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Nomenclature 

Dimension 

a linear coefficient of hydraulic resistance 
b non-linear coefficient of hydraulic resistance T ^ l " ^ 
m, m' thickness of aquifer and aquitard, respectively L 
r, rp radial distance from pumped well to observation 

well L 
radial distance from image well to observation 
well L 

w 

u 

well radius L 
s, s' drawdown in main aquifer and aquitard 

respectively L 
s-^ well drawdown L 
t elapsed time from the conimencement of pumping T 

te required elapsed time for the straight line 
method T 

ti time after pumping started, after the boundary 
becomes effective, when the divergence of the 
time-drawdown curve caused by the influence 
of the image well to the particular value of 
drawdown at time tp T 

tp time after pumping started, before the bound-
ary becomes effective, for a particular draw-
down to be observed T 

4Tt 
z vertical co-ordinate above the bottom of the 

main aquifer L 
z' z - m L 
A linear coefficient of well loss TL 

2 B non-linear coefficient of well loss T L 
K, K' hydraulic conductivity of aquifer and aquitard 

respectively LT 
Kp . 

a+b |V| 



Nomenclature (cont'd.) 

Q 

r 
D 

r 
B 

£ 
Dt 

S 
I 

Sg, Sg 

Sy, Sy 

T 
V 
W(u) 

I (X 

well discharge 
Km 
.C Sy 

Kmm' 
K' 

/ K 
Kmm' 

Km 
oc'S y 

storage coefficient of main aquifer 
specific storage of aquifer and aquitard 
respectively 
specific yield of aquifer and aquitard 
respectively 
transmissivity of main aquifer 
absolute flow velocity 
4tv ST 

Q 

Dimension 

L^T- 1 

L -1 

T 2 - 1 L T 

reciprocal of the delayed yield index for water 
table aquitard T 

X 

4m 
K'Ss 
K Se 

(bQT/2Tr m^r) 
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1. Introduction 

The primary objectives of the field studies described herein were 
to apply the theory and numerical studies presented in Section B to actual 
field problems, to develop new methods for analysing pumping test data 
and to evaluate aquifer and aquitard properties with the aid of the finite 
element digital computer programmes. 

To achieve these objectives, an extensive programme of field tests 
was carried out at two widely separated sites, (Fig. 1. 1), where differing 
problems in extracting water have been encountered, namely:-

(i) Site A - Gumly Gumly Island, Wagga Wagga, New South Wales, where 
high yields are possible from a deep aquifer overlain by a confining aqui-
tard. A 16 inch diameter gravel packed production well was constructed 
in a 24 inch diameter hole and screened through the entire thickness of the 
main aquifer. Piezometer tubes were installed in the gravel pack of the 
production well and in a nearby observation well to allow the measure-
ment of head losses during the early period of pumping. 

(ii) Site B - Rosevale, South East Queensland, where a highly variable 
aquifer is overlain by a water table aquitard. Difficulties have been ex-
perienced in extracting water at this site due to small available drawdown 
and variability in thickness and physical characteristics of the aquifer. 
Due to these difficulties, significant aquifer losses near the production 
well have been recorded. 

Two 4 inch diameter production wells, fully screened through the 
entire aquifer thickness were constructed. The two production wells were 
required for trial in-situ two well tests designed to determine independently 
the hydraulic characteristics of the aquifer material local to the pumped 
wells. Samples from the two production wells were collected for perm-
eability tests and sieve analysis in the laboratory. Six nearby observ-
ation wells were also constructed to record the response at various 
radial distances from the pumped well. 

One of the 4 inch diameter production wells was later reamed to 
8 inch diameter to evaluate the effects of diameter on well yield. 
Selection of the size and screen of this reamed hole was based on the 
knowledge of the physical characteristics of the collected samples. 

The following test programmes were executed: 

(i) Site A - A 72 hour constant discharge pump test was performed. 
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Water levels were recorded in the pumped well, in the nearby observ-
ation wells and in three existing distant observation welJs, throughoui 
the duration of the test . 

(ii) Site B - A ser ies of pump tests and recovery tests at various con-
stant discharges was performed on each of the 4 inch diameter production 
wells . Water levels were recorded in the pumped wells and the nearby 
observation wells. 

The in-situ two well tests were then conducted using the two 4 inch 
diameter production wells. 

Finally, to investigate the effects of diameter on well yield, the 
reamed 8 inch diameter production well was then pumped at a maximum 
estimated discharge for a period 48 hours. 

Data collected from the tests at both sites were analysed by the 
following approach:-

(i) Conventional methods of pumping test analysis were first applied to 
obtain approximate values of the gross transmissivity T and storage co-
efficient S for the main aquifer. Existing boundary effects were also 
analysed by image well theory. The results of the foregoing analyses 
were then verified with the aid of a finite difference digital computer 
programme developed by Prickett and Lonnquist (1971). 

(ii) New methods with the aid of the finite element digital computer 
programmes were used to examine more closely the fio\;\- behaviour 
local to the pumped well, and to obtain more accurate values of the 
hydraulic coefficients for the aquifer and aquitard. Predictions of the 
non-Darcy effects and effects of well diameter on yield wert also made 

(iii) The results obtained from the conventional and new methods were 
compared. New field methods for pumpmg test evaluation of the aquif-^r 
and aquitard properties are proposed. 

The following section is intended to be a brief presentation of the 
results of these studies. A general discussion of the conventional and 
proposed methods of pumping test analysis is presented. Development 
of the finite element models for both well-aquiftir systems and pre-
dicted behaviour of transient flow is also discussed. 
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Fig. 1.1: Sites selected for Field Studies, 
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2. Site A- Gumly Gumly I s land , Wagga Wagga, New South Wales 

2. 1 Gene ra l 
The a q u i f e r t e s t at t h i s s i t e was p e r f o r m e d in c o - o p e r a t i o n with 

t he Wate r C o n s e r v a t i o n and I r r i g a t i o n C o m m i s s i o n of New South 
Wales , f r o m S e p t e m b e r 26 to 29, 1972. The g roup of we l l s (F ig . 2. 1) 
is loca ted on an a l luv ia l a r e a of the M u r r u m b i d g e e R i v e r , known a s 
Gumly Gumly Is land , a p p r o x i m a t e l y f ive m i l e s ea s t of Wagga Wagga . 
The cons t ruc t ion f e a t u r e s , ava i lab le d r i l l e r s logs and geophys ica l 
logs in and n e a r the t e s t s i t e a r e p r e s e n t e d in F i g s . 2 . 2 , 2 . 3 and 2 . 4 . 

The g r a v e l packed p roduc t ion well 30638 and the obse rva t i on wel l 
30577 w e r e each f i t t ed with fou r s lot ted P . V . C . p i e z o m e t e r s , (Fig. 
2 .4) , p laced at dep ths ind ica ted in Table 2. 1 and F i g . 2.2«, The p r o -
duct ion wel l p i e z o m e t e r s w e r e p laced equidis tant ly a round and aga ins t 
the outs ide edge of the wel l c a s ing . P i e z o m e t e r s in obse rva t i on wel l 
30577 w e r e spaced s e v e r a l i nches a p a r t and the well hydrau l i ca l ly 
sealed be tween 52 f t . and 110 f t . below ground l e v e l . 

The r e m a i n i n g obse rva t i on we l l s 30568, 30031, 30032 and 30602 
were s c r e e n e d at i n t e r v a l s shown in Table 2. 1 and F ig , 2 . 2 . 

The e f f e c t s of pumping produc t ion well 30638 w e r e m e a s u r e d in 
that well and the g r a v e l pack p i e z o m e t e r s , p i e z o m e t e r s in o b s e r v a t i o n 
well 30577 and o b s e r v a t i o n wel l s 30568, 30602, 30031 and 30032. W a t e r 
levels in the p roduc t ion wel l 30638 and obse rva t ion wel l s 30568, 30031 
and 30032 w e r e m e a s u r e d by f loa t and tape» Obse rva t ion wel l 30602 
was m o n i t o r e d by a cont inuous r e c o r d e r . The g r a v e l pack p i e z o m e t e r s 
and the p i e z o m e t e r s in wel l 30577 w e r e m e a s u r e d by m e a n s of a mu l t i p l e 
contact e l e c t r i c p r o b e developed fo r the m e a s u r e m e n t of r ap id ly f a l l i ng 
water l eve l s ( see Appendix III). 

Pumping was s t a r t e d at 3 .00 p m on Sep tember 26 and was con-
tinued unti l 3, 00 p m on Sep tember 29, a p e r i o d of 4320 m i n u t e s . A 
continuous r e c o r d of w a t e r l eve l s in the produc t ion well , obse rva t i on 
wells and p i e z o m e t e r s was ma in ta ined f o r only 3960 m i n u t e s . The 
pumping r a t e , nomina l ly 48 ,000 igph, va r i ed be tween 50, 100 and 
47, OOOigpho 

The t i m e - d r a w d o w n f i e ld data col lec ted f o r a l l we l l s and pie-
z o m e t e r s which r e s p o n d e d to the pumping i s p r e s e n t e d in Appendix L 
The two p i e z o m e t e r s which p e n e t r a t e d the shal low aqu i f e r a t o b s e r v -
ation we l l s 30031 and 30032 w e r e m o n i t o r e d but showed no r e s p o n s e to 
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Table 2. 1: Radial Distances f rom well 30638 and screened intervals 

Well Piezometer 
No, 

Radial Distance 
f rom 30638 

(ft.) 

Screened 
Interval 
R. L .above 
sea level 

(ft.) 

Remarks 

30638 - 412 - 452 Inside production 
well 

1 

3^ 
4 

-

555 ~ 557) 
480 - 482) 
440 - 442) 
420 - 422) 

Gravel pack 
piezometers 

30577 '̂-^ 5 8 555 - 557 No response to 
pumping 30638 

6 8 485 - 487 
7 8 465 - 467 

i 8 8 420 - 422 
30568 22 416 - 436 
30602 1385 398 - 437 
30032 1 

3 

2600 

2600 

355 - 375 

457 - 465 

No response to 
pumping 30638 

2 2600 540 - 560 
30031 1 3050 533 - 553 

1 i 
I 
i 
1 

1 

1 2 
1 ^ 
1 

3050 353 - 413 No response to 
pumping 30638 

Blocked during construction 
Well 30577 hydraulically sealed f rom 52 ft. to 110 ft. below ground 
surface. 
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Fig. 2 .1 : General Plan of Site A . 
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the pumping of well 30638 and consequent ly have not been included. 

2. 2 Conventional Methods of Pumping Test Ana lys i s 
2 .2 . 1 Select ion of Appl icable Methods 
The methods ava i l ab le f o r analys ing unsteady s ta te constant d is -

charge pumping t e s t data a r e based on the method of ana lys i s f o r a 
fully pene t ra t ing well in a non- leaky confined aqui fe r and constant d is -
charge in t roduced by The is (1935). 

The validi ty of the r e s u l t s obtained by us ing any of the methods 
current ly avai lab le depends to a l a r g e extent on the degree to which the 
hydrogeologic c h a r a c t e r i s t i c s of the sy s t em under invest igat ion a g r e e 
with the b a s i c a s s u m p t i o n s of that method. In the absence of suppor t ing 
data, observed va r ia t ion of drawdown with t ime and d is tance may be in-
te rpre ted in s e v e r a l ways . However, if c a re fu l cons idera t ion of all 
possible i n t e rp re t a t i ons is pur sued , valuable in format ion in addition to 
the hydraul ic p r o p e r t i e s of the aqu i fe r can f requen t ly be obtained. 
Such informat ion inc ludes the na tu re and locat ion of the hydraul ic 
boundaries and the a v e r a g e th ickness of the aqu i f e r . 

The appl icabi l i ty of a method of ana lys i s depends on the governing 
fac tors in a p a r t i c u l a r s i tua t ion . The main governing f a c t o r s which 
influence the appl icabi l i ty of any p a r t i c u l a r method include the flow 
system geomet ry , the t ime range within which the observed data f a l l s 
and the d is t r ibut ion with t ime and dis tance of the col lected da ta . 

The methods ava i lab le f o r the ana lys i s of unsteady s ta te pumping 
test data may be divided into two main ca tegor ies , namely -

(i) Type curve methods 
(ii) S t ra ight l ine me thods 

(i) Type Curve Methods 
The avai lable hydrogeologic in format ion sugges ts poss ib le applic-

ation of the following type cu rve methods for the Gumly Gumly Island 
pumping t e s t s . 

(a) Theis curve fo r a non- leaky confined aqui fer and ful ly pene t ra t ing 
well, constant d i scha rge condit ions and al lowance for exis t ing b a r r i e r 
boundaries (Theis 1935, F e r r i s et a l , 1962). 

(b) Hantush type c u r v e s fo r a leaky confined aqui fer and fu l ly pen-
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etrating well, constant discharge conditions and water released from 
storage in the overlying aquitard (Hantush, 1964). 

-After an initial attempt to match the time-drawdown field data on 
the above curves, it was found that the Theis curve was more suitable 
as the collected field data fell well outside the short time range of val-
idity of the Hantush curves. The Theis curve was used in the sub-
sequent analysis to obtain the coefficient of transmissivity T and co-
efficient of storage S for the main aquifer and to locate the barrier 
b oundaries. 

(ii) Straight Line Methods 

In view of the findings of the previous section the straight line 
method of analysis introduced by Cooper and Jacob (1946) was also 
considered valid and selected for use. 

The assumption (Hantush, 1964) 

T 

or u ^ 0.05 

where tg = required elapsed time 

u 4Tt e 
for the straight line method to apply was checked using the "early time" 
type curve values of S and T before proceeding with the analysis. 

The "required elapsed time" values, tg, that must be attained be-
f o re the straight line method can be applied to the time-drawdown field 
test data for observation wells 30602, 30031 and 30032 are presented in 
Table 2 .2 , 

Table 2.2: Required elapsed time for applicability of the straight 
line method 

Well Required elapsed time te 
(min.) 

30602 
30031 
30032 

496 
1916 
2038 

A check of subsequent values of tg obtained using the values of S 
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and T f r o m the s t r a i g h t l ine method was made with the va lues given in 
Table 2 . 2 . 

Values of te f o r the p roduc t ion well 30638, g rave l pack p i e z o m e t e r s , 
p i ezome te r s in 30577 and obse rva t i on well 30568 w e r e not ca lcu la ted a s 
only values of t r a n s m i s s i v i t y T w e r e obtained f o r those loca t ions , 

2 . 2 . 2 Appl ica t ion of Conventional Methods to the F ie ld Sys tem 
(i) Type cu rve Method 
The obse rva t ion well 30568 and p i e z o m e t e r s in wel l 3057 7 and in the 

gravel pack of wel l 30638 a r e ve ry c lose to the pumped wel l , and t h e i r 
logar i thmic t i m e - d r a w d o w n g r a p h s a r e too f la t to be ma tched on the 
Theis cu rve . Consequent ly , e m p h a s i s was placed on the t ime-drawdown, 
graphs of wel l s 30602, 30031 and 30032 in de t e rmin ing T and S of the m a i n 
aquifer . The The is cu rve t r a c e was s u p e r i m p o s e d on the t i m e - d r a w d o w n 
g raphs of t hese we l l s a s shown in F i g s . 2 .5 , 2. 6 and 2o7, A f t e r a r e l -
atively ea r ly t i m e , the t ime -d rawdown g raphs depa r t ed upward f r o m the 
Theis cu rve , ind ica t ing the p r e s e n c e of b a r r i e r bounda r i e s . 

The type cu rve t r a c e was f i t t ed to the e a r l y t ime-d rawdown f ie ld 
data f o r t he se o b s e r v a t i o n we l l s . Match point co -o rd ina t e s (W(u), — ), 
and (s , t ) w e r e subs t i tu ted in the following equat ions to d e t e r m i n e T and 
S for the a q u i f e r . 

T = ^ ^ W(u) (2,1) 4 -rr s 
4 Ttu and S - V (2,2) 

The d e p a r t u r e s of the t ime-d rawdown f ield data g r a p h s f r o m the 
type cu rve t r a c e w e r e r e c o r d e d and plot ted a s subsequent t i m e - d r a w d o w n 
curves and the type cu rve t r a c e r e f i t t e d to these new g raphs in an 
attempt to de tec t the p r e s e n c e of mul t ip le b a r r i e r bounda r i e s . 

It was found that the r ep lo t t ed d e p a r t u r e s of the t ime -d rawdown 
field data g raph f o r o b s e r v a t i o n wel l 30032 depar t ed f r o m the type cu rve 
t r ace , indicat ing the p r e s e n c e of mul t ip le b a r r i e r b o u n d a r i e s . The r e -
plotted d e p a r t u r e s of obse rva t ion w e l l s 30602 and 30031 did not depa r t 
significantly f r o m the type curve t r a c e fo r the pe r iod of ava i lab le r e c o r d . 

R e f e r e n c e to ava i lab le geologic data of the a r e a su r round ing the 
pumped well r e v e a l e d the p r e s e n c e of two probab le b a r r i e r bounda r i e s . 
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which took the general shape and direction of the valley bedrock form-
ation contours as shown in Fig. 2.8. Consideration of the likely location 
and direction of the two boundaries and the positions of observation wells 
30602, 30031 and 30032 resulted in the following conclusions. 

(a) Observation well 30602 would appear to be closer to the southern 
barrier boundary than to the northern barrier boundary. Con-
sequently its time-drawdown graph would reflect the existence of 
the southern boundary more readily than the existence of the 
northern boundary. 

(b) Observation well 30031 would appear to be closer to the northern 
barrier boundary and its time-drawdown graph would reflect the 
existence of the northern boundary more readily than the southern 
boundary. 

(c) Observation well 30032, being situated at approximately the same 
distance from either boundary as the production well 30638 would 
tend to reflect the existence of both boundaries. The southern 
boundary, being closer to observation well 30032 than the northern 
boundary, would be detected first in the time-drawdown graph of 
this well. 

These deductions were supported by the time-drawdown curves. 

In view of this, the analysis was performed using observation wells 
30032 and 30602 to locate the position of the southern barrier boundary 
and observation wells 30032 and 30031 to locate the northern barrier 
boundary. The location and direction of the barrier boundaries, the 
bedrock formation contours and the approximate locations of the pro-
duction well 30638 and observation wells 30031, 30032 and 30602 are 
presented in Fig, 2.8« 

The Theis curve was also fitted to the late time-drawdown field 
data of observation wells 30602, 30031 and 30032 and values of T and 
S obtained for the aquifer. 

The values of T and S obtained by fitting the Theis curve to early 
and late time-drawdown data of observation wells 30031, 30032 and 
30602 are presented in Table 2.3. 
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Table 2.3: Summary of T and S values obtained by fitting the Theis 

curve to early time and late time-drawdown data. 
Theis curve fit - early time 

Well Radial 2 , Well 
Distance (ft.) . T(ft /min) S 

30602 1385 8.5 4 .4xl0"^ 
30031 3050 7.28 3oOxlO~^ 
30032 2600 6.8 4. 1x10""^ 

Mean values 7.52 3. 83x10""^ 
Theis curve fit - late time 
30602 1385 3.42 8.2x10 
30031 3050 3.42 3. 53x10"^ 
30032 2600 3.42 4. 05x10"^ 

Mean values 3.42 5. 26x10"^ 

(ii) Straight Line Method 

The time-drawdown field data for the pumped well 30638, observation 
piezometers 30638 (1), 30638 (4), 30577 (6), 30577 (7), 30577 (8) and obs-
ervation wells 30568, 30031, 30032 and 30602 were plotted on semilogarith-
mic paper. 

A straight line was fitted to the time-drawdown field data graph of 
all wells as shown in Figs. 2 , 9 , 2.10 and 2.11. The slope of the straight 
line was substituted in Equation (2.3). 

T = 2.3Q (2.3) 
4 T T 

^ s 
Alog^.t 

to obtain the coefficient of transmissivity T. The coefficient of storage 
S was determined for observation wells 30602, 30031 and 30032. No 
attempt was made to obtain values of the coefficient of storage for the 
production well 30638, observation piezometers 30638 (1), 30638 (4), 
30577(6), 30577 (7), 30577 (8) and observation well 30568. The inter-
cept to of the straight line at zero drawdown and the coefficient of 
transmissivity T were used to determine the value of the storage co-
efficient S by substitution in Equation (2,4). 

S = 2.25 T t o (2.4) 

A summary of T and S values obtained are presented in Table 2.4 
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Table 2.4: Summary of T and S values obtained from the 

Well Piezometer 
No. 

Radial 
Distance 

(ft.) 
2 ^ (ft /min) S 

30638 ... 4. 26 _ 

(1) - 3. 34 -

(4) - 4. 25 -

30577 (6) 8 4.04 
(7) 8 4. 18 -

(8) 8 4. 18 -

30568 22 4. 26 _ 

30602 - 4 30602 1385 3. 21 8. 85 X 10 
„ 4 

30031 3050 3. 21 3. 03 X 10 
- 4 30032 2600 3. 21 3, 85 X 10 
- 4 Mean 3. 81 5. 24 X 10 

Revised values of the required elapsed time tg were computed using 
the values of T and S obtained from the straight line method for observ-
ation wells 30602, 30031 and 30032. A summary of the values of tg 
obtained using the "early time" type curve method and the straight line 
method is presented in Table 2.5. 

Table 2 5: Comparison of tg values obtained from type 
curve and straight line methods. 

Well Early time type Straight line Well curve method method 
te te 

(min) (min) 
30602 496 2644 
30031 1916 4390 
30032 2036 4054 

(iii) Radial Distance-Drawdown Graphs 

A semi-logarithmic graph of radial distance against drawdown 
(natural scale) was made using the drawdowns in wells 30638, 30638 (4), 
30577(8), 30568, 30602, 30031 and 30032 for a time t of approximately 
3800 minutes, and is presented in Fig. 2. 12, 
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This graph would suggest the flow of water through the system 
falls in the linear regime of aquifer losses as no significant screen loss 
or non-linear aquifer loss can be detected. 

2o2.3 Regional Flow Model Verification 

The results of the analysis of Sec. 2 .2 ,2 using the conventional 
methods of pumping test analysis can be verified with the aid of two 
methods currently available, namely:-

(i) finite differences digital computer programme 
(ii) image well simulation digital computer programme. 

(i) Finite Differences Digital Computer Programme 

Prickett and Lonnquist (1971) presented generalised digital computer 
programmes that can simulate two and three dimensional nonsteady reg-
ional flow of groundwater in heterogeneous aquifers under water table 
and non-leaky and leaky confined conditions. 

They used the finite difference approach to approximate the govern-
ing differential equation of groundwater flow and adopted a modified 
alternating implicit direction method to solve the resulting set of finite 
difference equations. For given T and S values and boundary geometry, 
drawdowns can be predicted for given pumping conditions. 

Their two dimensional non-leaky confined aquifer digital computer 
programme has been adapted and used to check the results obtained for 
the Gumily Gumly Island aquifer. Written in FORTRAN IV, it has been 
modified for use on an IBM 360 system model 50 computer with a G 
level compiler. A flow chart diagram of the programme is presented in 
Fig. 2. 13 and a listing of the programme presented in Appendix IV. 

The early time mean values of T and S of Table 2. 3 and the bound-
ary geometry of F igo 2. 8 were inserted as data in the programme. 

A uniform finite difference grid (Fig, 2. 14) of 13x61 nodes, at SOO 
ft» spacings, with non-uniform time increments was used to simuiatt 
the field situation. 

The results of the computer simulation and the time-drawdown 
field data for observation wells 30602, 30031 and 30032 are presented in 
Figs. 2o 15, 2o 16 and 2. 17. 
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For observation wells 30031 and 30032, the time-drawdown field 
data have been compared with the computed time-drawdown curves of the 
two nearest nodal pointsc The time-drawdown field data of well 30602 have 
been compared with the time-drawdown computer simulation data at the 
nearest nodal point (Table 2. 6)o 

Table 2.6: Nodal Points chosen for comparison with Field Data 
Well Computer Simulation 

Nodal Points 
30602 (4,29) 
30031 (5,26) 

(5,27) 
30032 (9,27) 

(9,28) 

The computer simulation results show a tendency to deviate from 
the field data points at time values greater than 1000 minutes from the 
commencement of the test. This is due, in part, to the fact that the end 
node rows (j = l and j = 61), of the finite difference grid behave as if a 
barrier boundary exists one half nodal distance beyond these end rows. 

To eliminate the end node effects would have required an enormous 
increase in the number of nodes with a resultant increase in the computational 
time. Alternatively, a non-uniform grid spacing could have been used but 
the saving in computational time on the computer is not offset by the in-
crease in time of data preparation for insertion in the programme as pre-
sented by Prickett and Lonnquisto Use of a non uniform grid spacing 
would require preparation of node cards for each node in the grido 

However, with the finite difference grid used, the digital computer 
simulation of the regional flow, as suggested by the conventional methods 
of pumping test analyses, agrees reasonably well with the time-drawdown 
field data for times less than 1000 minutes for each of the observation 
wells 30602, 30031 and 30032. 

(ii) Image Well System Simulation 

An alternative method of verifying the results of conventional meth= 
ods of pumping test analyses is to feed back the data obtained into the 
analysed image well system. The image well system used is presented 
in Fig. 2. 1 8 o 
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The method is based on the image well theory of Ferris et al (1962). 
A simple FORTRAN IV digital computer programme based on this theory 
was prepared and used on an IBM 360 system model 50 digital computer. 
A flow chart of the programme is presented in Fig. 2. 19 and a listing of 
the programme in Appendix Vo 

Again the early time mean values of transmissivity T and storage 
coefficient S for observation wells 30602, 30031 and 30032 and the bound-
aries analysed were used as data« 

Graphical comparison between the field data points and the image 
well simulation curves are presented in Figs, 2.15, 2,16 and 2.17. 

