إذا لم 

 Well Casing البئر تغلٌف -١

 ٌمنع ، الببر جدران أومن الخارج من سواء الببر داخل إلى الانهٌارات ٌمنع ، دابما   مفتوحا   الببر لبقاء ٌستعمل

 الصافً الحدٌد من أنابٌب التغلٌف فً تستخدم .أو جوفٌة سطحٌة كانت سواء فٌها المرغوب غٌر المٌاه دخول

 .تسرب أي لمنع الانابٌب تلحم أو بعضها فً أسنان تعشق شكل على الوصلات. المخلوط أو

 الجهاز بطرٌقة حالة الحفر فً بٌنما الببر داخل التغلٌف انابٌب دق ٌتم الحبلً الجهاز بطرٌقة الحفر حالة فً

 . الحفرة من قطرا   أصغر لأنها الانابٌب انزال ٌتم الرخوي

 Cementing of Casing الغلاف تثبٌت -٢

 الببر إلى النوعٌة المٌاه ردٌبة دخول ومنع الصدأ من لحماٌتها بالأسمنت تعبؤ التغلٌف بؤنابٌب المحٌطة المنطقة

 بعدة الأنابٌب( بالاسمنت الأنابٌب حول تعببة الفراغ) تسمٌت وٌتم. المنهارة الصخور من الأنابٌب ولحماٌة

 خط خلال من الاسمنتٌة( Tremie pipes) ثقب فً وضعه ٌتم الخلطة احلال طرٌق عنر احداها طرق

 إلى قسمت الغرض لهذا تستخدم الأسمنت من أنواع وٌوجد .التغلٌف انابٌب خارج ٌسمى الحفرة صغٌر أنبوبً

 وتحتاج. ج ب، أ، رتبة البورتلاندي الاسمنت وأهمها الأمرٌكً، البترول مواصفات معهد على بناء رتب عدة

 ٌمكن لا التغلٌف حٌث أنابٌب طول لكامل واحدة دفعة على تتم أن ٌجب لأنها فابقة عناٌة إلى عملٌة الحجب

 من طولً متر لتعببة باللتر الخلطة الإسمنتٌة حجم ولتقدٌر. كافٌة غٌر كونها حالة فً أخرى خلطة دفع عملٌا

 .الحفرة ثقب التغلٌف وقطر أنابٌب قطر من كل معرفة ٌجب الفراغ

 Placement of well screenالمصافً  تركٌب -

 حالة فً ولكن تركٌب مصافً إلى الحاجة دون الببر إلى مباشرة المٌاه تدخل الصلبة الصخور ذات المناطق فً

 .الببر داخل إلى مصافً إنزال ٌتوجب المفككة المتكونات

 :على تعمل المصافً

 ظروف تحت الببر إلى من المٌاه كمٌة بدخول ٌسمح -٣ الببر إلى الرمال دخول منع -٢ الببر جوانب تثبٌت -١

 .قلٌلة هٌدرولكٌة مقاومة



 أنابٌب تسحب حٌث Pull back method  طرٌقة بواسطة المصافً انزال ٌتم الحبلً الجهاز استخدام عند

 )مخرمة أنابٌب من المصافً تتكون .وتثبت المصافً أعلى إلى تصل حتى المصافً إنزال عند لأعلى التغلٌف

open area)  على % ١٥  المخرمة للأجزاء النسبٌة المساحة ملم وٌفضل ان تشكل 6-1 من قطرها فتحات لها 

 .للمصافً الكلٌةالمساحة  من الأقل

 الرمال بواسطة الفتحات وقفل الماء دخول .كبٌرة   اختلافات   اقطارها وتختلف المصافً لفتجات أشكال عدة توجد

Screen clogging الببر إلىدخول الماء  سرعة فً التحكم الببر ٌجب فقد لتقلٌل. 

 والزجاج   والخشب والاسبستوس الخرسانة، ، البلاستٌك ، المعدنٌة السبابك مثل مختلفة مواد من الصافً تصنع

 .Fiber glass  الصناعً

 Gravel Packing الحصوي الحزام -٤

 المحٌطة المنطقة فً ٌوضع الصناعً الحصى من غلاف عن عبارة هو الحصوي الحزام

 :ٌلً فٌما ٌفٌد وهو ، بالمصفاة

 .للماء الحاملة الطبقة ٌثبت -١

 .الرمال شفط من ٌقلل -٢

 . عظمى مفتوحة ومساحة كبٌرة ثقوب ذات مصافً باستعمال ٌسمح -٣

 .الببر وعطاء الفعال القطر من تزٌد عالٌة نفاذٌة ذات دابرٌة منطقة ٌوفر -٤

 الحصى حجم فً التدرج بٌن تربط كثٌرة معادلات توجد سم   30سمك واكبر سم١ هو ٌستخدم حصوي حجم أكبر

 ٌكون أن ٌجب كما الببر، حول وضعه قبل وغربلته الحصى غسل ٌجب .للماء الحاملة الطبقة حبٌبات وحجم

 .خلاله من التسرب لٌقلل بالببر المحٌطة المنطقة تماما   ٌعبا أن ٌنبغً كما .للتآكل ومقاوم دابري الحصى

 وعلى الببر قاعٌصلان الى Termie Pipes  أنبوبٌن انزال خلال من هً الحصى لوضع المتبعة الطرٌقة  

 .الأنبوبان هذان ٌسحب ذلك وبعد خلالها من الحصى ضخ أو غسل أو سكب ٌتم ثم ومن (الغلاف حول) الجانبٌن

 

 

 

 

 

 



 

 : إلى الأمثل التصمٌم وٌهدف أنشابه،

 . المنتجة الطبقة قدرة مع متناسب انخفاض أقل مع عالً عطاء على الحصول -١

 .التلوث من حماٌة مع جٌدة مٌاه نوعٌة -٢

 .الرمال من خالٌة مٌاه -٣

 (.أكثر أو سنة ٢٥)  طوٌلة أعمار ذات آبار -٤

 . معقولة تكالٌف -٥

 عالٌة كفاءة ذي ببر لتصمٌم علٌها الحصول ٌفضل الببر عند هامة معلومات هناك

 :وتشمل

 .طبقات من ٌعلوها وما للماء المنتجة للطبقة المكونة الصخور عن معلومات -١

 للمٌاه المنتجة للطبقة والتخزٌن النقولٌة معاملات قٌم -٢

 .للماء المنتجة للطبقة المدى وطوٌل الحالً المابً المٌزان -٣

 الصخور نوع على والتعرف المابٌة للطبقة المفككة للحبٌبات حجمً تحلٌل -٤

 .والمعادن

 .المٌاه نوعٌة -٥

 :هما أساسٌٌن جزئٌٌن من البئر ٌتكون

 عزله ٌتم ما عادة النطاق هذا وأجزابها،  للمضخة كبٌت وتستخدم: للماء المنتجة الطبقة تعلو التً الطبقات -١

 مٌاه دخول بسبب للمٌاه الحاملة الطبقة من الإنتاج نوعٌة أو كمٌة على السلبً التؤثٌر ومنها الأسباب من لسبب

 بؤنابٌب ماٌحاط وعادة. المفككة الرواسب حالة فً خاصة التربة انهٌار عدم لضمان أو أخرى، طبقات من

 نوعٌة وكذلك التغلٌف، فً المستعملة لأنابٌبا ونوعٌة وأقطار أطوال تحدٌد ٌنبغً ذلك ولتحقٌق Casing تغلٌف

 .فً منعه المستعمل الأسمنت

 .المنتجة الطبقة من السطح باتجاه للماء رأسً كمعبر الجزء هذا عتبروٌ

 المطلوب العطاء كمٌة على الببر من المنتج الجزء طول ٌعتمد  Intake Area :للماء المنتجة الطبقة -٢: 

 فً .ردٌبة مٌاه أو منخفضة نفاذٌة ذات مشبعة نطاقات ووجود الهٌدرولٌكٌة وخصابصه المابً التكوٌن وسمك

 ٌتم .المناسب الحصوي الغلاف حولها ٌوضع كما خلالها من الماء بمرور تسمح التً المصافً تركب النطاق هذه

 المابً للتكوٌن والهندسٌة الجٌولوجٌة الخصابص على بناء الحصوي والغلاف المصافً من كل مواصفات اختٌار

 .الجوفً الماء ونوعٌة



 

 للماء المنتجة الطبقة تعلو التً الطبقة :أولا

 التغلٌف انابٌب وقطر طول -أ

 إجراء طرٌق عن دابما ٌتم التغلٌف أنابٌب وطول الببر عمق وبالتالً الببر فً المنتجة الطبقة وسمك عمق لتقدٌر

 الجٌوفٌزٌابٌة المسوحات وتشمل .جٌوفٌزٌابٌة مسوحات وإجراء اختبارٌه آبار حفر تشمل سطحٌة تحت دراسات

 .الزلزالٌة والطرٌقة الكهرومغناطٌسٌة والطرٌقة الكهربٌة المقاومة طرٌقة ومنها الطرق من عدد تطبٌق

 :بهدف وذلك للماء الحاملة الطبقة قاع إلى عمقه ٌصل بحٌث الببر حفر ٌجب

 .للببر النوعٌة السعة تزداد وبالتالً الببر لتغذٌة مصدرا   لٌشكل المابً التكوٌن من جزء أكبر استغلال -１

High specific capacity 

العالً  والضخ الجفاف حالة فً حتى الببر عطاء بزٌادة ٌسمح مما للانخفاض أكبر عمق توفٌر -２

.Overpumping 

 

 حٌث جدا   السمٌكة المابٌة الطبقات حالة فً وذلك جزبً اختزاق ذات آبار حفر فٌها ٌمكن خاصة حالات هناك

 للماء المنتجة الطبقة من جزء أي فً النوعٌة ردٌبة مٌاه وجود عند وكذلك اقتصادي غٌر الكلً الاختزاق ٌصبح

 توضع الذي الجزء ٌحوي الببر من النطاق هذا أن حٌث .الردئ الماء دخول ٌمنع عمق عند الببر أنهاء ٌفضل فإنه

 متوقع هبوط أقصى عن ٌزٌد أن ٌجب والتً المراوح طول إلٌه ٌصل الذي العمق مراعاة فٌجب المضخة فٌه

 تكالٌف على تؤثٌره بحكم وذلك بالغة أهمٌة له التغلٌف أنابٌب قطر اختٌار .الببر عمر خلال الجوفً الماء لمستوى

 الحفر.



