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POLD/ B4SIN AQUIFER CH.RACTERISTICS

4LBSTRACT

East of Polda pumping trench pump~tests have
been made on several 43 inch diameter borecholes. They
were drilled in Polda Basin a portion of an extensive
shallow non-pressure or drain aquifer. This aquifer
covers a large part of County Musgrave. Polda Basin

contains water of less than 1,000 ppm and is surrounded
by waters of higher salinlty.

The individual boreholes are capable of yielding
up to 1.5 cusecs. Because of the- large cone of drawdown
formed while pumping continuously, PT bores 4 and 7
should be pumped at a ratermot higher than 1 cusec., Ground-
water stored is sufficient for further &evelopment of town
and country supplies.
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1.1 ~ ~ INTRODUCTION

The presence of freshwater in Polda Basin has been
known and discussed for a very 1oﬁg time, as early as 1911 the
suggestion was,madelthat significant supplies of groundwéter
could be drawn from that area., Pump-tests which gave
encouraging results were_carried out in 1929. h

A shortage of water for stock and other purposes on
~ BEyre Peninsula became almost acute in 1962. This resulted in
the‘construction of a 200 yard long trench from which the
groundwater was pumped to Loch. #Also an intensive hydrological
. investigation was started combined with an extensive drilling
programme, . \

It soon became élearrthat an open trench has its
dissdvantages. Windblown méﬁerialé éduld pollute the ground-
water and growths of aigae cduid biock the suction pipes of
the punps. ?herefore the Department was approached to
investigate the possibility of ébtaining large quantities of
groundwater from boreholes. 'Eﬁcouraging resglts were obtained
from the pump-tests done .in 1963 on 16 inch diameter boreholes
hence drilling of foﬁr'larger diameter boreholes was recommended.

Pump-tests of seven daysiduration, followed by multiple |
stage tests were carried out on two of the 43 inch diameter
bores while the third was tested for 23 hours at a single rate
followed by a multiple stage test. The foﬁrth was abandoned
after a short test. ‘

Unpublished reports on the area have been prepared by
vafious writers, including R. Lockhart Jack, and R.G, Shepherd,
included such earliér work in his report Hyd. No. 1486, Reﬁort
Bk. No. 57/26, in which.he gave a comprehensive description of
the geology and hydrogeology. Therefore only the relevant data

are used in this report.
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1.2 | LOCATION

Polda Basin comprises an area of SOléquare miles and
is a portion of an extensivé basin in County Musgrave; It is
named aftér the Homestead which lies almost in the centre of
the basin and is located‘about 25 miles west of Loch adjacent
to the Eliiston road.

The aresa is generally undulating with $ome sand~dunes.
These are roughly parallel and trend_éouth-easterly and lie at
approximately half mile iﬁtérvals. 4 large oblong shaped salt
water swamp lies northswést of Polda\homestead almost parallel
with and north of the maih road to Ellistoni

The Engineering & Wateb Supply Deﬁartmenﬁ's pumping
trench lies é.lB miles west of the homestéad and the pump—-test
boreholes are loéate&‘on a line trending soﬁth ffom the trenche.
Pump-test borehole No. L (PiT: No. 4) is the first borehole
south of the trench, see map S 4435, and is located at a °
distance of 729 yards from it. The distance separating the
adjacent bores P.Te No. 4, PeTo Noo 5; P.T.'NO..6 and P.T. Noo .

7 are respectively 968 yards, 903 yards and 83l yards.

13 : - GEOLOGY

4L thin clay bed of Pleistoenene to Re¢ent age, usually
" not more than 8 feet thick forms the basé of the freshwater
basin. The sequence below this clay bed is of Tertiary age,
the upper beds of which are sandy.' These Tertiary beds will
not be further discussed. Aeoliénites in which occasional
lenses and thin barnds of éandy,silts occur, and cemented
aeolianites overliec cléy Bedsf About 30 feet of windblown
sand was penetrated inla number of observation boreholés ‘
alfhough this thickness is not consistent and as little és 10:
feet of aeolianites were observed in ohe observation borehole."

These éeolianites are capped by a 4 feet thick crust
of sheet kunkare.  The older sand dunes direétly overiie the
agolianites and a kunkar horizon was formed on them. The

Recenf sand dunes are deposited on this type of limestone.
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Ty HYDROGRATOGY

Good quality groundwater of 770 parts per million of
dissOlVéd salts occuré in the Recent aeolimnites. ‘The salinity
varies somawhat and in places rises to l,OOQ parts per million.
The average thickness of the aguifer is 14 to 18 feet and it
is beélieved ﬁhat the water is not only stored in the»voids
between the grains but also in cavities in the cemented
aeolianite. ..

. it‘appears that wherever sands or sandy silts occur
the groundwater quality is in the order of 1,300 to 2,000
parts per million or even more. It is considered that the
perméability in thésé sands.is lesé and therefore the movement
.of the éroundwater is restricteda Owing to the slower
movement , the groundwater tend$ to become more saline as the
time is‘iﬁcreaéed to dissolve soluble salts. Since the
groundﬁatéf moﬁement through the sandy silts is restricted it
is considered that these beds form a éémi-ﬁoundary. Hence
the Polda Basin of 50 square miles is an area of very .good
quality water surroqnded by poorer quality water.

In the preceding section on Geology an 8 feet thick
clay bed was mentioned as forming the impermeable base of the
freshwater basin. It constitutes the seal béiween the over-
1yihg freshwater and saline water in the Tertiary sands below‘
and is therefore an aquiclude. Its thickness is, under static
conditions, sufficient to prevent downward movement of the
freshwaters and.also it 'is thick enough to form a barrier
against upward movement of the saline'waters_which occur in
the Tertiary sands directly underlying the agquiclude. If the
‘pressure on the aquiclude is reduced considerably then there
ié a probability that the underlyihg waters may leak through
the aquiclude and contaminate the overlying aquifer. This
possibility must be kept in mind in the u}timate development

of the aeolianite aguifer.:
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1.5 HYDROLOGIC CYCLE
| | There aré no rain gauges in the area and thus the
avefage‘annual rainfall must-be deduced from rainfall
recordings at sites outside thé area; ‘ActualArecordings at
Lock,'Yeelanna and Elliston are respectively 16,00, 16,02
and 16.67. It is therefore-cbnsidgred that the rainfall at
Polda Basin is apbﬁoximately 16 inches per annum. From May
t@ September is the wet season in which the average rainfall 1s
9 inches;k A small pcrtioﬁ of this is available for recharge
of the aquifer. EffectiVe rains do not fall in summer time.
| _ ﬁunéoff 6céurs oVer short distances only and water may -
accumuléte in small interdune flats. The remainder is either
. evaporated or evapotranspired and a small portion percolates.
downwards to the aquifer. Elsewhere in the State measurements
have been made on thé.penetration rate of rain and it was
concluded that in sandy soils the wetting front reached to 13
or 14 feet below the surface. In this area the groundwater
level is at an average depth of 10 feet so that the annual.
recharge by downwdrd percolating rainwater is not only possible
but is the only source of intake. |
To date no data are available on the evaﬁoration,
evapotranspiration and downwapd.peréolétion.' The quanfity of
groundwater which is discharged through springs farther to the
west is also unknown. For assessment of the ultimate
development potential of Polda Basin éstimafes'of these
factors should be obtainéd by means 6f rain gauges or
-pluviogréphsg'soil moisture meters and possibiyievaporétion
measurene nts. This.howéver, will require a prolonged_Study

of the area,



1.6 . PIEZOMETRIC SURFACE -

Monthly records of éhe wétef levels havg been taken
of some of the observation boréholes while three monthly
records are méasﬁred on all bores. The accompanying four

maps, S 4436 ¢, Ay, b and a, show the isopotentials just before
pumping started from the Eﬁgineering & Water Supply Department
trench, 1lst. September, 196u§ in the middle of the pumping
period 15th January, 1965; at the end Of:ﬁhe:pﬁmping period
1lst. April, 1964 and fhe.PGCOVéPy after‘pﬁmpihg Wés étopped _
3rds July, 196&.

_ Ih general the groundwater flows in a Westerly
“'dlrectlon and the gradlent of the pﬂzometrlc surface varies
gradlent occurrlng in the centre of the Ba31n. The ycarly
Varlatlon in the plezometrlc surface is not very great and in
general the isopotential lines are dlsplaced less than o.z Qg
a mile, as shown on the maps mentioned above. | .;

A rise in water level, as shown on the,isopotential.ﬁap
of theil5th. January 1965, S 4436 4, was not expected during%
the period that thé trench was pumped and appears to be anomélouso

The rapid change in gradient indicated by the closel&
spaced isopotentials is due to the change in permeability of
the aqguifer. Just east of the line of bores P.T. 4 ta P«T. 7

‘the gradient is lowest. However, in fhis area the aquifér is
not sufficiently thick to warrant the driliing of water supply
bores. . |

There is a relatively very steep gradient just south .
of Pe.Te7 which sugéests an aguifer boundary. HoWever, the
occufrénce‘of such a boundary so close. to the.bofehole-i.e.
within 250 ft. had certainly nbt been indicated by the drawdown
data, during the 7 day siﬁgle réte-test on this bore. It could
be argued thét the.period it-had been pumped was‘?nsufficiently
long for the céne of drawdown to reach this boundary. It wiil

- be explained later that this could not have been the case, as
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the drawdown in the bore P.T. 7 and the observation bores

should have been influenced.

1.7 TYPE OF AQUIFER

Although_small‘fises in the water level were reconded
‘after penetrating the aquiferlwhilé drilling, it is considered
that Polda Basin contains a free water table aguifer. The
recorded rises in water level weré_probably due to the.fact that
the top of the water level was passed unnoticed.

Since the sediments forming the aquifer consist of |
aeolianites and cemented aeolianites it is unlikely that it is
a homogeneous aquifer. Voids in the fine sands are not
comparagble in size with solution caverns which occur in the
cemented aeolianites. However, the aquifer as a whole is con-
tinuous. This is of utmost importance in evaluation of the
aquifer, as all present equations are based upon homogeneoﬁs
aquifers extending to infinity.

The aquiclude is not a horizbntaliplane and therefore
small variations were found in the thickness of the aquifer.
The average ié probably 18 feet but for calculations of the
transmissibility and storage capacities the actual thickﬁesses

are used in the equations. .

1.8 . POROSITY OF THE AQUIFER

Undistﬁrbed samples of the beds forming the aquifer
have not been available for porosity test. The sediments.are
probably comparabie with fine sandsf However; the cavernous
cemented aeolianites could have a much higher porosity. An

average porosity‘of 30% is estimated for this type of aquifer.
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1.9 FACTORS AFFECTING THE FREE WATER TA3LE AQUIFER

Workers on the aquifer evaluation such as G. Thiem,
C. V. Theis, C. F. Tolman, L. K. Wenzel and others have
developed equations'for the calculations of transmissibilities
and storage capacitiee of infinite artesian and homogenousl :
aquifers. This is the ideal case, but the formulas oan be
used and give a good approximation.‘ However, thie is not the
case for a 'drain‘ or 'free wafef'table' aguifer. Differen#
procedures have been suggested but in general the approximations
are fairly poor. However, the best approximation may be
obtained by the use of the equation developed by Jacob (1944)

's =8 - 82 in which

2m ,
drawdown measured and 'm' is the aquifer thickness.

t LIV |

S':iS the adjusted drawdown, 's° 1is thei
All water level readings have been adjusted in this
manner, and used in the equations of the artesian aquifers.
Drawdowns read from the graphs accompanying this report are
the adjusted drawdowns'and must be corrected for drawdowns

which would acfually occur in the field, see tables 1 to 1l4.
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1,10 REQUIRED INFORMATION
Since the Polda Basin cohtains a drain aquifer which

is recharged only by local rainfall, énd as the withdrawal of
an excéssive éuantity of water may result in-collapse of the
aquifer, it is of utmcst importance to calculéte a safe yield,
It was’theréfore desired to arrive at 'a good approximation of
the transmissibiiity and the storage capacity which afe used
to assess the cone of drawdown and calculate the extent of
the area which will be affected by Heévy pumninge.

| There is Qne»othéf factor which must be considered.
As disgussed before;‘the aquiclude is a thin one only and
overlies Tertiary .sands containing saline waters. If the
pressuré of the fresh waters ié reduced too much, then the
galine waters may force thcir way upwards and contaminate the
fraesh water above.

1

It must be borne in mind that the aquifer is not

wniform in charaéter and certainly not of infinite extent.
However, the effect of the pumping probably will not reach the
boundary of the basin.hehce boundary zffects will not be felt.
,_Shért term_watér level fluctuations were not expected
since the trench was nof pumped while the borenoles were
being tested.‘ However, a rise of the water level resulted
after some 2 inches of hecavy rain during the racovery after

the testing of P.T. No. 4. This rise, however, does not

affeect the calculations,
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1412" : | | SALINITY.

Analyses of samples taken at the end of the pumping
test are given in the facsimiles of the analyst's reports. .