2,3 Computer Method of Pumping Test Analysis 

2.3.1 Introduction 

The basic approach in investigating well flow by finite element tech-
nique, previously outlined in Section C, was adoptedo A mathematical 
model for the existing well-aquifer system was first developed, and a 
fiQite element model was constructed to simulate the actual flow behaviour 
of the system. Type curves representing the general flow behaviour were 
produced and matched against the actual field data to obtain approximate 
values of the hydraulic coefficients for the aquifer and the overlying aqui-
tard. The computed coefficients were then fed into the model to predict 
the actual response to pumping of the field system, and the predicted be-
haviour compared to the measured response. Adjustments were made 
to the values of the hydraulic coefficients until satisfactory agreement be-
tween the predicted and measured responses was obtainedo 

2.3.2 Mathematical Formulation of Flow Problem 

A sketch of the mathematical model for the Wagga Wagga aquifer system 
is as shown in Fig, 2o20, The following assumptions were made -

(i) The aquifer and the aquitard are of infinite radial extent and of constant 
thicknesses, 

(ii) Both the aquifer and the aquitard are homogeneous and isotropic. 
The flow is considered radial in the aquifer and vertically downward 
in the aquitard, 

(iii) The pumped well is fully screened through the entire thickness of the 
main aquifer, and pumping occurs at a constant rate. 
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(iv) N o n - D a r c y flow and r e s u l t i n g n o n - D a r c y and s c r e e n l o s s e s a r e 

negl ig ib le , (The l o s s e s ac tua l ly m e a s u r e d w e r e v e r y s m a l l a s the 
pumping r a t e of 48, 000 igph was not suf f ic ien t ly g r e a t to induce 
n o n - D a r c y flow around the 16 inch s c r e e n wel l with 4 inch thick 
g rave l pack) . 

(v) The top of the over ly ing aqu i t a rd i s i m p e r m e a b l e and hence no 
flow a c r o s s i t i s p e r m i t t e d . 
Fol lowing these a s sumpt ions , the equat ions d e s c r i b i n g flow in the 

s y s t e m and the co r r e spond ing ini t ia l and boundary condi t ions a r e as 
fo l lows: -

a z 
/ / / / / / / / / Z / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / / 

f / m 

m 

Fig , 2 .20 and Mathemat ica l Model of the Wagga Wagga Wel l -
Aqui fe r Sys tem. 

Le t S and 5 denote drawdowns in the aqu i fe r and the aqu i t a rd 
r e s p e c t i v e l y . The equation fo r drawdown in the ma in aqu i fe r is^ 

a s ) ^ K' 
m 3 z ^ ^ - i r d r ^ r 3 r 

The co r r e spond ing ini t ia l and boundary condit ions a r e given by -

(2.5a) 
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= 0 (2.5b) 
t) = 0 {2,5c) 

= - Q (2.5d) 
2 TT K-m r ^ 

The equation for drawdown in the aquitard takes the form 

K' d^S ' _ S (2,6a) 
3 z^ " ^ at 

With the following initial and boundary conditions 
/ 

'^(r, z,0) - 0 (2,6b) 

S^(r,m,t) = S(r, m,t) (2.6c) 
/ 

(r, m + m',t) = 0 (2.6d) a z 
where 

K, S , m and K', S'g, m' are the coefficients of hydraulic conductivity, 
specific storage and thickness of the aquifer and the aquitard respectively. 

Asymptotic solutions of short and long time drawdowns in the aquifer 
were first obtained by Hantush (1964), They may be written in the follow-
ing forms:-

S' m'^ (i) Short time solution t —^ 
lOK oO 

- L£ 

f ef erfc\ /g^'" _ ] ctif (2.7a) 
Ji 't ' 

= /IS ' ^̂  - ^ 
4Kt 

S' S (ii) Long time solution, t > both ^ , ^ and 30 4 r^^ 
K ^ oO 

- U Q e 
4 7rKm i u ^ 

2 

du (2,8a) 
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S^m (2,8b) 

A s h o r t t ime solution of drawdown in the aqu i t a rd was f i r s t obtained 
by Neuman and Wi ther spoon (1969), and may be wr i t t en a s 

whe re 
W 

/ / 

g -WC , t ^ i . ) (2,9a) 
4-7rKm 

- u / ¿ I ^^^^ [ /B-fH 
^ / V ^ C ^ - ^ ) (2,9b) 

/ / Z/rn 

-Dl 

( z - m ) / ^ ^ f ^ C V - " ^ (2,9c) 

K t (2e9d) 
The above a sympto t i c solut ions a r e r ead i ly evalua ted numerical ly, , 

Compute r subrou t ines f o r t he i r evaluat ion w e r e wr i t t en so that they may 
be u sed to check the f in i te e lement r e s u l t s . The s h o r t t i m e solut ions 
w e r e a l so u sed as s t a r t i ng values f o r the f in i te e lement p r o g r a m m e to 
compute approx ima te solut ions a t l a t e r t i m e s . 

2 . 3 , 3 Design and Cons t ruc t ion of F in i te E l e m e n t Model 
^r- 1-5 

Fig , 2 ,21 : Typica l two-d imens iona l f in i te e lement network, 
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Designing a finite element model involves selection of the type 
of network and elements in the network» A more elaborate network 
usually means a greater degree of accuracy but an increase in com-
putational time. Thus, in making a proper choice, one needs to balance 
the required accuracy with computational cost, 

A two-dimensional finite element model for a general multi-layered 
well-aquifer system was constructed« A typical network representing a 
radial cross-section through the three-dimensional axisymmetric region 
of a two-layered system is shown in Fig, 2, 21, The network is auto-
matically generated by the computer programme. Rectangular ring 
elements are employed in each subregion of each layer whilst triangular 
ring elements are used in the transition zone connecting the two adjacent 
subregions. The sizes of elements are graded uniformly with radial dis-
tance from the pump well® To cover a reasonably large value of the 
external radius rQ^(approximately 5000 to 10,000 ft , ) , the horizontal 
width of the elements in a vertical block is made 1,5 times the width of 
those in the previous block ( Ari = 1, 5 Ar^^^) until a maximum width 
Ar^nax is exceeded. As flow in the aquitard region is associated with 

steep vertical hydraulic gradients, the region is split up into a larger 
number of elements, particularly in the zone in close proximity to the 
pumped well, 

2o3,4 Calibration of Finite Element Model 

Finite element model calibration involves comparison of the model 
results with known analytical solutions or other kinds of solution obtained 
for the same flow cases. From the comparisons, assessment of the 
accuracy of the model solution may be made, and a minimum number of 
nodes in the network determined to achieve a certain required accuracy. 

Q = 250 c , f ,m, 

z A I 
I ! 

/ K = 
s. 

K = 

r 

o-ool t̂/mv̂ .̂. 

c-1 -Pt./m/^ 
0 1X10̂  H 

ion 

4 0 f t . 

Fig, 2,22: Flow System for Test Problem 
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A typical flow problem was formulated for the purpose of model 
calibration. The problem data are given in Fig.- 2« 22. Two combinations 
of mesh pattern and time discretisation were used, as shown in Fig, 2,23, 
to allow the study of convergence and stability of the finite element sol-
utions, For the first combination, a coarser mesh and time steps were 
used. The mesh and time steps were later refined to obtain better 
accuracy, 

Fig= 2o24 shows dimensionless logarithmic plot of drawdown vs time 
for various nodes located in the aquifer whilst the plot in Fig= 2,25 rep-
resents general drawdown-time relationship for different nodes in the 
aquitard, all located at the same radius from the pumped welL It is 
seen that the finite element results check quite closely with the analytical 
solutionso Some deviation from the analytical curves are present along 
the steep portions of the curves. The deviation becomes much smaller 
when the second combination of refined mesh and time steps is used. 

For the coarser mesh, a study aimed at finding out whether the 
use of rectangular ring elements is beneficial was also performed. The 
results show that for the same number of nodes a combination of rect-
angular and triangular elements gives more accurate results than tri-
angular elements alone. This is to be expected since constant hydraulic 
gradient is assumed within each triangle, 

2, 3,5 Behaviour of Well-Aquifer System 

The general behaviour of transient flow towards a pumped well in 
multi-layered aquifers is best described in terms of dimensionless re -
lationships between drawdown in the system and time. For a two lay-
e red confined aquifer-aquitard system, the general drawdown-time re -
lations may be written in the following forms: -

For the main aquifer 

4JLT5 = W C IX., /B, r / B ) (2,12a) 
a ' 

and for the aquitard 
/ 

^ (2.12b) 
Q 

where 
W = generalised well function 
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u 
4Kt 

4m K Ss 

B 
K 

Kmm' 

T = transmissivity of the aquifer = Km 

z ' /m ' = ( z - m ) / m 

Q 
/ 

^ . S 

/ i / ( r / B ) 

= well discharge 

= drawdowns in the aquifer and aquitard respectively 

= T 

^ and ^ referred to as dimensionless storage and leakage 
facTors for the flow system respectively. 

Equations (2, 12a) and (2, 12b) may be represented by type curves 
of 1/u versus W (u) for various values of /9 , — and z / m 

' B 
To obtain families of such curves for a practical period of pumping 

time, several flow problems were formulated and solved by employing 
the previously calibrated finite element model. To save computer time, 
a value of initial time to = Sg' m'2 ^ ô̂ g ^sed for all problems. The 
initial nodal drawdowns in lOK the system were computed from equ-
ations (2e7) and (2.9) respectively. Knowing the iny:ial drawdowns, the 
drawdowns at the end of the first and subsequenf^steps could be computed 
by the programme. Due to good stability characteristics of the solution 
scheme previously described in Section B, large time steps could be 
used. The time steps were graded uniformly such that the next time 
step was approximately 1.4 to 2.0 times the current time step 
( L t̂ .̂;̂  = f x f = 1.4 to 2)o Approximately 25 time steps were 
required to cover 6 to 7 log cycles of the type curve plot. For each 
flow problem solved, the ratio ^ / ( ^ ) is constant for all the type 
curves so obtained. Typical results are shown in Figs. (2.24) to 
(2.29). It is seen that each type curve consists of a steep portion for 
early times when the response to pumping is rapid, and a flatter 
portion for later times when the response becomes much slower. 
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The curves in Figs, 2,25 to 2. 27 correspond to the points in the 
system situated at the same radius from the pumped well but at different 
heights above the top of the main aquifer. As indicated, the type curves 
are vertically and horizontally spread in each figure. The vertical 
spread represents the vertical hydraulic gradient at different points in 
the aquitard at a certain radius from the pumped well whilst the horizontal 
spread provides a direct measure of time lag in the drawdown between 
these points. It is noted that the spread between the type curves de-
creases as the magnitudes of ^ and £ increase, for constant ß H L ) , and 
that when the ratio ß I {JL) increase^the spread also increases, IS 
fact was used to great advantage in matching the field data against the 
computed type curveso 

It can also be seen that the curves in Figo 2c 26 and 2» 27 all merge 
into one curve at a certain time when there is negligible vertical leakage 
from the aquitard into the top of the aquifer; for a radial distance r 
m + m where the partial penetration effect is negligible. 

Figs, 2,34 and 2,33 show the family of type curves of drawdown 
versus time for various points in the aquifer located at different radii 
f rom the pumped well. In each figure, the early and late time Theis 
curves are also shown. The late time Theis curve was constructed by 
using Equation 2, 8 whilst the early time curve was constructed in the 
usual manner. It can be seen that the horizontal spacing between the 
two Theis curves is directly proportional to the ratio ^ — ^/S^^ 
and that all type curves for the main aquifer approach and Coincide with 
it for t ;> ^ ^s o This fact suggests that the conventional method of 

K' 
matching the long time field data obtained from a distance observation 
well against the classical Theis curve should give an accurate estimate of 
the transmissivity coefficient for the aquifer but a gross over-estimate of 
its coefficient of storage, 

2 ,3 ,6 Evaluation of Hydraulic Properties of Aquifer and Aquitard 

A preliminary estimate of the gross hydraulic properties of the main 
aquifer was made by applying conventional methods of pumping test analysis, 
which neglect vertical leakage from the overlying aquitard to the top of the 
aquifer. 

To determine more accurately the values of the hydraulic coefficients 
of the aquifer material local to the pumped well and the hydraulic properties 
of the aquitard, the following procedures were adopted. 
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4Ki 

Figo 2,24; Type curves for the main aquifer of a confined aquifer-aquitard system. 



i/u »4Kt/r^s, 

Fig, 2,25: Type curves for the overlying aquitard of a confined aquifer-aquitard system, 
showing convergence of the finite element solutions. 
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Fig. 2,28: Type curves for the main aquifer of a confined aquifer-aquitard system. 
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Fig. 2. 30: Matching of Field Data on Type Curves for Main Aquifer. 
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Fig. 2.31: Matching of Field Data on Type Curves for Main Aquifer. 
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(i) The drawdown-time data collected from pumped well 30638, and ob-
servation wells 30577 and 30538 were converted to a log-log plot of s 
versus t on a piece of transparent paper for observation points in the 
main aquifer inside and close to the pumped well (r = 1, 8%).The plot 
was then matched on a selected family of dimensionless drawdown^time 
curves for the main aquifer as shown in Figs, 2. 30 and 2,31, Matching 
was performed by shifting the field data over the type curve plot while 
maintaining their axes parallel and ensuring the late time portion of the 
field data fell on the late time Theis curve. Satisfactory matching was 
found when the remaining portion of the field data coincide with the 
corresponding type curve branching from the late time Theis curve. 
The final match is shown in Fig, 2. 33, The values of the dimensionless 
parameters for the matched family of curves B and ^ were determined. 

B 
(ii) Time-drawdown data for all derivation points in well 3057 7 
(at z / m = 0, 0,25 and 0.75) were plotted on another piece of transparent 
paper. Using the values of ^ and _£_ obtained from (i), the. type 
curves for z ' /m ' = 0, 0,25 and 0.75 w§re constructed and matched on the 
field data plot. Minor adjustments of the values of ^ and _L were found 
necessary to obtain a satisfactory match. The final match ® and values of 

and ^ are shown in Fig, 2,32. A match point was selected to determine 
the hydraulic coefficients K, Sg and k ' , S'g for the aquifer and aquitard re -
spectively. The calculation is presented as follows 

Let (V/.̂  1/u) and (S , t ) be the coordinates of the match point. 

The coefficients of hydraulic conductivity and specific storage of the 
main aquifer are given by 

K = (2.13a) AfiS m 
and _ 4Ktu (2, 13b) 

where W(u) = 0.40 ; — = 0.115 x 10^ u 
5 = 1 ft; t = 200 min, 
r = 7 ft; Q = 128 c , f , m . 

Hence 

K = 0 ,103f t /min 

Sg = 0,72x10"^ ft. 
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Let ^ and ~ be the values of the dimensionless storage and 
leakage factors for the selected family of type curves'. The hydraulic 
coefficients of the aquitard are obtained from 

and 

k ' - ) K mm' 
JD 

-

s' = m^ K Sg 
K' r2 

(2„ 10a) 

(2, 10b) 

where 
B .018 ; p = ,008 

m" = 45 ft; r = 7 ft. 

K = 0 .103ft /min; Sg = 0, 72x10" ^ ft" ^ 

Hence 
K = .0012ft /min 

- 1 Sg = 0. 29 X 10 ^ ft 

(iii) The values of K, Sg, K and Sg' calculated in (ii) and the actual data 
of the field system were fed into the finite element model, and the flow 
problem was solved for Q = 128 cfm and puniping period t = 4320 min. 
The calculated drawdown versus time relationships at selected nodes in 
the aquifer were finally compared with the field data plot for the correspond-
ing points in the field system. Fig. 2.38 shows such a comparison. It is 
seen that there is good agreement between the predicted and the actual be-
haviour of the field system. 
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3, Site B ° Roseva l e , South E a s t Queensland 

3« 1 Genera l 
The p r o g r a m m e of aqu i fe r t e s t s at this s i te was p e r f o r m e d in co-

operation with the I r r i g a t i o n and Water Supply Commiss ion , Queensland, 
at a location c lose to the B r e m e r R ive r , approximate ly 1 mi le eas t of 
Rosevale (Fig. 3, 1)« 

The t e s t ing p r o g r a m m e conducted was designed in such a m a n n e r 
that the i n fo rma t ion obtained f r o m p r e l i m i n a r y t e s t s on each of two c losely 
spaced t r i a l holes and i n - s i t u two well t e s t s on the pa i r of holes could be 
used to p red ic t the p e r f o r m a n c e of a l a r g e r product ion well at the s a m e 
site. Consequently the t e s t i ng p r o g r a m m e can be cons ide red to be com-
prised of t h r e e s t a g e s , namely2-

(i) P r e l i m i n a r y t e s t s 
(ii) In - s i tu two well t e s t s 
(iii) P roduc t ion well ver i f i ca t ion t e s t s 

3. L 1 P r e l i m i n a r y T e s t s 
The group of t r i a l wel l s and observa t ion wel ls used f o r the p r e l i m -

inary t e s t s i s a s i l l u s t r a t e d in F ig , 3 . 2 , The cons t ruc t ion f e a t u r e s and 
available d r i l l e r s logs at the t e s t s i te a r e p r e sen t ed in F ig . 3. 3. Wells 
1, lA, 2, 3, 4 and 5 w e r e d r i l l ed us ing a pe r cus s ion dr i l l ing r ig , with 
continuous sampl ing p e r f o r m e d on wel l s 2 and 3 . Collected s a m p l e s 
were sealed with p a r a f f i n wax in me ta l con ta ine rs and t r a n s p o r t e d back 
to the Water R e s e a r c h L a b o r a t o r y , where a s ieve analys is and pexmeam--
eter tes t w e r e pe r fo rmed» * A s u m m a r y of the s amples used fo r the 
sieve analys is and p e r m e a m e t e r t e s t s i s p r e sen t ed in Table 3 . 1 . 

Table 3-. 1; Samples u s e d f o r Sieve Ana lys i s and P e r m e a m e t e r T e s t s 
Well 

No, 
In terval 

(R«L. a s s u m e d , f t , ) 
(a) Sieve Ana lys i s 2 56„25-=56. 95 
(b) P e r m e a m e t e r Tes t 2 52.75-53o85 

5 3 . 8 5 - 5 6 , 2 5 
5 6 . 9 5 - 5 8 . 7 5 
5 8 , 7 5 - 6 0 . 3 5 

3 51,66"52„66 
52 ,66-54„13 
5 4 , 1 3 - 5 6 , 4 0 
56«40-57.75 

vu rt _ - 5 7 . 7 5 - 6 0 , 7 5 
i »i/c.J -v-./-. -5 y-N-vtÎ +-t 7- /-»-P m n 

by washing. T h e s e would then be m o r e r e p r e s e n t a t i v e of the m a t e r i a l 
local to the we l l . 
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The results of sieve analysis is presented in Fig» 3.4. Originally 
it was intended to drill one production well using a rotary drilling rig and 
thereby make a comparison between samples taken from this rig and those 
obtained from the percussion drilling rig. However, due to the large 
size of the material encountered this intention had to be abandoned and all 
wells completed using the percussion drilling rig. 

Wells 2 and 3, spaced 10 ft, apart, were used as trial production 
wells. Wells 1, lA, 4, 5 and 14S9A were used as observation wells, 
The screened intervals of all wells are as presented in Table 3 .2 . 

A schedule of all pumping tests performed is presented in Tables 
3.3, 3,4 and 3, 5. Pumping test s-on production wells 3 and 2 were per-
formed during the periods of June 8 - 15, 1972, and June 19 ~ 29, 1972 
respectively. 

Table 3,2: Radial Distances from Wells 2 and 3 and screened 
intervals of Observation Wells at Site B. 

Well Radial Distance Radial Distance Screened Interval 
from Well 2 from Well 3 R .L . assumed 

(ft. ) (ft«) (ft. ) 
1 28e0 38.0 52 - 56 
lA 29.25 39.25 81 - 83 
2 - 10.0 51 - 61 
3 10. 0 - 51 - 57 
4 47.4 57.4 51 - 55 
5 2.0 8,0 5X - 55 

14S9A 80,0 80,6 53 - 58 
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Fige 3o 1: Plan of Site B Tegting Site. 
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Table 3» 3j Schedule of Preliminary Tests performed at Site B 
Well 
No, 

Test Date Pumping Tests De scrip 
-tion 

Pump-ing LRate iigpn 
(c,f.m) 

Range Recovery Tests Description Well 
No, From To 

De scrip 
-tion 

Pump-ing LRate iigpn 
(c,f.m) From To 

3 1 8o6.72 to 
9o6.72 

11.00 11,00 24 hro 
test 

7050 
(18,83) 

6950" 
7100 

11.00 13o30 3i hour test 

2 10,6,72 12. 00 16,00 4 hr. 
test 

4000 
(10o7) 

Not av-
ailable 

16.00 17.30 i f hour test 

3 12.6«72 12,00 16,00 4 hr, 
test 

5700 
(15,25) 

5650-
575a 

16,00 18,00 2 hour test 

4 15o6o72 10.00 14.00 4 hr, 
test 

2769 
(7.43) 

Steady 
at 2769 

14.00 15.30 l i hour test 

2 5 19„6,72 12.00 23o00 11 hr. 
test 

7550 
(20o2) 

7700 = 
7550 

Not recorded 

6 20,6o72 to 
21.6.72 

12, 00 11.00 23 hTo 
test 

7550 
(20.2) 

Steady 
at 7550 

- Not recorded 

1 1 1 
7 26«6.72 13» 00 17.00 4 hr. 

test 
2350 

(6.39) 
2400-
2000 

llo 00 19o00 2 hour test 

8 27,6.72 
j 

8.00 12,00 4 hr<, 
test 

5000 
(13,38) 

Steady 
at 5000 

12.00 14.00 2 hour test 

9 28.6.72 8.00 12o00 4 hr» 
test 

6000 
(16,05) 

Steady 
at 6000 

12.00 13.20 1 -1 /3 hr, test 

10 29.6o72 j 9,00 13,00 4 hr. 
test 

8200 
(21,9) 

Steady 
at 8200 

13. 00 15,00 2 hour test 



Table 3,4; Summary of Results of Trial insitu Two WeU Tests 
Test Pumping Rate Drawdown (ft,) 

igph Well 2 Well 3 Well 5 

1 4100 -3 .67 +4,97 - 1 , 9 1 
2 4900 -4 ,00 +5,59 -2 ,04 
3 6100 -6 ,05 +8,40 -3 ,08 

Table 3»5: Schedule of Production Well Verification Tests 
Test Date From To Description Pumping Rate 

igph 
13,2,73 9. 30 15,30 6 hr,test 7200 
14,2.73 6,00 8.00 2 hrctest 4600 

13-- 14,2,73 13, 30 15.30 2 hr,test 16800 

Plus 2 hour recovery test 
No recovery test performed 



Fig. 3 .5 : General view of insitu two well testing 
arrangement. 

P U M P HEAD 

Fig. 3. 6: Detailed view of arrangement for 
insitu two well tests. 
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The effects of pumping and recovery of wells 3 and 2 were measured 
in the production wells and all observation wells« No response was re-
corded in observation well 5 during the 24 hour test (Test 1) on production 
well 3, as it had become blocked with drilling lubricant. Attempts to 
clear it failed, and the well was backfilled and redrilled before the start 
of Test 2. As a consequence, well 2 which is only 2 feet away from it, 
required prolonged development before the commencement of Test 5, 

Test 5, itself, was the first attempt at a 24 hour test on production 
well 2, but due to a pump column breakage after 11 hours of pumping the 
test had to be abandoned« No recovery data for this test and test 6 was 
recorded, 

3,1. 2 Insitu Two WeU Tests 

Production wells 2 and 3 were used for the insitu two well tests« 
The tests were performed on July 6, 1972, A summary of the test re-
sults is presented in Table 3.4. 

For all the tests, production well 3 was used as the discharge well 
and production well 2 as the recharge well. The flow rate was measured 
by means of an orifice plate meter with D and ^ pressure tappings. The 
arrangement used to connect the two production wells is shown in Figs. 
3.5 and 3,6. The pump was allowed to operate at constant discharge, 
until the water levels had stabilised in both the discharging well and the 
recharging well. 
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3« 1, 3 Verification Tests 

Due to on site complications two attempts were made to complete 
this phase of the field testing at Site B« 

The first attempt was made in the period from December 12 to 15, 
1972, on an enlarged production well on the site of production well 2» 
The screen diameter was increased from 4 inches to 8 inches, the 
screen aperture from 0o05 inches to 10 inches, and the casing diameter 
from 6 inches to 10 incheso 

However, during the construction of the larger production well the 
neighbouring observation well 5 gravel pack collapsed into the redrilled 
hole creating a cavity under the overlying clay formation» This cavity 
was not completely refilled, and the overlying clay formation subsequently 
collapsed during development of the well® At this point the tests on the 
enlarged production well 2 were abandoned and a new enlarged production 
well constructed on the site of production well 3» 

The second attempt was made in February 1973 on the enlarged 
production well 3, The details of construction of this well were the 
same as for the abandoned production well 2o 

3. 2 Conventional Methods of Pumping Test Analysis 

3, 2o 1 Selection of Applicable Methods 

(i) Type Curve Methods 

Cooley (1971) presented an analytical solution to the initial-boundary 
value problem involving a well pumping from an aquifer that is semi-
confined between an overlying water table aquitard and underlying aqui-
cludco The complete solution is divided into short and long time seg-
ments, The short time solution (t = where the prime is used to 
indicate the parameters belonging to the aquitard) is identical to 
that given by Hantush (1960) if his underlying aquitard is assumed im-
permeable, The longtime solution is similar to Boulton's solution for 
drawdown resulting from a pumped well in a water table aquifero 

The results of Cooley's work suggest possible application of the 
following type curve methods to the time-drawdown field data, 

(a) Hantush's type curve method for semi-confined well aquifer system 
with allowance for water released from storage in the aquitard could be 
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applied to the early time portion of the field data to obtain the early 
time values of the coefficients of trans mi ssivity and storage for the 
main aquifer. 