 .العمق مع القطر ٌقل قد بٌنما لأسفل أعلى من ثابت قطر ذو الببر ٌكون قد

 :هما أساسٌٌن غرضٌن لتحقٌق اختٌاره ٌمكن التغلٌف قطر

 كافٌة مساحة اعطاء مع المضخة باحتواء معه ٌسمح الذي الحد إلى كبٌر التغلٌف أنبوب قطر ٌكون أن ٌجب -١

 .تامة بفعالٌة بعملها وقٌامها المضخة لتركٌب

 .أقل أو (ثانٌة/م١ ) ثانٌة/قدم ٣ تساوي لأعلى مرور بسرعة لٌسمح كافً التغلٌف قطر ٌكون أن ٌنبغً -٢

 قطر ضعف من أكبر التغلٌف قطر ٌكون أن ٌفضل حٌث المضخة بحجم مباشرة مرتبط التغلٌف أنبوب قطر اختٌار

 لٌسمح وذلك  pump bowlsالمضخة أوعٌة من أكبر التغلٌف قطر ٌكون أن ٌنبغً الحالات كل وفً .المضخة

 pumping المضخة تغذٌة منطقة فً لٌدخل head lossبحد ادنى من الفقدان الرأسً  أسفل إلى الماء بمرور

intake  

 : حٌث التدفق وسرعة التعرٌف بمعدل وثٌقة علاقة له التغلٌف قطر فإن كذلك

 

 

 

 

 

 :الآبار مصافً تصمٌم -أ

 :على للمصفاة المناسب الطول إختٌار ٌعتمد

 .المابً التكوٌن سمك -١

 .الببر فً الماء سطح مستوى فً الانخفاض -٢

 .المابً التكون تطبق مدى -٣

 وضع إلى الحاجة دون مفتوحا الحفرة ثقب ترك ٌمكن فانه متماسكة المابً للتكوٌن الصخرٌة المكونات كانت إذا

 .الماء مع خروجها ومنع المفككة المواد لحجز الأغلفة تلك توضع حٌث المفككة التكاوٌن بعكس مثقب، غلاف

 :وهً المٌاه آبار فً تستخدم التً المثقبة الأغلفة من أساسٌان نوعان ٌوجد

 وأطوال بؤقطار طولٌة شقوق فٌها تعمل عادٌة تغلٌف أنابٌب من تتكون والتً آلٌا المثقبة التغلٌف أنابٌب -١

 .مختلفة



 ملفوفة أسلاك من سفلً أو رأسٌة أسٌاخ على ملفوفة أسلاك من أما وتتكون أشكال عدة ولها الآبار مصافً -٢

 .مثقبة أنبوبٌة قاعدة على

 على الكبٌرة قدرتها إلى إضافة جدا الصغٌرة وخاصة فتحاتها حجم فً التحكم لإمكانٌة الثانً النوع ٌفضل عادة

 .المفتوحة مساحتها وكبر التآكل مقاومة

 :التالٌة الأسس على بناء ٌتم المصافً طول اختٌار

 .المشبع السمك% من 08-08 المصافً تغطً أن ٌنبغً المتجانسة المحصورة المابٌة التكاوٌن فً 1

 النفاذٌة ذات الطبقات من% 08-08 المصافً تغطً أن ٌنبغً المتجانسة غٌر المحصورة المابٌة التكاوٌن فً-2 

 .العالٌة

 حٌث الطبقة من السفلً النصف أو الثلث مقابل المصافً توضع المتجانسة المحصورة غٌر المابٌة التكاوٌن فً-3

 .الضخ أثناء ٌجفف قد العلوي الجزء إن

 الطبقة من السفلً النصف أو الثلث مقابل المصافً توضع المتجانسة غٌر المحصورة غٌر المابٌة التكاوٌن فً-4

 .نفاذٌة الأكثر

 ثم المعمل فً مٌكانٌكً تحلٌل لها وٌعمل المشبعة للطبقة المكونة المواد من عٌنات تإخذ المصافً فتحات لتحدٌد

 الأفقً المحور على الحبٌبً الحجم أساس على المصافً فتحات حجم ٌختار .بٌانً ورق على التحلٌل نتابج توقع

 الناعمة التكاوٌن حالة فً وذلك الرأسً المحور على% 58-48 بٌن تترواح التً المتبقً الوزن لنسبة المقابل

 %.58-38 بٌن تتراوح لنسبة المقابل الحجم فٌختار الخشنة للتكاوٌن بالنسبة أما المتجانسة

 لمرور كافٌة تكون بحٌث للمصافً مفتوحة كلٌة مساحة على الحصول أساس على المصافً قطر اختٌار ٌحدد

 المفتوحة الكلٌة المساحة فً وٌتحكم .ثانٌة / قدم ٠,١ عن تزٌد لا وبسرعة إنتاجها المتوقع الجوفً الماء كمٌة

 .فتحاتها وحجم وقطرها طولها للمصافً

 :التالٌة العلاقة باستخدام المفتوحة للمصافً الكلٌة المساحة حساب وٌمكن

A= Q / v 

 

 م/ثا. المصافً إلى الماء دخول سرعة  V/ثا 3م المتوقع الإنتاج  Q 2م المساحة الكلٌة المفتوحة A أن حٌث

 المنتجة للطبقة الممثلة للعٌنات Sieve analysis المٌكانٌكً التحلٌل دراسة من المصفاة فتحات حجم تحدٌد ٌتم

 :التالٌة العوامل أساس على المصافً فتحات حجم تحدٌد ٌمكن فإنه وعلٌه عٌنة لكل التحلٌل منحنى رسم وٌتم للمٌاه

 لنسبة المقابل الجٌبً الحجم أساس  على المصافً فتحات اختٌار ٌتم متجانسة ناعمة رمال من المكونة الطبقة -أ

 .الرأسً المحور على  40-50%



 والطمً الرمال من بنسبة . تحتفظ التً المصافً فتحات تختار وحصى خشنة رمال من المكونة الطبقات فً -ب

 %58-38 بٌن تتراوح

 فً المواد تدرج على بناءا   المصافً من المختلفة القطاعات فتحات اختٌار ٌتم متجانسة الغٌر الطبقات فً -ج

 :التالٌتٌن القاعدٌٌن مراعاة مع ب و أ الفقرتٌن فً سبق كما حدة على طبقة كل وتعامل المختلفة الطبقات

 عن تقل لا لمسافة الناعمة للمواد المصممة المصافً تمتد أن فٌجب الخشنة المواد تعلو الناعمة المواد كانت إذا .١

 .أسفلها التً الطبقة داخل متر

 فتحتات حجم ضعف عن الخشنة للمواد القابلة المصافً فتحات حجم ٌزٌد ألا ٌجب  ( 1) الحالة مثل فً .٢

 .تعلوها التً الناعمة للمواد المقابلة المصافً

 من عدٌدة أنواع وتوجد .المتانة ومتطلبات البكتٌرٌا ووجود الجوفٌة الماء نوعٌة فٌها ٌتحكم المصافً نوعٌة اختٌار

 المقاوم الفولاذ من المصنوعة تلك المعدنٌة المصافً أنواع أشهر ومن .المعدنً وغٌر المعدنً منها المصافً

 الزجاجٌة والألٌاف الصناعٌة اللدابن من نٌةالمعد غٌر المصافً تتكون بٌنما النحاسٌة، السبابك ومن للصدأ

 .وغٌرها

 

 المنتجة للطبقة المكونة المواد بإزالة وذلك بالمصافً المحٌط الحلقً الفراغ فً حصوي غلاف وضع عادة ٌفضل

 ولتحدٌد .لببر الفعال القطر وزٌادة المنطقة هذه نفاذٌة زٌادة بهدف وذلك الحجم فً متدرجة أخشن بمواد واستبدالها

 ممثلة تربة لعٌنات المٌكانٌكٌة التحالٌل بنتابج خاص منحنى رسم ٌجري الحصوي للحزام المناسب الحبٌبً الحجم

 الحجم هذا ٌضرب .الاجمالً.  العٌنة وزن من % ٠٠ لنسبة المقابل الحبٌبً الحجم علٌها ٌعٌن ثم المنتجة للطبقة