Nitrates occur in these waters. Their total content
level was high before pumping was started and probably above
the accepted 1limit for adult human consumption. The analyses
are relatively uniform with the exception of those of P.T. 4
-which were anomalously high; in total saliniﬁy due mainly to
sodium chloride. | '

The high salinify after pumping in bore No. 4 may be
due to the saline swamp close to this bore and the fact that
the trencﬁ was fumped the year before, which may have drawn
gsome of the saline wateré into this portion of the aQuifer. )

If this type of water is mixed with the'watef of P.Té.
No. 7 borehole wétens sultable for drinking will be obtained%
exdépt that the nitrate content may be above the accepted limit
whén the bores are puﬁpéd for the first time in the springt |

| The high saiinity in P.T. No. 4 is discouraging. If
the trench is not pﬁmped in the future an increase in salinity
may not occur. Recommendétions will be made later on the safe
pumping rate for PfT. Le It is in the order of one cusec and
this yield may be low enough to avoid further increases in

lel2 DRILLING

Drilling df the 43 inch diameter test borehole and the
observation borehole comﬁehced on 29th July, 1964 and with some
interuption thése Were readyAfor preliminary tests on 9th
October,.i96u. Five observation boreholes were drilled near
bore P.T. uband three near each of bores P.T. 5 and 6. At
bore P.T. 7 four observation bores were drillédo The pumping
test bore and observation boreholes were discontinﬁed in the
clay underlying the aquifer. The bore logs of the P;T. bores

are given in the appendixe.
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All observation boreholes were lined with 2 inch pipe
while the pump-test boreholes were césed with 36 inch cement
liningse. Thesejlinings, however, were not completely
satisfactory and were later replaced by 36 inch slotted steel
pipe and in each case the annulus filled with well rounded
gravel. P.T. No. 6 borehole gave a very small supply and was

abandoned.

l.13 . PUMPING EQUIPMENT

A five inch single stage Pomona turbine pump was
installed, in each case, at about eight inches above the bottom
of the borehole. In this manner the available drawdown was
meximum. This pump was coupled to an A.U.De 26h International
driving anc He & E. head with a one and half to one ratio.
This equipment was capable of pumping some MS;OOO gallons per
hour. 8ince the arca is almost flat there was no difficulty
in disposing of the quantity of water from P.T. No. 4 into fhe
surfacerténké at the trengH. However, there is a émall rise
between P.T. Nos. 5, 6, and 7 and the trench therefore, a
booster pump, a single stage Kelly and Lewis centrifugal pump
coupled to a 3—c&1ihder Deptz was used to force the water over
the 1little rise.

The single stage Pomona pump was éonsidered‘the most
suitable borehole pump as with this unit a high pumping rate
could be obtained with minimum power consumption.

Although some minor repairs had to be made to the
engines uaed, in general the equipment worked satisfactorily.
A close watch was kept on the revolutions of the pump to

ensure a continuous discharge.
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1.4 : DISCHARGE OF THE GROUNDWATER
Since ‘the beds ovgrlying the_équifer are very

permeable any groundwater pumped from a bore and diséharged at

a short distance away could be expécted to return almost
immediately toithe aquifer., Under these conditioné pumping
would result, af@er a short peribd of time, in recirculation
. of the groundwater, Tﬁerefbre the Engineering & Water Supply
Department‘was épproached with a requeét to supply and lay a

6 incﬁ dilameter pipe line through which the punped water could
be delivered to tanks installed near the trench. From thefe

it was pumped into the reticulation system and removed from the
area, therefore no water was returned to the aquifer during
" the pumping testing.. o ‘

| The delivery pipe to the tanks entered thése at the lﬂ?
base; When these tanks were full there must have been a
greater»pumping head which decreased the discharge rate, Th;é
can be clearly seen in the drawdown log time graphs on whichfthe

plots do ﬁot_lie on the curves or on a straight line. )

S 1.15 | . DISCHARGE MEASUREMENT

The discharge line from the pump was directly coupleg
to the temporarily laid 6 ingh surface pipe. A Helix water |
‘meter was installed in this short coupling line. The water
fﬁumped was delivered to the surface tanks at the trench, which.
hold only some 50,000 gallons.“From there it wgs pumped into
the reticulétion mains. All water bumped into these mains
passed a flowmetre and the guantities measured agreed closely
with those measured near the pumping equipment., | |

Although é close Watch was kept on the pump revolutions,
there still wére some slight-differences in the discharge which

slightly affected the drawdown levels as indicated previously&b
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1416 ~  WATER LEVEL MEASUREMENTS
| Water ;evéis‘df‘SOmé.observation'bofes on Polda Basin

éretmeasuféd’éVery'mbhththilé the remainder are included in
the sﬁrVeyrevéry.threé’mbntﬁs‘ The &eafly difference of the
piezometric surface obtained from these sufveyé have already
been discussed. | |

\ Good results from pump-tests are obtained if an
aquifer'is iﬁ static cohditibn. Therefore the Engineering &
Water Supply Department wés requested not to pump from the
trench in ord@er not to disturb the water levels prior to the
testing.

In the last years an electrical probe consiéting of a
twin core electrical lead, bétferyband an ampmeter was used to
meaéufe the levels in’%heAﬁuﬁﬁiﬁg'borehole and the observation
bqrehdiés; .'

| It soopﬁbeéame-appérenﬁ_ppat,marking of the leads and

reading. -off the d;fférent water51eve1é.immediately‘was.impréc-'
ﬁgable._lSince;phalkAmapks-@aq easily be erased and ink .
@aﬁkings‘are'nop_easily‘readabie on the black TV. leads used,
a new. system wgs adopted. Each T.V. aerial Wiré wag covered
with marking tape_andfwheneverﬁatwatér level wgs measured a
markwwas_made and‘a,number_placed against it. As soon as
sqfficient_time;was available_béﬁween readings;“the,leads,were
m@ésupedvénd‘the_watgr levels noted . on the app?opfiatehsheetS.
Ihe marking fapes Wére reméved after the comﬁletion of the
tests and,ére”still available”és a permanent record.,

::.Ail‘wgt§r 1eve1 measﬁpements were takenlfrom a.
Argference point either. on the casing or 2 inch pipes of. the
observatiqn boreholes and:the:height'Qprhis reference point
aléb markedﬁqn_the_appro?p;éte:reéqﬁdiné,ghqets,‘_, y

, Siightiﬁariations in_wafef,lgvgis1o§&urréd gfter,thé..
-equili@fiqm Wa§“feachgd;% H§W¢Venalthes$ flugtmétiong.are
prgbab;y;Queitp.vériatipﬁs‘in_ygv§1uﬁions:ofgt@e pumping. .
equipmenthwhich'coulq nct Bg avoiqed‘gnd”to an:increase_in“
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hesd due to the filling of the surface tanks at the trench.
While P.Te 7 was being bumpitested'a water level

recorder was placed on a borehole midway between P.T. 7 and

P.T. 6. ThelrecorQer hqwever, was not working satisfactorily

so that the graph made cannot be used for calculations.
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1.17 . . TESTING PROCEDURES

Supply from the Engineering & Water Supply trench had
to be reduced in February 196L as Quantities of water up to 2
cusecs had been pumped from the trench and the water level
'decreaeed by as much as 4 feet over a period of three months.
With th;s in mind the Engineering & Water Supply Department
‘ requested‘a seven day test on all P.T. bores, ) -

A preliminary test run of short duraﬁien had to be made
to'develop the boreholes and to assess the total quantities of
groundwater which could be removed before any 1omg period of
testing on any one borechole could-be commenced.,

' It was decided that a 7 days pump-test was to be done
at a sing1e high rate followed by a recovery test on each P.T.
hole after which a multiple stage test was to be made to
calculate the aquifer loss and well loss.

P.T. No. L4 was the first tested and the pump was
started on 9th October, 1964 at 09.00 hdufs, the recovery
commenced on 16th October, 196l. 'Pumping was done on an average
rate of 1.7 cusecs. After completion of the single stage test
the multiple stage test mas made. It commenced on 19th October,
.at 16.00 hours and was completed on the 20th October at 03.40
hours.

- The pumping.eqmipment was moved‘to P«Te Noo 7 and a
~gimilar test procadure repeated. The pump was started on the
6th November, 1964 at- 16,00 hours and the whole testing was |
completed ar 16th at 22.60 hours. . -
| Since the lining was not considered to be suilteble,
fumther testing was deferred until 36 inch slotted pipes were
ingtalled and the annuli filled with gravel.

To assess the possible improvement obtained by relining
| the borehole pump-tests were restarted om P;T. No. 7 on 13th‘
February, 1965 and completed on 14th February, P.Te No. 5 was
pump tested for 23 hours only, which started on the 22nd

February, and recovery started on 23rd.



On P.Te Noo 4 a secoﬁd multiple test was made which
: started on the 3rd March, and was compleﬁed that day.:

During the pump-test water levels were measured in at
le ast three, and near P.T. No. u in five, observation boreholes.
The water levels in these Qbservatlon holes were used to cheqk
whether equilibrium had been reached. In general it was |
reached after é 2L hour éumping period although in many wateg
téble aquifers two déys pumping are required. .

Multiple stage tests can be madé on free water table
aquiférs under certain conditions. No further explanation has
been found in the 11terature as t o what those conditions are.
Therefore the time intervals between each stage were varied for
each test on the different boreholes. It appears that only the
last one made on P.T. L4 serial 030365 gave reliable data for

the first three of the four stages.
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1.18 | - RECOVERY

After the pump was stopped in each borehole the
recovery éf the water levels wére taken at very rapid
" intervals. An examp;e‘is P.T. NO; L where the total drawdown
was about 1l feet. Six readings were taken in the first
minute in which the water,level'recovened.some 6 feeto, Half
minute readings were taken fof 8 further 9 minutes and.
. tbereaftef minute readings were taken until 4O minutes after
the pump stopped. Then readings were taken at five minute
intervals until 100 minutes after the pump had‘stopped. Ten
ﬁinute readings were taken until 200 minutes thereafter 50
minute readings were made until’.1,000 minutes. Then 100
minute readings were .taken until 2,000 minﬁfes, AThereafter
500 minh@e interval readings wére made. The last reading was
made 4,500 minutes after the pump was stopped and the water |
level was then still 0.40 feet below the static water level.
JThis_type of slow reéoygry is tyﬁical of the aeolianiteland
cemented aeolianite aguifers.
» Similar readings were made aftef the pump teéting‘of

P.T. bores Nos. 7 and 5, and the results were comparable.
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2,1 CALCULATIONS OF TRANSMISSIBILITY AND STORAGE CO-EFFICIQNTS

The co-efficients of transmissibility indicate the f
capacity of an aquifer to transmit water and 1s equal to the
co-efficient of perméability multiplied by the thickness of the
aquifer. Storage properties of an aguifer are expressed by its
co=cfficient of storage which is defined as the volume of waper
the aquifer releases per unit change and the complement of head
normal to thad surface.

The co-efficient of transmissibility can be obtained
from drawdown measurements from a pump-tested ﬁore. For the
calculations of the storage coaeffickant however athleast one
observation borchole is réquired. These two co-efficients can
be calculated with the Dupuit Thiem equations but in general
the mathematical solutions are not as reliable as graphical ones.
In the graphical approach small variations in pumping rates can
be adjusted visually which is not possible When mathemati;ai
solutions are used.' |

' Under the heading "Faétors affecting a Free Water Table
Aquifer" it was pointed out that all drawdown measurements must
be adjusted before they can be used for the artesian aquifef
equation. For conveniénce the formula is repeated here:

tAs_ =8 =™ §? : : '
2m
in which is is the adjusfed drawdown, s the drawdown measured
in the field and m the aguifer fhickness.

The draWdown data used in the graphs for -the
calculations are the. adjusted drawdowns. The conversion graph
to the drawdown as would occur is shown on the left hand side -
of the ®ime and Distance Drawdown Curves 65-335/6,‘65-u14/5.
Whenever the term field data is used in the following
pamgraphs it should be borne‘in mind that fhe adjusted field
‘data are referred to and not ﬂhe actual measured drawdoﬁn levels.

Theis (1935 developed a non leaky artesian aquifer type

curve for computing either mathematically or graphically the
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obtained for the values W(u) and u on the type curve. The
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transmissibility and storpge capacity co-efficients. JeSo
Colville (1965) (believed to be the first) further developed
these equations for the basic units F, P, S and other units.

A copy of the summary of the formulae in well hydraulics is
given in the Appendix. The functions for the co-efficl nts of

transmissibility 'T' and the storage capacity *S' are

. Q
T = W(u)
L 11 s
and : '
_ Loyt
- .p
in which

Q@ is the pumping rate in cusecs,
's' is the drawdown in feet,

r' is the distanée in feet.to the observation well,

't’ is the tlme 1n seconds and, |

W(u) is thP Well function of Ue T I L G

A graphlcal solutlon of the equatlons 1s obtained by

preparlng 2 plotqf the log of drawdown agalnst the 1og of tlme.

A curve drawn through the plot should be matched w1th the type
curve of 1og W(u) agalnst the log of l. Both plots are to be
u-

made on the same scale 1og 1og paper. After the type curve is
matched agalnst the drawdown tlme plot a convenient match point
is selected. This match point does not necessarily have to lie

on the type. curve but ‘Gan be chosen so that integers are

correspondrng va;ues_of-;scqandist' are read from the drawdown
time plot and -the values g0 obtained should be substituted in

the: equations for .!T' and 'S'.. It will be noted that in the

graphs accompanylng this report the type curve has been drawn

on the drawdown time graph and that no separate type curve is

supplied. .. -,
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-202 CALGULATIONS USING DATA (F THE PUMPING-TEST ON PT. 7
Graph 65-uu-gives the plot of the log of the adjusted

drawdown agaeinst the log of time of observation bore 7a. The
.variables obtained from this graphnare:

8 = 3.5 ft. .

t = l.é9 b4 10“’ secs

u = 1070

W(y) = 6.2

The constants are

Q@ = 1.9 cusec.

r = 20 ft. from Pt. 7.

These values. substitued in the equation for T and S result in

.,‘. nl.9 '; ' 3
T =71 3.5 x 6.2 = 2.8 x 10 1 rts 2/8§c.
g - lx2:8x107" x 2070 x 1,20 x 107H _ 34 x 1072

L x 10<

Qalgﬁléﬁions for T,égd S ﬁsingAdbséfiéfign Bo?e 7b
. éﬁe variables obtained from graph.SS-QS
8 = 3.7 ft. t = 5.16 x 10%
u =107 and w(u) = 6.24
The constants are
Q - 1.9 cusecs and,
r =40 ft.