(b) The remaining portion of the field data might be matched on a 
family of Boulton's type curves to obtain the values of late time aquifer 
transmissivity and specific yield and delayed yield index for the over-
lying water table aquitard, 

(ii) Straight Line Method 

The straight line method introduced by Cooper and Jacob was con-
sidered applicable to the late time drawdown data of the observation wells 
4 and 14 S9A to determine values of transmissivity T and specific yield Sy, 

(iii) Jacob's Method of Well Loss Evaluation 

Jacob (1946) expressed the total drawdown in a pumped well in an 
equation which may be written in the form 

Sw = AQ + BQ^ (3.3) 

where = well drawdown 
2 

A = linear aquifer loss constant (min/ft ) 
B = well loss constant (including nonlinear 

aquifer loss ) (min^/ft^) 

Q = discharge (c , f , m , ) 

The series of-preliminary tests performed provided the opportunity 
to study this relationship for the field site« Values of A and B for each 
production well have been determined from the time-drawdown data of 
a range of constant discharge tests, 

Periods of 12 hours minimum between successive tests were 
allowed to ensure nearly complete recovery« 

3,2, 2 Application of the Conventional Methods of Analysis to the 
Field System 

The analysis of the collected field data using the conventional meth-
ods of analysis was restricted to the preliminary aquifer tests on pro-
duction wells 2 and 3» 
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(i) Type Curve Method 

The time drawdown graphs of wells 1, 2, 3 and 5 are very flat and 
obtaining a reasonable match with the superimposed type curves was 
difficult. The time-drawdown graph of observation well lA represents 
the time drawdown relationship for a point in the aquitard and con-
sequently cannot be analysed by conventional methods« Emphasis was 
placed on the time-drawdown graphs of wells 4 and 14S9A in determining 
the early time values of T, S, jS and late time values of T, Sy, ^ . 

The results obtained by applying the type curve methods are summ-
arised in TablesS» 8 and 3.9<, 

(a) Pumping Tests 

The short time Hantush type curves were superimposed on the early 
time - drawdown data graphs of observation wells 4 and 14S9Ae Figures 
3, 7 and 3, 8 show the fit of the type curve trace for Test 1» 

The long time Boulton type curves were then fitted to the late time 
drawdown data graphs (Figs, 3 ,7 and 3 .8) and values of T, Sy, and 
were obtained« ^ 

(b) Recovery Tests 

The long time Boulton type curve was superimposed on the time-
residual drawdown recovery test data. Values of transmissivity T and 
specific yield Sy were determined. 



Table 3.8g Summary of T & S Values obtaiJied fo r Product ion Well 3, 

Test Well 
Rad-ia l 
Dis-tance 

(ft) 

Discharge Tes t s 
Type Curve Method 

Hantush Method 
T S 

(ft2/ min) 

Boulton Method 

iftV mm) 
'y r 

Straight Line Method 
T Sy 
(ft2/ mm) 

Recovery Tes t s 
Straight Line Method Type Curve Method 

T S.. T 

(1) 14 57o4 2,88 3,58x10"^ 0.8 2, 12 9.3x10'^^ 2,76 4,52x10"^ 
14 80,0 2o 2 3o 88x10" 4 0. 25 2o 14 4, 1x10"^ 0. 6 2.06 3,62xl0" 2.88 1.8X10°3 3ol3 1.43X10"3 

(2) 4 57o4 _ 2,94 3, 93X10°3 0, 8 2.80 3,82X10"3 >!< (2) 
14 80,0 3, 28 2 o 05x10" 4 0. 25 3o27 0, 86X10"3 0.6 2.93 1.55x10""3 3,22 1.17X10"^ 2,34 2,8x10"^ 

(3) 4 57o4 •A 
_ 2,7 0,89x10"^ 0,8 2.54 5,55X10"3 * Q * Q 

14 80.0 2. 95 3o 14x10" • 4 0. 25 2,95 1.59x10-3 0,6 3.09 1,28X10-3 3.58 0,9X10"'^ 3.72 9, 15x10°"=^ 

(4) 4 57,4 _ 2.2 0.59X10""3 0. 8 2.52 4,84x10"3 •>,v>i< 3.0 3.07x10"^ 
14 80.0 2, 2 3. 58x10" •4 0. 25 2,2 0,22x10"^ 0, 6 2.23 2,35X10~3 2,63 1.81X10"3 2.94 8,25x10""'=̂  

2. 46 3, 14x10" •4 0„ 25 2o64 2,36x10-3 - 2.54 4,04x10"3 3,08 1.42X10~3 2.98 9.5x10"3 

Legend; 
Not r e c o r d e d 

** Record of observa t ions not long enough 



Table 3o 9; S u m m a r y of T & S Values obtained fo r Product ion Well 2. 

Rad-
Dis cha rge T e s t s 

Type Curve Method 
R e c o v e r y T e s t s 

Tes t Well Dis -
t ance 

( i t ) 

H a n t u s h Method 
T S 

(ft^/ , min) 

Boulton Method 
T Sy 

{ft^/ min) 

r ̂ 

(B) 4 4 7 . 4 - 4 3 .15 1 . 0 9 x l 0 - | 0 , 8 
14 80 .0 2 .90 1,82x10 0 . 2 5 2p91 3 . 3 7 x l 0 " 0. 6 

(7) 4 4 7 . 4 A 
>!<>!< * * Q -

14 80 .0 2 .55 2. 88x10"^ 0 .25 2 .55 2,23x10"'^ 0. 6 
(8) 4 47o4 s.'o'c >!o'< -

14 80 ,0 3 ,30 3,64x10"'^ 0 .25 3 .32 1,31x10"'^ 0 , 6 
(9) 4 4 7 . 4 >!<>!< * * Q -

14 80 .0 3 .0 2,25x10"'^ 0 .25 3 ,05 1 .2x10"^ 0, 6 
(10) 4 4 7 . 4 ^^^ >!< A -

14 80 .0 2 .9 2 . 9 x 1 0 - 4 0 .25 2 . 9 1.9x10"'^ 0. 6 
2 .95 2. 7x10-4 0 .25 2 , 9 8 3 .49x10"^ 

Straight Line 
Method 

TT T 
( f t V m m ) 
2 ,24 
2 .39 
2 .55 
2 .55 
2 .85 
2o75 
2 .77 
2»85 
2 .97 
2 .97 
2 .69 

S 

1, 12x10-^ 
3 ,28x10"^ 
6. 37x10 
2.24x10 

- 3 
- 3 

3. 99x10"3 
1. 26x10"^ 
5 .7x10"^ 
1 . 4 x 1 0 ' ^ 
5 .8x10"^ 
1.57x10"^ 
4 .28x10"^ 

Type Curve 
Method 

Straight Line 
Method 

T S 

2 , 2 1 
>!<>1< 
2,88 

>!<>!< 
2 . 9 1 
>!<>:< 
3<.29 

3.55x10 

2 ,16x10 

2, 18x10 

- 3 

- 3 

- 3 

1 .65x10"^ 
. -3 

3 ,77 
3 .77 
3 . 5 
3 . 5 
3 . 9 3 
3 .93 
4 . 0 
4 . 1 7 

3,96x10 
1,01x10 

- 3 
- 3 

4 . 2 x 1 0 - 3 
1.12X10"3 
3,14x10 
0.83x10 

- 3 
- 3 

3 .2x10 
0.88x10 

- 3 
- 3 

2 .82 2 ,39x10" a . 82 2 ,29x10-^-

Legend; 
* Not r e c o r d e d 

R e c o r d of o b s e r v a t i o n s not long enough 
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(ii) Straight Line Method 

The time-drawdown field data for observation wells 4 and 14S9A 
for both the pumping and recovery tests were plotted on semilogarithmic 
paper (Figs, 3, 9 and 3o 10)o Straight lines were fitted to the late time 
drawdown field data of all graphs. The slopes of the straight lines and 
the intercepts with the zero drawdown axis, tg were substituted in 

T = 2.3 Q (3,5) 
4ir /i s 
Mog^Qt 

and S^ = 2,25 T tp (3,6) 

to obtain the coefficients of transmissivity T and specific storage Sy» 

The values of T and Sy obtained are summarised in Tables 3,8 
and 3 , 9, 

(iii) Radial Distance-Drawdown Graphs 

Semilogarithmic graphs of radial distance against drawdown 
(natural scale) were prepared using the drawdowns in all wells at a time 
t of 240 minutes (Figs, 3. 11 and 3o 12), 

These graphs would suggest that the flow of water through the sys-
tem towards production wells 2 and 3 involves both linear and non-
linear regimes of aquifer loss . 

3 ,2 .3 Application of Jacob's Method 

Values of well drawdown S^ and ratio were plotted against 
values of discharge Q for each production weir. The results are shown 
in Figures 3, 13 and 3,14 for a time of 240 minutes. 

Values of A and B were determined from Fig, 3. 14 for both wells, 
A check on these values has been made by calculating and plotting the 
line of drawdowns corrected for well loss« 
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3. 3 Computer Method of Pumping Test Analysis 

3 - 3 o 1 Introduction 

The problem of determining the flow pattern and evaluating the 
hydraulic coefficients for the aquifer system at this part icular site is 
more complex than that previously handled for the Gumly Gumly Island, 
Wagga Wagga aquifer system. In the present case , the overlying aqui-
tard is unconfmed and the main aquifer is quite variable in thickness 
and is bounded by b a r r i e r boundarieso Examination of core samples 
from the two 4 inch diameter trial pumped wells and other well log data 
revealed that the main aquifer is also very variable in physical and 
hydraulic properties^ The field data plot on a log-log sca le of time 
versus drawdown shows significant delayed yield effects during the 
intermediate and late time periods of pumping. Non- Darcy flow also 
occurred in close vicinity to the pumped wells, resulting in significant 
well l o s s e s . The occurrence of non--Darcy flow is indicated by non-
linear drawdown-discharge relationshipsc The semi- log plots of draw-
down-distance data for late t imes also show non-linearity in the near-
screen-zone . 

To overcome these problems, the mathematical formulation and 
the finite element model previously developed for the Wagga Wagga 
sys tem were modified to take into account the additional conditions which 
previously did not exist . 

3, 3 o 2 Mathematical Formulation of Flow Problems 

A sketch of the mathematical model of the well-aquifer system at 
this site is showTi in F ig . 3. 15, 

Apart from assumptions (i) to (iii), previously made in Section 
2 , 3 , 2 , the following assumptions were made:--

(iv) Non-Darcy flow occurs in the immediate vicinity of the well 
screen and Forchhe imer ' s equation may be used to describe the non-
linear velocity-hydraulic gradient relationship, 

(v) Flow in the unsaturated zone above the water table may be 
neglected, and BouJton's concept of delayed yield may be applied to 
approximate the condition of slow vertical drainage due to the falling 
water table (Boulton 1954, 1963), 
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Fig, 3.. 15: Mathematical model for Rosevale well-aquifer system. 

The following partial differential equations and initial and boundary 
conditions were used to describe the two-regime flow in the main aquifer 
and Darcy flow in the overlying aquitard respectively. 

Let s and s' denote drawdowns in the main aquifer and the over-
lying aquitard respectively. The differential equations for drawdown 
in the main aquifer are as follows 

In the Darcy zone 

K o l ^ — 2 + dr r t)r ^ r ^ m jt ) m ^ dt 
(3o7) 

In the non-Darcy zone 

3 (K as ) + A ^ C K ^ S ) = S ^ (s^^a) 
r ar m 3z at 

Ke 
a + b !V{ 

The corresponding initial and boundary conditions are 

S (r, o) = 0 

t) 

^ ( r ^ , t ) = 

0 

dr 
Q 

2 TT Kmr w 

(3» 8b) 

(3, 9a) 

(3, 9b) 

(3. 9c) 
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The differential equation for drawdown in the aquitard is 

/ 2. / ^ '' 
K B S = (3, 10) 

With the following initial and boundary conditions 

s' (r, z, 0) = 0 (3.11a) 
/ 

S (r, m, t) = s (r, m, t) (3. lib) 

t / 
/ / ^ r -QCCt'T) / 

- K ^ ( r . rat m. t) = S / e 35 dz (3.11c) 
o 

where 

Ke is the effective hydraulic conductivity of the aquifer, 

ivi is the absolute value of the radial flow velocity, / , 
oL and Sy are the reciprocal of the delayed yield index and specific 

yield of the aquitard respectively and the rest of the symbols have been 
previously defined. The right hand term of Equation(3. 11c)is Boulton's 
convolutionaL integral for variable delayed yield. 

Analytical solutions of the above system of partial differential 
equations and the corresponding initial and boundary conditions are ex-
tremely difficult to obtain. Asymptotic solutions are available in the 
literature for short and long time drawdowns in the Darcy zone of the 
main aquifer and for short time drawdowns in the overlying aquitard. 
The solutions for short time drawdowns in the aquifer and aquitard are 
given by equations (2,7) and (2.9) respectively. The short time cri-
terion is identical to that given by Hantush ( t ^ Ŝ  

10k' 
The solution for long times was obtained by Cooley and Case 

(CQoley, 1971) who solved the initial-boundary value problem identical 
to the one solved by Hantush with the exception that the boundary con-
dition at the top of the aquitard was replaced by Boulton's integral to 
approximate the delayed yield from the unsaturated zone. Their sol-
ution may be written in the following form:-

S = Q> u , r/p ) (3.12a) 
4n-Km / 2 

for t > 10 m Ŝ  
K/ 
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oO 

W y/D ) 
o 

exp 

/ ^ { 1 

V 

(r/D) T 
rCr/P) U 

1 + ^y + S^m' 

'J 

Km 

Ŝ m 

+ Km 

(3.12b) 

(3o12c) 

(3, 12d) 

X Bessel function of the first kind of zero order, 

Type curves obtained from Equation 3, 12a are identical to those 
produced by Boulton. A computer subroutine for numerical evaluation 
of the well function in Equation 3,12b was written in Fortran IV language 
for the purpose of comparison with the finite element solution, 

3. 3o 3 Modification of Previous Finite Element Model 

The two-dimensional model constructed for the Wagga Wagga well-
aquifer system was modified to incorporate the boundary condition at the 
water table, described by Equation(3, 11c)and non==Darcy flow in the immed= 
iate vicinity of the well screen, described by Eouation(3, 8). Although 
the modified model is capable of handling variable saturated thickness of 
the aquitard when the water table is lowered by pumping, the maximum 
saturated thickness m' was assigned to the aquitard in this study as the 
field data showed that the water table was not significantly lowered at 
the end of the pumping period. 

The technique for handling non-Darcy flow in the vicinity of the 
well screen has already been presented in Section B of this report. 
The following technique was developed to treat the time-varying boundary 
condition at the water table. 

Referring to Section B, a system of simultaneous algebraic equa-
tions for model drawdowns in the two-layered system may be written as 

t+At/f 
( A t e + 

2 

t-hót/¿ t 
P_ 
i (3, 13a) 

t + At t + At/2 

J ''J (3. 13b) 
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where 3j are drawdowns at various nodes in the system and the remaining 
symbols are as previously defined. (For the nodes in the aquitard the 
symbol Sj is replaced by Sj'). 

The terms Fj^^ ^t/2 ^^^ non-zero at the top of the water table 
aquitard where vertical drainage occurs due to lowering of the water 
table« 

Let qĵ "*" ̂ ^^^ denote vertical flux at node 1 on the top boundary of 
the aquitard region, Fj't+At/ 2 may be expressed as 

t^hAt/^ e ^ t + At/2 
F. 1 2 1 B e ^ J fvljNi n^dB (3.14) 

where N j a r e the shape functions, n3 is the vertical component of the 
unit normal vector 

q t+ At/2 may be approximated as follows:-
t-h At/2 
i j 

/ 
''0¿ Ct+At/? - t ) 

e dz 
/ / t+At/2^ 

^ ^^J J ^ ^J 
/ / 

/ ^^ t J; 
-oi ( t + At/2 - ^ > I 

-dt 
cLZ J 

(3.15a) 

The second right hand term of equation (3.15a) is further approximated by 
t + At/2 ^ 

^ -oi ( t +At/2 - c ) / / / 

as e 
zz dz = ± C ^ 

4- ^Sy 
c=t (3.15b) 

Z - t ^ At/2 
Equation (3. 15a) may now be written in the following simplified form 

t+At/2 -oLAt/Z t 
® ar 

(3. 16a) 
1= t +At/2 

where 
s ; = Sy' (1 - e (3. 16b) 

Following Boulton's concept of delayed yield, the coefficient Ŝ  may 
be interpreted as an incremental volume rate of delayed yield drainage 
from the imsaturated zone per unit area per unit increase in drawdown at 
the top of the aquitard which takes place over incremental time At/2. 

At an earlier time t, the integral represented by the term qj* is 
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o lO 

o m 

conveniently evaluated by applying Simpson's rule of numerical inte-
grationo Knowing ĉ t̂  qjt+At/2 ^^^y obtained from equation (3. 16a) 

So 3.4 Calibration of Finite Element Model 

A typical flow problem was formulated for the purpose of model 
calibration« The problem data are given in Fig, 3.16, 

L 

i Z Q = 250 c , f , m 

¡rw" 2 ft. 

1 

X 
\ \ \ 

K' 
Ss' 

K 

S. 

= ,001 f t . /min , 

. 01 nun, ± 
, 1 ft« /min. 

2x10"^ ft,"^ 

\ \ \ \ \ \ 

Fig. 3, 16: Flow system for test problem. 

As described in Section 2o3,4 two combinations of mesh pattern 
and time discretisation were employed. The two mesh patterns are 
identical to those shown in Figo (2, 23), Only wholly Darcy flow cases 
were simulated as exact solutions for transient non-Darcy flow are not 
available o 

Fig, 3.19 shows the comparison of the finite element results and 
the asymptotic analytical solutions computed separately from the com-
puter subroutines employing Simpson's rule of numerical integration. 
The plot represents time-drawdown relationships for nodes located at 
different levels in the aquitard but at the same radial distance from the 
pumped wello Good agreement between the finite element and exact 
analytical solutions and improvement of accuracy with mesh refinement 
may be observed. 
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3 .3 , 5 Behaviour of Well-Aquifer System 

(i) Wholly Darcy Flow 

The general dimensionless drawdown-time relationship for a 

two layered confined aquifer-unconfined aquitard system may be 

written in the following forms:-

and 

where 

4 TTTS 

Q 

47irs 

YJ iif. , p , r/B , r/T) ) 
(3.17a) 

a 
W ( u , ^ , r/B , r/p , z M ) (3.17b) 

W = generalised well function 
r2s« 

u = 
4Kt 

K' 
4Tn i K Ss 

K 

B 

D 

K m m 

+ 
Tm 

1 
' -T 2 

K' 

m 

z-m 

m 

s and s = drawdowns in the main aquifer and the unconfined 

aquitard respectively. 

Families of type curves for Equation 3. 17a are shown in Figs. 

3,17 and 3. 21. For the set of curves in each figure, the dimensionless 

ratios $ / — and 6/JL are constant. The early and late time Theis 
' B i / D ' 

curves are also included. It is seen that for t ^ 
m -̂S 

lOK 
, the type 

curves for the main aquifer are identical to Hantush type curves and for 

t > these type curves become Boulton type curves. The two 
K 

Theis curves are separated by a horizontal distance of 1/u ( c5 2 - 1), 

where ¿ 2 = 1 + (Sy' + Sg'm')/ Sgm, the distance increasing with in-

crease in §2' 



lÔ  
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Families of type curves for Equation(3« 17b)are shown in Figs, 
3.18 to 3. 20. Each family was obtained from various nodes along a 
vertical line in the aquitard region. Each curve in a family shows 
an increasing gradient at a later time when the delayed yield effect 
becomes much less significant. For the families of large values of 

r r 
— and — , the spread between the curves decreases and all curves 
merge into one curve when the vertical flow towards the top of the 
aquifer becomes negligible, 

(ii) Non- Darcy Flow 

In the case where non-Darcy flow develops near the well screen, 
semi-log plots of drawdown in the aquifer versus radial distance for 
late pumping times become non-linear as the well is approached. 
The total drawdown at a point in the non-Darcy zone consists of the 
drawdown computed by assuming wholly Darcy flow and the additional 
drawdown due to non-Darcy less the general dimensionless drawdown-
time relationship may be written as 

4 "^^TS ^ W ( ^ , r /g ^ ^ ^ A) W A W (3. 18) 

where S = total drawdown = S + ^ S-̂  
A additional drawdown due to non-Darcy loss 

W = generalised well function incorporating non-
Darcy loss 

A W = additional well function 
A = a dimensionless parameter which is given by:-

bQT A 
21Tm^r 

Type curves for Equation (3» 18) are shown in Fig, 3, 23 for 
< l/<5 2 u < lO^o It is seen that the effect of non-Darcy flow re-

sults in a vertical shift of the type curves above the late time Theis 
curve. The shift is approximately proportional to the value of the 
dimensionless parameter , It is also noted that for a given aquifer 
material (b and T constant) is directly proportional to the well dis-
charge and inversely proportional to the radial distance from the 
pumped well. 
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3 . 3 a 6 Evaluation of Hydraul ic P r o p e r t i e s of Aquifer and Aquitard 

The following p r o c e d u r e s were adopted to de te rmine the values of 
the hydraul ic coeff ic ients of the aquifer and aqui ta rd m a t e r i a l s local to 
the pumped well . 

(i) The Drawdown-t ime data col lected f r o m observat ion wells Nos. 
2 and 1 (r = 10, 38 f t . ) outside the non-Darcy zone were converted to log-
log plots of s v e r s u s t on two sepa ra t e shee ts of t r a n s p a r e n t pape r . 
Each plot was then matched on a family of type curves f o r the main 
aqui fer a s shown in F ig s . 3 . 21 and 3.22 respec t ive ly . Fo r each observ-
a t ion well a match point was se lec ted and the hydraul ic coeff ic ients were 
computed as follows 

Well No. 2 (r = 10 f t . ) 
W(u) 2. 30, 1/u = 0 . 5 X 10' 

Hence 

s = 1 f t . , t = 10 min . 
r / D = 0.22 

K Q W(u) _ 18.8 X 2 .3 
47r5 m 

Km = 
4x3.14 X 10 

3 .45 f t . / m i n . 

0 .345 

Assuming 
Sy' 

Sy' 

D 

Sy' + S'gm' + Sgm 

4Tt^2 ^ 
r2 

.0076 
T 

4 X 3 .45 X 10x251 
100 X . 5 X 10i> 

+ K ' / m I, 

D 10_ 
22 46 



^ S y + S + S 
tf » J L > 2 5 1 

I I I I I 1 

Fig . 3. 21f Matching of Field Data on Type Curve for Main Aquifer . 



Fig. 3.22: Matching of Field Data on Type Curves for Main Aquifer. 
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Well No, 1 (r = 38 fto) 

W(u) = 1, 7, 1/u = 2, 75 X 10 

1 fto, t = 100 min. 

r / D = 0o875 

Substituting the above values and m = 10 f t . , m' = 38 f t , , Q = 18,8 cfs, 
the following coefficients were obtained 

K QW 
4ÏÏ s m 
18,8 X lo7 0. 254 

y 

D = 

D = 

4x3.14x10 
= Km = 2,54 ft^/min. 

4 Tt <i 2U ^ 4 X 2. 54 X 100x251 
r^ 38x38x2,75x104 

= ,0064 
T T 

1 
2 

V 
38 

+ 

0. 875 

K ' / m 

43.5 

1 

(ii) Time-drawdown data obtained from wells 1 and lA 
(r = 38 f t , , z ¡TCI = 0, 0,8) were plotted on the same sheet of trans= 

parent paper and matched on a selected family of aquitard type curves. 
Using the average values of T and r / D obtained from (i), appropriate 
values ^ and — which gave satisfactory matching were obtained. The 
remaining hydraulic coefficients Sg, od', K' , Sg' were estimated from 
the following expressions:-

2 
K' = Kmm 

B 
m^K Sg 

K ' r2 

oL'S ' y 
+ k T i ^ 
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(iii) The drawdown-time data collected from pumped well No. 3 
(r^ = 0. 167 ft) was plotted on another sheet of transparent paper. As 
the observed drawdowns in this well would also include non-Darcy 
losses, the corresponding drawdowns for wholly Darcy flow at the same 
pumping time were obtained by extrapolating the straight line semi-log 
plot of s versus r to a radius r^ = 0.167 ft. The two plots were shown 
in Fig, (3.23). To allow the dimensionless non-Darcy flow parameter 
to be estimated the two plots were matched on the generalised non-Darcy 
type curves W (u) versus as shown in Fig. 3.23. Knowing 
the non-linear Forchheimer coefficient b was computed. The linear 
Forchheimer coefficient a was taken to be approximately 1/K. 