 التدرج على الدال المنحنى لرسم البداٌة نقطة الضرب حاصل قٌمة وتعتبر 6- 4 بٌن قٌمته تتراوح ثابت معامل فً

 معامل منحى ٌرسم النقطة هذه خلال من .التدرج من % ٠٠ نسبة مقابل توقع حٌث الحصوي الغلاف حجم فً

 :أنه على التجانس معامل وٌعرف .  2.5 عن ٌزٌد إلا ٌنبغً تجانسه

 

 

 المنحنى طول تغطً بحٌث الحبٌبات أحجام نم خمسة أو أربعة باختٌار الحصوي الغلاف مواصفات إعداد وٌتم

 .الأحجام لهذه المقابلة المبوٌة النسب استقراء ثم ومن

 منها عدٌدة بمواصفات وتتمٌز المثالً الببر تصمٌم عند المهمة الأمور من الحصوي الغلاف مواد نوعٌة وتعتبر

 أسطح وذات مستدٌرة و متجانسة تكون وان دقٌقة مواد من خلوها بها وٌقصد نظٌفة المستخدمة المواد تكون أن

 الصخور من تتكون أن ذلك إلى أضف الدقٌقة، المواد بواسطة الانسدادت عملٌة من والحد للإقلال وذلك ملساء

 صٌانة عند وخاصة مستقبلٌة مشاكل حدوث فً ٌتسبب قد كربونٌة مواد استخدام أن حٌث السٌلٌكاتٌة والمعادن



 مواد فً انسدادات إلى تإدي كٌمٌابٌة تفاعلات تحدث أن ٌمكن حٌث للتنظٌف الأحماض استخدام عند الآبار

 .الحصوي للغلاف النفاذٌة انخفاض إلى تإدي بدورها والتً الغلاف

 ٌنبغً كما كامل حصوي غلاف تكوٌن لضمان سم 0 عن الحصوي الغلاف سمك ٌقل ألا ٌنبغً أخرى ناحٌة من

 الببر جدار إلى الغلاف تخترق أن التطوٌر عملٌة أثناء المبذولة الطاقة تستطٌع حتى سم 28 على السمك ٌزٌد ألا

 .الببر حول من الناعمة المواد وإزالة الحفر سابل بقاٌا من والتخلص الحفر نتٌجة حاصل عطب أي لإصلاح

 لعملٌات المصاحب الارتفاع ذلك فً النقص معادلة لٌمكن المصفاة مستوى من أعلى ٌكون أن ٌجب الغلاف ارتفاع

 .الآبار تنمٌة
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Groundwater is the water that occurs in a saturated zone of variable thickness and depth 
below the earth’s surface 

 

The field of science that is concerned with the study of the occurrence, distribution and 
movement of water below the surface of the earth is called Groundwater Hydrology. 
Geohydrology and Hydrogeology have similar connotations; 

although hydrogeology differs only with its emphasis on geology. 

The job of a groundwater hydrologist is the management of groundwater system. His 
investigation area of interest may be 

local, regional or even across countries. Example of areas in which groundwater studies are 
carried out include 

 evaluation and exploitation of groundwater resources 

 dewatering for construction 

 inflow into a mine shaft or pit 

 seepage beneath or through a dam 

 subsurface return flow from irrigation 

 seepage from canals and reservoirs 

 recharge from rainfall. 

 

AQUIFERS  

Aquifer is a word produced from two Latin words: Aqua, which means water and ferre, which 
means to bear. Therefore, the term Aquifer can literally be understood as Waterbearing 
formation.   

Aquifer can formally be defined as a saturated permeable geological unit that is permeable 
enough to yield economic quantities of water to wells. In other words, it is defined as a saturated 
geological unit that can transmit significant quantities of water under hydraulic head. The most 
important underground water-bearing materials are unconsolidated sand and gravels. But, 
permeable sedimentary rocks such as sandstone and limestone, and heavily fractured or 
weathered volcanic and crystalline rocks can also be taken as aquifer (water-bearing) materials.  

Aquitard is a geological unit that is permeable enough to transmit water in significant quantities 
for large area and long period. However, its permeability is not sufficient to justify the 
construction of production wells to be place in it. In other words, Aquitard is a geologic 
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formation that can transmit water at a relatively lower rate compared to aquifer. Example 
includes formations that are predominantly clays, loams and shales. 

Aquiclude is an impermeable geological unit, which does not transmit water at all. Although this 
formation is capable of absorbing water slowly. It means that this geological formation can store 
water, but cannot transmit it easily. In other words, Aquiclude is a saturated geological unit that 
is incapable of transmitting significant quantities of water under ordinary hydraulic head.  
Example: metamorphic rocks. 

Aquifuge is a geological formation that can neither absorbs nor transmits water (as granite  (  

 

 

AQUIFER CLASSIFICATION  

Aquifers may be classed as confined, unconfined  

A confined aquifer is confined above and below by an impervious (may contain water but can’t 

transmit it) layer under pressure greater than the atmospheric. Therefore, in a well penetrating 
such an aquifer, the water level rises above the bottom of the top confining bed. The water in a 
confined aquifer is called confined or artesian water. Artesian water flows freely without 
pumping and the well producing such water is called an artesian or a free flowing well. 

 

 

 

Unconfined Aquifer (Phreatic, Water table) An unconfined aquifer is one in which a water table 
(phreatic surface) serves as its upper boundary. A phreatic aquifer is directly recharged from the 
ground surface above it. 
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Leaky aquifer A leaky aquifer is also known as semi-confined aquifer as either both the upper 
and the lower boundaries are aquitards or one of them is aquiclude and the remaining is aquitard. 
The water is free to move through aquitards either upward or downward. 
 

 

Recharge and Discharge 

Groundwater recharge represents the portion of rainfall which reaches an aquifer. Groundwater 
therefore owes its existence directly or indirectly to precipitation. Artificial recharge occurs from 
excess irrigation seepage from canals and water purposely applied to augment groundwater 
supplies. Seawater can enter underground along the coasts where the hydraulic gradients slope in 
an inland direction. 

Discharge of groundwater occurs when water emerges from underground. Most natural 
discharge occurs as flows into the surface water bodies e.g. streams, lakes and oceans. Discharge 
to the ground surface appears as springs. Groundwater discharge also occurs by evaporation from 
within the soil and by transpiration from vegetation, that has access to the water table. However, 
pumpage from wells constitutes the major artificial discharge of groundwater. 
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Basic Concepts and Definitions 

I- Physical Properties of Aquifers 

المائية للتكاوين الفيزيائية الخواص  

1- Porosity (n): The porosity of a rock is its property of containing pores or 

voids. It is defined as the ratio of volume of voids Vv to total volume of 

medium (rock) VT; i.e.: 

n = (Vv/VT) 100    

2- Specific Yield (Sy): It is defined as the ratio of total drainable water 

volume (Vw) to the bulk volume of medium (VT); i.e.: 

Sy =(Vw / VT) *100    

3- Specific Retention (Sr): It is defined as the ratio of total retained water 

volume (Vr) to the bulk volume of medium (VT); i.e.: 

Sr = (Vr / VT)*100   

4- Storage Coefficient (S): The ability of an aquifer to store groundwater. It 

is defined as the volume of water that an aquifer releases or takes into 

storage per unit surface area of the aquifer per unit change in head, i.e.: 

S= Vw/(dh *A)   

Where Vw=volume of water released or taken into storage by the aquifer, 

dh= change in the piezometric surface and A= cross sectional area. 

It can also be defined as the ratio of abstracted volume of water from the 

aquifer (Vw) to the dewatered volume of aquifer (Va): 

S = (Vw/Va)*100   

Values of S ranges between 10-6 – 10-2 for confined aquifers. 

For unconfined aquifers it ranges between 0.3-0.01, which is considered 

equal to the specific yield Sy. 

5- Hydraulic Conductivity (K): It expresses the ability of rocks to let the 

water through under any hydraulic gradient. It can be defined as rate of flow 
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of water that can passes through a unit cross section of the aquifer under unit 

hydraulic gradient. It has the unit of velocity (L/t) for example m/day. 

6- Transmissivity (T)   معامل النقولية 

Transmissivity (T) is the product of the average hydraulic conductivity K 

and the saturated thickness of the aquifer (D) i.e. 

T=KD   

It is defined also as the rate of flow under a unit hydraulic gradient through a 

cross-section of unit width over the whole saturated thickness of the aquifer: 

T = Q/wi   

Where Q= Discharge rate, 

w= width of the aquifer 

i= hydraulic gradient. 

Transmissivity has the dimensions of Length2/Time and is, for example, 

expressed in m2/d or cm2/s. 

2-Basic Definitions 

1- Static water level   مستوى الماء الثابت 

The level at which groundwater stands in the well during the pump shut 

down. It is explained by the distance from the surface to the water level in 

the well (m) 

2- Dynamic water level   مستوى الماء المتحرك 

The level at which groundwater stands during the pump operation (m). 

3-Drawdown  الهبوط (s) 

The drop in the groundwater level, it equals the difference between the static 

and dynamic water levels measured at any time after pumping start (m). 

4-Rate of discharge البئر تصريف معدل (Q) 

The volume of water abstracted during a unit of time. Q has a dimension of 

volume/ time i.e. m3/day or l/min. 