These values substituted in equation for T and S give
109 o .
= : - -1 2
T _m X 662 =245 x 10 ~ ft. “/sece.

_ -1 _ a3 ' L . -
s =:§ X 2¢5 xlfo - ? %Q x 5.16 x 10 - 3.2 x 10 2

Qalgulgtiogg uging Observation Bore 7¢
The values of the variables obtained.from graph 6-46 are
8 = 425 fta
t = 1.98 x 10° sec.
u =107
W(u) = 64
The constants are
Q =19

r =80 fto
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These values substituted in the equation for T and S result in
1.9

T =715
g < 4x 2.27 x 10

X 64 = 2,27 x 10-,ft.2/sec;

1 107 x 1.98 x 1072 = 2.8 x 10
6ol x 10° -

2

It is evident that there is a close relationship between .
the values of T and S obtained in the three calculations. Those
from the observation borehole 7c are lowest. Probably they are
more reliable values as the pumping in bore PT 7 should not have'
influenced the drawdown in this observation hole. In further |
calculations for the distance time drawdown graphs the lower
values of T and S will be used.

It should be noted that on all time drawdown graphs
discussed the drawdowr. of the first 106 minutes.do not lie on
the type curves. This is>a normal feature as in this éhort
period 6f time equiiibripm has not been reached which is a

requirement for the grephical solution.
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263 STRAIGHT LINE METHOD

Cooper and Jacob (1946) developed a modified non-leaky
artésianlaquifer equation which also can‘be-used.fo arrive at
the co-efficients of transmissibility and storage capacity. To
solve these factors graphically, a plot is made of the drawdown
against the loé of time, The equations to bé used in the FPS

units are

. _0,183q )
T ~ delta s and

S =.2.23 Tt in which
T

Q = the pumping rate in cusecs
delta s = the drawdown per log cycle
to = the zero drawdown time, intercépt of the drawdown
| curve of an observaﬁion borehole, in secondé‘
the distance of the obéervafioh borehole to the

"
I

pumped borehole in feet.

On Graph 65-3&5 are plotted against log t the drawdbwn
obtained in the pump well and those of the observation bore 7c.
Straight lines are drawn through the plots representing the
best mathematical fit. It should be noted that for a
- mathematical fit célculations haﬁe to be made, for time saving
purposes only a visual cast fit is drawn. It should also be-
noted that the early drawdown data are usually erractic. They
therefore are not used in the drawing of the curve. The
constants and the variablesAobtained from the graph 65-345 are

Delta s = 1.15

t = 3% min = 180 sec.

o)
Q = 1.9 cusecs. .
r = 80 ft.

These values substituted in the equations give

_ 0,183 x 1.9 _ -1 ., 2
? A = 3,04 x 10 — ft.  per sec.
1

_ 2025 x 3,09 x 10~
6ol x 100

2

=1.96 x 10

)
g x 1.§'x_10

The values obtained by this method for T and S are in
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good accordance With'those obtained With the type curve method
of Theis. There is an adﬁantage in the‘straight line method.
With the curves oﬁtéined the drawdown in the pump borehole can

. be predicted at any time e.g. the drawdown after 70 days of
pumping, being equai to 105 minutes, is equal to the drawdown
obtained afterlseven days pumping plus the delta 8 of 1l.15 feet.
In this case the drawdownbafter 70 days would be .

7.09 feet + 1.15 feet = 8429 feet.

A drawdown at any time can also be caleulated with the Theis

equations, however, but it is more complicated.
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2.4 DUPUTT—THETH - EQUATION

For comparison the coefficient of ﬁransmissibility is
aléo calculated Wiﬁh the use of this eQuaﬁion. HoWever an
expression of the coeffiéieﬁt of permééﬁility which is equai to
the coeff1c1ent of transm1531bllity d1v1ded by the aquifer
thlckness m. The aquifer s thickness varies slightly as it is
16.5 £t., 17 ft. and 19 ft: in the observation holes a, b and ¢
of PT 7

The equation developed for the coefficient of

P
permeability kp or 8 is

C - T, /.
kp = 2¢3Q log 1/b2 .in which
A 77(11:12 - h 2.)

‘Q = 1.9 the pumplng rate in cusecss

r is 80 fto the distance to the puniped boreholes

1~ “ec
fé = fé ;s uO_fta dlstancgﬁto\the ppmped.borehole.
hi =h, =19 < 554 fti, ‘the saturated thickness of the
| aquifer after 10 minutespumpinge
h2 = hG =17 - 6.24 ft., the saturated thickness of the

aguifer after 10% minutes pumpinge.

These values substituted in the equation gives

kp = 222 X 1'924-9L2 ' = 6.3L x 107> f£t. per séc.
11 (13. L6= - 10.76 2)

kj m

and the average thickness of the aqulfer is 17 ft.

the value for the coefficient of transmissibility becomes
= 6,34 x’10—3-x 17 = 1,07 x 1071 £t. 2 per sec.

This value of T §btained is 1ower than those arrived at
by usiné the other methods which 1s probably dﬁe to the visual
adjustment made in the graphical approach. It is considered. that
the higher vaiues of T are more relaible and therefore the
Dupuii;Theim'equation has not been used for the determinations

of the values of S and T of the boreholes PT L4 and PT 5.
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PT. 4 AND PT. 5

VALUES OF T AND S OBTAINED FROM. PUMTING TEST ON' BORES

~In the prev1ous paragraphs 2,4, the values of these

coefficients were calculated forPlr. 7 by means of different

methods.

They appear also on the graphs and it is considered

that further completed calculations are not warranted in this

report.

For completeness, however, the values of T and S

 -obtained‘from the single stage pumping test on PT. L, PT¢5 and

PTe 7 are given in the table belowe.

" In these

tables TC stands

for the graphical method in which the‘type curve is used and

MeEe indicated that the resSults are obtained by means of

modified Straight line eqguation.

Borehole Method Distance

No.

La
o
Le
La
PT. 44
5¢c
5b .
PTe 5+
5o
Te
To
7a

TC

. TG

B B

TO
ME
ME
TC
TC

TC

7c 1st test ME

PT.7 1st
test

ME

.7c 2nd test ME

PTo? 2nd
test

The drawdown data, used to prepare the graphs and

ME

to PeTe

bore in ft.

10
20
o
Lo

Lo
20

40
80
L0
20
80

80

Q_in

"l"“z)\

cusecs in ft Der‘

1.7
1.7
1.7
1.7
1.7
0.64
Q6L
Q.64
Q.62
1.9
1.9
1.9
-1.9
1.9
1.9
le9

uec
3.6@?? -1
2110
2.7 X lO
L0t 1
2.5 % 10
23%5
2.9 X lO

L6940 .
3.6 x 10 1

1850
2e3 X 10
th10 -1
l.7 x 10 —

120

1.6 x 107t

{gS o0 -1
2.3 x 10
" \8r0 -1
227 x 10
10!0_1
235X 10
1150 -1
2.8 x 10
Luyo
3s0L4 x 10‘-'1
‘&G40
3,00 W0l
LuLe ;l
3,04 x 10
Lale © -1
3.04 x 10

the

S | Graph No,

65-341
65-3U1
65-343
65-872

2,9 x 1072
5.6 x 1072
8e3 x lO-5

1.83 x 1072

2.28 x 1072

65-872
65-875
65—873
65-87L
65-87L
2 65-16

1072 65-45

T2 o65euy
1.96 x 1072 65-345
© 65-345
65-346
65-346

2.8 x 1072
L08 x 10‘4
1.9 =2
2.7 X

x 10

10~2

1072

2.8 x
30% X

3.6 x 10

1.22 x 1072

to

calculate the values for T and S, are given in the tables 1.

to 14 as they are diffieult to read from the graphs.

be noted the adjusted drawdowns are given alsoa

It should
The raw field
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data cannot Be used in the non leaky- artesian aquifer
equations. |

There is a very close realtionship between the values
of the coefficients obtained. The low value for 8 calculated
. from observation borehole Le may be due to the fact that this
is the only obserVatlon hole which was drilled down gradient of
bore PT. u¢ It is con81dered that some of the observatlon bores
were drllled ln more cavernous cemented .aeolianites.

Bore PT. 5 must have been drilled in an area where there.J
are'proﬁably no caverns as:ifs total yield is very low. However
the coefficient of transmissibility and storage capacities
calcﬁlated from the observation holes are similar to thosé of
the good yielding boréholes. It ﬁust be borne- in mind that the
aquifer im only 11 ft. thick in PT. 5. , |

It appears therefore that the aquifer'is almost
homogeneous.. | |

The well loss is an important factor which influences
theidrawdoWn close to a well pumped hence it is unfdrtunate that
smaller'drawdowns;were expected and therefore tﬁe oBservation
boreholes drilled too ciose to the main boreholes. '

Data given in Tables 1 to 1L is the, élex‘,:wdown. It should
be noted that the adjusted drawdown are glven alsoc. The raw
field data cannot be used in the noﬁ leaky,aftesian aguifer

equations.
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2.6 HYDRAULIC CONDUCTIVITY P AND FLOW VELOCITY ‘'V'

Values for T obtained in the previous paragraphs are to
be used to calculate the coefficient of>§eyméability’also called
Hydraulic Gonductivity. It is the quotient of the coefficilent
of transmissibility divided by the aguifer thickness. The
hydraulic conductiviﬁy is used to arrive at a velocity flow in
Darcy's law.

v=Px1i in‘which

v 1s the velocity in feet per time unit

P is the hydraulic conductivity |

i is the hydraulic gradient
Méps SuLi36 show that the fail in ﬁiezometric surface is 50 feet
over a 5 mile interval. Hencé the grédient 'i' in round
figures is | 00 )

50/5,000, = 1/500 & 24 x 1072
 With the use of the values for T obtained earlier, calculations

‘are made for the field permeability coefficient and the

velocity of flow and they are tabulated below

P.Te No.ftg igc; %ﬁ?iiigss P in ft/sec V'in ft/seé
m in ft.

n 0.36 22, 1.6 x 1072 3.2 x 1070
Iy 0.36 23.5 1.6 x 1072 3.2 x 10 2
b 0,27 25.5  1.08 x 1072 2.2 x 1072
L 025 21.0 1.2 x 1072 2.4 x 1072
5 0.16 11.0 1.5 x 1072 3.0 x 1072
5, 0.23 18. 1.3 x 1072 2.6 x 1072
7 0.30 15.5 1.9 x 1072 3.8 x 107
7. 0.28 16,5 1.7 x 107° 3,4 x 1077
7o 0e25 17.0 1.5 x 1072 3 x 1070

7, 0.23 19. 1.6 ¢ 1072 3.2 x 1072

Flow veibcity values and the coefficients of
permeability*are well suited to c;mpare the pump-test results.

Although the agreement is good in columns for P and ty!
the velocity valueé are»considered very high° This is best shown

if the quantity of rain required to supply this flow is
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calculated. To do this the average vélue of flow velocity which is
in fhe order of 3 x 10—5 ft/seé, should;be converted'to feet per
day which is | | |

3 x 1070 x 8.64 x 104 = 2.6 £t. per day.

‘The average thickness is thought to be 18 ft. so that the quantity
of water flowing through an area of the aquifer of 1 foot wide would
be | A .

. 2.6 x 18 x 1 = L7 £t°/day

‘This volume of watér‘flowing through this'area should be‘equal to
the rain falling'on a surface area of one foot wide and 5 miles long
as fhe rainfall/is the only means of recharge of the aguifer. The
surface area is in round figufes,

5 x 5,000 = 25 x 100 £t.2
Hence the volume of flow of L7 ft;/ day equals
47/25 x 107 = 1.9 x 107> f£t. of rain per day.
This éonverted to inchés per year results in '

1.9 x 12 x 365 x 107> = 8.8 inches

It was pdinted out under the hegding 'Hydrologic Cycle',
1.5, that the effective rainfall is in the ofder of 9 inchéé per
Year. The above calculations'suggest'that;all this rain should
lreach the aquifer and that no water is 1os£ be evaporation or
evaéotranspiration and this is considered to be unreascnable, It
is therefore believed that the values of P and its dependént ty!
are about a factor 10 too high, Pump-tests done in 1929 and 1963
gave similar‘resulté and they were thained by'means of the Dupuit-.
‘Thiem equation, There“i; only one good exﬁlahation for this anomalx.
Due to the pumpihg_thé;gradient of the piezometric surface is
increased considerably and hence the large value of P and V;
Howevér the-rainfall is too low to.supplement the quahtitj withdrawﬂ
hence the areavwill be>overpumped if-1arge quantitiés of water

are withdrawn over a. long period of time,
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3.1 TIME AND DISTANCE DRAWDOWIN GRAPHS

This type of graph'is used to predict at any time the
anticipated drawdown ét any distance from a borehole being
pumped at a rate Q; For each pumping rate a separate graph is
to be gonStructed. Therefore graphs were prepared,'No. 65-335, -
65-336, 65-415 and 65-L1l for the P.T. No. 4 and No. 7 for the
fates 1 cusec and % cusec. To cqnstruct‘Time and Distance
Drawdown Curves, the values of T aﬂd S obtained from pump~tests

mﬁst be substituted in the Theis equations which in FPS units

are

<
"

#1&

<+

and | Eeh W(a)

The relatlon between u and W(u), the well function of u,
are obtained from the tables prepared by Wenzel (1942). Time
't! and the distance ér' are variables which together with the
constant pumping rate Q and the known values of T and S are
‘ Subétituted'in these equations. Thence a value results for the
drawdbwn 8. An example will show clearly the procedure of the
construction of a Time and Distance Drawdown graph. The adopted
values for T and S, obtained from P.T. No. 7 are

T = 2.25’x lO—l

= 2.8 x 1072

ft2 per second

= 1 cusec

iy
H O 0

= 10 ft. distaﬁc; from P.T. Noo. 7

= 0.1 day or 8.64 x lO3 sec. since pumplng
started

ct

and these Jalues substituted in the equation for u results in
- 102 x 2.8 x 1072 : " '
L x 2425 x 10°% x 8.64 x 10°.