(iv) The values of the hydraulic coefficients computed from (i) and 
(ii) were fed back into the finite element model, and the flow problem was 
solved for Q, = 18. 8 cfm and pumping period t = 1440 mins. The cal-
culated drawdown versus time relationships at selected nodes in the aqu-
ifer and aquitard regions were compared with the field data for the 
corresponding points in the field system. Figs. 3.24 and 3.25 show 
such comparisons. It is seen in Fig, 3. 24 that reasonable agreement 
was obtained for the pumped well and observation well No. 2 (r=10 ft.) 
Less satisfactory agreement was obtained for observation well No. 1 
(r = 38 ft . ) as shown in Fig, 3,25. 
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Fig. 3o 23: Matching of field data on non-Darcy flow type curves, 
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Fig. 3, 24: Comparison of finite element model results with field data, 
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4. Conclusions 

Pumping test data collected from the two sites have been analysed 
by both conventional methods of pumping test analysis and new methods 
which employ finite element computer programmes. Values of the hyd-
raulic coefficients for the aquifer and aquitard materials local to the 
pumped wells and the average coefficients pertaining to a wider region of 
influence have been obtained. These values have been used as initial in-
put data for the computer programmes to simulate the flow conditions ex-
isting in the field. Predictions of drawdown-time relationships for the 
pumped wells and close observation wells have been made and compared 
with the field data. 

For site A, where the aquifer and aquitard are relatively uniform in 
thickness and hydraulic properties, good agreement between the computer 
predictions and field data has been achieved. It was found that conventional 
methods of pumping test analysis gave good estimates of the values of the 
hydraulic coefficients for the main portion of the aquifer and that these 
values approximate the values for the material near the pumped well as 
given by the new computer methods. Although the new methods also 
allow the Forchheimer non-linear coefficient b to be evaluated, it was not 
possible to do so from the field data obtained as non- Darcy flow did not 
occur around the 24 inch diameter gravel pack of the production well at 
a discharge of 48, 000 igph. To induce non=Darcy flow having significant 
effects on well drawdowns would have required either a reduction in well 
diameter for the same discharge or a significant increase in discharge if 
the same diameter were used. For site B, where the main aquifer is 
quite variable in physical and hydraulic characteristics and the overlying 
aquitard is unconfined, less satisfactory agreement between the computer 
results and the field data has been achievedo It was found that the regional 
hydraulic coefficients evaluated by conventional inethods were unreliable 
as when they were fed into the finite element model, poor agreement be-
tween the model predictions and the field data was obtained. This can be 
explained in terms of the limiting assumptions of the conventional type 
curve methods which were used and the marked difference between hyd-
raulic coefficients of the. aquifer material near the pumped wells and the 
average value for the aquifer beyond this zone. 

Since observations of drawdowns in the two trial wells indicated 
the existence of non-Darcy losses, the non-linear coefficient b was also 
evaluated by the computer methodso The evaluation was based on the 
assumption that screen losses may be separated from the total well 
drawdown or neglected, thus the value of the coefficient b so obtained 
would represent an over-estimate of the true value if the screen losses 
were significant. It would be desirable, if any further testing should be 
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performed at this particular site, to construct piezometers just outside 
the pumped wells to enable screen losses to be measured and sut»tracted 
from the total well drawdowns. 

It has been demonstrated that the new methods of pumping test 
evaluation may be used as a supplement to conventional methods to obtain 
more detailed information on the local flow behaviour in the immediate 
vicinity of pumped wells and the existence of non-Darcy flow and resulting 
losses. The hydraulic coefficients determined for the material in the 
near well zone and outside this zone may be used in the selection of a 
production well design using the computer programmes presented in 
Section C of this report or design charts produced by the programmes. 



APPENDIX I 

SITE A 

GUMLY GUMLY ISLAND, WAGGA WAGGA 

TIME DRAWDOWN FIELD DATA 
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DRAWDOWN SHEET Sii e e'! 

RESULTS of 72 hour purvipin^ 

NameAWRCRes^prPh T.inp NameGumly Island Wag^a 
68/8 ~ " W a g f a BORE 

DESCRIPTION Bore No. 30638 Site No. ( P . B . ) on ProDertv 
TEST NUMBER PUMPING PERIOD 3. 00 pm 26. 9. 72 to 3. 00 pm 

29.9.72 
S . W . L . f rom Reference Point at Commencement of Test 31.33 

Watch 
1 i 

l ime 
reg 'd Draw-

down 

Water Level 
from 

Ref. Pt. 

Rate 
Measurements 

Remarks ; 
(e. g. was ".va;̂  . 
clear througni.i." i 
& were D, Ds . ' 
measured in anv i 

! 

other bores i 

!hr,jminl am 
1 i i or 
j ; pm 

1 i ( 

in 
mins. 

: 

Draw-
down 

Water Level 
from 

Ref. Pt. Meas-
urement 

Rate 
(gph) 

Remarks ; 
(e. g. was ".va;̂  . 
clear througni.i." i 
& were D, Ds . ' 
measured in anv i 

! 

other bores i 

!hr,jminl am 
1 i i or 
j ; pm 

1 i ( 

in 
mins. 

: 

ft . ins. ft . ins. 
Meas-
urement 

Rate 
(gph) 

Remarks ; 
(e. g. was ".va;̂  . 
clear througni.i." i 
& were D, Ds . ' 
measured in anv i 

! 

other bores i 
13 1 00 1 ! pm 0 0. 00 223500 ^umD started 1 ' i 1 21. 92 53. 25 
! 1 1 ( 23. 19 Fi.R 
i • ! 3 25. 36 56. 69 

4 26. 17 57. 50 
S 26. 69 58. 02 

1 10 28. 52 59. 85 
1 

: — 15 29, 62 60. 95 : — 
1 20 30. 44 61. 77 
1 25 30. 92 62. 25 

1 30 31. 20 62. 53 
1 i 60 32, 84 64. 17 323300 50100 

i 90 33. 61 65. 04 
Ì 120 34. 46 65. 79 1 

1 1. 

i 150 35. 02 66. 35 
1 

1 1. 

1 180 35. 42 66. 75 372850 49550 1 

1 

1 1. 210 35. 70 67. 1.S ! 1 
' i- 240 36. 15 67. 48 422000 49250 1 

i 1 270 36. 46 67. 79 
1 ( .'̂ nn 36. 52 67 85 471500 4^550 
¡. 1 3S0 36, 61 67. 94 1 1 
i_ . 1 360 36. 75 68. 08 519700 48200 i 
!- L _ _ J 420 37. I.S 68. 46 : 568500 48800 1 1 1 

480 37. 59 68. 92 617300 48800 1 1 
i t 540 37. 92 69. 25 666200 48900 

I 
1 ! 

1 
1 

600 3a, 25 69. 58 715100 48900 1 1 
660 38. 49. 69. 75 76.'̂ .S00 48900 

" •• ! 1 1 
700 38. 59 69. 9 P. 812400 48900 1 i 840 38. 67 70. no 909200 48900 

^ 1 1 
960 38. 86 70. 19 1006100 48900 1 

1 j » 1080 38. 92 70. 25 11026351 481001 
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DRAWDOWN SHEET Sheet >;< 2. 

RESULTS OF 72 hour pumping test 

BORE 
DESCRIPTION 

Job Name AWRC Research Project Line Name Gumlv Island. Wag^ 
68/8 Wag^ 

Bore No. 30638 Site No. ( P . B . ) o n Property 
'^EST NUMBER 1 PUMPING PERIOD3. 00 pm 26. 9.72 to 3. 00 

S . W . L . from Reference Point at Commencement of Test 31*. 33 

Watch Time Time 
reg 'd 

in 
mins. 

Draw-
down 

Water Level 
from 

Ref. Pt. 

Rate 
Measurements 

Remarks ! 1 (e. g. was ^vaici ; 
c lear througnou' i hr . m m am 

o r 
pm 

Time 
reg 'd 

in 
mins. 

Draw-
down 

Water Level 
from 

Ref. Pt. Meas-
urement 

Rate 
(gph) 

Remarks ! 1 (e. g. was ^vaici ; 
c lear througnou' i 1 

1 
i 1 

am 
o r 
pm 

Time 
reg 'd 

in 
mins. ft. ins. ft. ins. 

Meas-
urement 

Rate 
(gph) & were D, Ds. 1 

measured in anv 
other bores 

! 1200 39. 32 70. 65 1198700 48100 1 1 1 1 1440 39. 56 70. 89 1390200 48612 
1 i 1680 40. 06 71. 39 1 1 1 1 1920 40. 4fi 71 . 7Q 1 
1 j 
! 1 2220 40. 67 72. on ! 1 [ 1 ; I 2400 40. 88 2A 22()A7C\(\ ^7500 1 ! ! 
! ! i 2640 41. 04 79. 9.7 9.947400 47700 

1 
; 1 

2880 41. 00 72. 47000 
1 i 3120 41. fi« 73 05 07Ot;7nn ^ 7R00 1 1 I 3360 42. 04 79. 37 291600 47600 1 1 1 i ! 1 1 1 3finn 4?. 17 73 50 

3840 4?.. 58 
t i 4320 Piimp st'̂ pped 
; i i 
i 1 1 1 

1 
1 : i ; ' i 
1 ^ 1 ' 
! 1 
1 i 1 1 1 1 
1 1 1 1 . . 
1 1 1 1 1 
1 i 1 ; 
1 1 
1 1 1 
[ 1 
1 1 1 —1 

1 i 1 
i- i 1 1 
; ' 

1— I 
; ] i 1 , — 1 

I J 

^̂ ^ 
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DRAWDOWN SHEET •neet 

RESULTS of 72 hour mimping t.P.ct 

BORE 
DESCRIPTION 

Job Name a w r p Ti^.^^j^r.^ p^^ ĵp^^ T.inP Name Gumly Island. ' 
68/8 ' Wa^ai^agg^ 

Bore No. 30638 Site No. i on Propertv 
TEST NUMBER PUMPING PERIOD 3.00 26.9.72 to 8.00 nm 

2^ 6 Y2 S . W . L . from Reference Point at Commencement of Test' '30. 71 

Watch Time 

hr.i mm am 
or 
pm 

Time 
reg 'd 

in 
mins. 

Draw-
down 

ft. 

Water Level 
from 

Ref. Pt. 
ft. 

Rate 
Measurements 
Meas-
urement 

Rate 
(gph) 

Remarks 
(e. g. Wo , . 
clear througnou-
& were D, D.s 
measured in anv 
other bores 

3 100 sx. JX. m -aa 
2.85 m 

Pump 

L 

6,53 
1Q.67 JA. 
19.00 8. 57 39. 29 
2Q,83 m. 39. 61 
22.33 A2. Ail 12. 
27.23 9. 99 40. 70 
33t33 _85 41. 56 Piezometer de-

watered after 33 
minute reading. 

I 
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DRAWDOWN S H E E T Sheet AO 

RESULTS of 72 hou r p u m p i n g t e s t 

BORE 
DESCRIPTION 

J o b N a m e a w R P RPSP^^roh P r o j p r t L ine N a m e 
68/8 

B o r e No. 30638 ^^^^ ^o* 4 on 

Gnmly Is land,— Wagga Wagr^ 

P rope r ty 
TEST NUMBER P U M P I N G P E R I O D 3 . 0 0 p m 2 6 . 9 . 7 2 to 3. 00 pm g-. 72 S . W . L . f r o m R e f e r e n c e Poin t at C o m m e n c e m e n t of Tes t 31 .06 

Wa tch T ime T i m é 
r e g ' d 

hr . | min! a m ! in 
o r 
pm 

m i n s . 
D r a w -
down 

f t . i n s . 

W a t e r L e v e l 
f r o m 

R e f . P t . 
f t . m s . 

R a t e 
M e a s u r e m e n t s 
M e a s -
u r e m e n t 

Ra t e 
(gph) 

R e m a r k s 
( e . g . w a s waicj 
c l e a r througni.u' 
& w e r e D, Ds. 
m e a s u r e d in anv 
o the r b o r e s 

3 !00 p m 

J— 

0 
0. 135 
0 . 2 3 
2.0 
4 . 3 3 
12 .2 
1 5 . 2 5 
1 7 . 5 0 
1 8 . 5 
20.0 
2 2 . 5 
2 4 . 0 
2 7 . 0 
3 0 . 0 
3 5 , 0 
4 0 , 0 
45,Q 
5 0 . 0 
60.0 
8 0 . 0 100 
120 
150 
172 
220 
270 
330 
390 
480 
570 
675 

0. 
5. 

14. 
23. 
26. 
27. 
29. 
29. 
_aíL 
30. 
30. 

m 
^ 

^ 
32. 
32^ 
33. 

35. 
36. 
36. 
37^ 
37. 
38. 

00 
00 
40 
88 
17 
67 
4 6 . 
77 
27 
52 
59 

_Q2_ 

07 
31 

83 
77 
75 
50 

36. 44 
86 
44 
77 
17 

31. 
36. 
45 . 

. 58^ 
JÊÎL_ 

61. 

62. 

63. 

64. 
64. 

66. 

67. 
68. 
69. 

06 
m . 
46 

-AX. 
33 

85 
08 

37 

89 

81 

92 
_82_ 

23 

P u m p s t a r t ed 

V 
V. 
V, 
-V 
^ 

- — 

—V 
—V 
—V 
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DRAWDOWN SHEET 

RESULTS of 72 hour pumping tes t 
Sxheet r\ 

Job NameAWRC Resea rch Pro jec t Line Name Gumly Island " 
BORE 68/8 Wagga Wagga 

DESCRIPTION Bore No. 30638 Site No. 4 on Pronerrv ' 
TEST NUMBER 1 PUMP ING PE 

Point a 
j^jQj^d.OU pm l l ' l ' TZ to 3.00 pm TEST 

S . W . L . f r o m Refe rence 
ING PE 
Point a -t Commencement of Test 31.06 

W£ Itch r ime 1 Time 
r eg ' d 

in 
mins . 

1 

Draw-
down 

Water Level 
f r o m 

Ref. P t . 
Rate 

Measurements 
Remarks : 

(e. g. was wai.^. 
c lear througr^:.^..^ i 
& were D> Ds . 
measured m anv i ! Other bores 

hr 

1 

min 
1 
! 

am 
or 

I pm 

1 Time 
r eg ' d 

in 
mins . 

1 

Draw-
down 

Water Level 
f r o m 

Ref. P t . Meas-
urement 

Rate 
(gph) 

Remarks : 
(e. g. was wai.^. 
c lear througr^:.^..^ i 
& were D> Ds . 
measured m anv i ! Other bores 

hr 

1 

min 
1 
! 

am 
or 

I pm 

1 Time 
r eg ' d 

in 
mins . 

1 
f t . ins . f t . ins. Meas-

urement 
Rate 

(gph) 

Remarks : 
(e. g. was wai.^. 
c lear througr^:.^..^ i 
& were D> Ds . 
measured m anv i ! Other bores 

Ö75 36. 52 69. .Sß ' i 1044 38. 67 69. 
1—1 1250 38. 86 69. 99. ) t 1 1 1 i 1345 39. 25 70. .SI i 
i—^̂  i 1650 39. 63 70. 69 
i i i 1895 40. 21 71. 27 1 2330 40, 98 72. 04 1 1 U 2588 40. 75 71 . 81 1 

1 2880 40. 88 71. 94 i 1-—1 3288 41. 90 72. 96 1 I 3790 42. 19 { 1 3967 42. 31 73. 37 
1—̂—i 

: i 4320 Piimn stnn-nprl ! 1—̂—i k-1 j U-
-i 
( 1 j 
j 

1 j 
1 j 1 1 

1 1 1 1 
i j 1 1 - 1 

1 i j 1 1 - 1 j 
i 1 1 i 1 1 1 1 i 1 

— 
1 1 t 1 1 1 i 1 ! ' 1 1 j 

1 — 1 i i 
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DRAWDOWN SHEET Sheet No 

RESULTS of 72 hour Dumping t e s t 

BORE 
DESCRIPTION 

Job NameAWR.r R e s e a r n h P r o j e c t Line Name Gumly Island, 
MT^ wagga wagga 

B o r e No. 30577 Site No. 5 on P r o p e r t y 
TEST NUMBER PUMPING PERIOD 3 .00 pm 2 6 . 9 . 7 2 to 29 .9 .72 

S . W . L . f r o m R e f e r e n c e Point at C o m m e n c e m e n t of Tes t 32.56 
Watch Time 
h r . min 

m 

i— 

a m 
o r 
pm 

p m 

Timé 
r e g ' d 

in 
m i n s . 

0 . 0 
1 .0 
2 .75 
5 . 7 ^ 
7 .67 
8 . 5 9 .25 

12 .0 
16 .5 
19 ,5 
26 .0 
3 4 . 5 
40 
50 
60 

_aD 
IQQ 
120 
X 5 2 
1 7 7 
225 
276 
335 
396 
1484 
573 
683 
879 

1 0 4 5 
1233 
1345 

Draw-
down 

f t . ms^ 

IL. 
2. 

4. 
5 . 
7. 
9. 

10. 
10. 
11. 
11. 

13. 
lA^ 
15. 
15. 16. 
17. 
17. 
18. 

J^ 19. 

JKL 
00 

JSL 99 
59 

-83, 
36 
59 
21 
66 
23 
68 

52 
iI2_. 
08 
64 
08 
¿ 2 _ 
04 
54 
54 
85 ^ 
45 

Wate r Leve l 
f r o m 

Ref . P t . 
f t . 

37. 
38. 
39. 
39. 

JLL. 42. 
42. 
43. 
43. 
44. 

A^ 46. 
-Mx-
47. 
48. 
48. 
49. 
50. 

.ACL 51. 

-5JU. 52. 

56 

55 
15 
39 
92 
l a . 
15 
77 
22 
79 
24 ^ 
l a . 
08 

64 
20 
64 

_Qa_ 
60 
10 

J A 10 
J i . 
01 

Rate 
M e a s u r e m e n t s 
Meas -
u r e m e n t 

Ra te 
(gph) 

R e m a r k s 
(e. g. was waic; 
c l e a r throughour 
& w e r e D, Ds. 

m e a s u r e d m anv 
o ther bores 
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DRAWDOWN SHEET Sheet A' 

Job NameAWRC Research Proiect Line N a m e n . ^ w t . i . . . 
BORE 68/8 " Wagga"^ 

DESCRIPTION Bore No. 30577 Site No. « on Pronerrv ' 

TEST NUMBER 1 PUMPING PE] 

erence Point a 

RIOD3.00 pm 26. 9. 72 to 29.9.72 • TEST 

S . W . L . f rom Ref 

PUMPING PE] 

erence Point a t Commencement of Test 32.56 

Watch Time Time 
reg 'd Draw-

down 

Water Level 
f rom 

Ref. Pt. 

Rate 
Measurements 

Remarks • 
(e. g. was \vai t:. 1 
clear througnou; i 
& were D. Db . ' 
measured in an\" i 
other bores i 

hr. mini am in 
mins. 

Draw-
down 

Water Level 
f rom 

Ref. Pt. Meas-
urement 

Rate 
(gph) 

Remarks • 
(e. g. was \vai t:. 1 
clear througnou; i 
& were D. Db . ' 
measured in an\" i 
other bores i 

i ! or 
j 1 pm 
1 . .. i 

in 
mins. f t . ins. ft . ins. 

Meas-
urement 

Rate 
(gph) 

Remarks • 
(e. g. was \vai t:. 1 
clear througnou; i 
& were D. Db . ' 
measured in an\" i 
other bores i 

1 —i 1615 19. 85 52. 41 
1 ! 1885 20. 43 52. 99 
1 1 2335 21. 19 53. fifi j 1 
1 ! i 2580 21. 37 53. 93 

H 

I i ! 1—1 1 2880 21. 54 54. 10 
, 1 : : 3275 22. 06 54. 62 
i 1 3795 22. 52 55. 08 

- - t 
i 1 

3965 22. 68 55. 24 i 
1' . i. ! 1 4320 P u m D stoDDed 
: 1 . !• i • 1 
L ! 
! 1 1 
i ' 1 

L. J i 1 1 •; 1 1 
" 1 

'1 i 

U 1 

i 
L 

1 
'1 i 

U 1 

1 
'1 i 

U 1 
'1 1 

1 
L 
1 

L L 
i n ; 1 1 
i n 
! 1 
k . . 

i 
1 
1 
1 

/ 

i — 1 
A 1 

— 

1 ! 

I 
1 

A 1 
— 

1 ! 1 i 
'! ! . 1 

u i 

! 1 1 • • '! ! . 1 

u i 1 

' 1 I 
i - 1 

1 
1 
1 



E 5 0 . 
DRAWDOWN SHEET Sheet 

RESULTS of 72 h o u r pumping t e s t 
Job N a m e A W R r R e s p a r n h Prn jppf L ine Name Gumly Island. 

68 /8 Wagga Wagga BORE 
DESCRIPTION B o r e No. 30577 Site No. on Proper ty 

TEST NUMBER PUMPING PERIOD 3. 00 pm 26. — — — z f : 9. 72 to 3. QQ pm y. i S . W . L . f r o m R e f e r e n c e Point at C o m m e n c e m e n t of Tes t 32. 62 
Watch T ime Time 

r e g ' d 
in 

m i n s . 
Draw-
down 

Wate r Leve l 
f r o m 

Ref . P t . 
Ra te 

M e a s u r e m e n t s 
R e m a r k s 

(e. g. was waic. 
c l e a r througnour 
& w e r e D, Db. 
m e a s u r e d m anv 
o ther bores 

h r .j m in a m 
o r 
pm 

Time 
r e g ' d 

in 
m i n s . 

Draw-
down 

Wate r Leve l 
f r o m 

Ref . P t . Meas -
u r e m e n t 

Ra te 
( g p h ) 

R e m a r k s 
(e. g. was waic. 
c l e a r througnour 
& w e r e D, Db. 
m e a s u r e d m anv 
o ther bores i 

a m 
o r 
pm 

Time 
r e g ' d 

in 
m i n s . f t . i n s . f t . ins . 

Meas -
u r e m e n t 

Ra te 
( g p h ) 

R e m a r k s 
(e. g. was waic. 
c l e a r througnour 
& w e r e D, Db. 
m e a s u r e d m anv 
o ther bores 

3 1 0 0 p m 0 0 . 0 0 3 2 . 6 2 P u m p s t a r t ed 1 1 0 . 3 2 . 0 0 3 4 . 6 2 
0 . 5 9 3 t 4 9 3 6 - 1 1 1 I 0 . 8 2 4 . 3 9 3 7 . 0 1 

! 1 - 0 2 4 . 9 8 fin 
1 - 1 3 3 7 - PI 

i 1 . 3 0 5 . 6 0 3 8 . 2 2 
i i 1 2 . 6 7 . 4 9 4 0 . 1 1 
! 1 

3 . 5 8 . 4 9 4 1 . 1 1 
i 4 . 0 a . 9 8 4 1 . fin 1 
1 5 . 0 4 3 4 9 . . n s i 1 6 . 0 9 . 8 7 4 2 - 4 9 
1 8 . 0 1 0 . 7 2 4 3 . 3 4 
i 1 0 . 0 1 1 3 1 4 3 . 9 3 

1 4 . 0 1 2 . 2 0 4 4 - « 2 ! 1 8 . 0 1 2 . 9 1 4 5 . 5 3 ; 2 0 . 0 1 3 . 3 7 4 5 . 9 9 
! 2 5 . 0 1 4 . 0 1 4 6 . 6 3 
1 3 5 . 0 14. 8 9 4 7 . RI 

4 5 . 0 1 5 . 4 4 4 8 . 0 6 
5 5 . 0 1 6 . 1 0 4 8 . 7 2 -

1 7 9 . 0 1 6 . 9 5 4 9 . 5 7 
1 1 1 0 1 . 0 1 7 . f s n . 2 4 1 1 1 9 . 0 1 7 . 9 5 5 0 . 5 7 

1 5 0 . 0 1 8 , 4 6 5 1 . 0 8 1 
1 1 7 8 . 0 19. 0 4 5 1 . fifi 

1 1 2 2 6 . C 1 9 , 6 2 5 2 . 2 4 1 2 7 8 . C ) 2 0 . 1 2 7 4 
j 3 3 7 . C ) 2 0 . 4 4 5 3 . 0 6 -

( i 4 0 0 2 0 . 9 1 5 3 . 5 3 
! 1 
i 1 1 4 8 7 2 1 . 3 8 5 4 . 0 0 

1 



E51. 

DRAWDOWN SHEET '.CI 

RESULTS of 72 hour pumping test 

Job N a m e A W R C Research Line Name Qumly Island. 
68/8 ^^ga . Wagga BORE 

TEST NUMBER i PUMPING PKRTOn 3. 00 pm . 9. 79 q nn p^i 
29. 9. 72 

S . W . L . f rom Reference Point at Cnmrnf̂ nof̂ mf̂ nf nf T^^t oo ro ! 

W a t c h T i m e 
Time 
reg 'd 

in 
mins. 

Draw-
down 

Water Level 
from 

Ref. Pt. 

Rate 
Measurements 

R e m a r k s 

( e . g. w a s i i 

c l e a r througnouT i hr.j m i n a m 

o r 

p m 

Time 
reg 'd 

in 
mins. 

Draw-
down 

Water Level 
from 

Ref. Pt. Meas-
urement 

Rate 
(gph) 

R e m a r k s 

( e . g. w a s i i 

c l e a r througnouT i a m 

o r 

p m 

Time 
reg 'd 

in 
mins. ft . ins. ft . ins. 

Meas-
urement 

Rate 
(gph) t 

& w e r e D , D b . 

m e a s u r e d in a n v 

o t h e r b o r e s 577 21. 79 54. 41 
1 690 22. 06 54. RR 

840 32. 62 fSR. 9A 

1 ! 1050 23. 01 R.q 
1 1 ! 1 u 1236 23. 35 Q7 
i i 1345 1 23. 44 Ofi ! i ! 
i 1 i 1595 24. 04 56. 66 j 

i ! 
Ì 1890 24. 44 R7. OR 
1 1 2317 25. 20 57. R9. 