5- Cone of depression الانخفاض مخروط 
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A cone of occurs in an aquifer when ground water is pumped from a well. 

In an unconfined (water table) aquifer, this is an actual depression of the water levels. In 
confined (artesian) aquifers, the cone of depression is a reduction in the pressure head 
surrounding the pumped well. 

 

 

6- Radius of influence (R) التأثير قطر نصف 

The radial distance from the center of a well to the point where there is no 

lowering of the water table or potentiometric surface (the edge of the cone of 

depression) (m). 
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Anisotropy and heterogeneity 

 Groundwater hydraulic equations are based on some assumptions. If the hydraulic conductivity, 
K, is independent of direction at any a point in a geologic formation, the formation is called 
isotropic at that point. If the hydraulic conductivity, K, is dependent on direction at a point in a 
geologic formation, the formation is anisotropic. Let, in any xyz coordinate system, Kx, Ky and 
Kz represent hydraulic conductivity values in the x, y and z directions, respectively. If 𝐾𝑥 = 𝐾𝑦 
= 𝐾𝑧at any point, the formation is isotropic, whereas, for anisotropic condition to occur, 𝐾𝑥 ≠ 𝐾𝑦 
≠ 𝐾𝑧. In addition, if the hydraulic conductivity is independent of spatial variation (position) 
within a geologic formation, the formation is termed as homogeneous. And if the hydraulic 
conductivity is dependent on spatial variation within a geologic formation, the formation is 
heterogeneous formation. In homogeneous geologic formation, the hydraulic conductivity, 
K(x,y,z)=C=constant, whereas in heterogeneous geologic formation, the hydraulic conductivity, 
K(x,y,z)≠C. We can say that aquifers and aquitards are homogenies and isotropic if we assume 

that the hydraulic conductivity is same throughout a geologic formation and in all directions. If 
hydraulic conductivity in the horizontal direction Kh is greater than the hydraulic conductivity in 
the vertical direction Kv, this phenomenon is called anisotropy. In fact, lithology of geological 
formation varies significantly horizontally and vertically. For homogeneous, anisotropic 
formation,𝑥(𝑥,𝑦) = 𝐾1 at every point and 𝐾𝑦(𝑥,𝑦) = 𝐾2 at every point, but 𝐾1 ≠ 𝐾2. 

 

 



GROUNDWATER HYDROLOGY هيدرولوجيا المياه الجوفية 
Dr. Rafid      

  

8 
 

 
Steady state and unsteady state flow  
There are two types of well-hydraulic equations and these are steady state flow and unsteady 
state flow equations. The definitions of these flow conditions are given as follows.  
Steady state is independent of time. In this flow state, the velocity may differ from point to 

point, but it will not change with time at any given point in the flow field. As a result, the steady 

state condition, water level does not change with time. For example, the water level in the 

pumping well and surrounding piezometers does not vary with time. The steady state flow 

takes place if pumping aquifer is recharged by outside water resource, rainfall (unconfined 

aquifer), leakage through the aquitard (Leaky aquifer) from upward or downward and directly 

from open water sources. As a result, we can say that steady state flow is attained if the 

changes in the water level in wells and piezometers are very small with time that they can be 

ignored. 

Unsteady state occurs from the time of the star of pumping until steady state flow is reached. 

The flow can be assumed as unsteady state as long as water level changes in the well and pie-

zometers are measurable and cannot ignored. 

 

Hydraulic resistance (HR)  
Hydraulic resistance measures the resistance of vertical flow (upward or downward) through 

aquitard. In other words, it characterizes the amount of leakage through aquitard.The hydrau-

lic resistance can be defined as:  

𝐻𝑅=𝐷𝑣𝐾𝑣  

Here, Kv is hydraulic conductivity of aquitard in vertical direction, and Dv is thickness of aq-

uitard. It is obvious that, for impervious medium, K=0. Therefore, HR goes to infinity. As a 

result, this parameter can measure the resistance of aquitard (semi-previous) formation to up-

ward or downward leakage in leaky aquifers. Hydraulic resistance has dimension of time (Time). 

Leakage factor  
Leakage factor measures spatial variation of leakage through an aquitard in a leaky aquifer. It is 
defined as:  
𝐿=√𝑇 𝐻𝑅  
Lower values of L show high leakage rate through the aquitard, whereas, high values of L show 

low leakage rate. Leakage factor has dimension of Length. 
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Compressibility (α and β) 

It is required to define compressibility of water and porous media separately. Compressibility of 

porous media describes the change in volume caused in an aquifer under a given stress and is 

given as: 

  

Here, VT is the total volume of a given mass of material and dσe, is the change in effective 

stress. 

The compressibility of water is defined as: 

 

 The negative sign is required because of pressure, p, and to make 𝛽a positive number. An 

increase in pressure, dp, leads to a decrease in the volume Vw of a given mass of water. For 

incompressible water, since specific mass =ρ=ρ0= constant, then β=0. 

Specific storage  
Specific storage is defined as the volume of water that unit volume of aquifer release from 
storage under a unit decline in hydraulic head. It is well-known that decrease in hydraulic head, 
h, lead to decrease in fluid pressure and increase in effective stress σe. The decrease in hydraulic 

head causes two results: 1) increase in effective stress 2) decrease in pressure.  
The first one is controlled by aquifer compressibility, α, and the second one is controlled by fluid 

compressibility, β. As a result, Specific storage is given as:  
𝑆𝑠=𝜌.𝑔(𝛼+𝑛𝛽) 

And storage coefficient can be written as:  
𝑆=𝑆𝑠 𝐷  
Here, D is saturated thickness, and Ss is specific storage coefficient. Transmissivity, T, and 
storage coefficient, S, (storativity) were developed for the analysis of well hydraulics in con-
fined aquifer. 
 
Water table  
Water table refers to the boundary between saturated zone and unsaturated zone. In other words, 
it is the upper surface of saturated zone. On this surface, the fluid pressure in pores of porous 
media is atmospheric (p=0). This implies that ψ=0, hence ℎ=𝜓+𝑧, hydraulic head at any point on 
the water table must be equal to elevation of the water table. Therefore,  
h=𝑧 
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Negative pressure  
Ψ=0 at any point on the water table (boundary)  
Ψ>0 at any point under water table (saturated zone)  
Ψ<0 at any point above water table (unsaturated zone)  
Since water in the unsaturated zone is kept in the soil under surface-tension forces, the pressure 
head, ψ is taken as tension head or suction head when ψ<0. As mentioned before, hydraulic head 
is algebraic sum of elevation, z and pressure head ψ. Above the water table, where ψ is taken as 

tension head or suction head, it is not appropriate to measure hydraulic head with piezometers. 
But it can be measured with tensiometer ( جهاز قياس الشد الرطوبى في التربه) .  
 

Saturated, Unsaturated, and Tension-Saturated Zone  
Saturated zone:  
1) The saturated zone occurs under water tables (ψ>0)  
2) The soil pores are filled fully with water. The moisture content, θ is equal to porosity, n (θ=n)  
3) The fluid pressure is greater than atmospheric pressure and the pressure head, ψ is greater 

than zero (ψ>0).  
 
4) The hydraulic head must be measured with a piezometer.  
5) The hydraulic conductivity is a constant. It is not a function of pressure head ψ.  
 
Unsaturated zone  
1) It occurs above the water table and above the capillary fringe.  

2) The soil pores are only partially filled with water. The moisture content is less than the porosity, n.  

3) The fluid pressure is less than atmospheric pressure. This implies that the pressure head is less 
than zero.  

4) The hydraulic head, h must be measured with a tensiometer.  

5) The hydraulic conductivity, K and moisture content, θ are both functions of the pressure head, ψ.  
 
In Summary  
For saturated flow: ψ>0, θ=n, K=K0  

For unsaturated flow: ψ<0, θ=θ(ψ), and K=K (ψ). 
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Hydrologic budget 
A) Processes in the hydrologic cycle:   1) Precipitation   2) Evaporation: a physical/chemical 
response   3) Transpiration: needs plants Plants act as pumps: remove water from the soil, release 
water vapor into the atmosphere.   4) Runoff:    - Is commonly known as stream or channel flow    
- Has 3 components: overland flow, interflow and underflow     (Doesn't just include surface 
flow). 
 

 
 
a) overland flow = flow input from land surface drainage across the land surface (not 
channelized) 
Side note: The terms “overland flow”, “depression storage” and “surface water” are all different. 

Don’t confuse them! 
Overland flow is moving water 
Depression storage is water that accumulates in low spots and is essentially stationary. A 
common name for 
depression storage? A puddle! 
Surface water is water that is stored in ponds, lakes, rivers and streams. This is a broader term, 
that includes runoff. 
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b) interflow: 
Quantity is usually minor 
Describes lateral flow through the unsaturated (soil) zone (Note: unsaturated zone is also called 
the vadose zone) 
The process by which surface water enters the subsurface is called infiltration; almost 
all of the water is the subsurface is placed there by infiltration. The only 
exception is magmatic water, which is added from depth due to de-gassing of 
magma. 
c) baseflow = groundwater input 
Describes lateral flow in the saturated zone (below the water table) that contributes 
to stream flow. 
Note: Underflow is different. Underflow is deep groundwater flow, and is not directly 
connected to surface flow or surface conditions. 
So: In summary, total stream flow (runoff) is the sum of 3 components: 
Runoff = overland flow + interflow + baseflow 
B) Water storage within the hydrologic cycle: 
- Most water is stored as saline water in the oceans (97%) 
- Freshwater: is < 3% of total 
- Within the freshwater component: 
- Glacial storage = 2.14% 
- Groundwater storage = 0.61% 
- Surface water storage = 0.009% 
- Soil moisture = 0.005% 
- Atmospheric moisture = 0.001% 
- Other ways of looking at this: 
- 98% of available freshwater is groundwater, <2% is surface water 
- Groundwater is almost 68 times more abundant than surface water 
- Explains the bias of this course toward groundwater. 
 