For this value of u a value of W(u) = 7.35 is found in Wenzels

table hence

8 = 1 oy X 735 = 2.3 ftgr

L x 225 x 10

If the distance and pumping rate are kept constant but the time

is changed to 1 day = 8.64 x 10& sec. S becomes
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8 = 3.42 ft. and «
for a time t = 10 days or 8.6& X 105 sec.
5 = Ll-028 fto

" For convenience the values of s obtained are t abulated

below.

Pumpihg rate ' Diétance Time . Drawdown s

Q in cusecs: r in ft, t in days in feet
1 | 10 0.1 | 2.3
1 10 ‘ 1 | 3el42
1 | 10 10 .28

Values of s are plotted against 1log t and & straight
line is obtained.as shown on graph 65-335 by the line ¥X and
marked r = 10 ft. Note that the values of log t are shown on
the base of the graph} This line is»extrapolated beyond the
time of 10 days and the drawdown af% iO ff. from the pumping
well éan'be read off this curve for as much as.],CO0 dayse.

In order to construét the distance drawvdown graph the
value for the distance r is varied whilec thé time is kept
constante.

For a Valuf/i of r =10 ahd t = 0.1 day the solution of
8 is as above.

If r is taken 50 ft. the célculétsd value of

8 = lo47 ft. and for r = 100 ft.
S becomes 0.98 feet.

- These values of s are again given in the table below.

Pumping rate. Distance: : Tiﬁe Drawdown

Q in cusecs r in feet t in days -8 in ft.
1 10 - - 0.l , 2.3 |
1 50 N 0.1 147
1 100 0.1 £ 0.98

These values of s are plotted against the log of r as
shown on graph 65-335 by line YZ and marked t = 0.1l day. Note
that log r is shown.on the top of the graph. The dfawdown at
any distance from the pumped well can be fead off this curve for

as much as 3,000 feet.
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H.G. May 1963 developed a}meﬁhod by which tiﬁe drawdowns
and distance draw@owns dan'bé obtained for any time and any
digtance with the aid of an index curve that is related td the,
initial curves.

The relatioﬁ between the distance from the well and time

s

since pumping started can be expressed as
| r = 10"t
in which n is an integer.

‘The vertical diétaﬁce betﬁéen the time drawdown curve
and the index curve should be n times the distance measured
along the same vertical line, between the distance drawdown curve
and this index cufve. Consequently the index line Y O is drawn
through points that divide the vertical lines bounded by the
two curves Y 2 and Y X into segments whose length are in the
ratio 2 to 1. |

An example will assist the reader in the use of the
graph. All lines parallel to the time drawdown graph Y X would
indicate the drawdown at any time at différent distances from
the borehole.

A broken line as shown on graph 65-335 parallel to this
line Y X intersects the index line on the vertical line r = 102.
It is therefore the time drawdown curve for 100 ft.‘from.the well.
At this distance after one days pumping the anticipated dnawdown.
is 0.2 ft. after 10 days it is 1.1 ft. and after 100 days it is
1.85 ft. The conversion graph at the left of the Time and
Distance Drawdowﬂ curves indicates that the‘antiéipated drawdown
in the field would be 1.956 ft,.. instead of 1.85 ft. Similarly a
dashed line is drawn parallel to the distance drawdown curve Y Z.
It intersects thé index line and on the vertical line to 12.5
days.. It is therefore the.distance drawdown curve after twelve
and one half days of pumping. Thelanticipated drawdown at 10
ft. from the horehole is Le2 £t. and 100 ft° away from the bore
-hole it is 2.78 ft. ﬁhé conversion graph to the 1eft indicates
that the anticipated drawdown in the field womld be 36l instead
of 2.78 ft. | |
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Graph 65-336 is the P.T. 7‘fime‘ana Distance Drawdown .
graph for a pumping rate of Q = 0i5 cusecs. On this the
.anticipatéd drawdowns for és little as 1/100 of a day.can be
6btained; For convenience the ﬁime draWdown and d.igance
drawdowh cnnveé are marked with-thé séme capital lettéFS‘as'was
done on graph 65-335; | |

The basic data from which this graph was prepared are
tabled belows

Pumping Rate .  Distance Time . Drawd.own

Q.in cusecs r. in ft. _t in days 's in ft.
B o o .01 0.92
- ioc 0.1 C 1.32
% 10 1 1.74
4 50 .04 0,78

Ty 0 © :
N 't T SRR . D A I VL

The same t&pe of_graphé were prepared for P.T. 4, they
are graph No;;65—u15{for_the pumpiné rate of 1 cusecfénd’65~ulu
for a pumping rate of % cusec. '

Basgic data froﬁ which_they are'prepared afé

T =36 x loél_ftz/sec- |
8 = 2.9 x 102 |

The values calculated with the coefficients are tabled

below:
N Pumﬁing rate Distance : Time Drawdown
“.@' in cusec __rin ft. ..t in days ‘s in ft.
1 | 10 10 2.7
1 | 10 1 2,24
1 10 0. . 1.25
I 50 : 0.2 f | 1.05
1 100 ' 0.1 ' 0.76
£ 10 10 | 1.46
% 10 RS 1.15
3 10 c.1 | .84
1 50 0. oy
z 100 0.l 0630
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It will be noticed on the graphs that the anticipated
drawdowns for P.T. 4 are less than ﬁhose of P.Te 7. The
explanation is found in the different values for coeffiqients
6f transmissibility and storage capacity used in both cases.
It should be hbrne in mind that the anticipated drawdown whiqh
can be produced-from these graphs are estimations. They are
dependent on the validity of the eguations used for the 3
calculations of T and S. | -

Since.the distance ‘between these boreholes P.T. L and
P.Te 7 is 8,310 feet, the(distanCe drawdown curves of the
graphsAindicates'that if P.T. 7 is pumped at a rate of 1 cusec
the cone of drawdown will reach a point midwéy between PeTo 7
and P.T. L 12:5 days after pumping starts. The dashed line on
graph 65%335 indicates this siﬁuationa Similarly if P.T. 4 ﬁs
pumped at a rate of 1 cusec the cone of drawdown will reach éhe
same point midway between PoT. 7 and P.T. L4 after 5 days; ;
Obviously if the pumping rates_wére increased tol.5 cusecs o#
to those used while testing the boreholes this point 4,650 ft.
away from both bores will be reached after a shorter tiﬁe of;
pumping. To elucidate this matter the Time Drawdown curve'fqr
P:iTe 7 graph 65-337, was prepared. The anticipated drawdowné
increasing with tlme are shown for pumping rates 0.5 cusec, i
cusec and 1.9 cusecs. The curve for 1.9 cusecs shows clearly
that: the P.T. 7-would be depleted in a short perlod of time %f
it ﬁaS'pumped at the high rate of 1.9 cusecs. The specific :
capacity curves prepared for P.T. 7; graph 65-338, diécloses?
the same characteristics as the gquantity of water obtainéble;
per foot of drawdown ,SPecific yield, decreases rapidly with
the increase in pumping rafe. | |

’ It was mentiqned under the heading Piezometric Surface
1.6, that boundary‘cbnditions wera not observed during the
pump-test on P.T° Te The Time and Distance Drawdbwn graph for
1 cusec, 65-335, indicates that after less than C.1 day pumping

the cone of drawdown would reach a point 250 feet away from
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P.Ts 7. If there is a boundary then the rate of drawdown
should have doubled in the first hour of pumping as pumping
rate was not one but 1.9 cusecs. This is élso indicated on the
Time Drawdown curve, 65~337.. A Papid_increase in thy rate of
drawdown is not recorded during fhe&best, |

The occurrence of boundary conditionslare not supported
by the coefficients of perméability éalculated, 2ebo It_shouldl
not haﬁe been reached by the cone of_drawdown during the single
rate test on PoT; L. ‘Hence a 1arge'difference between the
P's. calculated for the two P.T. bores-u and 7 shouid have

resulted if it occurs.
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 3.2 SAFE PUMPING RATES FOR P,Te 4 and P.Ts 7

It was shown in the“previous ﬁaragraphs fhat the point
midway between P.T. L and P.T, 7 would be reached after‘some 12
days if P.T. 7 1s pumped at a rate of 1 cusec..'If both bores
are being pumped at the same time at this rate'mﬁtual inter-_
ference will occur after approximately 4 days. In that time a
large area abbve the cone of drawdown will have been depleted.
An even larger volume of aquifer will be drained by'pumping
continuously. To date it is not known whether an area depleted
during the pumping season would be capable df restoring, by
~means of recharge, to its full capacity after pumping has
ceased. - Aquifer collapse may occur when all water is drained
from it. Since the groundwater‘is‘stored mainly in cemented
aeolianites the danger of collapse is probably not ver& great.
Return tq the static water level after pumping season, as
measured in the.past on the observation borecholes, does. .not
necéssarily mean that no aguifer collapse has occurrecd,.

Groundwate“ used in the financial years 1963-64 and
1964~65 are respectlvely 3e 2 X lO7 cubic fpct (200 mill galls.)
and 2.7 x 10 cubic fcet (l6u mill galls.) It is considered
likely that in the future the demand will increase.. it is
therefore assumed that both bores wiil be pumped at a rate of 1
cusec for 200 days continuously. The groundwater withdrawn in
a pumping season would then be. ' |

2 x 200°x 8.6k x 10% = 3.1 x 107 cubic Ffeet.

Since the avcrage thickness of the aquifer is 18 feet
end the Polda Basin covers about 50 Square miles, the volume of
the aquifer is estimated to be 50 x 18 x (5.28 x 103)2 =
2.51 x.lOlo cubic feete Assuming that the porosity of 30% is a
reliable apbroximation the volumé of the water stored would then
be

2 cubic feet.

10 - |
2451 x 10" X 0e3 = 745 x 10
Average rainfal 1 between lay and September is abowt 10
inches. If it is assumed that 1/20 of the rainfall is available

for recharge while the remainder is taken up by evaporation and



evapotranspiration, the total qﬁantity qf water recharging the
aquifer would be

1/20 x 10 x 50 x 2.8 x 10/ = 5.8 x 107
S | .

If. this assumption is correct then there appears to be an

excess sf yeérly recﬁarge over demand equal to
5.8 x 107 = 3,44 x 10 = 2.4 x 107 cudic feet.

This quantity of water would reach the natural outlets to
the west&ard. it'appears therefore that the volume Sf annual
recharge is large enough to'supply,the demand without drawing on
the much larger Yolume of stored water. |

The volume of groundwate? which can be withdrawn from P.T.
L and P.Te 7, if they are used only, is restricted by the flow of
water towards these. If the demand increases above the estimated
quantity new bdres should be driiled well away from the present
sites.

It will be noted that the'yiela of P«Te 5 has not been
mentioned. This bore liss well witﬁin the area which will Ee
affected by the cone of drawdown‘of the two P.Te bores L4 and 7.
As the mutual interference will increase considerably whenever
this bore is pumped énd gince the yield of P.T. 5 is not very
great 1t is qonsideréd'that it should be used as a standby only. -
It should be pumped only in case mechanical difficulties arise
on one of the éther two P.T. boreholes.

| It is interesting to calculate.the-entry velocity ﬁnder
neavy pumping conditions. Aftér»lOO days pumping at a rate of
1 cusec the specific capacity of P.T. 7, sce grapﬁ 654338, is
0.165 cusecs per foot
the surface area of P.T. 7 is
3458 x 1/7 = 11.2 ft. per foot height.
Groundwater enters through 30% of the area being
3/10 X 11.2 £to = 34 ft.2 1n view of the por031ty adopted.
Ience the entry veloc1ty of the groundwater is
'0.165/3.u =.o.o5 fto. per sec.
Thls low entry veloolty is due to the large diameter of

he borehole. It av01ds the breakdown of the aquifer,
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| fhere;is'houever;another factor which needs capeful
oonsidefationa 'Seeﬂage7or leakage of saline water may ocour
from the ‘swamp which lies about 1 mile west of P.T. 4. De Wiest
(1965) decribes an equation with which the cone of drawdown can
be calculated for a two or. more well system in an unconfined
aquifer. In this equation an arbitrary distance is chosen away
from the supply borehole\and this will be reached by the cone
of drawdown whenever steady state is obtained. This is an ideal -
condition as it is consideredfthat:in the Polda Basin steady
state will not be reached as long'as groundwaters ane withdrawn
from it. It is assumed however that'steady state will be
obtalhed when the cone of drawdown reaches the saline swamp'so

that the arbltrary radius of the cone of orawdown is 5,280 feet.

The equation to be’ used for the calculation is

n? o 1 (8 x 231 Jog (ry + 7)) + @y x 203 log
3T 4 : : SE
?1:- r2)) + Q.
in which
>h é the saturated thlckness of the aqulfer 1n feet.

P = the hydraullc conduct1v1ty in ft/sec.
Ql and Q2 = pumplng rate of each borehole 1n cusecSe
rl\z anj dlstance from the p01nt mldway between the bore

holes in feet.'