2585 25. 29 57. 91 
i i 2880 25. 50 58. 12 

i i 
1 - ^ f 3280 26. f ìR . 74 
! j ! 3800 26. R P . 9.4 

1 _ . 3970 26. 79 41 
1 i 4320 Pump stopped 
1 ! 
1 i_. 
1 ; i- 1 
! 1 1 

1 
! 
1 

1 
I 1 
i- 1 1 
1 
1 J j 
1 
U. 1 i . ! 
1 1 
1 - i 
1 
i 
1 1 
1 
i 
1 

1 
1 

1 i 
1 f 
1 1 1 —.j— 

i 
1 
1 



E52 . 
DRAWDOWN SHEET Sheet IS' 10 

RESULTS of?2 hour P u m p i n g T e s t 
Job N a m e A W R C R e s e a r c h P r o j e c t L ine Name Gumly Island. 

m ^ Wag^a W^gg-a 
DESCRIPTION B o r e No. 30577 Site No. ^ on P rope r ty 

PUMPING P E R I O D S . 00 pm 2 6 . 9 . 72 to 3 .00 pm 2 y . y . 7 2 
32.63 

TEST NUMBER 
¿iö. y. i^ S . W . L . f r o m R e f e r e n c e Point at C o m m e n c e m e n t of Tes t 

Watch T ime 
nr.! m m 

00 

a m 
o r 
pm 
p m 

I 

Time 
r e g ' d 

in 
m i n s . 

0 . 0 
0 . 13 
0 . 3 7 
0 . 5 
4 . 0 
9 . 0 

12.50 
15 .00 
16 .50 
19 .25 
22 
M 
37 
45 
55 
65 
_82 
101 
1 2 Q 
150 
175 
225 
275 
334 
397 
4 8 3 
574 
680 
878 
1Q45 
1234 

Draw-
down 

f t . ins. 

0. 

10. 
14. 
16. 
19. 
19. 

_20. 
_20. 

23. 
23. 
24. 

25. 
Z^ 

22^ 
27. 
28. 
29. 
29. 

iKL. 
76 
51 

^ 
20 
79 

j i l . 
_8J9_ 
^ 

^ 
51 
35 
70 

-JZÜ. 
97 

- ¿ I 

54 
01 
58 

W a t e r Leve l 
f r o m 

Ref . P t . 
f t . 

37. 
43. 
47 . 

51. 
52. 

53. 
54. 

-Mx. 
5 5 . 

56. 
56. 
57. 
58. 
59. 
60. 
60. 
61. 
61. 
61. 62. 

m s . 

14 
.JLfi. 

83 
42 

JL1_ 

-LO. 

14 

^ 

üiL. 

J l _ 
_64_ 
21 

Rate 
M e a s u r e m e n t s 
M e a s -
u r e m e n t 

Ra te 
(gph) 

R e m a r k s 
(e. g. was waie; 
c l e a r throughoLT 
& w e r e D, Db. 
measured in any 
o ther ba r e s 

\ 
V 

\ 

vl 



E53. 
DRAWDOWN SHEET Sheet I I 

Job NameA.WKC Resea rnh Pr^ojert Line Name Gumlv Island. 
b o r e Wagga Wagga 

DESCRIPTION Bore No. 30577 Site No. p on ProDertv ' 
TEST NUMBER 1 PUMPING PE] 

e r e n c e Point a 
RIOD3. 00 pm 26 .9 . 72 to 3 .00 Dm TEST 

S . W . L . f r o m Ref 
PUMPING PE] 
e r e n c e Point a 2KT772 t C o m m e n c e m e n t of Test 09 «Q 

Watch Time Tim^ 
r e g ' d 

in 
m i n s . 

Draw-
down 

Water Level 
f r o m 

Ref . P t . 
Rate 

Measu remen t s 
R e m a r k s 

(e. g. w a s waio. j hr. min am 
or 
pm 

Tim^ 
r e g ' d 

in 
m i n s . 

Draw-
down 

Water Level 
f r o m 

Ref . P t . Meas-
u rement 

Rate 
(gph) 

c l ear througnd.! 
& w e r e D, Db . 
m e a s u r e d in anv | 
other bores ; 

hr. min am 
or 
pm 

Tim^ 
r e g ' d 

in 
m i n s . f t . f t . 

Meas-
u rement 

Rate 
(gph) 

c l ear througnd.! 
& w e r e D, Db . 
m e a s u r e d in anv | 
other bores ; 

1345 29. 87 50 1 1605 30. 37 fiS. nn 1 1 30. 81 fi.*^. 44 1 1 2325 31. RA 1R 1 1 2580 3 U 52 64. 15 
2850 3 U 74 64. 37 1 3275 32, 49 65. 12 • ! 1 

! 3795 32. 95 fifS. 5ft j 
i 1 ! i 3965 33. 09 65. 72 j 1 1 4320 PiiTTir) fitnnrjpH 
i,. ! 1 1 i 

- ! 
1 1 i 1 1 1 L. 1 

! i 1 1 I L ( 1 \ 

i 1— 

1 1 1 1 1 1 \ 1 1 i 
1 1 I i 

1 i j i 1 i ! i 1 ' 



E 5 4 . 

DRAWDOWN SHEET Sheet ^c• 

BORE 

Job N a m e A W R P R p s e a r r h Projer . t . L ine N a m e Q u m l y Is land, Waat 
68 /8 wagga 

DESCRIPTION B o r e No. 30602 Site No. on P rope r ty 
TEST NUMBER 1 PUMPING PERIODS. 00 om 26 .9 . , 72 to 3 . 0 0 mn 

S . W . L . 
2 9 . 9 . 7 2 

f r o m R e f e r e n c e Point a t C o m m e n c e m e n t of Tes t 

Watch T ime Time W a t e r Leve l Ra te R e m a r k s ¡' Wa tch T ime r e g ' d Draw- f r o m M e a s u r e m e n t s ( e . g . was -vaicj 
h r . m i n a m in down Ref . P t . M e a s - Ra te c l e a r througriOLr ' 

i o r m i n s . f t . m s x f t . ÌMKX u r e m e n t (gph) & w e r e D, Db. 
i 
! 1 1 

pm m e a s u r e d in anv 
o the r bores 

13 1 00 p m 0 0. no 7 0 P u m p s t a r t ed r • , - - -1 1 2 0 . 00 32. 70 
! i • 1 4 Ot 00 32. 70 1 1— 
1 t 6 0 . 00 32. 70 
1 i 8 0 . 00 32. 70 
' ; i ' • 10 0 . 00 32. 70 

1 
1 1 15 0. 10 32. 80 
' i 20 0. 19 32. 89 
i i 
t I 25 0. 28 32. 98 1 1 
; 1 30 0. 33 33. 03 i ! 
1 40 0. 50 33. 20 
i 
1 50 0 . fiO 33. 30 1 1 60 0 . 72 33. 42 
1 ; i i 70 0. 90 • 33. 60 
1 80 ] . 00 ?3 7 n 
1 1 93 12 33. 82 1 1 1 

! 1 0 0 1 . 27 33. 97 
1 1 t 1 132 1. 52 34. 22 
i 160 1. 78 34. 48 
1 1 18R 2. 07 34. 77 1 
1 i 1 1 370 3. 09 35. 79 V , 

j }• i 548 3. 85 36. 55 V 
1 
1 1 905 4 . 86 37. 56 V 
! 1 1055 53 38. 23 
1 1 1390 5, 95 38. 65 V 
1 j 1450 6, 10 38. 80 
i i 1808 6. 33 39. 03 
1 1 1 1 2030 6. 89 39. 59 
1 r 

1 2347 7. 31 40 01 
i 2617 7. 75 40 45 -
! ! 2820 7. 99 40. 69 

I 
1 V 



E55. 
DRAWDOWN SHEET Sheet r. 13 

RESULTS of 72 Hour P u m p i n g Tps t 
^^^ N a m e A W R C H e s e a r o h Pro^oof Line Tsland." 

Wagga Wagga BORE 
DESCRIPTION B o r e No. 30502 Site No. on 
TEST NUPvlBER 

P r o p e r t v 
PUMPING P E R I O D a . o o n ^ P , P vo , ^ 

29. 9 
Watch Time 
• ! ' ( 

Time 
r e g ' d 

in 
m i n s . 

Draw-
down 

Wate r Leve l 
f r o m 

Ref . P t . 
Rate 

M e a s u r e m e n t s 
— ^ v-^i. oz. /u 

Remarks : 
/ 1 (e. g. was ivale . 1 clear througnouT i 
& were D, Ds . ' 
measured in anv 
other bores i 

hr.i mini am 
Time 

r e g ' d 
in 

m i n s . 
Draw-
down 

Wate r Leve l 
f r o m 

Ref . P t . Meas -
u r e m e n t 

Rate 
(gph) 

— ^ v-^i. oz. /u 
Remarks : 

/ 1 (e. g. was ivale . 1 clear througnouT i 
& were D, Ds . ' 
measured in anv 
other bores i 

! 
1 

or 
pm 

Time 
r e g ' d 

in 
m i n s . f t . î DSS f t . kmx 

Meas-
u r e m e n t 

Rate 
(gph) 

— ^ v-^i. oz. /u 
Remarks : 

/ 1 (e. g. was ivale . 1 clear througnouT i 
& were D, Ds . ' 
measured in anv 
other bores i i 1 1 3120 B. 30 41. on 1 ! 3428 8. 52 4 L 22 1 1 i 3840 8. 90 4 L 60 1 1 1 1 4320 PumD s t O D D e d 1 i 1 1 

i ^ i 1 1 ' i- i 
1 i i \ 

j 
i 1 
1 1 i 1 i '• 1 1 

i 

i 1 1 ; 
! 

i 1 
i - ^ L . , 1 ' i ! t 

1' 

1 

! i i 

1' 

1 

! i 
1 

1 -

! 1... 
1 

- 1 

j 

1 

- 1 

1 1 
I • 1 

1 
1 
h -

1 
1 

1 
h -

1 1 

— 

h — i — — _ 

1 1 
1 

— r i ! 1 
_ i 

1 —-t— L_ 1 1 

i I 1 
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DRAWDOWN SHEET Sheet 14 

RESULTS of 72 Hour Pumping Test 
Job Name AWRC Research Project Line NameGumly Island, Wag ;̂ 

BORE Wagga j 
DESCRIPTION Bore No. 30031 Site No. 1 on Property ' 

TEST I SrUMBER 1 PUMPING PEI 

srence Point a1 

UOD 3. 00 pm 26.9. 72 to 3.00 pm TEST I 

S . W . L . from Refi 

PUMPING PEI 

srence Point a1 
29.9.72 

t Commencement of Test 50.72 

Watch Time Time 
reg'd 

in 
mins. 

Draw-
down 

Wate 
fi 

Ref. 

r Level 
"om 

Rate 
Measurements 

Remarks !• 
(e. g. was \vaic. ^ 

hr. min am 
or 
pm 

Time 
reg'd 

in 
mins. 

Draw-
down 

Wate 
fi 

Ref. Pt. Meas-
urement 

Rate 
(gph) 

clear throughour 
& were D, Db. 
measured in anv : 1 
other bores i 

hr. min am 
or 
pm 

Time 
reg'd 

in 
mins. ft. iTEKX ft. iXUSi 

Meas-
urement 

Rate 
(gph) 

clear throughour 
& were D, Db. 
measured in anv : 1 
other bores i 

3 00 pm 0 0. 00 50. 72 Pump started • 
1 45 0. 06 50. 78 1' 

65 0 13 50. 85 1 86 0. 28 51. 00 
109 0. 38 51. 10 ) 1 , i i 136 0. 55 51. 27 : i i 

i ! 166 0. 65 51. 37 
: 1 ! 195 0. 80 51. 52 
i i r 361 1. 50 52. 22 1 i 
i i 538 2. 05 52. 77 1 1 i t 1 ! 898 3. 12 53. 84 
i i 1210 3. 72 54. 44 
1 1 1 1381 4. 16 54. 88 i 1 
; 1 i 1441 4. 30 55. 02 

} \ 1 1620 4. 53 55. 25 
j I 1 2016 5. 18 55. 90 

i i 2338 5. 68 56. 40 
2608 6. 09 56. 81 
2820 6. 32 57. 04 

1 1 3120 6. 68 57. 40 — i i 1 3420 6. 88 57. 60 
i j 1 3826 6. 68 57. 40 
1 i 1 1 4320 Pump stopped 

_ 
1 1 
; 1 — — 

1 1 
1 1 ^ 1 1 1 : ^ 1 
i ' 1 

! 

! ! 1 1 ; 1 1 



E57. 

D R A W D O W N SHEET Sheet 15 

RESULTS of 72 Hour Pump ing T .̂̂ t̂ 

BORE 

DESCRIPTION 

N a m e A W R C Research T.inP NameGumly Is land. E ^ ^ g a 

68/8 W a g g a ^ 

Bore No. 30032 Site No. on 

TEST NUMBER 

Proper tv 

P U M P I N G P E R I O D 3.00 pm Ol 

29. ! S . W . L . f r om Reference Point at Commencement of Test 

Watch Time 

hr. 

£1 

min 

QD. 

am 

or 

pm 

pm 

r ime 

reg 'd 

in 

m i n s . 

iL 
38 

Draw-

down 

ft . 

0 
0. 

ins . 

m 
00 

Water Level 

f r om 

Ref . P t . 

f t . 

21. 

ms . 

JìK 
08 

Rate 

Measurements 

Meas-

urement 

Rate 

(gph) 

•21.08 
Remarks 

(e. g. was vva' 

c lear througnou* 

& were D, Db . 

measured in anv 

other bares 

Pump started 

56 0. 07 21 15 
I ! 76 0. 17 21 25 

97 0. 30 21 38 

128 52 21 60 

1 5 ^ M. 21 74 

I M . 0. 85 21 93 

309 1 . 72 22 80 
555 44 23 52 

915 3. 37 24 45 

1160 4. 02 25 10 

1353 4. 47 25 55 

1456 4. 62 25 70 
! 

1633 4. 89 25 97 

2035 5. 54 26 62 

2351 6. 03 27 11 

2622 6. 27 27 35 

2855 6. 60 27 68 

3135 92 28 00 
3433 7. 16 28 24 

3843 7. 53 28 61 

ip I 
—1. y 

y I I 
y 
y 

/ 

4320 Pump stopped 



E 5 8 . 
DRAW DOWN S H E E T JL6_ 

R E S U L T S of 72 Hour P u m p i n g T e s t 

BORE 
D E S C R I P T I O N 

J o b N a m e A W R C R e s e a r c h P r o j e c t L ine N a m e G u m l v Is land , W a g ^ 
68 /8 Waggai i 

B o r e No. 30568 Si te No. on P r o p e r t v 
T E S T NL"MBER i P U M P I N G P E R I O D 3 . 0 0 p m 2 6 . 9 . 7 2 to 0 im. 

S . V / . L . f r o m R e f e r e n c e Po in t at C o m m e n c e m e n t of T e s t 30 34 I, 
Wa t ch T i m e ' 

• nr . ' m i n a m | 
i i o r 1 
i ; pm 1 

00 I p m 

i ime 
r e g ' d 

in 
m i n s . 

1 . 0 
2 . 0 
2 . 5 
3 . 0 
3 . 5 

i 4 . 0 
I 4 . 5 
i 5 . 2 5 

6 . 0 0 
6 . 5 

i 8 . 5 
j 9 . 0 
i lO.O 
1 2 . 0 
1 4 . 0 
16 
18 
20 
22 
24 
26 
28 35 
40 
45 

i 55 
= 60 

D r a w -
down 

f t . 

0. 
9. 

12. 
13. 
14. 
14. 
14. 
15. 
16 .^ 00 16. 
16. 
16. 
17. 
17. 
18. 
18. 
12. 

J ^ 
19. 
19. 
20. 

_2iL 
20. 
21.1 
2 1 . 
2 1 . 
22. 

00 

46 
74 
53 
09 
52 
95 
26 
68 

66 
80 
95 

m 39 
86 
34 
67 
01 
53 
74 
95 
26 
^ 
98 
26 
53 
74 
00 

W a t e r L e v e l 
f r o m 

Ref . P t . 
f t 

30. 
40 . 
43 . 
44 . 
44 . 
45 . 
45 . 
46 . 
46 . 
46 . 84 
47. 
47. 
47. 
47. 
48 . 
48. 
49 . 
49. 
49. 
50. 
50. 
50. 
51. 
51. 
51. 
52. 
52. 
52. 
52. 

84 
30 
58 
37 
93 
36 
79 
10 
25 
50 

79 ^ 
23 
70" 
18 
51 
85 

_2_L_ 
37 
58 
79 
10 

46 
82 
10 
37 
58 
84 

R a t e 
M e a s u r e m e n t s 
M e a s -
u r e m e n t 

R a t e 
(gph) 

R e m a r k s 
(e. g. w a s . , 
c l e a r througn!...: 1 
& w e r e D, Db. • 
m e a s u r e d in an^ j 
01 her b '^res : 

P u m p s t a r t e d 

V, 



E59. 

DRAWDOWN SHEET She = 17 

Job Name a w R P pr-^j^^i LinP Name Gumly Island. ! 
BORE Wagga Wagga 

DESCRIPTION Bore No. 30568 Site No. on Pronertv ' 
TEST NUMBER 1 PUMPING PE] 

erence Point a 

RIOD3. 00 pm 26 9. 72 to 3. 00 pm TEST 

S . W . L . f r o m Ref 
PUMPING PE] 

erence Point a 
2^7^72 

t Commencement of Test 30.84 
j V/atch Time Time 

reg 'd 
in 

mins . 

Draw-
down 

Water Level 
f r o m 

Ref . Pt. 

Rate 
Measurements 

Remarks ; 
(e. g. was '.va . ! 

hr.i mini am 

Time 
reg 'd 

in 
mins . 

Draw-
down 

Water Level 
f r o m 

Ref . Pt. Meas-
urement 

Rate 
(gph) 

c lear througncc.: j 
& were D. Db . ! 
measured in anv i 1 
other bores : 

1 : 
1 1 

i i ! 

o r 
pm 

Time 
reg 'd 

in 
mins . f t . xnsft. ft . ifiJSx 

Meas-
urement 

Rate 
(gph) 

c lear througncc.: j 
& were D. Db . ! 
measured in anv i 1 
other bores : 

75 22. 58 53. 42 
1 1 90 22. 91 53. 75 1 1 1 1 1 1 120 23. 69 54. 53 1 1 150 24. 28 55. 12 1 1 170 24. 58 55. 42 i 208 25. 03 55. 87 i 1 

i 238 25. 35 55. 19 1 1 1 272 25. 64 56. 48 
! 298 25. 74 5R 

328 25, 91 56. 75 
1 357 26. 08 56. 92 
1 1— 417 26. 48 57. 32 1 1 1. .. 478 26. 88 ' 57. 71 1 

538 26. 95 57. 79 1 1 1— 597 27. 03 57. 87 1 
1 1— ! 657 27. 41 58. 25 
1 1- 775 27. 70 58. 54 1 838 27. 83 58. 67 i 955 27. 99 58. 83 
i [ 1077 28. 23 07 1 1 1197 28. 56 59. 40 1 
! - ! 1437 28. 90 59. 74 
1. [ 

1678 29. 53 60. 37 1 j 
1911 29. 91 60. 75 1 ! 
2218 30. 16 61. 00 1 1 1 i 2457 30. 60 61. 44 1 1 L 2637 30. 73 61. 27 1 

1 ! . 1 2877 30. 76 61. 60 ! 

1 ; r 1 : ! 3117 31. 15 61. 99 1 
i 3357 30 62 61. 46 1 1 

' - J ! i 3597 31. 33 62. 17 
1 1 



E60. 

DRAWDOWN SHEET Sheet 18 

Job NameAWRC Rpsf^arnh Prnjpp.t Line Name Gumlv Island. 
b o r e "^^Sg^ Wagga 

DESCRIPTION Bore No. 30568 Site No. on Property 
T E S T n u m b e r 1 PUMPING PERIOD 3.00 Dm 26. 9.72 to IJ-

S . W . L . from Reference Point at Commencement of Test 30.84 

Watch Time 
i 

Time 
reg 'd 

in 
mins. 

Draw-
down 

Water Level 
from 

Ref. Pt. 

Rate 
Measurements 

Remarks 
( e . g . was wau ; 
c lear througncu^ 
& were D, Ds. 
measured in anv 
other bores 

i lir.i mm 1 
1 1 ' 
I i 

am 
or 
pm 

Time 
reg 'd 

in 
mins. 

Draw-
down 

Water Level 
from 

Ref. Pt. Meas-
urement 

Rate 
(gph) 

Remarks 
( e . g . was wau ; 
c lear througncu^ 
& were D, Ds. 
measured in anv 
other bores 

i lir.i mm 1 
1 1 ' 
I i 

am 
or 
pm 

Time 
reg 'd 

in 
mins. ft. yrvr. ft. xktsi 

Meas-
urement 

Rate 
(gph) 

Remarks 
( e . g . was wau ; 
c lear througncu^ 
& were D, Ds. 
measured in anv 
other bores 

1 ; 3837 31. 91 1 1 i ! 4077 32. 20 63. 04 i i 1 4317 32. 08 62. 92 1 1 1 i 4320 Pump stopped 1 : i 1 ' ' 1 1 

; • • ' 1 • 1 i 
1 ! 

i ! 1 1 1 1 
i , i f ! i 1 
i i • 1 ; ; 

' i ! I ' 
' i 1 , 1 ; 1 i 

: 
1 1 

i 1 
i _ _ _ _ 1 1 1 j 

! ! 1 1 1 1 
1 ' ! 1 
; i 

i 
i ! ! ! ! i 1 i ! ; - • 
! i 

j 
1 ' 

i i i 
' ! : i 1 1 : 1 1 

1 



APPENDIX II 

SITE B 

ROSEVALE 

TIME-DRAWDOWN FIELD DATA 

TESTS 1 and 11 



E61 
DRAWDOWN SHEE' She« 

RESULTS of 24 hour pumping tes t 
Job N a m e A W R r projpnf Rft/f^Line Name Rpseva l e 

BORE 
DESCRIPTION B o r e No. 1 Site No. on 
TEST NUMBER 

Proper^ \ 
1 PUMPING PERIOD 11.0 a . m . 8. 6. 72 - H a. m . 

S . V / . L . f r o m R e f e r e n c e Point at Commencemen t of Test 8 .06 f t . 
Watch Time 
nr. min 

¡II 

am 
or 
pm 

Time 
r e g ' d 

i.n 
m i n s . 

ML am I . 5 
3 . 5 
9 . 5 
I I . 5 
14 .5 
19 .5 
24 .5 
2 9 . 5 
3 9 . 5 
4 9 . 5 
5 9 . 5 

_aQ 
JQ4 120 
150 
180 

.24J 
302 
360 
418 
480 
540 
600 
660 
720 
780 
840 
905 

Draw-
down 

f t . 

Al. 

A , 
Jl^ 
J U 
J U 
1. 

Ju. 

2. 

jQH 
74 
87 

-03-
J A . 

37 
48 

IlB. 

82 
m . 
US. 
J J L 
24 
M _ 

fiJO-
75 
aiL. 
nn 
L5_ 
_2J_ 
_2J6_ 

39. 
-4-t-45 

Wate r Leve l 
f r o m 

Ref . P t . 
f t . 

9. 

JUL-
10. 

.IÌL_ 
i n . 
10. 

ISL-

l i L -
1 1 . 
-LU. 
1 1 . 

-11^ 
11 . 
11. 

-Ofi. 
80 
93 

-QR-

43 

86 

30 
-iO-

-as-

jQfi-
_2:L 

9.1 

51 

Rate 
M e a s u r e m e n t s 
Meas-
u r e m e n t 

Rate 
(gph) 

R e m a r k s 
( e .g . wa^, A a • V . 
c l e a r t h r ( 5 U g r i i ; 
& w e r e D, D.s . . ' 
m e a s u r e d in arp-' i 
o ther b o r e s ' 

Pump stRrted 



E62. 

DRAWDOWN SHEET Sheet 

RESLLTS of 24 hour pumping test 
Job Name a w p r pr-nĵ ^rt fi«/« Lî ^e Name Rose vale 

BORE 
DESCRIPTION Bore No. i Site No. on Property 

TEST NUMBER PUMPING PERIOD 11. 00 a.m, 
8. 

11.00 a.m. 
9, 6, 72 

S .W.L . from Reference Point at Commencement of Test 806 

Watch Time 1 
1 ! 

Time 
reg'd Draw-

down 

Water Level 
from 

Ref. Pt. 

Rate 
Measurements 

Remarks 
(e. g. \̂'a5 w&K -
clear throughcuT 
& were D, Db. 
measured m anv 
other bores 

i hr .j m in 

1 

am 
or 
pm 

in 
mins. 

Draw-
down 

Water Level 
from 

Ref. Pt. Meas-
urement 

Rate 
(gph) 

Remarks 
(e. g. \̂'a5 w&K -
clear throughcuT 
& were D, Db. 
measured m anv 
other bores 

i hr .j m in 

1 

am 
or 
pm 

in 
mins. ft. ft. xm&i 

Meas-
urement 

Rate 
(gph) 

Remarks 
(e. g. \̂'a5 w&K -
clear throughcuT 
& were D, Db. 
measured m anv 
other bores 

Ì 975 3. 49 11. 55 1- • 1 — " • 
1 ! 1050 3t 57 11. 63 1 1 1110 3. 60 11. 66 1 f ! i 1 175 3. 69 11. 75 
i i 1230 3. 73 11. 79 
( I 1290 3. 75 11. 81 .... . , 

1 1 1350 3. 82 11. 88 
11 ! on am 1440 3. 85 11. 91 Pump stODDed _ 
; i 1 i 
' 1 1 i—1 '1 1 i 1 

Ì 1 
1 : < 1 

1 i 1 
1 ; 1 ^ 

1 1 j 
1 1 ! j 
; j ; 
i j 

1 1 , 1 1 1 1 
i 1 i 1 
1 1 1 
; 

1 1 
i 1 1 
1 1 
1 • ! 1 1 1 1 
i , j • , i 

f -r-1 1 1 i • 

i ^ ! i 
1 , 1 ; 1 

1 



E63. 