C) The Hydrologic Equation: 
- The general equation: Is essentially a problem of conservation of mass: 
Inflow = outflow +/- storage OR: Inflow - Outflow = change in storage 
Inflow = precipitation, surface inflow, loss from a body of surface water, subsurface inflow, 
overland flow, groundwater discharge into a body of surface water. 
Outflow = evaporation, transpiration, surface outflow, soil evaporation, loss of water through a 
stream bed, loss of water to a body of surface water, loss to vegetation, percolation to the water 
table,pumpage, removal to a water supply. 
Change in storage = increase or decrease in subsurface storage, increase or decrease in surface 
storage. 
- Fetter has written a more specific equation to represent the hydrologic cycle from the 
perspective of an aquifer:  
P = R + T + E +/- U +/- Storage terms 
where: P = precipitation R = runoff 
T = transpiration, E = evaporation & U = underflow 
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حركة المياه الجوفية قوانين    

Groundwater Flow Laws 

Darcy's Law 

Darcy law states that the rate of flow through a porous medium is 

proportional to the loss of head and inversely proportional to the length of 

the flow path, or 

v =Q/A or 

v=- Ki= K (Δh/ΔL ) =- K (h2-h1/L) 

where: 

v = Darcy velocity , Specific discharge , Filter velocity (L/T), 

A= cross sectional area normal to flow direction (L3). 

K= Hydraulic conductivity (Coefficient of permeability) (L/T), 

Δh= head loss (L), 

L= distance between two points along the flow path (L), 

i = dh/dl=h2-h1= Hydraulic gradient is simply the slope of the water table 

or potentiometric surface. It is the change in hydraulic head over the change 

in distance between the two monitoring wells. 

 

Validity of Darcy's Law 

Darcy law is valid only for laminar flow, but not for turbulent flow. In case 

of doubt, one can use the Reynold's number (NR) as a criterion to distinguish 

between laminar and turbulent flow. NR is expressed as: 

NR = ( ρ vD/μ) 

Where: 

NR= Reynold's No., 

Ρ= the fluid density, 

v= the specific discharge, 
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D= the average length of the aquifer material, expressed usually as d10. 

μ = the fluid viscosity. 

Darcy law is valid for NR=1- 10. 

  

General Groundwater Flow Equations 

A- Rectangular Coordinates: 

1- Unsteady saturated flow 

In unsteady state flow velocity and head change with time. This figure 

shows a unit volume of porous medium known as element control volume, 

rate of inflow into the unit equals: 

 

 

 

 

 

 
 

qxi= - Txw (∂h/∂x )i                             qx0 = - Txw (∂h/∂x )I  

Tx Transmissivity in the x direction, (∂h/∂x )0 and (∂h/∂x )I hydraulic 

gradients in the inflow and outflow points. 

The rate of flow through the square as found by the Continuity equation, as: 

(qxi -qx0) + (qyi -qy0) = Sw (∂h/∂t ) 

 

if w is extremely small and the aquifer is isotropic, then the equation 
becomes: 

(∂x2/ ∂2h)+(∂2h/∂y2) = S/T (∂h/∂t) 
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This equation is known as Laplace equation for unsteady two 

dimensional flow. For three dimensions it is written as: 

 

2- Steady State Flow 

In steady state flow head does not change with time i.e. ∂h/∂t=0, 

therefore the above equation becomes: 

  

B- Radial Coordinates 

Groundwater flow towards wells is radial. Assuming homogenous and 

isotropic aquifer Lapalce equation for unsteady state radial flow is: 

 

Laplace equation for steady state radial flow is: 
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Second :Unsteady- State Radial Flow 

 الغير مستقر الشعاعي الجريان: ثانيا

Theis's Method 

Theis (1935) was the first to develop a formula for unsteady-state flow 
that introduces the time factor and the storativity. He noted that when a 
well penetrating an extensive confined aquifer is pumped at a constant 
rate,the influence of the discharge extends outward with time (Figure). 
The rate of decline of head, multiplied by the storativity and summed 
over the area of influence, equals the discharge. The unsteady-state (or 
Theis) equation, which was derived from the analogy between the flow of 
groundwater and the conduction of heat, is written as: 

  

Where 
s= the drawdown in m measured in a piezometer at a distance r (m) from 
the well, 
Q= the constant well discharge in m3/d 
T= the transmissivity of the aquifer in m2/d 
W(u) is the Theis well function, it is equal to: 

 

And u is the dimensionless time factor and is equal to 
u = r2S / 4Tt (2) 
Where S= the dimensionless storativity of the aquifer 
t= the time in days since pumping started. 

The values of W(u) were calculated by substituting varies values of u 
in equation(1a), and both were then plotted against each other on a log-
log paper. The curve obtained was called Theis type curve. 
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 Theis Type Curve for confined aquifers.  
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Theis method permits the determination of the aquifer properties T 
and S by means of pumping tests wells. He listed a number of 
assumptions which should be taken into account prior to applying his 
method. They are as follows: 
1) The aquifer is confined; 
2) The aquifer has a seemingly infinite areal extent; 
3) The aquifer is homogeneous, isotropic, and of uniform thickness; 
4) Prior to pumping, the piezometric surface is horizontal; 
5) The aquifer is pumped at a constant discharge rate; 
6) The well penetrates the entire thickness of the aquifer and thus receives 
water horizontal flow; 
7) The water removed from storage is discharged instantaneously with 
decline of head; 
8) The diameter of the well is small, i.e. the storage in the well can be 

neglected. 

Application of Theis Method 

In order to apply Theis’s method a curve matching technique, between 
field data and Theis type curve, is used. 
The step-by-step procedure for determining confined aquifer parameters 
from time-drawdown data by the Theis Type-Curve method is as follows: 
Step 1: Construct Theis Type Curve by plotting W(u) and u on the log-
log graph paper as shown in previous Fig.. Alternatively, obtain a copy of 
this curve from the literature. 
Step 2: Plot field-data curve using observed values of drawdown (s) 
versus r2/t on the log-log graph paper having the same scale as the Type 
Curve. 
Step 3: Superimpose the transparent field-data curve on the Type-Curve 
sheet, keeping coordinate axes of the two graphs parallel to each other. 
Adjust the field-data curve until a best fit of field data points to the Type 
Curve. 
Step 4: Select an arbitrary ‘match point’ on the Type Curve and note 

down the corresponding coordinates (s and r2/t) from the field-data curve, 
and W(u) and u from the Type Curve. Note that the selection of (1,1) 
match point on the Type Curve simplifies the calculation. 
Step 5: Finally, substitute the values of these coordinates and the value of 
Q in Eqn.   

 
 to calculate T. Thereafter, substitute the values of the known variables in 
Eqn  
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 to obtain S. 
  
  

 

 

 

 

From  eq.1:  

       W(u) can be found from the following table: 
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Example : A 30cm diameter well penetrates vertically through an aquifer 
has thickness 18m depth and static water table level is 15 m from the 
ground surface. S=0.01, Q= 1.2 m3/min, T= 218 m3/d/m. Find the water 
drawdown calculated from ground surface in the end of the first, second 
and third year respectively.  

Solution: 

 

S=0.01 , rw =0.15 m , T= 218 m3/d/m, Q= 1.2 m3/min , D = 18 m 

u = r2S / 4Tt 

end of 1st year  u1=(0.15)2 *0.01/4*218*365 = 7*10-10 
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end of 2nd  year u2= u1/2 = 3.5*10-10 

end of 3rd  year u3= u1/3= 2.35*10-10 

from the table: 

W(u1) = 20.5 , W(u2) = 21.2 , W(u3) =21.6 

 

Q=1.2*60*24=1728 m3/d 

s1= 12.9 m    + 15 m (from the  surface) = 27.9 m 

s2= 13.35 m    + 15 m (from the  surface) = 28.35 m 

s3= 13.6 m    + 15 m (from the  surface) = 28.6 m 

 

 الاجراءات الىاجب اتباعها قبل بدء اختبار الضخ  

1- Make sure that the water level in the steady-state. This is done by 
taking several water level readings at different times and then 
calculating the relative error (∞), by using the following equation: 
∞ = (h1-h2 / h1) * 100 

 Where h1= the higher reading (m),and h2 the smaller reading (m). 
If ∞ is equal to 5% or less, then we can consider the flow is in 
steady condition. If not then we must wait until it becomes constant. 
2 -Measure the static water level. 
3- Measure the total depth of the well. 
4 - Measure the diameter of the well and the distance between the main 
welland observation wells, if available. 
5 – Prepare the stopwatch and the data sheet to register the data. 
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Necessary equipment for the pumping test: المعدات الضرورية لفحص الضخ 
1 – One main (pumped) well and one or two observation wells (or 
piezometers), 
2 – A pump 
3-One or two stop watches, 
4-A tape Meter, 
.5 - A device for measuring the depth to the water level, 
6- A device for measuring the rate of discharge of the well. 
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Office Work of pumping test 
The time-drawdown plots obtained from the pumping tests are plotted on 
semi-logarithmic and /or log-lag papers. Each plot serves certain urposes: 
1. Semi-logarithmic paper: 
When using semi-log papers the pumping test data fall along straight 
lines. They benefit the following purposes: 
a- Determining the characteristics of the aquifers (T and S) using straight-
line methods. 
b- Indicating the well-diameter effect. 
C -Determining the well loss. 
D – Indicating the possibility of application of Darcy law. 
2. Logarithmic paper: Log-log paper 
When using log-log papers the pumping test data form curves. They 
benefit the following purposes: 
a- Determine the aquifer characteristics (T &S) of the water-bearing 
layer by curve matching techniques. 
b- Estimating the nature of the homogeneity of aquifer. 
c- If the initial readings fill on a straight line, the well has a large 
diameter well. 
d- If the final readings fill on a straight line, the aquifer is fractured. 
e- Determining the aquifer type from the shape of the curve.