H I

ré =:distance from the boreholes to the p01nt mldway
' between them in feet,_

‘ﬁ“= a oonstant. ‘ . ‘
B .-q An aVerage value of 1 6 X lO ft/sec. 1s adopted for
the hydraullc conduct1v1ty, see 2. 6.A The p01nt mldway between
the two P T. bores L and 7 is L, 650 feet, and the average
thlckness,.m, of the aqulfer is 18 feet.
‘ Where the cone: of drawdown reaches its limit, steady
statie conditions, thefe is no drawdown so that h = m = 18 feet.
In this supp081t10n the cone of drawdown would reach 5 280 feet

away from;PgT,:No, L4 . being the distance to the saline swamps so
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i = 5,280 feete.

it is essumed that a'simultaneous'discnarge of.one cusec
is sustained in both boreholes and these and other known values'
substituteéd in the»equation.resnlte in
2 1

18 = . - . 5 X 243 (10g (5380 + 4650)2 + log
- 2 ITI x 1.6 : , S

(5280 = 4650)2 + D or

I log 3.96 x 105)

32& - 23(log 98 x 10
32h - 23 X 13 6 . ,

D =324 - 312 =12 £t.°

H

With the value of D known the saturated thickness ocan

be calculated at the point midway between the two P.T. boreholes.
.in thaﬁ caSe‘rl becemee‘é end r2 remainS‘u,650 Teete

The value of P and Q are nef changedieo.that the known valﬁes

substituted in the equation results in

h2 = 23 (log L4650% + log - L650%) + 12

6

= 23 (log 21.6 x 10° + log 21.6 x 10°) + 12

=23xX 23X 73 -'12-ft.2
L= 336.+‘12 = 3,8 ft.z-
so that h = 1846 foete

Therefore there wonld not be.any draWdown at this point.

The Time and Distance Drawdown graphs for 1 cusec.,65~335, and
65-&1&, for P. «To No. 7 and No. L 1nd1cate that if each one is
punped separately this point midway between the boreholes will
'be reached efter 125 daye and 5 days respectively. Therefore
the essumption'is incorrect thar the cone of drawdown will not
reach the boundary of the saline sWamp But reech‘beyond it.
Hence seepage of saline water into;the aquifer may occur. A

sllght increase may be noticed in- the groundwater salin: by

“during the pumping season.



Lel MULTIPLE STAGE OR STEP}DRAWDOWN'TEST

A complete analysis of this t ype of test made on.P.T. L
Serial No. 030365 will be discussed hereunder. |

Multiple stage tests are done to calculate the aquifer
loss and the well loés by eithér mathematical or graphical
- means. Jacob (1947) cohsiders that in a puﬁped borehble, the
total drawdown 'sw'! is equal to BQ + 0Q° in which BQ is the
aguifer loss and CQ2 the well ioss. B and C are‘boﬁh constant
and Q is the pumping rate in cusccs.. 'Rorabaugh'(l953)
developed a slightly different equation and'poiﬁts out that
the power of Q in CQ is not 2 but a slightly higher or lower
figure. He suggested thefefofe the use of the equation |
sW = BQ + OQn. In additién he pdints out thdt part of the losses
occurring in the pumped well ére due to turbulent flow, which
would decrease with an increcase in hole size. |

To assess separately the well loss and the aguifer loss
a borehole could be pumped at different rates and the drawdown
sw taken after a fixed time interval provided that the well was
in a static condition prior to each step, i.e. the water level
had fully recovered. However, to save-timé in the field, the
well is not allowed to recover between stages.

Jacobs method requires that the incremental drawdown
due to the increase in pumping rates be calculated and.therefnre'
the.drawdown data must be adjusfed except for those of the
first stége. B o

In a multiple stage test the progedure is that the well.
is first pumped at a low rate Ql cusecs. After some reasonable
time the rate is_increased to Q2 cusecse. The pumping rate is
increased to Q3 gﬁsecs after a further time interval
preferably equal to that used for the fibst stage. Further
stages may.be performed. :

The table below giv:s the relevant Valueé for the

~multiple test on P.T. 4, Serial No. 030365
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. Stage . Average ) Q@ 't time after start in
Q in gall/hr. in cusecs. minutes
' o from to
1 10.388 - b6 0 150.
o2 19,300 - 0.86 150 300
3 32,196 | - 1.43 300 450
.

1444100 - 1.96 450 600
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Le2 - 'MATHEMATICAL APPROACH
First.Stage

Drawdowns measured in the pumping well, and obtained
during this stage, plotted against log t (time in minutes)
should give points throuéh’which a straight line should bs
drawn. If the pumping rate is not constant then the points on
the graph may be slightly scattered and the. line to be drswn |
should represent the best mathematical fit. A best visual fit
is used here.

The two causes of drawdown are assumed to be additive

and for a moderately large time can be approxinated by the

function o
sl(t) = Q (a + b log t) +UOQ2 or
=Q (a +Db log t) + 0Q"™ in Whlch
sl(t) = the drawdown at time t.
. Ql = the first pumping rste in cusecs.
'a' is a constant.
'b!' is also a constant which can be calculated from the
drawdown per log cycle.
'c' is a constant.
ca® or CQ™ is the well loss.
Q, the pumping rate of the first stage in P.T. L4 was
O.L46 cusecs and therefore T the.transmissibility could be
ssiculated° To do so Jacob's mddified non steady state formula
is used. However the unknowns ‘a' and iC‘ cannot be osfained
from one step only. It should be noted that for all different
times t the drawdown s1 pan»be read directly from ths curve
(straight line) of the graph 65-86l indicated by‘Fl(t). This
notation is uséd as it will be convenient 1atef,,

The drawdown data for the flrst steps are given in

, Table I1l.

'The equation of the straight line of sl(t) against log

F1(t) =@ (a + Db log t) + cglg.o |
= 8Q + bQ 10g t + 8% OF eee ev. 0Q;"
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It can be seen on graph 65-761 that at t = lb minutes
“the drawdown s is 1.25 feet. This is composed of the drawdown
at log 1 minute = 1.00 ft. plus "
delta s per log cycle of = 0:25 ft.
Therefore at 10 minutes '
P () =1.25 + 0.25 log t - 0.25
"Equating constant and time dependent terms in the two

equations for F;(t) results in

bQy log t = 0e25 log.t and -
8Qy + 0% =1.25 - 0.25 =1
as log 10 =1 and Q) = 0.46
Ql log t -.le = 0,25 and

b =.0.25/0.46 =.o.u9
It gives also an expreeeion f'o;: a and C
a0y + 00,° = 0.6 + 0.46%0 = 1 ar
2.18 = a + 0.L6C. |
Seconﬁ‘sgage

At & time t,, in this case after 150 minutes, the
pumping rate is ihcreased to 0.86 cusecs.. It is eonsidefed that
at ‘this time a secoﬁd pump joine the originalland is working at

a rate of 0486 - Neli6 = ﬁ 4O cusecs.

Immedlately after the 1ncrement of pumplng rate the
arawdown will 1nerease rapldly but at a sufflciently large time
12#) ti ﬁhe drawdown is7again chenging s;owly. The well 1oes.
becomes immediately CQ22 or Can,‘ The new expression for the
drawdown is | |

s,(t) = (9, = @ (= + b log (t-t1)) + C&y°
+ Qg (a + b log t) |
In the Rorabaugh method the expression for the dfawdown
'is the same except for ;hé well loss which is CQ,".

The incremental drawdo@n (szfsl) is obtained by
subtracting from the draWdoWn measured in the second stage the
drawdown which would have occurred 1f the flrot pump had

"conuinued working.
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Equatidns to be used to plqt‘the drawdown versus the
log of time are ‘
‘ - 2
55(t) =(a; - Q; )(a + b log (t-t;)) + Q"
+ Q4 (a + b log t) and
- ' 3: 2
8,(t) =Q; (a + b log t) + 0Q4
Subtraction results in o
: ; _ - 2
8,(t) = 81(t) =@, = @;)(a + b log (t-t1)) + 0(Q," - @,

The plot of the incremental drawdown Fz(t_tl) is given

2)

as a function of log (t-tl).

Table'I 2 gives fhe'incbementa1 drlawdowns° It should be
noted that the values of Fl(t) are read from the extrapolated
curve. | , l

‘ Substituting the ﬁalues oﬁtained from Fz(t-tl) graph
6£5-86L, ét a time (t-ti) = 10 minutes obtaihéd is. '
F(t=t;) = 1.55 £t. = 0,31 log (t-t,) which must be-identical
with |

Fo(t=t;) = a(Q, = @;) +(Q, =Q;) log (t-t;)
| +0(a° = a)®)

(Q2 - Ql) b log (t—tl) is the term dependent on t hence
(- qy) b log (t-t;) =0.31 log (t-t;)
'As Qy = Qq equals 0.40 ' |
. 0.40 b log (t-t;) = 0.31 log (t=t) or
OsllO b = 0,31 '
b = 077

There is no good agreement'between the calculaﬁipns of
'p'! from the first and second stages.

Obtained also from the function of F2(t-t1)

1.55 = 0,31 =a (@, = @) + 0(ay° = ;%) |
124 = 0.U0 & + (04739 = 0.271)C

or

3.01 =a + 1,300 |

2.18 = a + 0.46C was obtained from the First Stage, and
subtraction gives

0.83 =0.84C - or

0 = 1.00 £t°/sec”
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Third stage o
300 minutes after the start of the pumplng the rate Q was
increased to 1.u3 cusecsS. - It ‘is assumed that a third pump joins
' the other two and is Worklng at,a rate QB—QZ or l.43 - 0.86 =v0.57
cuseés. »The drawdown will increase rapidly at first but at é
sufficiently large time t, the dradewn'will change s;owly agéin;
The well 1OSS becomes immediately GQ32 or CQBn.
The'new expression for the4dréwd6wn is_ﬁow
s5(t) = (35 = @y)(a + b log (t-t,)) + 0857, or ;"
+ (a3 = Q;)(a + b log (t-t,)) |
+Q (a + Db log t) ' |
The plot of incrementél drawdown indicated by the functioﬂ
sj(t) - (sz(t;tz) + Bl(t)l=:F3<tQt2) is .a function of t.
 The incremental drawdown is obtained by subtracting from
the field drawdowns of the third ét&ge the sum of the drawdowns“at.
the\times t which would have occurred if the first pumplhad-
continued working, and the drawdowns at the‘timeé (t-t2) which -
‘would have occurred if the second pump had continued working.
The equations to be‘uséd to plot the drawdown versus log time are
sj(t) = (Q,3 -\Qz)(a~+ b log (t-té)) + CQBZ‘
+(Qy = §))(a + b log (t~t,))
+Q (a + b log t)  and
8,(t) = (a, - Q;)(a + b log (t-t3)) + 0Q,°
+ Ql(a +b log t) ‘
Subtraction gives .
s, (8) = 8,(t) = P5(t-t;) = (Q3 2,)(a + b log (t-t,))
| + 0Q3 - CQ2 |

The value for F (t t ) are glven in Table 1 3.

The best visual fit of the\s»ralght line of Fj(t-té), as
shown on graph 65-86L, is given . function of log (t-t2).
Substituting the value obtained from tpe-graph into the equation
at time (t—tz)'z 10 minutes'resglts'in , | .

ﬁ*3 (t=t,) = 2458 + 0,40 1ot (t-t,) = 0.L0
= 2,18 + 0,40 log (t=t,) being identical with
(@, = @5)(a + b log (t-t,)) + 0(Q5% = @,%)
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(Q3 - Qz)(b log (t-tz)) is the only term dependent on log timgll
therefore : |
2.18 = (5 - §,) &+ (5% - 0,%)0
' 2418 = 0.57 a + (2.04 - 0.739)C
»2.18 = 0.57 @ + 130 C ‘ gives
3.82 =a +2.28C
R 3s01' 2 + 130 C was obtained fromlstage‘l.
Subtraction gives | |
0,81 =0.98C |
§0 that C = 0.81 . og = 0.81 £t2/sec”
/0.98 - . |
The value of 'b‘ from the first stage is considered lower
‘thén those of the séépnd and third‘stagés.. This low value cannot
be readily explained. It is however just possible that the
agquifer was less éeVerely drained in this'stage; The values of C-
obtained from the ﬁwo caiculations agree well. C = 0,90 ftz/sec5 :
lis considered a good approximation. These two values for 'C! and
‘v! willﬂbe used later to resolve an equation for any pumping rate.
 Fourth Stage | |
The pumping rate was incfeased to 1.96 cusecs 450 minutes;
after the start of thebpump. Oﬁce again it is assumed that a new
pump.is added to those already working and the new expression for
fhe drawdown is now,. ‘
su(t)'= (Qu _,QB)(a'f‘bllog (t=t5)) GQu2
(a5 = @,)(a + & log (t-t,))
(- 8;)(a + b log (t-t,))
-Ql (a +1b log t) |
For calculating the ineremental drawdown the same
procedure, és used previously is followed. The values of the-
incremental drawdown are -.given in Table I L and the function as
. plotted on graph 65-864 is marked Fh(t—tB)
Using this fourth steb.for a check on the calculations
made above resuits in a low value of 'b' and a very low value of
'o'. It is considered that therefore this s tage can not be used

for further calculations. Walton (1962) sﬁggested that a iow
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value for C indicétés development of the borehole. This can
not be the base at it was tested at this high rate at an earlier

date and development should‘have‘occurred then.

L3 | CALCULATION OF ‘al and‘THE'EQUATION FCOR Sﬁ
Since the constants “C' and 'b' are knowg '‘a' can also
be calculated.' In stage‘twoAa fupction for 'a' and 'C' was
obtained being | |
2,18 =a + 0iL6 C or
2,18 = a + 0277 x 0,74  so that
2.i8 =a + O u6 |

8 = 2,18 = 1.46 = 0472

'U

As the valges of 'a” 'B' and O are known the drawdown
at any'time‘for any pumping rate can be caléulated as
=Q(a + b log t)+ GQ substituting the known values
gives sw Q(O.72 + Oe7L log t)} + 0.90 Q2 B \
If the drawdown is calculated for a flxed pumping rate
Q, at three different times the functlons of F (t) against log
t will give a straight line from whlch the delta s can be read.