DRAWDOWN SHEET Shee: 
— -

RESULTS of 24 boiir piimp-ing foot 

BORE 
DESCRIPTION 

N a m e p ^ q j . . , ^«/p 

B o r e No. Site No. 

Line Name Rq.cpv^i^ 

on 
TEST NUMBER 

P r o p e r t \ 
PUMPING PERIOD " l ^ ^ ' n O • Di M —y é D« 7 

m . o 
S . W . L . f r o m R e f e r e n c e Point at C o m m e n c e m e n t of Tes t 7 . 9 0 

Watch Time 

hr.| min am 
o r 
pm 

Time 
r e g ' d 

in 
m i n s . 

Drav/-
down 

f t . km:-

Wate r Leve l 
f r o m 

Ref . P t . 
f t . 

Rate 
M e a s u r e m e n t s 
Meas -
u r e m e n t 

Rate 
(gph) 

R e m a r k s 
(e. g. a s -.va- . 
c l e a r througn^/. 
& w e r e D: Ds . 
m e a s u r e d in an 
o ther b a r e s 

11 00 a m 

u. 

h 

L 

I , 7 5 
2 . 7 5 
3.7f) 
6 . 7 5 
9 . 7 5 

I I , 7 5 
14 ,75 
19,75 

29,8Q 
àù  
¿0 

M 
104 
.m 
15jQ 
IM 
2±ù  
240 
MD  
366 
418 
480 -
540 
jailQ 

720 
780 
840 

iL. 
iL. 
iL. 

iL. 

1. 

2. 

Äju 

SLL 
SUL 
00 
JLL_ 
35 

i i L 
^ 

1 fi  

A8_ 

M _ 

ül-

M _ 

71  
I I -
M _ 
M _ 
ii2_ 
06 

J X 
17 

9. 

_IiL. 
10. 

ig.-
_1ÌL. 
10. 

-IiL_ 

10. 
_LÌL_ 
1(L_ 
11. 
11. 

_ÜI. 
25 

_6ÌL 

ilfì_ 

.'RR 

76 

-13-

l61 

76  
M _ 

01 
07 

P u m p s t a r t e d 



E64. 

D R A W D O W N S H E E T Sheet No 

R E S U L T S of 24 hour pumpingf test 

Job N a m e A W R C Project 68/8 Line Name Rpspvalp 

B O R E 

D E S C R I P T I O N Bore No. lA Site No. on Property 

T E S T N U M B E R P U M P I N G P E R I O D ^ ^ " 11.00 am 
9 . 6 , 72 

S . W . L . from Reference Point at Commencement of Test 7 . 90 ft. 

Watch Time 

i hr.| min! am 
i ' ! 
I I ¡ or 

! ; pm 

Timd 

reg'd 

in 

mins. 

! 1 
I H 

m i 

Draw-

down 

ft. isst. 

24 

¿ 1 

Water Level 

from 

Ref. Pt. 

ft. 

JLi 

11 
-L4. 

-21 

Rate 

Measurements 

Meas-

urement 

Rate 

(gph) 

Remarks 

(e. g. was waic. 

clear througnoLi 

& were D, Db. 

measured in anv 

other bores 

1050 34 11 
lllQ 12. 11 22. 
1X75 18. 11 •SR 

1230 11^ 

129Q 11 42. 

U loo 
1350 M . 11 Sil 

am 1440 23. 11 aa. 

-J— 

Pump fitopped 



E65. 

DRAWDOWN SHEET Sheet > : 

RESULTS of 24 hour pumping tpst 

BORE 

DESCRIPTION Bore No. 2 Site No. 

TEST NUMBER 

Line Name Rospv^Ip 

Propertv on 

PUMPING PER IOD 11. 00 am 
—8 .6 , 73 

S . W . L . f rom Reference Point at Commencement of Test 

11.00 am 

Watch Time 

hr min 

11 00 

am 

or 

pm 

' Time 

reg'd 

in 

m ins . 

am 

10 

15 

_2iL_ 
25 

50 

80 

103 

mi. 
150 

180 

210 

240  

_aQÌL 

360 

420 

AM. 
.MO. 

fiOO 

660  

J72ÌI 

780 

Draw-

down 

ft. 

SL 

JL 

2. 

3. 

Ac 

4. 

-O i l 

-T i l 

-M. 
02 

OR 

42 

72 

99 

07 

15 

46 

80 

05 

12 
20 

32 

Water Level 

f rom 

Ref. Pt . 

ft. 

11. 

11, 

11. 
11. 
11. 
11. 
1 1. 

11. 
12. 

12. 
12. 
12. 
12. 
12. 
12. 
12. 
12. 

13> 

13. 

13. 

13. 

13. 

13. 

1 3 ^ 

13, 
14. 

-JUL 

_1£L 

-AS. 

72 

78 

_I2_ 

-aiL. 
_2lQ_ 

J L l . 

_16_ 

50 

JZ2_ 

JL5_ 

90 

02 

Rate 

Measurements 

Meas-

urement 

Rate 

(gph) 

Remarks 

(e. g. was '.va:. . 

clear througr. /L 

& were D, Db . 

measured in an-

other bores 

Pump .started _ 

1 

1 



E 6 6 . 
DRAWDOWN SHEET Sheet Nc 

RESULTS of 24 hou r pumping t e s t 
Job N a m e a w r p p r n j p r t fift/ft 

BORE 
DESCRIPTION B o r e No. 2 Site No. 

L ine N a m e _ _ a Q a £ 3 £ a l e _ _ 

P r o p e r t y on 
TEST NUMBER PUMPING PERIOD H - O O a m 11 a m 8 . 6 . 7 2 9 . 0 . 7 2 — - — - - — w . v . 

S . W . L . f r o m R e f e r e n c e Poin t at C o m m e n c e m e n t of Tes t 
! Watch T ime 

— , 1 ; iir .j m i n j a m 
I i I o r 
i i i pm 

T imé 
r e g ' d 

in 
m i n s . 

D r a w -
down 

f t . iööi 

W a t e r Leve l 
f r o m 

Ref . P t . 
f t . 

R a t e 
M e a s u r e m e n t s 
M e a s -
u r e m e n t 

R a t e 
(gph) 

R e m a r k s 
{e. g. w a s wale-, 
c l e a r througnoui 
& w e r e D, Db. 
m e a s u r e d in anv 
o the r b o r e s 

Mn lA. m. 
.Sim. AZ. IZ. 
mn. ASL IB. 
inf>o 22. 
1X10 62 32 

¡1170 J2S. 
1 2 3 Q 31. J 7 . 
1290 72 14. 42 

11 ¡00 
1 3 5 0 lA^ Ah. 

am 1440 -U- lA AJL P u m p stopped 



E67. 

DRAWDOWN SHEET Sheer 

RESULTSpf 24 hour pumping test 

Job Name a w p p Pm-j^nf fi«/« T.inP Name 

BORE 

DESCRIPTION Bore No.3 (p . B . ) Site No. on 

TEST NUMBER 

Propertv 

± PUMPING PER IOD ^ a. m, 
8. G. 72 

11 a. m . 

S . W . L . f rom Reference Point at Commencement of Test o. 20 

Watch Time 

hr^jminj am 

i j or 

j pm 

Time 

reg 'd 

in 

m i n s . 

Draw-

down 

ft . ins. 

J 1 

Read ing f rom 

Hg Man. 

" B e . 

ins. 

LHT 

ms. 

RHT 

Rate 

Measurements 

Meas-

urement 

3" ori f ice 

Rate 

(gph) 

Remarks 

( e. g. V: a s a . V , 

clear througnoi 

& were D, Db . 

measured m an 

other b«->re 

11 ! OQ am 20. -0.45 +0.45 
air tube not press-
nrisen. 

SL 2iL 11 „Pi fi 10. 7Pi 

I H 
I ! 

13. 

: h 

I h 

15-

JLiI m 

12. 13. 
15 16. 

J J . 
25 16. 

20. IB-

5.65 4. 85 

m 5.4Q 4.55 
15 4 .90 4. 05 18.25' 7050 

13. 4.Q0 4. 05 

30. 4 .70 3.90 

4 .60 3. 80 

HfL 4 .50 3.65 

23. 4. 40 3. 55 
4 .40 3.50 18.50 7100 

m 4 ,25 3.40 

72 4 .20 3. 35 

22. 4 .15 3, 30 18.25 7050 

40. 17^ JJ- 4 .00 3. 15 

JJL 4£L 3.90 3.05 

60 17. 

32. 11^ 
3SL 
S3. 

3.35 3.00 
3.70 2.85 

1 

i m i IB- m 3.60 2.75 

13. 13. 3.55 2.70 18. 00 7000 

i— 

148 18. 49 3.45 2.55 

180 18. 75 3.30 2.45 

210. l a . 22. ^ .40 

2AQ. 12. 10. 3.15 2.30 

202. 12. 20. 3.X0 2.25 17. 75 6950 

U- . 3 m 12. 33. 2. 95 2 .10 18.25 7050 

A22. 12. 20. 2. 85 2. 00 

A20l 19 20. 2 . 8 0 1. 95 

.51ÌL 2ÌL. m 2.75 1.90 

600 ^n, ,2. 65 

. M a 20. 30 12.60 

1 . 80 
1 . 8 0 

18. 25 7050 



E68. 

DRAWDOWN SHEET Sheet 

RESULTS of 24 hour pumping test 

BORE 
DESCRIPTION 

TEST NUMBER 

Job NameAWRr Projprt fift/ft 

Bore No.3 (p. b . ) Site No, 

Line Name 

on 

J. PUMPING PERIOd"P-r^'7^' 

Property 
11a. m. 
R. 6.72 

S .W.L . from Refprence Point at Commencement of Test o,20 

Watch Time 

hr. min am 
or 
pm 

Time 
reg'd 

in 
mins. 

Draw-
down 

ft. i s s . 

Reading from 
HQ Man. 

\r>s 
LHT 

" W . 

RHT 

Rate 
Measurements 
Meas-
urement 

Rate 
(gph) 

Remarks 
(e .g. was wau-i 
clear throughour 
& were D, Ds. 
measured m any 
other bores 

720 20. 30 2.60 j u m 18.25" 7Q50 
ISO. 2£U 2.50 1. 70 

20. m -U-65. 
.ajiQ. 211 JIL 2.40 1.60 
966 20. 87 2 ^ L5Q 

1045 20. 95 2.30 1. 50 
1110 2U 2.25 It 43 
1170 21. 10 2.25 1.40 
123Q m 2,25 1.50 
1260 20. 95 2.3Q 
1320 21. 05 2.30 1^40 

11 00 am 1440 20. 2.25 1.40 Pump stopped - -



E69 

DRAWDOWN SHEET Sheet I 

RESULTS of 34 hQmL^;mnimigj£LBl 
Job 68/8 Line Name Rpsevale 

BORE 
DESCRIPTION Bore No. 4 Site No. 
TEST NUMBER _PUMPING PERIOD 

on 
i l . 00 am 
8.fi. 

Property 
11. 00 am 

—9. 6. 72-
Point at Commencement of Test 

Watch Time 

hrj 

11 

I 
I — 

min 

00 

h -

am 
or 
pm 

am 

Time 
reg 'd 

in 
mins. 

0 
1. 5 

10 
12 
15 
20 

25 . 
3.0 •• 
40 
5Q 
•SO-
BO 

105— 
120 
15IL_ 
182 
213 
240 
•.3i}.a... 

420 
480 
540 
600 
720 
780 
840 
903 

Draw-
down 

ft. 

0. 
0.. 

JL. 
0. 
1. 

-L. 

1. 

JjL. 
2. 

3. 
3. 
3. 
3. 
3. 

00 
65 

91 
01 
05 

22 

70 

87 

_2JL 
30 
38 
45 

71 
81 
90 

04 
14 
22 
28 
34 

Water Level 
f rom 

Ref. Pt. 
ft . 

10. 

11. 

Ilo 
11. 
11. 

11. 

•..12.., 
12. 

12. 
12. 

12̂ ..-
12. 

12. 
12. 
13. 

. 13. 
13. 
13. 
13. 

13. 
13. 
13. 
13. 
13. 

58 

35 
.49 
59 
63 
76 
80 
92 
00 

JL4_ 
28 

_22_ 
45 

_SÍL 
69 
79 
88 
96 
03 

_ i8 -
29 
39 
48 
57 
62 
74 
80 
86 
92 

Rate 
Measurements 
Meas-
urement 

Rate 
(gph) 

Remarks 
(e. g. was waic. 
clear througnoL-i 
& were D, Ds. 
measured in anv 
other bores 

Pump s tarted 



E70. 

DRAWDOWN SHEET Sheet N' ID,. 

RESULTS of 24 hour Pumping Test 
Job Name awRC Project 68/8 

BORE 

DESCRIPTION Bore No. 4 Site No. on 
11 ¿tn 

PUMPING PERIOD fi.fi.7^ ' 

Line Name Rosevale 

TEST NUMBER 11 am 
9,6.72 

Property 

S .W.L . from Reference Point at Commencement of Test 

Watch Time 
Time 
reg'd 

in 
mins. 

Draw-
down 

Water Level 
from 

Ref. Pt. 

Rate 
Measurements 

Remarks 
(e.g. was waici 
clear throughout 
& were D, Ds. 
measured m any 
other bores 

hr. min am 
or 
pm 

Time 
reg'd 

in 
mins. 

Draw-
down 

Water Level 
from 

Ref. Pt. Meas-
urement 

Rate 
(gph) 

Remarks 
(e.g. was waici 
clear throughout 
& were D, Ds. 
measured m any 
other bores 

hr. min am 
or 
pm 

Time 
reg'd 

in 
mins. ft. ft. 

Meas-
urement 

Rate 
(gph) 

Remarks 
(e.g. was waici 
clear throughout 
& were D, Ds. 
measured m any 
other bores 

975 3t 36 9fi 
1050 3. 43 14. 03 
1110 3. 50 14. 08 
1170 3. 55 14. 13 

1232 3t 58 14. 16 
1292 3. 62 14. 20 

1 1352 3. 64 14. 22 
! 11 00 am 1440 3. 72 14. 30 Pump stopped 
1 
1 t 
j i 
1 i 
1 1 
i 
1 1 
1 I 

i 1 
1 
i 
1 1 

! i 1 

1 
1 
1 1 1 
( 

1 

( 
1 

1 
i 1 

1 
1 ___ 



E7U 

DRAWDOWN SHEET Sheet :. IX ̂ ^ 

of ?4 hour pmnping tost 

BORE 
DESCRIPTION 

T H — I'J " i J - i X I J A J L i l M b ^ s o  

Bore No. 14S9A Site No. 

Line Name Rosevale 

on 

TEST NUMBER PUMPING PERIODy-QQ^t"" " 

Propertv 

S .W .L . from Reference Point at Commencement of Test 9.43 

Watch Time 

hr.|mln| am 
! j or 

I pm 

Time 
j reg'd 

in 
mins. 

Ill 00 am 

. ^—u 
-j— 
I 

— r 

i— 
I 

L 
/ I 

i 
/ !" 

/ 

Draw-
down 

ft. km-

Water Level 
from 

Ref. Pt. 
ft. 

0. 
SLu 
IL. 

10 

15 

2Q 

2 5 

3 0 

4 0 

sn 
60 
80 

106 

122 
150 
180 
2 1 5 

2 4 1 

3 0 3 

3 6 0 

415 

I 4 8 0 

5 4 6 

600 

660 i a. 
7 2 0 ! 3 

2^ 
2^ 

63 

JJ-
88 

96 
05 
08 

29 

51_ 
56 

JLl. 
JZJä. 

.jljql 
14 

_37. 

Al. 
^ 

79  

ä3 

Rate 
Measurements 
Meas-

I urement 

9. 

JJ^ 
JJL. 
10. 
10. 
10. 

10. 
10. 

liL. 
10^ 
10. 

11^ 
JUL. 
JLU 

11. 

XL. 11. 
J ^ 

12^ 
12. 
12. ^ 

12. 
12. 
12. 

43 

_a£L 
60 

-an 
31 
39 
48 
55 
72 

94 
99 

¿2-

67 
81 
90 

HQ-
05 

32 
41 

M _ 
65 
71 
7 ^ 

Rate 

(gph) 

Pump started 

Remarks 
(e.g. was wai^. 
clear througri<.L 
& were D, Db . 
measured in an 
other bores 



E72. 

DRAWDOWN SHEET Sheet 12_ 
RESLLTS of 24 hour pumping test 

BORE 
DESCRIPTION 
TEST NUMBER 

Job Name AWRC Project 68/8 

Bore No. 14S9A Site No. 

Line Name Rosevale 

on 

PUMPING PERIOD -

Propertv 

S . W . L . from Reference Point at Commencement of Test 9.43 ft. 

Watch I ime 

nr.: m m i am i i o r 
I 

i • pm 
I 

I i ime 
j reg'd 

in 
mins. 

Draw-
down 

ft. àm-

Water Level 
from 

Ref. Pt. 
ft. XKXX 

Rate 
Measurements 
Meas-
urement 

Rate 
(gph) 

Remarks 
(e. g. was . 
clear ihrougncu-
& were D, Db. 
measured in anv 
other bares 

jm. ¿a. 12u 
850 50 12^ 93 
m u ¿2. IZ 
miL IlE. 12. 

i 1050 M. m 
1110 12. 12. 
U 8 0 74 17 
X 2 3 5 IS. 21. 
1 2 9 3 31. 21. 

11 ' 00 jam I 1440 M . 22. Pump stopped __ 



E73, 
DRAWDOWN SHEET .^nee 

RESL' LTS of 6 hour pumping tes t 

BORE 
DESCRIPTION 

Name_AWRC R e s e a r n h T.inP N^r.. . fì-^r^nlr 
68/8 

Bore No. i Site No. on 
TEST NUMBER n PUMPING PERIOD 9.30 - 13.30 13 .2 .73 

P rope r tv 

S . W . L . f r o m Re fe r ence Point at Commencement of Test 6. 32 
Wa^ch Time 1 

:hr,|mm am 
I ! o r 

i pm 
9 

Time 
r e g ' d 

in 
m i n s . 

30 am 0 
0. 25 
0.5Q 
0 .75 

Draw-
down 

f t . 

0. 
0. 

iL. 
0. 

JL. 1. 
1. 

l ü 
12. 

-—u i 15 
125 
m 

I 1 

50 
60 
80 

i i m . 
1120 
150 
180 
210 

1. 
1. 

2. 
2. 

2. 

00 
35 
68 

77 
-a2. 
-02. 
HI. 
Ih. 18 
35 

A3. 
AR. 
30. 
3Ä. 

88 
91 
03 

12. 
22 
30 
M . 52 

Water Level 
f r o m 

Ref . P t . 
f t . msix 

32 
67 

m 
m. 
2A. 
2A. 

Al. 50 
67 

JZ2_ 
JA. 

11. 
20 
23 
35 

AA. 54 
62 
7 ^ 84 

Rate 
M e a s u r e m e n t s 
Meas-
u remen t 

Rate 
(gph) 

R e m a r k s 
(e .g . was 
c lea r througnoi 
& were D, Db . 
m e a s u r e d m an 
other bores 
Pump s t a r t ed 

! L 2M. M. m. ¡270 2. 48 80 

1300 2. 58 90 
330 2. 63 95 

30i pm !360 2. 65 97 Pump stopped 



E74. 

DRAWDOWN SHEET Sheet \ 
2 

r: of 6 hour Pumping Test 

PORE 
DESCRIPTION 

Job NameAWRC Research Prnjprf Line Name_ 

Bore No. l A 

— ^ 

68/8 

Site No. 
on 

Rosevale 

Property 
i iL, MB ER 11 PUMPING PERIOD 9.30 - 13.30 13.2.73 

S . W . L . from Reference Point at Commencement of Test 

o Time 
"c- g'd 

in am ! 
or 'mins.j ft. 

Draw-
down 

30 jam Q 
n. 
Qt5 |Q, 
0.75 ! 0. 
± SL 

jOStS.K 

m 
m-

üi . 
-05-

0. j 07 
0. ! 05 
0. ! 06 

l a_ 
m 

iL. 
-iL. 

06 

ÜL 
JH. 
m. 

12 0. I 07 

;25 
jaiL 

j40_ 

; 6 0 

0. I 08 
Ot ! 10 
0. I 12 
0. I 15 
0. 19 
iL. 23. 
0. 31 
0. I 40 

;100 0. 51 
mi iL. 32. 

ll5D 0. 73 
il80 10. 86 

: 1210 
; ' 240 

. ' 

_3 00. 

3M. 

_1 _ 30 pm 360 

m. 
10 

20 
28 

37 
42 

Water Level 
from 

Ref. Pt. 
ft. 

6. 

3^ 

3^ 

6. 

6. 

7. 

Jìà. 

_37. 
35 
36 
36  

-äl. 

37 

40. 
42_ 
A5_ 
49 

61 

m 
81 

92 

16 

.2ÌL 
40 
50. 
58 
67 
72 

Rate 
Measurements 
Meas-
urement 

Rate 
(gph) 

Remarks 
(e. g. was '.vb v , 
clear througn'.: 
& were D, Dt. 
measured in an 
other bores 

Pump started 

Pump stopped. 



E75. 

DRAWDOWN SHEET Shee- \: 

RESLLTS of 6 hour Pumping Test 
Job Name a w r p p^^jp^^UnP Name Rosevale 

BORE 68 /8 
DESCRIPTION Bore No. Site No. on 
TEST NTMBER H PUMPING PERIOD 9.30 - 13. 30 13. 2.73 

Propertv 

S . W . L . f r om Reference Point at Commencement of Test 6.51 

Watch T'irne | Time 
_ _ _ reg 'd Draw-
hr.|min| am j in down 

mins. or 
pm 

ft. 

Water Level 
f rom 

Ref. Pt. 
ft. i i ^ . 

Rate 
Measurements 
Meas-
urement 

Rate 
(gph) 

Remarks 
(e. g. 'A as ".v&;. 
clear througru/u 
& were D. Db . 
measured in anv 
other bares 

;9 130 am Q_ 
0.25 
0 .50 
0 .75 
1.0 
1.25 
1.50 
1.75 

iL 
iL 

sm. 
STL 

0.| 15 
O.i 23 
0.1 33 
0.1 40 

" i-

IQ 
11.25 
13.5 

_15 
2Q 
i 30 
140 
-Ufì  
! 60 
^ 

100 
120 

150 
180 
210 

JÔ  

iL 
1. 

1. 

1. 
2. 

Juu 
2. 

^ 
2. 

2^ 

3. 

3. 

49 
56 
64 

22 
_4iL 

76 
89 
99 

13 
_19. 
31 

59 
M-
76 
82 

03 
11 
21 
34 
39 

7. 

66 
74 
84 
91 
00 
07 
15 
45 
73 
.ejL 
10 

27 
40 
50 
58 
64 
70 
82 
92 
10 
20 
27 
33 
45 
54 
63 
72 
85 
90 

Pump started 
- 1 ̂  j 

i 
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DRAWÎX)VVN SHEET •hee* 

of 6 hour Plumping Test 

BGHE 

DESCRIPTION 

Job N a m e A W P r Rpsearch Pro jec t L^ne Name Rosevale 

68/8 

Bore No. 2 Site No. on Prone rtv 

I TE:.,T NUMBER 11 PUMPING PER IOD9 . 30 - 13.30 13. 2.73 

S . W . L . f rom Reference Point at Commencement of Test 6.51 

Watch '^in'tC': 
Time! Water Level Rate R ern ark s 

Watch '^in'tC': 
reg'd Draw- from Measurements (e. g, ^A'as '.va-. , 

ùr „ niLn im j in down Ref. p t . Meas- Rate clear througn- .. 

or i m ins . ft. iazsL ft. Tom. urement (gph) & were D> Db. 

pm ; 1 
1 

measured in arr-

olher b(>res 

: ; 240 3 45 9 96 

i 1 275 3 19 9 70 

' ! • Rnn 3 4P 10 no 

; ; 330 3 55 10 06 

1 nm i •Sfin 3 58 in 09 Pump stopped 

i 

! 

^ 1 1 1— 1 
j 

Ì i i 

' 1 i . - -

1 : 

. ^ (• 
; ' i ! , — J 1— . 

1 Ì 

! ; i i 

i ! j 
1 Î • 

' i i 1 1 ^ ^ 
i 

i 
! ; ! 

; 
1 1 1 1 

1 

i 
1 
1 

j i 
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DRAWDOWN SHEET Sheet 

BORE 

RESULTS of 6 hour Pumping t.pst 
Job NameAWRr p^^^^^t ^ Name Ros^y^^ip"" 

68/8 

DESCRIPTION Bore No.3 (p -r ) Site No, on Property 
TEST NUMBER 11 PUMPINO PPPTOn 9.30 - 13. 30 " 13. 2. 73 

Wa Ltch Time Timd 
reg'd 

in 
mins. 

Draw-
down 

Water Level 
from 

Ref. Pt. 

Rate 
Measurements 

— ' w • ^ ^ 

R e m a r k s ; 
(e. g. was ivaiei i 
c l ear througnGL.T ; 
& were D, Db . • 
measured in a n v i ! 
other b o r e s 

hr. min am 
o r 
pm 

Timd 
reg'd 

in 
mins. 