 

 

  



Hydrogeologic Boundaries  

 الهيدروجيولوجية الحدود

They are geological or hydrogeological formations that bound groundwater 
aquifer from one direction or more and influence the groundwater flow in 
the aquifer. They are divided into: 
1- Barrier Boundary المانعة الحدود  
2- Recharge Boundary  المغذية الحدود  

    Multiple boundaries -3المتعددة الحدود

 

1- Barrier Boundaries 

These are geological impermeable formations that surround the 
groundwater aquifer from one side or more and obstruct the movement of 
ground water from or into the aquifer. If we assume the existence of an 
impermeable barrier in the form of a straight line on one side of a 
confined aquifer, the drop in the piezometric surface due to pumping will 
be greater near the barrier compared to the one predicted by the Theis 
equation in the infinite aquifers (see Figure). 

 حركة اعاقة الى وتؤدي أكثر أو واحد جانب من المائية بالطبقة تحيط منفذة غير جيولوجية تكاوين عن عبارة

 أحد في مستقيم خط شكل على منفذ غير حد وجود فرضنا إذا .المائي التكوين داخل الى أو من الجوفي الماء

 من بالقرب اكبر سيكون الضخ من الناتج البيزو متري المستوى في الهبوط فأن محصورة مائية طبقة جوانب

 الامتداد ذات المائية الطبقات في ثايس معادلة على اعتمادا به التنبؤ يمكن الذي الهبوط من عنه المانع الحد

 .اللانهائي

To predict the drop of groundwater level in such a system we use the 
Method Of Images. To achieve this, imagine a well drilled at a distance 
(x) behind the barrier which equals the distance between the real well and 
the barrier and discharging at the same rate (Q) and for the same period of 
time. As a result a cone of depression will form on the other side of the 
barrier in addition to the cone of depression formed by the real well. 
Therefore the two cones will intersect at the boundary, and the resultant 
cone of depression will be deeper near the boundary compared to that 
formed in the infinite extent conditions. 

( Method Of Images) التخيلية الطريقة تستخدم النظام هذا مثل في الجوفي الماء مستوى بهبوط وللتنبؤ

 هذه عن البئر يبعدها التي المسافة نفس تساوي( x) الحدود من مسافة على محفورة بئر نتصور ذلك ولتحقيق

 نفسلو الحقيقية للبئر التصريف معدل نفس يساوي وهو Q بمعدل تضخ الخيالية البئر أن نتخيل وكذلك الحدود

 مخروط إلى بالإضافة المانع الحد من الآخر الجانب على انخفاض مخروط سيتكون ثم ومن الزمنيةة الفتر

 نقطة في المخروطين بين تداخل يحدث لذلك ونتيجة كذلك، المانع الحد عند ينتهي الذي الحقيقي البئر انخفاض

 حدودا يخلق للضخ الهندسي الشكل أن واضحا يصبح فانه اللانهائي النظام في الهبوط مركبتي جمعنا فاذا معينه

 .الحدي النظام في الحقيقية المانعة الحدود مكان نفس في خيالية مانعة



The drawdown in an aquifer bounded by a barrier boundary is: 
s= (sr + si) 

s = Q [W(u)r + W(u)i] / 4πT 
Where: ur = rr

2 S / 4Tt 
             ui = ri

2 S /4Tt 
rr= distance between real well and observation well; 
ri= distance between image well and observation well; 
t= time since pumping started. 

.and the drawdown is doubled i= r rfor all points on the boundary r 

 

 

Figure shows pumping well near barrier boundary  



2-Recharge Boundaries 

When an aquifer is surrounded from one side by a permanent recharge 
boundary such as rivers and streams and the like, it is possible to estimate 
the drawdown in the groundwater level in a well drilled in this aquifer 
near the boundary of an assumed constant head using the method of 
images. If we imagine a river cutting through the entire thickness of an 
aquifer, the drawdown in a well fully penetrating this aquifer can be 
predicted if we imagine a well on the other side of the boundary. The 
image well recharges the aquifer at a constant rate Q equal to the constant 
discharge of the real well. Both the real well and the image well are 
located on a line normal to the boundary and are equidistant from the 
boundary. If we now sum the cone of depression from the real well and 
the cone of impression from the image well, we obtain an imaginary zero 
drawdown in the infinite system at the real constant-head boundary of the 
real bounded system. 

 أيجاد يمكن فانه ذلك شابه وما والجداول كالأنهار ثابتة تغذيه بحدود جوانبها أحد من المائية الطبقة تحاط عندما

 باستخدام الثابت العلو حدود من الطبقة بالقرب هذه في المحفورة البئر في الجوفية المياه مستوى في الهبوط

 من النهر بهذا المحاطة المائية الطبقة في بالهبوط التنبؤ الطبقة فان كامل يخترق نهرا تخيلنا فإذا. التخيلية الطريقة

 على وتقع المغذي الحد عن الحقيقية البئر تبعدها التي المسافة نفس تبعد بئرا إذا تخيلنا تحقيقه يمكن جوانبها أحد

 الحقيقية  البئر من الضخ وان التغذية حد يسار على الحقيقية البئر تقع حين في الحد المغذي يمين

 الجوفية المياه مستوى في انخفاض مخروط تكون الحقيقي البئر ضخ عن وسينتج .(Q) المقدار بنفس والخيالية

. آخر شكلا سيأخذ المخروط فان التغذية حدود وجود عدم حالة وفي التغذية، بحدود سيصطدم المخروط وهذا

 البئر في الانخفاض مخروط يناظر مخروط شكل سيأخذ الخيالية التغذية بئر في الماء مستوى فان وبالمقابل

 بئر في الجوفية المياه مستوى في الهبوط فيها يكون التي المنطقة .التخيلي المخروط ويسمى الحقيقي
 وبعبارة .الفعال التغذية حد موقع هي الخيالية التغذية مياه مستوى في الخيالي الهبوط يساوي الحقيقي الضخ
 المياه ضخ تأثير نتيجة البداية في ستهبط الحدية التغذية انظمه في المحفورة الآبار في المياه مستويات فان أخرى

 فأن الحقيقي الضخ بئر إلى الخيالية التغذية بئر في الخيالي المخروط تأثير يصل وعندما فقط، الحقيقي البئر من
 التوازن حالة إلى تصل حتى بالانخفاض للهبوط الزمنية السرعة وستستمر .تتغير سوف للهبوط الزمنية السرعة

 المحصور المائي التكوين في الهبوط حساب يمكن الظروف هذه وفي التغذية مع التصريف يتعادل عندما وذلك
 .جوانبها أحد من دائمة تغذيه بحد والمحاط

The water levels in wells drilled in the aquifers bounded by recharge 
boundaries drop in the beginning of pumping from the real well and when 
the effect of the image cone of the recharging well reaches the pumping 
well the rate of drawdown changes. The drawdown rate continues to drop 
until it reaches equilibrium state when the discharge equals the recharge. 
In this case we can calculate the drawdown using the following equation: 
 

 s= (sr - si) 

s = Q [W(u)r - W(u)i] / 4πT 
Where: ur = rr

2 S / 4Tt 
             ui = ri

2 S /4Tt 



For a recharge boundary, for all points on the boundary rr = ri and the 
drawdown is zero. 

 

Figure shows pumping well near recharge boundary 

 

3- Multiple Boundaries 
Aquifers might be bounded from two sides or more by hydrogeological 
boundaries. One example is the case of confined aquifers that are 
surrounded by two aquicludes and might be also bounded by a third 
boundary cutting the other two boundaries. There are cases where four 
boundaries cut each other at certain angles (see figure below). 
The drawdown in the bounded aquifer can be found by applying the 
theory of image wells, taking into account the effects of image wells on 
the on the hydrogeological boundaries. 