The drawdown can the be calculated for any time,
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Lol METHOD TO CALCULATE ANTICIPATED DRAWDOWN FOR A DRAWDWON
: : LOG t CURVE FOR ANY PUMPING RATE

If between pumping at different rates the borechole is
left 1d1e and the water returned to the static condltlon then a
true drawdown log t curve can be drawn from water levels
obtained duriné the pumping periods. However.the sytem as
generally used is time saving in the field. .l | _

J.S. Colville (1965) believed to be the first to give a
full account, developed a method by which the true drawdown log
t curve can be obtained by using the incremental drawdown
- curves. . |

"The mathematic precedure is more complicaﬁed. It is
convenient to recasf the observeu data so that an anticipated -
drawdown is obtained which would have occurred if the pumping
had:been done on a singlé rate from the static level of the
aquifer. Suppose thatesueh data were available then for some
;convenient and censtant time t, the equations would be

| 51*t’ ==Q1(a + b log t) + Can
32 = Qz(a + b log t) + GQ.2
'53 = Qz(a +. b log £), + OQ3
By, bty =9 (a + b logt)+ 0"
- in which 83, 8,y 83 and_'s')4 are the anticipated drawdowns which
Would occur if the bore was pumped at single rates Ql, Qz, Q3
ard Q. |

This set of equations must be solved by repeated trial
for (a + b log t,), 'C' and 'n'. It should be noted that ‘'a‘,
'p! and 'C' are already known. ,

The problem is to find a method of calculating the:

" artificial drawdoﬁn §l(t),'§2(t) etce The first value presents
no diffiéulty as rhe borehole was punped at a rate of Ql from'
static level. _ A _

Field drawdewn_data; Table I i of this etage without
further adjustment, can be plotted against log~t as was done
previously for the calculctlons of the 1ncremental drawdown
graphs. It is therefore identical to the Fl(t) curve. Itcis
‘shown on grapn 65-866 and-lndlcated as Q. The:
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delta 8 per log cycle which can be fead from thé graph can be
used to predict the drawdown in the pumped well at any time.
The-method to be used is the same as explained under 2.3 Cooper
and Jacob Method.
For the second stage the equation for the incrémental
drawdown is | ‘ \ |
5,(t) = 8,() = (a, = @;)(a + b log \(tétl))'+ ca,” ~ coy”
To caiculate the expression for QQ all terms involving
Ql must be removed. ?hese terms are identical fé thqse in
sy(tty) =Qy(a + b log (t-t,)) + 0a,”
addition of these two equations r'esults in
s,(t) = 5,(t) + 8 (t=t;) =0Q,(a + b log (t-t;))+ CQ,"
which is of the right form but is given in terms of (t-tl)
instead of t. OChanging the argument gives
8,(t=ty) = 8y (t=t;) + 8,(t) =qy(a + b log t) +0Q," = 8,(t)
Hence the required equation is obtained sz(t) can be calculated
from the incremental graphs Fl(t) + Fz(t) as |
8,(t) =P (t) + Fy(t) =qya +b log t) + CQ,"
i.e. the anticipated drawdown which would have occurred‘if the .
borehole had been pumped at a single rate Q2 from static level.
It is shown as the line szon graph 65-866,.
The eipression for a third étage can also be'déveloped
'frdm the équation of the incremental dréwdowﬂ 6f the third stage
by systematic elimination of the terms of Q, and thereafter of Q.
Tﬁis results in ‘_ .
B5(t) = 8,(8) + s,(tat=ty) = sy (=t-t;) + 8y (t-t,) =
Q3(a + b log t—t ) + OQ3 |
-~ This again is an equation of the rlght form but 1nvolves
the térms (t—tz) instead of (t)s The argument can be changed
again resulting in | o |
§3(£) = 33(t-t'2) + 8y(t=t,) + s,(t+ty) - sl'(t+tl) +'s1(t)
= Q3(a + Db log t) +AGQ3n |
= Fs(t) +'F2(t) + Fl(t)‘or F3(t) + §2t

This is the equation required to obtain the anticipated



~1} 8

drawdown_if the borehole had been pumped at_a.single rate Q3
from the static water level. It is shown as the line Qzon
graph 65-866.
For a fourth\stage the eqguation is |
5,(t) = F(8) + Fg(t) + Fy(t) + P(8) or F(t) + B(t).

It is now possible to read from the straight line
incrementai drawéown plots, graph 65-86l immediétely,fwhat the
drawdown should be at a time te. For example if the borehole was
pumped.at a rate Q3 = leoU43 cusecs at atime te = 100 minutes the
drawdown should be {see graph 65-86L4 and Table G 1.)

585(100) =1.50 + 1.85 + 3,00 = 6435 £t.

Two:values'fof the rate Q3 afe sufficient to draw the'
anticipatiup drawdown curve, a third one is required for a check.
In Table G 1 dfawdoWns at 10 minuté intervals are_given for the
four stagés of P.Te u‘and they are plotted on graph 65-866.

Each drawdown curve is marked with its relevant pumping ratee.
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Le5 CALCULATION OF ANTICIPATED DRAWDOWNS FOR A DRAWDOWN-LOG
t CURVE WITHOUT USING THE INCREMENTAL. DRAWDOWN CURVES

In this method the first stage again presehts no
difficulty.

For the second, third and fourth stages a little more
'tabﬁlation of drawdowns or expected draquwn is required.than in
the method discussed aboﬁe. .

'The”equation

8 (toty) =s,(t) =5,(t) + 5 (t-t,)
= Q2 )a +5b log tdtl) + GQ2n
was deVeldped,fof the previous method, 4.3; With this equation
it is possible to éoﬁpute<t@e‘drawdoﬁn eXpécted had. the borehole
been pumped only at a rate in

Thé drawdown gz is obtained by-suﬁtradtihg from the
drewdown of the field data of the second stage the sum of the
drawdown at times (t) and (t-tl) which would have occurred if the
first pump had continued workinge. This sum is always negative.

Calculations for 52 are given in Table G 2. In column 1
are tabulated time t after tl,: 150 minutes. In the second A
column are tabulated the drawdown of the first stage which is
anticipated at times‘t; In the third column afe tabulated the
drawdowns of the first stage which occur at times (t-tl),

(t=150 min.) Subtractions of the vélues of column 3 frbm those
of column 2 are given in column 4s. These values are adjustments
to‘be'made to the Qalues of the field data 6f stage 2 given in
column 54.'The"valués of the anticipéted drawdowns are tabulated
in column 6 which would occur if the bbrehole is pumped only at
“a rate of Q, from static water level. Times (t-tl) values

should lie on a straight line. Small

2
deviationsof this straight line occur as shown on graph 65—865,

plotted against those of 8

due to slighf differences in pumping rates and possibly
inacocurcy of reading the tapes. It should be kept in mind that
the differénées ocgurring are ‘generally léss than 0,05 of a fo&t.
The delta s ﬁer log cycle can be used again to predict the water

level at any time. An example will show the method clearly. At
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100 minutes the drawdown level 1is 1.42 ft. as read from the line
Qz grapﬁ 65—8650 ) )
At IOL‘L minutes being equal to 7 days the drawdowns would

be - )
8 = 1.u2 ft. + 2 x delta s or

=1.42 ft. + 2 x 0,73 ft. = 2,88 ft.

Having construcﬁed-the curve for the secood stage which
ﬁould_occur_if the borehole was pumped from the static water level
it should be used to construct a similar one for the pumping
~rate of'QB. The equation to be used is almost identical to that
of the second stage belng

Ej(t-tz) =:Q3(a + b log (t-t )) % GQ3
o= 3(p) - sz(t-tl) + 8,(t-t,) |

The calculation for-"s'3 is madaé in Table G 3. The columns
used are similar to those of the secénd stage-in‘Table G 2, and
hence need no further explanatlon. |

3 plotted agalnst the log (t—tz) again gives p01nts
ohrough which the stra;ght 11ne should be ‘drawn shown as Q3 on
. graph 65-865, -belta s per Iog cycle can be used again for the
prediction. of drawdowns which would occur at any tlme.
For the last stage the procedure is the same agaln and
therefore will not be further discussed. The antlclpated

drawdowns are tabulated in Table G L.

Comments on the Calculations of the Anticipated
A - Drawdown Curves !

An equation was developed for the drawdown at any time
for any pumping rate with the mathematlcal method dlscussed
earlier. It was pointed out that tho calculations for the fourth

stage was not in agreemcnt with those of the firsti three stages,

. therefore it is.considered that the anticipated drawdown curve

"~ for the fourth stage as developed in the preccdlng paragraphs

should be used w1th cautlon.
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4e6 GRAPHICAL METHODS OF CONPUTING B AND C

| Hundred mlnutes drawdown levels for the dlfferent
pumping rate Ql, Q2, and Q3 are read from: graph 65-866 and
~divided by their successive pumplng rates as shown in the table
below.. The fourth stage is not used aS»lt,IS'SuSpeCt and it may

effect the results.

Stage -9 . sWy60 ‘swloo/Q
1 . 046 © . l.50 | 3426
2 10.86 3350 3,90
3 1.43 6.36 40

In Jacob s method the spec1f1c drawdown 8w/Q is plotted
_ against the pumplng rates Q on arlthmetlc paper. A llne is drawn
through the p01nts S0 obtalned repreSontlng the best visual fit
as shown on graph Sh39on The 1ntercept'of this line with the
absc1ssa is the value of B in this case B = 208. The slope of
the line is the value of C being 1.16 ft. 2/sec5
. In the'final form SwlOO = BQ + CQ becomes therefore
| ‘. ' BWyn50 = 2.8 Q + 1,16 Q
The 100 minute drawdown which would occur at any pumping rate can
be computed with this equation. d |
As mentioned before Rofabaugh brings a third unknown 'n!
into his equation. | -
| sw = BQ + og™ In order to solve it the log of the
specific drawdown sw/Q minus B is plotted against . the log of the
pumping rates. Values of B must be assumed and the solution of
equatlon is obtained when a value of B is found that produces a
straight 1ine. C is obtalned,from the intercept with the vertlcalA
1line through Q =1 es C QT%H - Be The slope of the line equals
(n - 1) which produces a solutlon for ne Graph 65—&2‘111ustrates,
the methods. ‘
The values for B, C and n are resPoctlvely 0.9, 3 12 and
1e7 as illustrated on graph 65-&2.
In the final form bhe.equation becomes
BW g =0.98 + 3,127 7

i
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In the table hereunder the solution obtained with the

Jacob method 1s sct out against that of the Rorabaugh method.

Stage Jacgb Rorabaugh for B =‘O.9
Sl SWlOO -BQ .GQn | SWIOO .an%ggipated
1 1.29 0.25 1l.54 O.4k 0684  1.26 1.50
2 2.40 0.865 3.26 0.77 2,39 3.16  3.35
3 U400 2436 6.36 1429  5.71 7400 6436

This table is shown also graphically on ﬁhe graphs
- 84391 and 65-41..

Illustrated in the table is that both methods give
almost similgr resﬁltsi Howéver with the Jacob method better
results are obtained'thén that.of Rorabaugh's;

) The drawdown anticipated after 100 minutes pumping can
be read from gréph‘su39l for any‘givén.pumping rate and in
addition the exﬁected well‘loés evaluated.

| Previously it was indicated that the two causes of
drawdown can be approximated by the function 8 (t) = Ql(a +D
log t) + CQ » 1t could also be erttcn as '
sW =:Q(a + b 1og t) + CQ2
" this is identical with sw =B @ + CQ°.

_ It is therefore cvident éhat the facfof B is time
dependent as Q(a + b log t) = BQ.

Substituting the value for B = 2.8 of the Jacob method
"and bear in mind that this value 1s obtalned for a time t = 100
results in o

2.8 @ = (a + b log 100) q
- b log- -t is the only term dependent dh time therefore,

- Q@b log 100 = delta s per log cyele.

delta S per log cycle for the second stage = 0,98

‘and Q = O 84 cusecs hence
0eBlL x b x 2 = 0,98 or
04,98
b = l° 8 = 0058

This value of b substituted in the equation for BQ

results in
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2,8 Q = (a + 0458 x2) @ or
2.8 =2 + 1.6 so that
a =_106LL