Draw-
down 

Water Level 
from 

Ref. Pt. Meas-
urement 

3" orifice 
(in) (100 
ixallnn tank 

Rate 
(gph) 

— ' w • ^ ^ 

R e m a r k s ; 
(e. g. was ivaiei i 
c l ear througnGL.T ; 
& were D, Db . • 
measured in a n v i ! 
other b o r e s 

hr. min am 
o r 
pm 

Timd 
reg'd 

in 
mins. ft. ft. 

Meas-
urement 

3" orifice 
(in) (100 
ixallnn tank 

Rate 
(gph) 

— ' w • ^ ^ 

R e m a r k s ; 
(e. g. was ivaiei i 
c l ear througnGL.T ; 
& were D, Db . • 
measured in a n v i ! 
other b o r e s 

9 30 am 0 0 00 fi A9. 7200 T^umD started 
1 O.25I 9 95 16 37 Water cloudy 
1 0 .50 11 78 18 20 
1 i 0 . 7 5 12 98 19 40 1 
i 1 1 1 .0 13 78 20 20 

1 1.25 14 48 20 90 Water cloudv 1 1 . R 0 14 PR 40 — ^ - i 
i 
1 1-—1 

1,75 15 18 21 60 i 
1 1-—1 2 . 0 15 38 21 80 S r m 11 amount of 
! 1 1- ! 2 .25 15 73 22 15 sandy ^rit 
i. ! fS 15 Rfi 28 
1 1 2 . 7 5 15 96 22 38 i ! 3 15 92 22 34 
i ! 1 
i_ i 1 4 15 98 22 40 1 i 5 16 48 22 90 17.5 
1 ; 
1 6 15 88 22 30 

8 15 86 22 28 Water clearing 
in 15 04 21 46 

1 12 14 93 21 35 Water clear 
14 14 74 91 1R 
15 14 71 21 13 18.5 

1 1 20 14 73 21 15 
1 25 14 88 21 30 1 30 14 67 21 09 

40 14 35 20 77 18.5 
i 50 14 53 20 95 

60 14 38 20 80 
1 80 14 36 20 78 17.5 1 
! 100 14 56 20 98 17.25 
1 1 

1 120 14 53 20 95 17.00 
i [. 150 14 59 21 01 

! 
1 



E78. 
DRAWDGvvX SHEET - -6 

HEbULTSof 6 hour Pumping T e s t 

BORE 68 /8 
DESCRIPTION B o r e No. Site No. 

TE^T :VI:MBER 11 PUMPING PERIOD 
on ProDertv 

1 3 . 2 . 7 3 
S . W . L . f r o m R e f e r e n c e Point at C o m m e n c e m e n t of Test 6 .42 

! WsTch e ' me 
; r-eg'd 

un im • in 
Draw-
down 

o r ;mins . | f t . XXK. 

Wate r Leve l 
f r o m 

Ref . P t . 
f t . 

180 14 
210 114 

77 21 19 
113. 

Rate 
M e a s u r e m e n t s 
Meas -
u r e m e n t 

Ra te 
(gph) 

R e m a r k s 
( e . g . V, a^i v;-. -, 
c l e a r :hr<.-ug:i'. 
éi w e r e D. Db . 
m e a s u r e d in ar: 
o iner b o r t s 

240 14 
260 10 

M. 21 in. 
06 16 275 ¡14 03 20 45 

300 ,14 
330 ,14 56 

43 
1 30 p m : 359 ,14 18 

20 85 
2ÎL 
2SL m Pump-Stopiied 



DRAWDCVvN SHEET 

RESULTS of 6 hour Pumping- Tocf 

BORE 
DESCRIPTION 

P^co^-ppi, p^nirrt ^ Name 
68 /8 

Bore No. Site No. on 
TEST NUMBER 

Prone r!v 
n PUMPING PERIOD 9.30 -

S . W . L . f rom Reference Point at Coramencement of Test 
13.30 

Watch Time Time 
reg 'd 

''hr.jmin| am i in 
or jmins . 
pm I 

9 j 30 .am. 

Draw-
down 

f t . 

JL 
H 

CBSX 

-Oil 
31. 
m. 
76 

0 81 
0 87 

10 
12. 
JLi 
2£L 
2fL 
m 
Ad 

m 
m 

I 100 
^?.o 
150 
180 

210 
240 
270 

0 
92 
99 
03 
ill. 
12. 
22. 
21 

1 35 
.¿jQ. 

Ml 

m 
-aa 

05 
14 
24 
29 
1 8 

Water Leve l 
f rom 

Ref . Pt. 
f t . 

Ml 
£R. 
75 
80 
86 

m. 
98 
02 

m 
11 
m 
M. 
A9. 

IK 
Ml 
ML 

04 
12. 
23 
28 
21 

Rate 
Measurements 
Meas-
urement 

Rate 
(gph) 

R en̂ i arks 
(e .g . a & - , 
c lear througn..^ 
& were D, D-
measured in arr 
other b'>re£ 

Pnmp gtaT-ted 

300 32 21. 
330 38 37 

1 30 pm ; 360 42 41 Pump stopped 



E80. 
DRAWDOWN SHEET ¿heel .8_ 

RESULTS of 6 hour Pumping Test 
Job Name AWP.P Rp.c^parph Pr>nĵ nt Line Name Rpsevalf^ 

68/8 BORE 
DESCRIPTION Bore No. Site No. on Property 
TEST NUMBER n _PUMPING PERIOD - 9 

i Watch T'ime i 1 
Time 
reg'd 

in 
Draw-
down 

Water Level 
from 

Ref. Pt. 

Rate 
Measurements 

— • Ky KJ 

Remarks 
(e. g. 'was w&i^. 
c lear througru./^: 
& were D, Db. 
measured in anv 
olner bares 

! iir,! min; am 

Time 
reg'd 

in 
Draw-
down 

Water Level 
from 

Ref. Pt. Meas-
urement 

Rate 
(gph) 

— • Ky KJ 

Remarks 
(e. g. 'was w&i^. 
c lear througru./^: 
& were D, Db. 
measured in anv 
olner bares 

; 1 or Imins. 
i • 
' ; i 1 

ft. XKS. ft. mfbi 
Meas-
urement 

Rate 
(gph) 

— • Ky KJ 

Remarks 
(e. g. 'was w&i^. 
c lear througru./^: 
& were D, Db. 
measured in anv 
olner bares 

9 '30 am i 0 fi PR Pump started 
1 04 2 nn 8 98 

1 32 2 10 9 08 1 
i ! 1 44 2 22 9 20 ( : i i i 52 2 29 9 27 

i , 62 2 36 9 34 : ; ' 1 
! ! ¡ 8 2 2 47 9 45 

! 100 2 55 9 53 
i l ; 120 2 67 9 65 
' i ' S 150 2 75 9 73 1 ' 1 1 i ' 1 1 180 2 85 9 83 

; 210 2 92 9 90 
240 3 00 9 98 

I 275 2 93 9 91 
i 1 300 3 '03 10 01 

; 1 i 30 DmI 360 3 :17 10 15 Pump stopped 
i 
1 , 
r . i 
i i ' ! ' i __ 1 
i i 1 1 1 
i ! 1 ! 1 
i ' ! < 1 1 
1 1 1 : i 1 
i i ' 1 1 , ! I 

! ; 

! ! 
1 f . . . . . . , : , 1 1 

: : : j j 1 
( 

' i ' i 1 j i 



APPENDIX III 

MULTIPLE CONTACT ELECTRIC PROBE FOR THE MEASUREMENT 
OF RAPIDLY VARYING WATER LEVELS 



E81o 
1, Introduction 

The analysis of time-drawdown data from a production well and close 
observation wells to determine local aquifer characteristics and investigate 
well losses require water levels to be monitored during the early periods of 
pumping or recovery tests, A simple, cheap and reliable means of follow-
ing rapidly varying water levels was required to obtain the desired inform-
ation for this project. 

It was considered that whilst methods presently used for pumping tests 
provide the required reliability and accuracy when water levels are 
changing slowly, they would not provide the desired results during the early 
stages of tests when water levels are falling rapidly. 

It is possible to use pressure transducers but the cost of the trans-
ducers, bridges and recorders to fully monitor a field test is very high. 

As a much cheaper alternative, a series of discrete readings at time 
intervals which could be measured by a stopwatch would suffice, if a suitable 
method of indicating the passage of the water surface past a number pre-
determined depths could be devised. 

The instrument described in this Appendix provides a cheap, reliable 
and sufficiently accurate means of following rapidly falling or rising water 
levels. When water levels are altering rapidly, the observer records the 
illumination or extinguishing of lamps actuated by series of electrical contacts, 
When water levels are falling slowly, the instrument may be used in the 
same manner as a single electric probe. The whole installation and carrying 
case is reasonably light in weight and sufficiently robust for extended field 
use, 

2, Construction 

2,1 General 

The instrument consists basically of two detachable components, 
namely:-

(i) the probe, 
(ii) the electronic circuitry. 

When the instrument is not in use the probe section can be stored in 
the carrying case containing the electronics. 

To prepare the instrument for use, the probe is con'-^ct^^d to the 
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CONTACTS 

BRASS 
WEIGHT 

PROBE 

CARRYIMG 
CASE 

ELECTRONIC 
C I R C U I T R Y 

C H A M B E R 

M U L T I P L E 
PIN PLUG 

Fig« III- 1 Mult iple Contact E l e c t r i c P r o b e , 
e l e c t r o n i c c i r c u i t r y by m e a n s of a mul t ip le pin plug and socket (Fig. Ill-1), 

The c a r r y i n g c a s e (Fig, I I I - l ) is cons t ruc t ed of plywood and light 
bulbs of the e l ec t ron ic c i r c u i t r y p ro t ec t ed by, but v is ib le through, a clear 
p e r s p e x window loca ted at the top end of the box d i r ec t ly over the electronic 
c i r c u i t r y c h a m b e r , 

2, 2 The P r o b e 
Ten p a i r s of e l e c t r i c contac ts a r e spaced exponent ia l ly over a 40 ft« 

length (Fig. I l l -2) of a 100 f t . ten p a i r te lephone cab le . Each pa i r of con-
t ac t s i s se t into the s u r f a c e of P . V . C . s l e e v e s f ixed to the protec t ive P.V.C 
cas ing of the cab le . The contac t s w e r e m a d e by cut t ing p a i r s of wires and 
p a s s i n g the ends through counte rsunk ho les in the s l e e v e s . The holes were 
f i l l ed with so lde r and the so lde r f i led f l u s h with the s u r f a c e of the sleeve 
(Fig, III-3) to l eave contact s u r f a c e s a p p r o x i m a t e l y 1 / I 6 t h inch in dia-
m e t e r . T h r e e appl ica t ions of w a t e r p roo f ing P . V . C . paint w e r e used to 
f i l l cav i t i es where wa te r might p e n e t r a t e around the s l e e v e s . 

wel l . 
A 2 Ibo weight was used to keep the cable taut when hanging in the 



TO ELECTRONIC CIRCUITRY 
TOP MARK (SEE FIGS. 1 - 1 ANDji[-4) 

0) 

m 

SLIT RV.C. SLEEVE 
(SEE FIG. jj l- 3) 

5/ " ^ /6 OIA. BRASS ROD WEIGHT 

Fig, III-2: Spacing of Contacts 



IO PAIR CABLE 

SPLIT P.V.C. SLEEVE 
(FRONT HALP REMOVED) 

FILLED COUNTERSINK 
ENDS OF CONTACTS 

Fig. III-3: Detail of P .V .C . Sleeves 

TO CONTACTS 
ON PROBE 

COMMON O. 
CONNECTION 

22oa 
- A W 

Ô̂  Trl\—VWW 
BC 14.7 120 

6.2V 0.3A 
LIGHT 
BULB 

TR2 
BFY 55 

6V DC 
POWER SOURCE 

Fig, III-4: Basic Amplifier Unit 



E83. 

2, 3 Electronics 

When the probe is connected to the electronic circuitry, each 
pair of contact points is connected to its own basic amplifier unit. 
The basic amplifier unit is presented in Fig. Ill-4. 

When water bridges the contacts a small current (0. 29A) is per-
mitted to flow in the base of T^l, turning it on sufficiently to bias 
into the conducting mode. The 6. 2V, 0. 3A light bulb which is acting 
as the Tp2 collector load is illuminated. 

The resistor in the base of T^-l is to reduce the sensitivity of the 
instrument when it is used in water of high conductivity and guard against 
accidental short circuit of the contacts with resultant damage to T^l. 

Ten basic amplifier units were assembled into a "bank of units" 
with a common connection to the negative terminal of a 6V heavy duty 
battery. 

The minimum current to extinguish the illuminated bulb was de-
termined as 0. 04yu,A. 

3, Operation 

Before the commencement of a pumping test, the probe is lowered 
into the well and the depth to the non pumping water level measured 
using the bottom set of contacts. The probe is then lowered until the 
bottom set of contacts is just below the level to which the water surface 
will fall during the first 10 minutes of pumping. Lights associated with 
submerged sets of contacts will then be illuminated. 

During the early stages of pumping the observer watches the lights 
and records the time at which each light is extinguished. Later when 
water levels are falling slowly, the probe is used in the same manner 
as a single contact electric probe by lowering it until the bottom set of 
contacts meets the water surface. 



APPENDIX IV 

REGIONAL FLOW MODEL 

FINITE DIFFERENCE DIGITAL C OMPUTER PROGRAMME 
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The finite difference digital computer programme presented by 
Prickett and Lonnquist was modified to enable compilation and execution 
on an IBM360 system 50 computer. The modifications made were -

(i) expansion of the implied DQ loops in the determination of the B and 
G arrays of the column and row calculations. During execution of 
the original programme listing presented, zero subscripts were 
obtained in the determination of the B and G arrays; 

(ii) alteration of the input and output data formats. The altered input 
data formats are presented in Fig. IV-1; 

(iii) insertion of the appropriate underflow trap subroutine; 

(iv) inclusion of an iteration number limit for any one time step. 
This was included to avoid excessive use of computer time on 
slowly converging solutions for any one time step; 

(v) inclusion of a loop to enable more than one example to be computed 
for each job submissiono 

A programme listing of the modified Prickett and Lonnquist computer 
programme follows, 



fC nsteps 

TIT 

1 ; » < f D ? ? I I 

r: i E 

w 
6 ? a 9::s 

il 1,!t.; v. ' :: 

•5FT TT 

•A Vi ^ v ^ .'Sti 41 O W <S AS i.' »0 iil IS 
NODAL VALUES CAW) 11 

SI s: n i: tl £7 Ĉ  fi £9 >H 63 64 tf. 6B 6? M Ci ?8 V! .Ti » .'1??. 

l': J 4 E 
IL 

ì !» 

i 

7 !< S;!: 

I KIODE CARD 
y v . 13 u V. ' : : 7 )s l a j : 33 a L j . s ' . j z ] .¿s :)' S3 j s / d o q ì : u ' 5 ^ s t a c l t i a a 5 < i i i i £ 7 c ^ f.i ea r,2 a e t l'u e s 6? e j a 7 i 

TT 

11 ix 13 u :: !! r-

1 1 1 ! >113 u T! i; ;; n 

r t 

m. -¿s r; .s: :s :3 
m m 

21 M!,!!; 2/ 

•it 
:i 3i ¿si3 js ta 

H n 11 lì i 83 Tl 
DEFAULT VALUE CARO 

:i KU es M £7 CI r<! M J| r: C3 W Bf. to 67 S3 6S 7D 7l ijl-S H ,'S 
PAKAMfiTER CARD 

:i ;2 v ::3 -'.o o o a i-i ;} «o ii' :: js st i; ss i7 c? m cd ¡)i "31: un c; 67 n ci 70 7i 

o ' o [ ' 0 0 0 0 0 0 0 0 0 o ' 0 0 0 0 0 0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

'3 3 J 3 3 3 3 3 3 5 3 3 3 3 3 3 3 3 3 3 3 3 ? 3 3 3 3 3 3 j 3 3 3 3 3 3 3 3 3 5 3 3 'J > 3 3 j ? 3 3 3 3 3 3 33 3 5 33 5 3 3 3 3 n ? 

6 6 0 6 6 6 6 6 1 6 6 6 6 6 6 6 6 6 6 6 5 6 6 6 6 6 Cn C 6 6 6 6 6 6 ó 6 6 6 6 U fi 6 6 6 u 0 6 6 6 6 6 6 6 6 £ 6 0 6 6 6 6 6 6 6 6 fi 6 6 6 

9 9 9 9 : 9 0 ; " 5 9 I'D 9 9 5 «) 9 'J 9 9 9 9 '•B > ; 1 t V ' !) ir, It ,3 ri' is 101/ a )>« va ii ii ; : 9 9 '3 'j 9 9 9 y 9 9 9 9 9 9 S 9 9 9 9 9 " : 9 9 9 9 9 9 <3 C 9 9 9 S 9 9 9 ? 9 ') 0 
K.: „ '.j u ;; c ' v . / ; , t; w ' / . o r ; ' , > i'u 17tri 777»M 

Fig, IV" 1: Modified input data format. 



OfHU. 
000 2 

000 
000 4 

v)('/yj 6 
UOU 7 

Out' 
c.iou 

:>ASIC AUVlFt^ SIMULATION PPnGRAMMe 

H ( ro , ^0 ) .HO ( 5 0 , 5 0 ) , S F 1 ( 5 0 , 5 0 ) ,Q( 50 • 50 ) t T { 50 , 5 0 , ? ) 
Olf-ltNSIUN B(50 ) , G ( 5 0 ) , D L ( 5 0 , 5 0 ) 

C»i:f IN t INPUT AND OUTPUT DEVICE NUMBERS 

NRcAn=l 
N P KN T = 3 

c 
c 
r 

DEFINITION UF VARIABLES 
L 
c r H O ( I , J ) HEADS AT START OF TIME INCREMENT ( I » J ) 

c 
r 

Hi I , J ) HEADS AT END OF TIME INCREMENT ( F T ) 
L. 
c 
r 

S F U i , J ) STORAGE FACTOR FOR ARTESIAN CONDITIONS ( F T * * 2 ) 
L 
c 
r 

Q ( I , J ) CONSTANT WITHDRAWAL RATES ( F T * * 3 ) 
L. 
c 
c 
r 

T ( I , J , 1 ) AQUIFER TRANSMISSIVITY BETWEEN I , J AND I , 
( FT * *2/DAY ) 

J£1 

L 
c 
c 
r 

T ( i , J , 2 ) AQUIFER TRANSMISSIVITY BETWEEN I , J ANDIill 
( FT«=«^?/DAY) 

t J 

L 
c r AAtBB, tC»DD, COEFFICIENTS IN WATER BALANCE EQUATIONS 
L 
c 
r 

NR NO. OF ROWS IN MODEL 
L 
c 
r 

NC NO, OF COLUMNS IN MODEL 
L 
C 
c 
c 
r 

N STEPS NO. OF TIME INCREMENTS 
L 
C 
c 
c 
r 

DtLTA TIME INCREMENTS 
L 
C 
r 

HH,S) ,QQ,TT DEFAULT VALUES 
L 
c 1 MODEL COLUMN NUMBER 

H 
00 
cn 

( 1) IFYJ-d-il COMNIL-NTS OhLETtn 
Oi'Oi iU:aD (NRI-ADti. 009 ) M ST t PS , f)F L TA , f, PROP 
OC;)'--' FOkMAT (11 U,.?FIU.0 ) 

IF { NST6PS.F Q. H) GU Ti3 900 ") 
C 
C kfc/̂ D CtF/^UL.T CAFH 
c: 

h'. Z: AU ( N K( A U, '»C 1 (J ) NC, NP , T T , S1 , H H » Q 
'Mi FOKMAT C' !':> f AF lu .O ) 

C 
C FILL AKKAYS WITH CrF/^ULT VALUF.S 

$1 



001 ' J DO 00 2 i I = j , N C 
* on 0 0 2 0 J = 1,NR 

OU) Z T ( I , J ,1 ) = TT 
o o ï 3 T( I t J » 2 ) = TT 
00,14 S F K I , J ) = S 1 
0 0 X 5 H ( I , J ) = H H 
0 0 1 6 H O ( I , J ) = H H 
003.7 Q ( I f J ) = g O 
0 0 Í 8 Ü L ( I , J ) = 0 . 0 
0 0 1 9 002 0 CO.NTTNUE 
002 0 002 1 CONTINUE 

C 
C FE^'iD NODE CARDS 
C 

Ou?T !\ICNR = NC*NR 
0 02 2 on U0A:> K = l , N r N R 
0 0 2 3 RE/iD (NKt A Ü , 0 ( i 4 0 ) I , J $1 
0 0 L 4 FORMAT ( 2 1 3 ) 
002 5 I F ( I . t Q . O ) GO TO 0 0 5 0 
u n ? o I K = I 
002 7 J K = J 
002 8 RFAD (NR[ A 0 , 0 0 ) T ( I K , J K , 1 ) , T ( I K , J K , 2 ) , S F 1 ( I K , J K ) , H ( I K , J K ) , Q ( I K , J ^ 

I K ) $1 n 
0 0 4 2 FORMAT ( 5 F 1 0 , 0 ) 

00 3 0 004 5 CONTINUE . 
C 
C START IJF S I M U L A T I O N 
C 

00^1 0 0 5 u T I M 6 = 0 . 0 
0 0 3 2 on 0 3 2 0 I S T t P = X , N S T E P S 
003 3 TlMfc- = T I ME--»-06 LT A 

C 
C P R E D I C T HEAOS FUR NEXT TIME INCREMENTS 

OOVf 00 0 0 7 i 1 = 1 , N C 
00.3 5 00 00 70 J = X , N R 
0 0 3 6 u = h ( I , J ) - H r ( I . J ) 
002 7 110( 1 , J ) =H( I , J ) 
C; 0 ? R Í- = Jl.. 0 
003'? I F ( 0 L ( I , J ) . t 0 . 0 . 0 ) GU TO C>060 
00/.0 I F ( I S T t P . G T . 2 ) F = 0 / D L ( I , J ) 
004-Î I F ( F . G T . 5 , 0 ) F = 5 . 0 
0 0 4 2 I F ( F . L T . 0 . 0 ) F=(».0 

0 L ( I , J ) = 0 
H( I , J ) = H( I , J )-»-0«F 

004 5 OC'^J COIMTINUE 
0 0 ^ 6 Oí'7 1 CONTINUE 

C tSTli'^ATF-S nf- h e a d s by i a o t m f f h o o 



004 7 
004 8 
00< 9 

005 0 
0051 
005 2 
0053 

0054 
005 5 
005 6 
005 7 
005 8 
0059 
0060 
0061 
0062 
006'-̂  
0064 
006 5 
006 6 
0 06 7 
0068 
006 9 
0070 
0 071 
007? 
007 3 
00 7 4 
00 7 5 
0076 
U077 
G078 

OOBO 
0 081 
OOH 
0063 
008 4 
008 S 
008 6 
OOP 7 
006 B 
u08 9 

009 ì 

ITfcR=0 
0.1 òO F=u«0 

iT6R = ireR + i 

: COLUMN CALCULATIGNS 

Di) 0X90 II=1,NC 

CALCULATE B ANO G ARRAYS 
AA=0.0 
BB=SF1( I, J)/De:LTA 
OC=0.0 
OD=HQ( I ,J )*B8-"Q( I, J) 
IF (J-l) 0120,l.'090»Ul 20 

0J90 IF <I-1) 0100,0095,0100 
0095 BB = BB+T( I , J,1 ) ̂ -Tt I , J,2) 

CC=CC-r(ITJ,l) 
DD=DD+H(I+1,J)'«^T(I,J,2) 
B(J)=CC/BB 
G( J) = i:U/BB 
GO TG 0170 

0100 IF (I-NC) 01)0,0105,0110 
0Iu5 QB = PB-»-T(ì , J,1 )+T(I-1, J,2 ) 

C C = C C - T n , J,l) 
DD=DD-»-H( 1-3 , J) I-l, J,2) 
B(J)=CC/BB 
G(J)=DD/BB 
GU TO 0170 

cy.i'j B3=B3-H ( I , J,1 ) +T( I , J,2)+T ( I-l, J ,2 ) 
CC=CC-T(I,J,I) 
OD=DD + H( I-1,J) 'i'K I-l, J,2)+H( I+l, J)^T(I ,J,2) 
r3( J)=CC/BB 
G(J)=UD/PB 
GO Tfl 017 0 

OIZO IF (J-NR) 0150,0125,0150 
IF (I-l) 0135, 0130 ,0135 

r.3 0 AA = AA-T (I , J-I , 1 ) 
BB=BD + T(I ,J-3 , I )+T( I,J,2) 
0D=UD+H(I+1,J)':'T(I,J,2) 
N=bB-AA«B(J-1) 
B(J)=0.0 
G( J)-(OD- AA-'i'GÌ J-1) 
GO TO Jl70 
IF ( I-i>lC) 0)45,0X40,0145 

0i40 = ( I , , 1 ) 
B b - B B + K I , J-1 , I- :t,J,?) 