 المائية الطبقة حالة ذلك أمثلة ومن جيولوجية هيدرو بحدود اكثر أو جانبين من تحاط أن المائية للطبقات يمكن

 الآخرين الحدين يقطع ثالث بحد جانبها من محاطة الطبقة هذه تكون وقد منفذتين غير طبقتين بين المحصورة

 حدود بعده المحاطة المائية الطبقة في الهبوط إيجاد ويمكن . معينه بزوايا متقاطعة حدود أربعة حالة وهناك

 الحدود على الخيالية الآبار تأثيرات الاعتبار في الأخذ مع الخيالية البئر نظريه بتطبيق هيدروجيولوجية
.  الهيدروجيولوجية  

Number of image wells (Ni) can be determined from the angle made by 
the boundaries intersection (We) as follows: 

 



We =  الهيدروجيولوجية الحدود تقاطع يصنعها التي الزاوية   

 

 

Using Theim’s equation to solve Groundwater Wells and Rivers, and 
Well Operations problems 

Theim’s equation: 

 

Example1 / Calculate the steady state drawdown at the pumping well which fully 
penetrates a confined aquifer if the pumping well is 100 m from a river which is in 
full hydraulic connection with the aquifer as shown in the Figure below: 
 

The followings are useful data that can 
be used in calculating: 
Diameter of pumping well = 0.2 m 
Pumping rate = 4000 m3/day 
Transmissivity = 450 m2/day 
Type of utilized aquifer = confined 
Distance between river and pumping 
well = 100 m. 



Answer: 
To estimate the effect of the river, introduce a recharge well as shown in the figure below: 

 

 

Drawdown due to pumping well at the well itself is:  

 

s=Q*ln(r1/r2)/(2πT)  

 but r1= R  ,  r2=rw= 0.2/2=0.10 m 

s1= Q*ln(R/0.10)/(2π*450) 

Drawdown due to image well:    r1=R    r2=200 m 

 s2= Q*ln(R/200)/(2π*450) 

Total drawdown at a well : s = s1 - s2 

 s= Q*ln(R/0.10)/(2π*450) - Q*ln(R/200)/(2π*450) 

 s= 4000*ln (200/0.10)/(2π*450)=10.75 m 

Total drawdown at a well= 10.75 m 

 

Example 2/ What would be the drawdown in a piezometer 150 m from 
the well and 50 m from the river in the previous example? 

Answer: 

Total drawdown at A:  

Total drawdown at A= drawdown from real well - drawdown from imaginery well 

sA= Q(ln (ra/150)-ln (ra/√42500))/2πT 



sA=4000(ln(206.16/150))/2π*450 

sA=0.45 m 

 

 

 

 

H.W1: Repeat example 2 by using Theis Method and the table with 
S=0.01and t= 2 years.                                            (answer:0.49 m) 

 

H.W2: Repeat example 1 if the pumping well is 50 m from a river and 
T=470 m2/d.                         (answer: total s = 9.36 m) 
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Jacob Methods  

 

 

1- The first method: indicates the relationship between time and the 
drawdown (direct relationship), yields values of T & S using the late time 
drawdown data. 

 

2 -The second method gives the relationship between the drawdown and 
the distance (inverse relationship). At least 3 wells must be used and can 
be used to calculate T & S in addition to radius of influence and well loss.  

 

3-The third method similar to the first and relates the drawdown with 
time divided by the square of the distance. 

 

 

Jacob methods were based on Theis’s formula and thus have the same 
assumptions, plus: 
1 - The value of u is very small (u <0.01) 
2 – Time is long. 
 

1- First method of Jacob 

According to Theis’s formula: 

 

 

From u = r2S/4Tt, it will be seen that u decreases as the time of pumping 
t increases and the distance from the well r decreases. Accordingly, for 
drawdown observations made in the near vicinity of the well after a 
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sufficiently long pumping time, the terms beyond (In u) in the series 
become so small that they can be neglected. So for small values of u (u < 
0.01), the drawdown can be approximated by: 

 يمكن اهماله   ln uبعد الحد الثاني في السلسلة  uوجد جاكوب ان قيم 
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The' slope of the straight line, i.e. the drawdown difference Δs as per log 
,Tπ/4to 2.30Q, is equal = 1) ocycle of time (log t/t 

 

 

2- Second Method of Jacob 

Cooper-Jacob Method (Distance-Drawdown) 

Similarly, it can be shown that, for a fixed time t, a plot of Δs versus r on 
semi-log paper forms a straight line and the following equations can be 
derived: 
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  تسجل حيث رصد بئري الأقل على منها آبار ثلاثة استخدام من لابد الطريقة هذه لتطبيق

  :يلي كما بياناتها

  

 عند المختلفة الآبار في الجوفية المياه مستوى في الهبوط قيمة اختبار ذلك بعد يتم
    وهي اللوغاريتمية شبه الورقة على وإسقاطها قراءة آخر استخدام ويفضل ما زمن

  . ( tn, s1n, s2n, s3n) 

 مع التقاطع نقطة تكون حيث المسافة محور مع ليتقاطع ذلك بعد مستقيم خط يمرر
من المعادلتين  S,Tقيمة  إيجاد ويمكن Rمساوية لنصف قطر التأثير  محور المسافة

 المذكورتين اعلاه.

t  بمعادلة حساب قيمة  هناS   تم التي الانخفاض لقيم المقابل الزمن هياعلاه 

 . 0t أي اختبارها

 . إيضاحه سبق كما التأثير قطر نصف إيجاد الطريقة هذه من يمكن

 

The estimates of T and S from log(time)-drawdown and log(distance)-
drawdown plots are independent of one another and so are recommended 
as a check for consistency in data derived from pump tests.. 

Ideally 4 or 5 observation wells are needed for the distance-drawdown 
graph and it is recommended that T and S are computed for several 
different times.. 



Groundwater                                                                                                                          Dr. Rafid 
 

 

• /d3t = 0.35 days and Q = 1100 mxample: E 

/d2T = 0.366 x 1100 / 3.8 = 106 m 

3-S = 2.25 x 106 x 0.35 / (126 x 126) = 5.3 x 10 

 

Determining the well loss 

 البئر فقدايجاد   

Well loss is the difference between the head in the aquifer immediately 
outside the well to the head inside the casing during pumping. 
 

 المقاس الجوفي الماء مستوى هبوط بين الفرق وهو   well loss رئالب فقد قيم إيجاد يمكن

 بسبب البئر كفاءة تدهور نتيجة الفرق هذا ويحدث به، المحيط المائي التكوين وفي البئر داخل

 من كل مع عكسيا البئر فقد يتناسب .الدقيقة الرملية الرواسب بواسطة الآبار مصافي انسداد

   .البئر قطر ونصف المائي التكوين نفاذية

 Step- drawdown  المتدرج الانخفاض اختباريتم استخدام معادلات جاكوب في فحص 
test لفترة البئر يضخ الاختبار لإجراء . العشوائي الجريان وجود حالة في البئر أداء لاختيار 

 sw1 الضخ بئر في الانخفاض قيمة تؤخذ الزمن من فترة وبعد (Q1) معين تصريف بمعدل ما

  sw1         قيمة ثبات حالة وفي آخر قياس يؤخذ أخرى فترة وبعد وتسجل،

 زمن من فترة بعد  sw2 الجديد الانخفاض ويقاس (Q2)الى  التصريف معدل زيادة يتم
 يتم وهكذا sw3ويتم قياس الانخفاض  Q3بعد ذلك يتم زيادة التصريف الى  الثاني التصريف
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تلك  عن الناشئ الانخفاض ويقاس، مرات خمسة أو ثلاثة التصريف معدلات في الزيادة تكرار

الزيادات. ولتسهيل الحسابات يتم اخذ القياسات على فترات زمنية ثابته بين كل زيادة 

 بالتصريف.

 

 

 

 :يلي كما العلاقة تصبح  العشوائي ريانجال حالة وفي

)2( 2=BQ+CQws 
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 مثال توضيحي

To evaluate well loss a step-drawdown pumping test is required. This 
consists of pumping a well initially at a low rate until the drawdown 
within the well essentially stabilize. The discharge is then increased 
through a successive series of steps as shown by the time-drawdown data 
in Figure a below. Incremental drawdowns Δs  for each step are 
determined from approximately equal time intervals. The individual 
drawdown curves should be extrapolated with a slope proportional to the 
discharge in order to measure the incremental drawdowns. 
From Figure b the well loss coefficient C is given by the slope of the line 
and the formation loss coefficient B by the intercept Q=0 
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Lp is the ratio of laminar head losses to the total head losses (this 
parameter can be considered also as well efficiency). 

 وحدة لكل التصريف يةكم تعني specific capacity ( Sc ) عيةالنو السعة
 .خفاضنا

  For Q = 2700 m3/d and s = 33.3 m the B = 0.012 m/m3/d   Example 

 = 18.2 m 2, then CQ5-If C = 4 x 10 

65%) = +18.232.4/(32.4  = pL 

Example : From a step-drawdown test we have determined the value of Sc 
= 320 m3/d/m of drawdown. And the static water level (SWL) in the 
borehole lies at 5 m below ground level, and we want at least 2 m of 
water in the hole above the pump during operation for safety reasons. if 
the client insists on a yield of 2000 m3/d. Find the  water drawdown  in 
the borehole below ground level. 
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Therefore, steady drawdown level will be at around 5 + 6.25 = 11.25 m 
below ground level. 

3-Third Method of Jacob 

 If all the drawdown data of all piezometers are used, the values of s 
versus t/r2 can be plotted on semi-log paper. Subsequently, a straight line 
can be drawn through the plotted points. 
 