The values of a ,b and C are now known thercfore in
this final form the equatioﬁ for \
se = BQ + OQ2 =Q{a + b log t) + CQ2 | becomes
=Q (1.64 + 0.58 log t) + 1.16 Q2
With this equation can be célculated any drawdown for

any given pumping rate.
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Le? MULTIPLE STAGE TEST ON P.T. 7 and P.T. 5
| This type of test was made on both of these bores.
Results obtained however are not encouraging. Calculations made
on the first two stages of P.Te 7 appear to be’ 1n good agreement
'with the theory. . . _
' The incremental drawdown log tine"cﬁrves of thistest aré
shown on graph 65—76; and - the relevant drawdown data are g1ven in
Tables I 5 to I 8. . '
Calculatlons made to .arrive at values of the aguifer loss -
and well loss are given below‘(see curve Fl(t) graphx65—761);
At 10 minutes s = 1.02 ft.’ | |
| delta s/log cycle # 0437 ft. . therefore
s,(t) =1.02 + 0.37 log t - 0.37
__'=(a+blog t)Q+OQ
Equatlng the constant and tlme dependent terms in the
two equations we have | »
by 1og t = 0.37 log t mda | ,
aQ + OQ = 1.02 - 0. 37 ' or |
as t = 10 mlnutes log t =1
and @ = 0.77 cusecs. These values substitﬁted results in\
Ce77 X b = 0,37 }
' b =0.37/, 47 = 0.L8
and also
8 X 0,77 + 0.77%C = 0.65. o
a+077c~o,65/o 77 = 0o .84 |
‘The 10 minute 1ncrementa1 drawdown of curve F (t-t )
graph 65-761 = 0.92 ft. ‘
| Delta s per log cycle = 0,20 £t.
80 that F (t-tl) = 0493 + 0.20 log (t—tl) = 0,20
—-(Q2-Ql)(a + b log (t=t1)) - 0(Q,” —Ql %)
Qy = 1.23 '
Qp =0.77
These values substituted and equating the time dependent

and constant terms results in
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(Q=;) b log (=t,) = 0420 log (t=t;)
(a,=a,) & + B;(sz-Ql ) =0.96 - 0,20 =0.73 md
further development. results in '
(1. 23 - O. 77) b = 0.20 |
| b= °°2°/o.46 =0.40  and
(1423 = 0.77) & + 0(1.52 = 0.59) = 073 . or
0.&6 a + O 93 0 =0.73 - or
a + 2.02C =.1.6
from stage one is- obtalned ‘ S -
E_i;ﬁhlﬂL_:EJQLQ% ~ subtraction gives
1.25C = 0.7
C = 0.76/1.25 = 0.61 £t.2/sec 5.
Since 'C' and 'b' are known 'a! can be calculated
-from second stage _
| a + 2.6éc = 1l.6 or
a + 2.02 x 0561 = 1.6
8 % 1.6 = 2,02 x 0,61 = L.35
In the finsl form the equation»for drawdown becomes now
= (0435 + Oily 16g t) Q + 0:61 g2
Calculatlons made. by using curve F3(t-t3)‘results.in-a
value of b = l'Which‘ls much ﬁoo high and =a value of C = 0.03
ftz/secVB Wﬁichiis much too low. This third stago therefore
A_cannot be used for further calculatlon. ‘
On graph 65-&3 are. drawn a ourve of drawdown versusllog
t fer the pumplng rates Ql indlcated as Ql and the anticipated
curve for Q2, indicated as Qz,as would have resulted if the bore
PsTe 7 was pumped at a rate of Q2 from the static level. This
. curve was drawn with the values for 52 obtained from Table G 5.
The drawdown curve for a rate-Q 1.9 cusecs ‘obtained from the
,'single rate test.made on 22nd February 1965, is also drawn on
this graph snd‘indicatedlby Qso L
_An‘éttempt'uas madeito_solve the eéuation for well loss
and squifer 1oss_5y means of the modified Jacob method as shown .

on graph Sh518. .
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The values for B and C from this. graph are B = 0,96 and

= 0.52 £t2/sec" .
These values substituted in the equation results in

8Wigg = 0496Q + 0.52 a2

The values of C and B are consideravly dlfferent from
those obtained from the mathematical method. It is considered
that the results obtained with the mathematical procedure are
more reliable. N | |

' The draﬁdown data obtained from the fipst. of the multiple
stage on P.T. 5 are very grratic and it appearsoiﬁpossible to
drau a reliable‘drawdown curve. It 1s therefore considered that
an attempt to obtain any value for the well loss and aquifer loss
would be frultless.,

There can he only one conclusion to be drawn from the
"results of the multlple stage tests. Thls aqulfer S
characterlotics are such that calculations of Wmll and aqulfer
loss are very difficult to obtain. It is questlonable whether
‘further attehpts'should(be made to arrive at uelues.for these
factors. ' o

_ Waltonfs suggestion'that lower-or higher values for C
from the multiple stage test'indicate dewabpmont or.collapse of
. the aquifer would not apply. S1nglc stage test of 7 day duratlon
were conducted prlor to the multlple stage test and full

development'of the aquifer should have occurred thene
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- 5.7 S o CONCLUSIONS - - :

A drain of free water tabie aquifer is not altogefher
suited for the.calcnlations of the.aqnifer characteristics, ' The
values of T and S are approximations only largely due to the fact
that the equations used‘are based upon infinite and homogeneous
artesian aQuifere. Good agreemenf is obtained however for the
hydraulic conductivities_iP' calculated“from the test results of
" the three P.T. bores Nos. L, 5, and 7.

Dlscouraging is the anomalous ‘high flow velocity of
3 x 10 =3 ft/sec. which . suggest depletlon of the aqulfer under heavy
pumping conditions.

Annual effective rainfall is considered low compared w1th
the rain requlred to sustain the caloulated flow velocity.

It is estimated that 7.5 x 107 cubic feet or 172,000
acre feet of water is stored in Polda Basin.

The boundary suggested by tne steep gradient of the
piezometric'surface south of P,T. No, 7 have not’been'recorded
dufing the 7 day.s;ngle rate pumping test. No good reason for this
Iis apparent
. It is considered that cemented aeollanlte formxng the
‘~Polda Bas;n aquifer is not suited for multiple stage test.

The singie'rate pump-tests done so far indicate that a
large but shallow cone of drawdown wil; be established under
heavy pumping.conditions. Individual bores should be spaced at
least at one and one half miie intervals but where practical tne
‘distance betweenAboreholes should bhe greater,.preferably 2 miles,

Large supplies of 1,9 - 2 cusecs are obtainable from the
L3 inch diameter boreholes forla short period of time, An -
aVerage pumping rate of one cusec is recommended for a prolonged
pumplng perlod o

The low entry ve1001ty of 0,05 ft, per see, of the
'groundwater into the 43 inch diameter boreholes is an advantage

as it avoids the breakdown of the aquifer,
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1640 F 219.48 3041 2.88
15.0 219,51 3.38 | 2.86
1L.0 - 219,53 3436 2.85
13.0 ' 219.56 3.33 | "2.83
12.0 - 219.60 3.29 2.80
11.0 219.63 3.26 .. 2.78"
10.0 219.67 3422 2.75

9.5 -219.69 3420 | 2.74
9.0 219.72 3417 2,71
8.5 219.75 3,14 2.69
8.0 - 219.77 3,12 2.68
745 | 219,81 3.08 2.65.
7.0 219.8Y 3.05 | 2.63
6.5 219.87 3402 ) 2,61
650 219.92 2,97 | 2,57
55 219.96 293 | 2,54 -
540 220,02, 2.87 2,50
Le5 220.09 2,80 204k
L4 0 220,17 2472 : 2,38
3.5 220.99 2.60 2422
3.0 220.42 2.47 2.19
2.5 | 220.;3 2.26 12403
2.0 220.84 2.05 1.86
1.5 221.21 1.68 1.55
1.0 221.66 1.23 1.16
0.5 : 222.30- 0.59 .57
| 222,89
Time t in minutes R.W.L. Drawdown in feet | Adjusted draw-
after start ‘ down in feeb

Pump started on 22.2.65 at 13.00 hr. Pump stopped on 23.2.65 at 12.0

SURVEY: Polda Basin
LOCATION: Polda
SECTION: 19 HUNORSD: Suire
WELL OWNER: Depaftment of Mines
PUYP SETTING: R.L. |
AGUIFER THICKNESS: m 11ft.

TASLE 10

ELEVATION: 24k.35 ft.
MILITARY SHE&ET: KXappawanta
AERIAL PHOTO: (Run 1 -
| No. 12
PUMPING RATE, Qs 0.64 cusecs

SERIAL NO. 220265
'WELL NO. PT 5



160,0 | . 21747 Lol42 3.53
150.0 217.5L » L. 35 30L49
140.0 217.59 4.3 3,46
‘130.0 , 217.69 | 420 3;uo
120.0 2.7.87 14,02 3029
110.0 218,92 3.97 3,25
100.0 218.95 3,95 3.24
- 95.0 . 218.96 3093 3.23
90.0 218.96 3.93 3.23
85.0 218.98 3,91 3,22
80,0 218.98  3.91 3.22
75.0 218,98 3.91 3422
70.0 218.99 3,90 3.21
65.0 219.00 3,89 3.20
60.0 219.03 3.86 3.18
550 219,06 3,83 3.16
5040 219.07 3.82 3.16
45.0 219.08 3.81 3.15
10.0 219.13 3.76 3412
- 35.0 ' 219,18 3.71 - 3.08‘
30,0 | 219.20 3169 j 3,07
29.0 219.20 3469 3.07
280 219,21 3468 ’ 3,06
27.0 219.21 3.68 3,06
26.0 219.22 367 3006
25.0 219.24 3,65 3.0
24,0 219.26 3.6% 5,03
23,0 219,28 3.61 3,02
22.0 . 219.31 3,58 3.00
21,0 219,33 - 3056 _ 2.98
20.0 o 219.36 . 3453 2.96
19.0 219.39 3.50 2.94
18,0 219.42 347 2.92
17.0 219.45 3.l4 2490
Eziﬁgtzpigtiigutes " R.W.L. Drawdown in feet Agg;itiﬁ %2::- J
P.T.5
TABLE 10 » Serial No. 220265

Continuation Sheet No. 1



4380 215,52 7.37 | U490
4000 215,11 7.78 5,02
3500 215.63 7426 1486
3000 215,17 7.72 5,01
2500 215.51 7.38 4.90
2000 215489 7.00 Lo77
1900 215.63 7.26 14.86
1800 215.71 7.18 L.8Y
1700 215.93 6.96 476
1600 215,52 737 4490
1500 215,59 7.30 14488
1400 215459 7030 1 .88
1300 - 215496 6493 Le75
1200 216437 6052 4¢59
1100 216.33 6456 460
1000 216,49 6,40 Lo 54
950 216 .58 631 1450
900 216.50 6439 Le53
85040 216.53 6.36 e 52
800.0 - 216.57 6.32 L+50
75000 216.61 6.28 o ls9
700.0 216.68 6.21 LeL6
650.0 216.83 6,06 le39
600.0 216.83 6,06 439
55040 216.98A 4.91 3.81
500.0 217.02 4487 3.79
450.0 216,93 4.96 3.8L
400.0 217.03 L86 3.79
350.0 - 217.08 L4.81 3.76
300.0 217.07 .82 3.76
250.0 217018 L.71 3.70
200.0 217.28. .61 3464
©190.0
180.0 217,34 4e55 3.61
176.0 217.43 L.L6 3.56
Time t in minutes v L. | Drawfiomn in feet|Adjusted drawdo:
after start in feet

TABLE 10

Continuation Sheet No. 2

PT5

Serial No. 220265

C AL S



TLBLE I 1
’ P.Ty L Serial 030365

Time Drawdown

t in minutes , - .8 in ft.
1 . 0.75
5 | 1.15
10 1.23
15 1.2
20 | | 1.33
25 1.35
30 : 137
40 o 1.38
5 | 1443
60 | 1.45
70 1.48
80 | C 1450

90 | , 1.50 :
100 ' | 1.52
120 ‘ | 1.53
14C - 1.54

150 | 1.56



i

TABLE I 2

P.T. L Seriél 030365

Calculation of the .incremental drawdown S, = 8y

t 5y(t) Fi(ﬁ) (s5~8,) (t-t;)
151 2.82 1455 1.27 1
155 2.93 155 1.38 5
,166 3,07 1.56 1.5iA. 10
165 301l 1.56 1.58 15
170 3.19 1.57 1,62 20
175 3.23 1.57 1.66 25
180 3426 157 1.69 30
185 3.29 1.57 1.72 35
190 3631 1.58 1.73 4O
195 3032 1.58 174 u5
200 3435 1.58 1.77 50
210 3.38 1,59 1,79 60
220 3.4 1.59 1.82 .70
. 230 3.9 1.60 1.89 80
200 3.L6 1.60 - 1.86 90
250 349 L1.61 1.88 100
280 3453 1.62 1.91 130
300 3.50 1.63 1.91 150
1 2 3 L 5

Vélues of column 3 subtfacted from those of column 2 give the

values of S,=8y in column L.

The values of column 4 are plotted against log (t~tl) of column

5 and result in Fz(t—tl)



- P.Ts L Serial 030365
TAiBLE I 3

| daléuiation for the indremental drawdown 53-5,

6 F(8) (855)  Fy(bity) Adjustnent sx(t) ey,  teb
301 1.63 151 1.91 3.54  L.80  1.26 1
305 | l.‘6'3. 155 1.91 3.54 5¢93 1.47 5
310 1.63 160  1.92 350 6612 2458 10 |
315 1:63 165 1592 3.56.  6.22 2.66 15
320 T.64 170 1.93 3057 6.29 . 2.72 20
325 16k 175 1.93 357 6.3 2:77 25
330 1.64 180 1.93 357  6.38  2.81 30
335 1.6L 185 1.94 3,58 6.4l 2.83 35
30 . 1.64 190 1.94 3058  6.43 2,85 4O
3u5 1.65 195 1.95 . 3,60  6.46 2,86 L5
350 1.65° 200 1.95 3,60 6.8 2.88 50
36C 1.65 210  1.95 _ 3,60 653 2,92 © 60
370 1.65 220 1.96  3.61 6.2 2.8 70

380 1.65 230 1.96 . 3,61 6.1 2,80 80
390 | 1.65 240: 1.97 - 3.62 6.4l 2,82 éo
LOG 1.66 ,é50 1.97 3.63 . 6.46  2.83 100
410 1.66 260 ©  1.98  3.6L  6.47  2.83 110
420 1.66 270 1.98° 364 6.49  2.85 120
1430 1,66 280  1.98 : 306l 6454 2,90 130
WO 1.67 290 1,99 3,66  6.57 2,91 140
450 1,67 300 2,00 3067 6.62  2.95 150

1 2 3 Lo 5 6 7 8

Addition of the value of columns 2 + L4 gives those of column 5.