T-J , J ) ^T ( I~ 1, J,? ) 

M 
co 



0 0 9 2 
0 0 9 3 
0 0 9 4 
0 C 9 5 
0 0 9 6 
0 0 9 7 
0 0 9 B 
0 0 9 9 
01.00 
0101 
0102 
0 1 0 5 
0 1 0 4 
01 ( ' 5 
O lOó 
0 1 0 7 
010 8 
0109 
0110 
0 1 1 1 
0112 
0 1 1 3 
0 1 1 4 
011 5 
0 1 1 6 
0 1 1 7 
011 8 
0 1 1 9 
0120 
0121 
0122 
01^ 3 
0 1 2 4 
0 1 2 5 
0126 
012 7 
01 2 fi 

W = l J-1 ) 
B ( J ) = 0 . 0 
G ( J ) = ( Ü D - A A * G ( J - 1 ) ) /W 
GÜ TO 0 1 7 0 

01.45 AA=AA-T(I , J - T t l ) 

B B = B 6 + T ( I , J - 1 , 1 ) + T ( I - l t J , 2 ) + T ( I , J , 2 ) 

W= BB-AA*B(J-1) 
B ( J ) = 0 . 0 
G ( J ) = ( Ü O ~ A A * G ( J - 1 ) ) / W 
GO TO 0 1 7 0 

U l 5 0 IF ( I ~ l ) 0 1 5 7 , 0 1 5 5 , 0 1 5 7 
015 5 AA=AA-T(I , J - 1 , 1 ) 

C C = C C - T ( I , J , i ) 
O D = n D + H ( I + l , J ) * T ( I f J t Z ) 
W=BB-AA*B(J-1) 
B { J ) = C C / W 
G( J ) = Í D[}-AA=5^G( J-1) ) /Vv 
GO i n 0 1 7 0 

0 1 5 7 IF ( I-NC) 0 1 6 5 , 0 1 6 0 , 0 1 6 5 
O ioO A A = A A - r ( I , J - ! , l ) 

B { J ) = C C / W 
G ( J ) = ( D D - A A « G ( J - 1 ) 
GO TO 0 1 7 0 

0 1 6 5 AA=AA-T(I , J - 1 , 1 ) 

B ( J ) ^ C C / W 
G( J) = (OD~AA>!'G( J-] ) ) /W 

()170 COivITINUt 

Ri—ESTIMATE HEADS 

L-. = fc-i-ABS(H( I ,NR )-G(NR) ) 
H ( 1 , N R ) = G ( N P ) 
N = NR-1 

S'j HA=G( N)-P (N)X<H Í I ,N + 1 ) 
fc =e+ABS (HA-H( I , N ) ) 
H ( 1 , M ) = HA 
N = N- J 
IF ( N ) Ui 9 0 , 0 1 9 0 , 0 1 
CüMTNUL-

W 
00 
00 



013 s 
0 1 ? 9 
0140 
014 3 
0142 
0143 
0 1 4 4 

0145 
0146 
014 7 
0148 
0140 
0150 
015 1 
0152 
015 3 
0154 
0155 
0 1 5 6 

0157 
0153 
015 9 
0160 
CO 6 1 
016;? 
0 1 6 3 

0164 
0165 
016 6 
0167 
016 3 
Oit 9 
0 i 7 ü 
O 1 7 I 
0 1 7 a 
0X7 6 
0 Ì 7 5 

0 1 7 6 

"17 7 

Í ; 1 7 <J 

0 1 7 9 

ulHii 
1 e I 

C 1 h 
018 3 
0 Ì P H 

1 f, s 

0?0 U 
0 2 Í J 5 

0210 
0212 

( 3 2 1 5 

0 ¿ / ( ' 
u ? > 5 

ro'a c a l c u l a t i o n s 
00 0300 JJ= i ,NR 
J = JJ 
IF (MÜÜd S T F P + I T E P , 2 ) . E Q . l ) J = MR-J + 1 
on 0280 1=1,NC 
AA=0.0 
BB=SFll I , J ) / D e L T A 
CC=0.0 
0 0 = H n ( I , J I * B 6 - Q ( I , J ) 
IF ( J - i ) 0 2 2 0 , 0 2 0 0 , 0 2 2 0 
IF ( I - U 0 2 1 0 , 0 2 0 5 , 0 2 1 0 
8D=BB+r(I , J , U + T ( I , J , 2 ) 
c c = c c - r i r , j , 2 ) 
Dü = DD + H( I , J+1 ) 'î'T ( I , J , 1 ) 
B( l )=CC/BB 
G( n = ÜÜ/BB 
GO TO 0280 
IF ( I - N C ) 0215 , 0 2 1 2 , 0 2 1 5 
A A = A A - T ( I - 1 , J , 2 ) 
B O = B B + T ( I , J , 1 ) + T ( I - 1 , J , 2 ) 
Dü=DD + H( I , J + n « T ( I , J , l ) 
W=BB-AA*B(1-1) 
3 { I ) = C . 0 
G{ I)=(00-AA'í 'G( I - l ) )/W 
GO TO 02B0 
A A = A A ~ T ( I - 1 , J , 2 ) 
B3-BB + T{ I , J , 1 ) -i-Ti I - l , J , 2 ) + T ( I , J , 2 ) 
C C = C C - T ( I , J , 2 ) 
ÜD=ÜD + H(I ,J+1)'«=T(I , J , l ) 

= AA'î B ( 1-1 ) 
B(I)=CC/W 
G( I )= (•D-"AA'!^G( l - l ) )/W 
GO TO 028 0 
IF (J-NK) 0 2 4 0 , 0 2 2 5 . 0 2 4 0 
IF ( I - I ) 02 V ) , 0227 , 02 30 
bb = BR^ r(I , J - l , i ) + T ( I , J , 2 ) 
C C = C C - T ( I , J , 2 ) 
Ljo=ur) + H(i ( I , ) 
iW 1)-^CC/B6 
(,{ n = OU/RB 
GO TG 028 0 
IF (I-iMC) 0/:35 ,0232 ,0235 
AA=:AA-T(T~1,J ,? ) 

I , J - i , 1 )+T ( I~ i , J , 2 ) 
[)Ü=Ü0 + H( I . J - U '."̂ Ti I , J - 1 , 1 ' 
W=dB-'AA<^B ( I - l ) 
3(1)=CC/W 
G( I ) = (00 - AA'̂ Gl l - i ) ) ori TO 

w 
00 
.CD 



o lb 6 
O l l i ? 
018 8 
01H 9 
0190 
0191 
019 2 
0193 
0194 
0195 
C196 
0197 
019 8 
0199 
O O 
0 20 1 
020 2 
O 2( ' 3 

020 5 
0206 
0 20 7 
020 8 
0209 
021 O 
0211 
02) 2 
0 213 
0214 
021 5 
021 6 

0 21 7 
021 8 
0219 
0 22 0 

0 22 1 
0 22 2 
0 2? 3 
0 22 4 
0 22 5 
022 6 
!»22 7 

0 2 2 8 
0 2 2 ^ 

0̂ :1 J 3 AA,=aA~T ( I ~ i • J , 2 ) 
í3B=BR + r ( I , J~3. , n + T l I- 1, J,2)-Í-T{ T , J , 2 ) 
CC=CC-T ( I , J » 2 ) 
ü Ü = D ü f H { I • J ~ 1 ) * T ( I , J - i , í ) 
W = BB-AA*P. ( I - l ) 
B( I ) = CC/W 
G( I ) = (UD-AA*G( I - n )/W 
Gü TÜ 0280 

0240 IF ( I - i ) 0 2 5 0 , 0 2 4 5 , 0 2 5 0 

C C = C C - T ( I , J , 2 ) 
Dü=OD+H(I , J-) ) ' í 'Td , J - 1 , 1 )+H( I» J + 1 )*T( I , J , 1 ) 
B ( I ) =CC /BB 
G ( I ) = C 0 / P 8 
Gü TO 02B0 

0250 IF ( I-NC) 0260 , 0255 t 0260 
U255 AA=AA-T(I-1 , J , 2 ) 

BB = BB + T( I , J~1 • i)-»-T( I , J , n + T ( 1-1 , J » 2 ) 
)D = D[^+H(I , J-3 i '•̂ Tí I , J - 1 , 1)+H( I , ( I , J , 1 ) 
H=bB-AA*B( I- l ) 
B( I ) = CC/I« 
G( 1)=(DÜ-AA«G( 1-1) )/w 
GO TG 0280 

0?60 A A = A A - r ( î - l , J , 2 ) 
6B = BB + T ( I , J - 1 , 1 )+T( I , J , l ) + T ( I - Í T J , 2 ) + T ( I , J , 2 Î 
CC=CC-T ( I , J » 2 ) 
DD=ün+H(I . J-1 ) «T( I , J - l t D + H Í I , J^-U'f'T ( I , J , 1 ) 
i^=BB-AA*B f Ï~1 ) 
B{ I)=CC/W 
G( 1)= (U0-AA'«^G( I - l ) )/W 

üZru) CONTI NUF 

; Rfc-tSTIMATfc HbAùS 

E=fc+ABS(H(NC,J)-G(NC)) 
M ( iC , J )=G(NC ) 
•\ = iMC-l 

0790 HA = G( NÍ-BINÍ'Í^HÍN + I , J ) 

h=L+ADS(H(N,J )-HA) 
H(N, J )=HA 
n = ;M-i. 
IF (N) 0 3 0 0 , 0 3 0 0 , 0 2 9 0 

OVmj CÜNTINUF: 
IF ( I T t K - l O ) 0 3 0 5 , 0 3 0 7 , 0 3 0 5 

5 IF ( F .GT. EI'RnR ) GO TO 00 BO 

W 
co 
P 

o^' ' 7 
« . I j i > 

PPIMT KtSUlTS 

iTf (NPRNT,ü3 lu ) TIME, F , ITt'R 
FOkMAÍ T IMt « , F^ . ? / / / r 2 0 . 7 , 1 5 / / ) 



0230 UL LTA=Ufc:LTA*J .? 
023) DO 0318 J=l,NR 
0232 v^RlTE (NPRNf,0312) J 
0233 0312 FORMAT (15/) 
0234 WRITE (NPRNT,0317) (H(ItJ)»I=1tNC) 
0235 0317 FORMAT (10X,10F10.4/) 
0236 0318 CONTINUE 
0237 0320 CONTINUE 

C 
0238 GO TO 0001 
0239 9000 STOP 
0240 END 

W 
CD 



APPENDIX V 

REGIONAL FLOW MODEL 

IMAGE W E L L SYSTEM DIGITAL COMPUTER PROGRAMME 



E92. 

This programme was developed as an alternative regional flow 
model for Site A (Gumly Gumly Island) when difficulties were experienced 
in eliminating the effects of the end row nodes of the Prickett and 
Lonnquist programme, for values of time greater than 1000 minutes. 

The programme is based on the following assumptions:-

(i) The aquifer is (a) fully confined 
(b) homogeneous and isotropic 

(ii) The real or discharge well 
(a) co-ordinates are set at the origin of co-ordinates 
(b) penetrates and receives water from the entire 

thickness of the aquifer 
(c) diameter is infinitesimally small. 

(iii) The transmissivity T is constant at all times. 

(iv) Water removed from storage is discharged instantaneously with 
decline in head. 

(v) The observation wells penetrate the 'entire thickness of the aquifer. 

It requires the knowledge of the following parameters:-

(i) Transmissivity TT 
(ii) Storage coefficient S 
(iii) Discharge Q 
(iv) Number of image wells (NI) 
(v) Co-ordinates of each image well (X, Y) 
(vi) Co-ordinates of each observation well (XX, YY) 

A listing of the programme and an example of the input data formats 
follows. 



J P R C G R / i W W . S W A N , T ! M E = X 0 , P . 6 G E S = 5 0 0 » K P = 2 6 
C f ^ A T N P R O G R A M M E F P R i M / ^ G F W E L L S Y S T F M S I V U L A T I C N 

\ C T M F N S I C N X ( 5 0 ) , Y ( 5 0 > , T ( 5 0 ) , R D ( 5 0 ) 
2 D I M E N S I O N 0 ( 5 0 ) 
3 C O I I B L E P R E C I S I O N I I 

C 
C D E F I N F I N P U T A N D O U T P U T D E V I C E ^ U ^ « B E P S 
C 

^ N R E A D = 1 
S N P R N T = 3 

C 
C 

c d e f i m t i c n c f s y m b o l s 
c 
c C D I S C H A R G E 
C 

C S S T O R A G E C O E F F I C I E N T 

C T T I M E r 
C T T T R A N S M I S S I V I T Y 
C 

C X X C O O R D I N A T E C F I M A G E W E L L W 
C CD 
C Y Y C O O R C T N A T E C F I M A C F W F L L 
C 
C X X X C O O R D I N A T E O F O B S E R V A T I C N W E L L 

C Y Y Y r c C R D T N A T F C F C P S F R V A T J C N W E L L 

C ^ J U M P F R P F I M A G E W F L L ^ 
r 

r N T N ^ J ^ ' B F R C F T T M P V A L U E S 

C T U R N r p F U N D E R F L C W T R A P r 
^ C A L L T R A P S ( 0 , 1 , 7 0 0 0 0 0 0 0 0 0 ) 

r 
7 0 0 0 1 R F A O F A H ) N I , N T 
R F O R M A T ^ ^ 

I F ( M . F C . O ) G O T O P O O O 
V s R I T F ( N P P N T , ( ] n e 6 ) N I , N T 

1 1 0 0 0 ^ F O R M A T ( 2 T ^ / < 

1 ? I F ( N T . F C . l ) G H T P 5 0 0 0 
r 

1 3 r o O i r ^ K = 1 , N I 
1 4 P P A r ^ ( N R f ^ A D t O O l 0 ) X ( K ) , Y ( K ) * M t 
1 5 O ^ M O F O P V ' A T ( 7 F 1 C , 0 < 

A W ^ T T F ( ^ F P ^ ' T , ^ O l n X ( K ) , V ( K ) 



} 7 0 0 1 1 
1.« O ? . C 0 

r 
\ o 
2 0 0 ^ 5 0 
2 1 
2 2 0 1 5 1 

C 
2 3 0 2 0 0 
2 4 0 ? 5 0 
2 5 
2 6 
2 7 0 2 7 0 

C 
C 
C 

2 f i 
2 9 
3 0 
3 1 
3 2 0 3 0 0 

C 
3 3 
3 4 0 3 0 5 
3 5 
3 6 0 3 1 0 
3 7 
3 8 
3 9 0 3 1 1 

C 
4 0 
4 1 
4 2 

c 
4 3 
4 4 
4 5 
4 6 
4 7 
4 8 
4 9 
5 0 
^ 

3? 
5 3 l O O G 
5 4 
5 5 1 2 0 0 
5 6 1 5 0 0 
5 7 

F O R M A T ( 2 F 1 0 . 0 / < 
C D M T I N U F 

P F A D ( N R E A P . O l ' ^ O » ( T ( J ) , J = 1 , N T ) $ N T / A 
F O R M A T ( A F i r ! . C < 
V ^ P I T F ( N P R N T , 0 1 «51 ) C T ( J ) t J = 1 » N T ) 
F O P M A T ( 8 F i n . 0 / < 

R E A D ( N R F A D . 0 2 ? 0 ) X X , Y Y S I 
F O R M A T ( 2 F 1 0 « 0 < 
I F I X X ^ F C . O . O ) GC T O 0 0 0 1 
R E A D ( N R E A D , 0 2 7 0 ) T T . S . Q $ 1 
F O R M A T ( F 1 0 . 2 , F 1 5 . 6 t F 1 0 . 1 < 

C A L C U L A T E R A D I A L D I S T A N C E S 

C C 0 3 0 0 K = l , M 
A « ( X X - X ( K ) 
p = ( Y Y - Y ( K n * * 2 
R O ( K ) = S Q R T ( A - i -P ) 
C C N T I N U E 

V * R I T E ( N P R N T , 0 3 0 5 ) 
F O R M A T i l H K 
R E A D C N R F A D , 0 3 1 0 ) $ A 6 E L W 
F O R M A T ( 1 0 X t 4 9 H / < 
V ^ R T T E ( N P R N T , 0 3 1 0 ) 
W R I T E ( N P R N T , 0 ? n » X X . Y Y t T T , S , Q 
F O R M A T ( 3 F 1 0 , 2 , E 1 5 . 6 , F 1 0 . 2 / < 

R P W = S Q R T ( A W + B W ) 

CO 1 5 0 0 J = i , N T 
S S = 0 . 0 
U 3 P P W * « 2 * S / ( A . 0 « T T « T ( J ) ) 
V^V^sV^ ( ( J ) 
S S = { Q « W W ) / ( A . 0 * 3 . 1 4 1 5 « T T ) 
CO 1 0 0 0 K ^ l . N I 
L i « ( S « ( R D ( K ) ) / ( 4 . 0 * T T * T < j n 
V < Y = W ( U ) 
r ( K ) = ( Q « V < Y ) / ( 4 . 0 * 3 , l A 1 5 « T T ) 
S S = S S 4 D ( K ) 
C O N T I N U E 
W R I T E ( N F R N T t l ? 0 0 ) T ( J ) , S S 
F O R M A T ( l O X t F l O . l , 1 0 X t E l 6 . 6 / < 
C O N T I N U E 
GO T O 0 2 0 0 



58 5 0 0 0 
59 5 0 1 0 
60 
6 ! 5 0 1 1 

c 
62 
6 3 5 1 5 0 
6 4 
65 5 1 5 1 

C 
66 '^200 
67 5 2 5 0 
68 
69 
70 5 2 5 1 
71 5 2 7 0 

r 
72 
73 
74 
75 
76 5 3 0 5 
77 
7R 5 3 1 0 
7 9 
R O 

5 3 1 1 
C 

R ? 

8 4 
r 

8 6 
" • 8 7 

8 B 
8 9 
Q O 
P I 
9? 

r 

P 4 6 7 0 0 
q«^ f O C O 

9 6 
9 7 9 0 0 0 
9 8 C O 
C O 

1 0 0 

O N E I M A G E W E L L O N L Y 

P E A O ( N R E A D i 5 0 1 0 ) X I W , Y I V < 
F O R M A T ( 2 F 1 0 . 0 < 
W R I T E ( N P R N T » 5 0 n i X I W , Y I W 
F O R M A T ( 2 F X 0 . 0 / < 

R E A D ( N R E A D , 5 1 5 0 ) ( T ( J ) • J ^ l , N T ) 
F O R M A T ( 4 F 1 0 . 0 < 
W R I T E C N P R N T t 5 1 5 1 ) ( T ( J ) » 1 , N T ) 
F O R M A T ( 8 F 1 0 . 0 / < 

R E A D < N R E A 0 t 5 2 5 0 ) X X ^ Y Y 
F O R M A T ( 2 F 1 0 . 0 < 
X Y = A B S ( X X ) - A B S ( Y Y ) 
I F ( X Y ) 5 2 5 1 , 0 0 0 1 t 5 2 5 1 

R E A D ( N R E A D t 5 2 7 0 ) T T . S t O 
F O R M A T ( F 1 0 , 2 , F 1 5 . 6 t F l 6 . 1 < 

A = ( X X - X I V < ) * * 2 

e = ( Y Y - Y 
R R n = S Q R T ( A + B ) 
W R I T E ( N P R N T , 5 3 0 5 ) 
F O R M A T ( I H K 
R E A D ( N R E A 0 , 5 3 1 0 ) 
F O R M A T ( 1 0 X t A 9 H 
W R I T E ( N P R N T t 5 3 1 0 ) 
W R I T E ( N P R N T t 5 3 1 1 ) X X , Y Y , T T , S t Q 
F O R M A T ( 2 F 1 0 . 2 , E 1 5 . 6 , F 1 0 . 2 / < 

AW=XX*«2 
PV|=YY**2 
R P W = S G R T ( A W + B W ) 

D O 6 0 0 0 J = l. » N T 
S S = 0 . 0 
t = R P W ' ^ * 2 * S / < 4 . 0 « T T * T ( J ) ) 
W W = W ( U ) 
S S = ( C ^ W W ) / ( ^ . 0 * 3 . 1 A 1 5 * T T ) 
W Y = W ( U ) 
C D = ( Q « W Y ) / ( 5 « T T ) 
s s = s s + D n 

W R I T E ( N P R N T , 6 ? 0 C ) T ( J ) , S < ; 
F O R M A T ( l O X t F l O . 1 • 1 0 X , F l 6 « 6 / < 
C O N T I N U E 
G O T O 5 7 0 0 
V > R T T F ( N P P N T , 9 1 0 0 ) 
F O R M A T ( I H K 

FNO 

$ l 

$ N T / 4 

$1 

/ < 
$ A G B L W 

CD cn 



101 FUNCTION W(U) 

WELL FUNCTICN COMPUTATION 

10? DOUBLE PRECISION U,OLGGtWC 
103 WC=-0.5 7 72-CL OG C U) 
104 VW=WC 
105 TERMsl.O 
106 J=1 
107 00 10 I ' l » 30 
108 TERM«(TEPM*U>/I 
109 IF IJ.EQ.O) GO TO ?0 
110 V«W=WW+TERM/I 
111 J«0 
112 GO TO 30 
113 20 CONTINUE 
114 WW=WW-TERM/1 
115 J=1 
116 30 CONTINUE 
117 EPSI=(WW-WC)/WW ^ « ^̂  
1 1 8 IF ( ABS<EPSn.LE .0.01) GO TC 40 
119 V<C=WW 
120 10 CONTINUE 
121 40 CONTINUE ^ 
122 W-WW W 
123 RETURN g 
124 END 



E97 , 
List of References 

1. Boulton, N. S. " "Unsteady Radial Flow to a Pumped Well allowing 
for Delayed Yield and Storage", I. A. S.H. General Assembly of Rome, 
2.37, 472-77, (1954). 

2. Boulton, N.S. - "Analysis of Data from Non-equilibrium Pumping Tests 
allowing for Delayed Yield and Storage" I .C .E . (U.K.) Proc , , 26, 
469-482, (1963). 

3. Cooley, R, L. - "A Finite Difference Method for Unsteady Flow in 
Variably Saturated Porous Media:Application to a Single Pumping Well',' 
Water Resources Research, 7, 6, 1607-1625, (1971), 

4. Cooper, H. H., Jacob C.E. - "A Generalised Graphical Method for 
Evaluating Formation Constants and Summarising Well-Field History" 
27, 526-534, (1946). 

5. Ferris, J .G. et al, - "Theory of Aquifer Tests". Geol. Survey Water 
Supply Paper 1536-E, Washington, (1962). 

6. Hantush, M.S. - "Modifications of the Theory of Leaky Aquifers", 
Jour, of Geophysical Research, 65, 11, 3713-25, (1960). 

7. Hantush, M.S. - "Hydraulics of Wells", Advances in Hydroscience, 
Ed, Ven te Chow^ Academic Press, New York, 1, (1964), 

8. Jacob, C . E . , - "Drawdown Test to determine Effective Radius of 
Artesian Well',' A . S. C.E. Proc , , 79, 5, (1946), 

9. Neuman, S . P . , Witherspoon, P. A. - "Transient Flow of Ground 
Water to Wells in Multiaquifer Systems", Dept. of Civ. Engg. 
Inst, of Transporation and Traffic Engg, Univ. of California, 
Berkely, Publ, No. 69-1, (1969). 

10. Prickett, T . A . - "Type-Curve Solution to Aquifer Tests under 
Water Table Conditions", Groundwater, 3, 3, 5-14, (1965). 

11. Prickett, T. A., Lonnquist, C .G. , - "Selected Digital Computer 
Techniques for Groundwater Resource Evaluation" , Illinois State 
Water Survey, Urbana, Illinois, Bull, 55, (1971). 

12. Stallman, R .W. - "Aquifer Test Design, Observation and Data 
Analyses", in "Addenda to S. W. Lohman's Manual on Groundwater 
Hydraulics", Australian Groundwater Resources Council, 1970 
Groundwater School, Adelaide, South Australia, 18-29 May, (1970). 



E98. 

Lis t of References (cont 'd.) 

13. Theis, C.V. - "The Relation between the Lowering of the 
Piezometr ic Surface and the Rate and Duration of Discharge of 
a Well using Ground Water Storage", Transact ions A . G . U . , 
Vol. 16, 519-524^(1935). 



^^ 7 7 ^ 
; t t 

r "-200.0 ' ' ' ' 
XX i 

960.0 

60.0 

r -4800.0 
;xi2)j 

960070 
I ; x(Oi ' i 

JJl i l l l^ '" 

i ; VJ1 m 

DRAWDOWN AT QBSERVflTlON WELL 30032 TTITT TTTil̂  
: TITLE CARD 

11 17 1 13:: ;; j;. 33 ,;s /.oc c ¡r. n q «C .:C: ci e.4 t::?co JI r21: EA tr. eb 67 c: C3:: nW: 
0.38000UE:-03 

s 
11 17. ID u ir.'.: IS :: 21 23 
Z6U0.0 

YY ? 
11 M 1: u T, 13 

0.0 
YCZ) !, 
•'1 17. '.3 U .3 13 "3 2,' 
TJTJT 

Yii), i 
1 17 U 

I Z B . 2 

PARAMETER CARD : , 
J' .3 .,3 '.co '.2'.: .'Lis:,: <3 33:: 33;: 333i r3E3 r;t.;;so6? S3e3 :D v;';2l;3 u .'5 " ;o: 

t̂ lRST OBSERVATiOM WELL COORDINATES 
gl ¿3 33 33 3 .0 33 31 33 3.' ji 33 3' 33 .fS ¿C O ',2 ¡.2 U '.i i'j tf S3 ti ; I 

.1 17. i3 14 1;',:. 17 !3 0 20 

3120.0 

21.3; 23 2-. 35 33 2/ -•3 33 33 

4350.0 

31 32 31' 3'. 35 33 .iS i" 
120.0 240.0 

r 
480.0 

',1 ',2 

il n a gl 33 6; UO 66 67 so CS 70 71!73::3 ̂  .5 1173 n 

TIME CARD 2 
'.2 -,3 a 'I ¿3 iC -li C3 C1 33 33 3; 53 S3 C7 il f.f! 33 ui ~2 iZ V. ff, 63 6/ C3 e3 73 71 72 73 li 75 in 77 73 73 
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Figure V~I- Input data format. 
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