 

 

.T & S قيمتي     إيجاد يمكن    

 

Example: The s = 0 on the horizontal axis in (t/r2)0 = 2.45 x 10-4 min/m2 
or (2.45/1440) x 10-4 d/m2. On the vertical axis, we measure the 
drawdown difference per log cycle of t/r2 as  Δs = 0.33 m. The discharge 
rate Q = 788 m3/d. Introducing these values into Equation 1 gives: 

 

and into Equation 2: 
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Leaky aquifers (Semi-confined aquifers) 
 

In nature, leaky aquifers occur far more frequently than the perfectly 
confined aquifers discussed in the previous chapter. Confining layers 
overlying or underlying an aquifer are seldom completely impermeable; 
instead, most of them leak to some extent. When a well in a leaky aquifer 
is pumped, water is withdrawn not only from the aquifer, but also from 
the overlying and underlying layers. In deep sedimentary basins, it is 
common for a leaky aquifer to be just one part of a multi-layered aquifer 
system as was shown in Figure below. The system in this figure consists 
of two aquifers, separated by an aquitard. The lower aquifer rests on an 
aquiclude. 

Aquiclude الكتيمة قاتالطب معظم أن حيث تماما محصورة طبقات وجود يندر الطبيعة في  
 بسيطة ولو كميات بتهريب تسمح أنها فالغالب قطعيا، منفذة غير ماتكون نادرا السفلية أو العلوية

 .انتشارا الأكثر هي محصورة الشبه الطبقات فأن ثم ومن. هبوطا أو صعودا خلالها من الماء من
 والمتكونAquitard منفذة شبه طبقة تفصلهما مائيين تكونين من مكون طبقي تتابع تصورنا اذا

 محجوبا يكون بحيث السفلي المائي التكوين تاما اختراقا بئر يخترق .منفذة غير طبقة يعلو السفلي
 حالة في المائي النظام يكون الضخ قبل .السفلي الكوين في ومفتوحا العلوي المائي التكوين في

 السطح على(العلوي) المحصور غير للتكوين الجوفي الماء مستوى ينطبق بحيث استقرار

 . (السفليالمحصور) شبه المائي للتكوين لبيزمتريا

A well fully penetrates the lower aquifer and is screened over the total 
thickness of the aquifer. The well is not screened in the upper unconfined 
aquifer. Before the start of pumping, the system is at rest, i.e. the 
piezometric surface of the lower aquifer coincides with the watertable in 
the upper aquifer. When the well is pumped, the hydraulic head in the 
lower aquifer will drop, thereby creating a hydraulic gradient not only in 
the aquifer itself, but also in the aquitard. The flow induced by the 
pumping is assumed to be vertical in the aquitard and horizontal in the 
aquifer. The water that the pumped aquifer contributes to the well 
discharge comes from storage within that aquifer and leakage through it 
from the overlying unpumped aquifer. 

 هيدروليكي انحدار يتكون بحيث السفلي للتكوين الهيدروليكي رتفاعالا يهبط البئر يضخ عندما
 في أفقيا  يكون الضخ نتيجة الناشئ ريانجال. المنفذة شبه الطبقة وداخل التكوين ذلك داخل

 من مكونة البئر تغذي التي الماء مصادر. المنفذة شبه الطبقة في ورأسيا المحصور شبه التكوين

 مع. المنفذة شبه الطبقة ومخزون العلوي التكوين تهريب الى اضافة المحصور شبه التكوين

 .العلوي التكوين تهريب ويزداد المنفذة شبه الطبقة مساهمة تقل الضخ استمرار
 خلال المار التهريب كمية مع توازن حالة في البئر تصريف معدل يصبح الزمن من فترة بعد

 .البئر في الماء مستوى هبوط يتوقف بحيث استقرار حالة الى ريانجال ويصل المنفذة شبه الطبقة
  

As pumping continues, more of the water comes from leakage from 
the unpumped aquifer and relatively less from aquitard storage. After a 
certain time, the well discharge comes into equilibrium with the leakage 
through the aquitard and a steady-state flow is attained. Under such 



conditions, the aquitard serves merely as a water-transmitting medium, 
and the water contributed from its storage can be neglected. 
 

 

 Hantush Inflection- Point Method 

لحنتوش الانقلاب نقطة طريقة  

The assumptions and conditions underlying this method are similar to 
Theis‘s assumption except that: 
- The aquifer is leaky; 
- The flow is unsteady, however the steady state drawdown must be 
known. 

 

Hantush (1956) developed the inflection point method. To determine the 
inflection point P the steady state drawdown sm, should be known, either 
from direct observations or from extrapolation. The curve of s versus t on 
semi-log paper has an inflection point P where the following relations 

hold. 



 

 

، وانهى (1921ام ع : العالم العراقي د.مهدي صالح حنتوش )مواليد محافظة الانبار/مدينة هيتملاحظة

، والدراسة الثانوية في بغداد 1936والدراسة المتوسطة في الرمادي عام  1933فيها عام  الدراسة الابتدائية

التحق بالبعثة العلمية بالجامعة الامريكية في بيروت فتخرج بدرجة بكالوريوس شرف في  .1938عام 

وحصل على بعثة علمية اخرى في جامعة كاليفورنيا في الولايات المتحدة الامريكية ونال 1942  الهندسة عام

 ، ثـم التحق بجامعة يوتا في امريكا فحصل على شهادة1947درجة الماجستير في هندسة الري عام  منها

هو صاحب هذه الطريقة وهي طريقة معتمدة في جميع  .الدكتوراه في الهندسة المدنية ـالمياه الجوفية

 المصادر العالمية.

 



 

 : الطريقة

 لوغارتميه شبه ورقه على الحقلية البيانات توقيع ينبغي حنتوش طريقة لتطبيق

:الآتي واتباع  

  

 



 

 

وتساوي المنفذة الشبه للطبقة الهيدروليكية المقاومة :=c 

 c=D-/K- 

 

 Large values of L indicate a low leakage rate through the aquitard, 
whereas small values of L mean a high leakage rate. The leakage factor 
has the dimension of Length, expressed, for example, in meters. 

 

 

 



 

 

 

 أو أعلى إلى سواء للماء الرأسية للحركة المنفذة الشبه الطبقة مقاومة مدى عن يعبر

 الهيدروليكية المقاومة زادت كلما نفاذيتها وقلت الطبقة تلك سمك زاد كلما. اسفل إلى

 من تتراوح الهيدروليكية المقاومة قيم .(أيام) زمن وحدة وحدتها بالعكس والعكس

 .الأيام آلاف عشرات الى الأيام مئات

  

 

 

 



 

Recovery Tests ( إختبار الإستعاضة )الرجوع 

 

 

 

 



 

 

 :الافتراضات

 .لثايس الضخ اختبار طريقة افتراضات نفس

:الطريقة  
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week Date Topics Covered Notes 

1  

Basic Concepts of Groundwater Hydrology  
 
-Introduction of Groundwater 

- What is the groundwater? 

 - Classification and types of groundwater 

   -Basic definitions: (aquifers, Aquitard, Aquiclude, AquifugeUnsaturated zone 

and saturated zone.) 

 

 

2 

 
-Hydrologic budget and groundwater sources. 

 

-Concepts of groundwater pollution 

  

 

3 

 

Aquifers 
-Aquifers classification: ( confined, unconfined and  leaky) 

- Aquifer Parameters: (porosity, recharge and discharge, hydraulic conuctivity, 
transmissivity, storativity, specific yield) 

- Anisotropy and heterogeneity 

 

 
 

 



4 

 Groundwater flow  
- Steady state and unsteady state flow  
- Driving forces of groundwater flow 

- -principles laws of  groundwater flow ( Darcy's law) 

 

 

5  Quiz with resolve problems and discussion  

6 

  Groundwater Resources Development  

- Exploration 

-Evaluation  

-Exploitation 

Geological, Hydrological and Geophysical Methods for Groundwater 
Exploration. 

 

7 

  Wells 
- Well Drilling Methods : 
- Methods of Drilling Shallow Wells: Hand-Dug wells, Bored wells, Driven wells, 
injected well. 
- Methods for Drilling Deep wells:Cable tool method, Rotary method, Reverse 
Circulation Rotary Method. 
 

 

8 
 Exam of Midterm   

9  

Well Completion  
-Placement of casing  
-Cementing of casing 
-Placement of well screen 
-Gravel packing. 

 

10  

Requirememt for Water Well Design 

-  Limitations of dimensions and diameters of casing piping 

-Intake area: design of well screen, gravel pack design. 

 
 

 

11  Quiz with resolve problems and discussion  

12  

Groundwater & Pumping Tests 
-Steady State Radial Flow to Wells: In Confined Aquifers and Unconfined 
Aquifers  
 

 



13  

-Unsteady State Radial Flow: Theis`s Method and its application, 

Jacob`s Methods (Jacob I, Jacob II, Jacob III)  
 

 

14  

-Large Diameter Wells: Valumetric Method (Sen 1983),  
-Discharge calculation from early drawdown data (Sen 1986). 
-Leaky Aquifers: Inflection Point Method (Hantush,1956). 
- Recovery Tests. 

 

15  Quiz with resolve problems and discussion  
      

 