-S

Values of column 6 minus those of column 5 gives value for 33 5

in column 7. .
The values of column 7 are plotted against the log of (t—tz)-of

column 8 and result in F3(t-t2)°



TABLE: T 4,

’ P‘T.l."' | Serial 030365

25 |

Addition of the
column 7,
Value of column

in column 9.

value of columns 2 + 4 + 6 gives the value of

8 minus thét'of column 7 gives values for su‘-—s3

The values of column 9 arelplotted against log of (t-tB) of

column 10 and result in Fu(t—tj)'

t" Fi(%jt(éiéi)'Fé(tatl)I(tftz)‘Fs(t-ta)”Aigiit éﬁ(ﬁ) 5,85 t=£3
451 1.67 301 2.04 151 '3.08 6.79 T7e74 0.95 1
455 1.67 305  2.04 155  3.09 6.80 8,60 1,80 5
460 1.67 310 2.05 160  3:09 6.81 8.85 2.04 10
u65- 1.67 . 315  2.05 165  3.10 6.82 8.95 2.13 15
L70 1.67 320 2,05 170 3.10  6.82 . 9.00° 2.18 20
L75 1.67 325  2.05 175 3.11 6.83 9.04 2,21
L8O 1.68 330 2,05 180  3.12  6.85 9,08 2423 30
485 1.68 335 2,06 185 3.12 6.86 9.11 2.25 35
B9O 1.68 WO 2406 190 3.12 6.86 9.15 2.29 4O
495 1.68 345 2,06 195  3.13 6.87 9.18 2.31 Uu5
500 1.68 350  2.07 200  3.13 6.88 9.19 2.31° 50
510 1.68 360 | 2,07 210 3.1L 6.89 9.22 2.33 €O
520 1.69 370  2.07 220 3.15 6,91 9.27 2.36 70
530 1.69 380 2,08 230 3016 6,93  9.31 2.38 80
540 1.69 390  2.08 240 3.17 6.9L  9.35 2.41 . 90
550 1.70  LOO  2.09 250 3,18 6,97 9.38 2.41 100

560 1.70 410 . 2.09 260 3.18  6.97 9,40 2.43 110
570 1.70 L20 °© 2,10 270  3.19 6.99  9.43 2.u4L 120
580 1.70. 430 2,10 280 3,20 7.00 9,47 2.47 130
‘590 1.70  LLO  2.10 290 3.20 7.00  9.49 2.49 14O
600 1,70 450 2.11 300 3021 7202 9.50 2.48 150
12 3 n 5 6 7 8 9

10



P.T. 7 Serial 1611624.

TABLE I 5

First stage of 60 minutes

Q = 0a77

Time ' o 8 in ft.
1 ’ 0.18
5 - T 0.96
10 1.03
20 4 . 1.12
25 - ' ' _ 1.14
20 A . 1.17
40 - ' 1l.21
50 1.25

60 | 1.26



TABLE I 6

P.T. 7 Sérial 161164

CALCULATIONS FOR INCREMENT IN DRAWDOWN DUE TO THE INCREASE IN

PUMPING RATE FROM Q.77 to 1l.23 CUSECS

The first step was of 60 minute duration, the second

step is of 300 minutes duration and continued to 360 minutes

after the start of the pump.

Tt

% 85 P incremental )
cbsorves L P2 S inmimites sfier ine.

65 2010 1.29 - 0.81 5

70. 2.25 1,30 - 10495 10

T4 2.27 i.sz 0.95 1y

80 230 1.33 0.97 20

85’ 2,34 1.33 1.01 25

90 2.37 1.34 1.03 30
100 2.42 1.35 1.07 L0
110 2.45 1.37 . 1.08 50
120 2,16 1.38 1.08 60
140 2.51 1.40 1.11 80
160 2,55 1,43 1.12 100
180 2.59 1,45 1.15 120
200 2,62 1.6 1.16 140
- 210 2.63 1.47 1.16 150
260 ' 2,69 1.50 1,19 200
310 2.73 1.52 S l.21 250
360 2,77 1.55 1.22 300

1 2 R 5

Values of column 3 subtracted from those of column 2 are given

in column 4. - Those plotted against log t of column 5 are

shown as curve Fz(t-tl) on Graph 65-761



P.T, 7 Serial 16116l

TABLE I 7 -
Step 1. 60 mlnutes Sten 2. 360 minute; at Q l 23 cusecs'
Step 3. cont1nued for t 720 mlnutes at a rate of Q 1 56 |
llme ' Fl , | 32:'77 Adaust— .ﬁ é}l 5 incren f”step 3

E Antlcipated anticlpated ment observed mental f §~7'§§Q

]

50 1455 . 123 2,78 f}3:u% | :3 63 : “10
380 1. 55 1ol 279 3455 fo 76° 0
390 1.56 1.4 2,80 3. 52 0.72 30
Wo  1.56 .24 - 2.8  3.51 - 0.71 14O
no 1;57 1.25 ‘2;82.' 3051 0.69 . 50
1420 1.57 1.25 2.82.  3.54 o .72 60
430 1,57 1 .25 2.82 3:59 0. 77 70
o 1.58 1.25 283 3.50 0.6 80
450 1.58 1.25 2,83 - 3.62. . 0479 - .90
460 l-58 1,26 o 2.84 3,65 0.81 ‘1oo |

480, 1.59 ... 1.96 2,85 3,67 0.82 120
510 _:A_116o C . 1.26 . 2486 |3i73 0,87 . :. 156

560 -+ 1,62 ’ 1,27 2.89 3+80 10,91’ 200
Léio 1463 0 1,280 2.91'. 3,88 25;97i 250"
660 }:6& 1430 T 2,94 3.89' 10,95 300
70 1,65 130 2,95 3,93 0,98 350

The values of column 2 and those of column 3 are added and
g;glven in column Le - These values subtracted from those of .
f column 5 are glven 1n column 6.» Value of column 6 plotted
Lcagalnst log t of column 7 are shown as the curve F3(t-t ) on

- e .

- Graph 65-—761 '




|  P.T. Serisl 030365
. TABLE G 1 - '
| For caloulations of B o(t), 8 (t) and su(t)
using equatlon
5,(t) =F (t) + P (5) .
55(t) = 5,(t) + Fy(t)
§R(t),= EB(t) + F3(t)
toE(8) By(t)  B,(8) B()  B5(s) E(6) 5(6)
1 1.00  1.23 2423  2.22 L5 1.70 . 6.15
5 1.7 1.38 2,55 2,47  5.02  1.93  6.95
10 1.2k 1.54  2.78  2.59  5.37 2,07 7ol
20 1.33 164 2,97 2.72 5.69 2.17 7.86
30 1.37  1.69  3.06  2.73  5.80  2.2h  8.04
4O+ L.40  1.73  3.13  2.84 . 5.97  2.28 825
50 1.43 175  3.18 . 2.87  6.05  2.31  8.%
60  1.45 1.78 3,23 2,92 6.15 2433 8,148
70 1l.47 1,81 3.28 2.95  6.23  2.36  8.59
80 1.48  1.83 3.3 2.97 6428 - 2.38  8.66
90 1.49  1.84  3.33 2.99  6.32 2,40 8.72
1100 1,50 1,85  3.35 3400 . 6,35  2.42  8.77
150 1.55  1.91  3.46  3.08 .6.54  2.48 - 9.02
i 2 3 o, 5 6 .7 8

"The additibn of vaiues of aolumﬁ 2 and those of column 3 result
in the antlclpated drawdown sz(t) of column o Their values
added to those of column.5 result in the antlclpated drawdown
(t) given in column 6. N

These agaln added to those of column 7 result in the antlclpated
drawdown ofsu(t) as given in the column 8.

Values of columns 4, 6 and 8 plotted against the log of t Of

column 1 give the anticipated drawddwn log time graph.



PuTo L Serial 030365
'TABIE @ 2

- Calculation of..Drawdown §2 of the second stage using the equatidns

Igg(t-vl) = Q2(a ;'b:log (t—tl) +‘GQ2 =‘§2(t)'% (Sl(t-tl)_— sl(tx@

rane Z%ﬁggipated Sl<g;tl) i Sz(t)‘ gz(t-tl) H(t—tl) .
8, (t~150) |

151 1.55 1.00  0.55  2.82 2,27 1
155 1.55 1.7 0438 2,93 2.55 - 5
160 1,56 1.25  0.31  3.07 2.76 10
165 1456 . 1,29 0.27 . 3.1l 2,87 ~15
1700 . 1.57 1.33  0.24 3.19 2.95 20

175, 157 1.35 . 0.22 3.23 3,01 25
180 1.57  1.37  0.20 3026 . 3.06 30
‘185_»' 1.58 - 1.37  0.20 3,29 - 3409 35
190 1.58 1.440 0.18  3.31 . 313 40
200 . 1.58 1.43 0415 - 3.35° 3,20 50
210 1.59 1.45 0.14 3,38 3.04 60
200 1590 1o47 0.12“ 3,01 3.29 70

230 1.60. - 1.48 o2 3,49 3,37 80
240 ©  1.60 1.49 0.11 346 3.35 90
250 1;61 ‘1;50 0.11 - 3.9 3.38 100
280 1.62 154 0,08 - 3.53 3.55 130
300  1.63 155 0.08  3.54 3.56 150
1 2 3 v 5 6 7

i
The values of folumn 2 minus those of column 3 are given in

column L. - Values of column 5 minus those of columnl results
in the.§2 which plotted against log t of colmmn 7 gives the

anticipated slope of the drawdown for a phmping rate Q2,



P.T. L Serial 030365
TABLE G3 | |
Calculation of Drawdown.g3 of the third stage using the equation
- . ’ ) . - - _
sj(t-tz) = Q5 (a + b log (t-t,)) + 0l “As3(t) (5,(t t2))
-Agz(t—tl))

Pime 32(t¥t1) Ez(t;tz) Adjust- 53(t) . §3(g;t2) : (t;tz)

anticipa- 2 (4.200) ment: 5 (£-150) (2300) |
ted. or 2 ' 3 ~
. sz¢-15o) o ’ | | '
301 3.54 1.9 1.60 14.80  3.20 1
305 3.55 . .2.46 . 1.09  5.93  L.84 5
310 3457 2.78 0.79 6.12 5433 10
315 3,58 2,81 .77 6.22  5.45 15
320 3059 \‘ 2490 0469 6429  5.60 20
325  3.60 2,97 0.63 6.34  Be71 25
330 3.60 - 3.0 Cu57 6.38  5.81 30
335  3.61 5,08 0.55  6.41  5.88 35
340 . 3.62 3413 o 019 6.43  5.9L Le
350 3.63  3.20 0.43 6.5 6.03 50
360 3.66 3.07 . 0,39 6.48  6.09 60
370 3.68 3.3L°  Cu37 6.55  6.16 70
380 3.69  3.36 . C.35  6.42  6.19 86
390 3.70 3.0 0430 641 611 9
4OC  3.71  3.43 . 0.28 6.1k 6.16 100
B30 . 3,75 3,50 . 0425 6.54 6,29 . 130
450 3.78 | 3.54 0wl 6.62  6.38 150
1 2 3 L 5 6 7

The values of column-2 minus those of column 3 are given in
column L. Vaiues of column 5 minus those of cdlumn L reéults
in thg 53 which plotted against the log t of co;umn 7 gives the

anticipated slope of the drawdown for a pumping rate Q30



P,T. L, Serial 030365
. TABLE G 4
dalculation of Drawdown Eh from the fourth stage using the
| | | - equation | A

5(tetg) = G(a + b Tog (5-1,)) = 8,(8) = (55(tmt5) = az(emt,))

Time (trt2)  5. (t=t.) Adjust— ..au(t) 5),(6-t5) tfﬁ

‘83 or 3 or 3 ment _ ur3 ,

8y (-300)  85(t-L50) S - (2-459)
LU51 - 6.l TRY: 1,98 C TeT4 B.T6 1
L55 '6.u5' o 5410 1.35 8,60  7.25 5
B60 - 6.4 5.38 . 1,08  8.85  7.78 10
L65 - 6.47  5.52 0495 . - 8.95 8400 15
470 6418 | 5466 - 0,82 9,00  8.18 20
475 6.9 5.7l 0.75 - 9.04  8.29 25
1480 6.50' 5,81 0.69 9.08  8.39 S 30
485 - 6462 - 5.87 0.65 9.11 8.L6 35
490 6.55 5.92 0459  9.15  8.56 4O
500 6456 5.99 0.57  9.19 862 50
510 6457 6.08 0.9 9.22  8.73 © - 60
520 6.59 6413 06 9.27 8.81 70
| 530 6.61 ' 6.19 Oz 9.31  8.89 : | 80
540 6.63 6.2L 0.3 9.35  8.96 . 90
550 6.65 628 0.37 .- 9.38 - 9.0 100
580 6,69 6438 0.29 9.7  9.18 130
600 6.72 . 6.Lh 0.28 9,50  9.22 150

1 2 3 5y 5 6 7

The values of column 2 minus those of column 3 are given'in
column 4. Values of column 5 mihgs column 4 results in the
Eu which plotted against the log t of column 7 glves the

ahticipated slope of the drawdown for a pumping rate Qup:



R.T.?7 Serial 16116u

‘ TABLE G 5
‘Galéu}ation of Drawdown S, of the Second Stage using the equation
Q, /a + b log (t=t,)) + GQ2 = 8,(t) = 8 (t) + s (t-t;) w83
‘Time ®1 et adjust-  B2(t) 5. (t=t.)
t anticipated observed ment observed ' 2 1
, “..and antic- ' '
ipated at
o (e=ty) : -
61 1428 .0.64 0.6l ' 1.86 1.22 1
61.5 1.28 0.71 0457 1.96  1.39  lb
62 1428 0475 0653 2,02 - 1.49 .2
62.5  1.28 0.78 0453 2,05 . 1.52 2.5
63 1.29 0.82 - 047 2,09 © 1.62 3
63,5  1.29 0.8l 0.45 2,10 1.65 3.5
6L 1.29 0.86 - 0.43 2,12 - 1.64 4
6lLe5 1.29 0.87 Osl42 2414 © 1,72 4e5
65 1.29 = 0.89" 0.0 2.15  1l.75 5
66 - 1.30 - 0.92 0.36 . 2,18 1.80 6
67 1430 0.94  0.36  2.19 1.83 7
68 1.30 0.96 0.3L 2,20 1.86 8
69 1.31  0.98 = .0.33 2022 1.89 .9
70 1.31 11.00 0,31 2.25 1.94 10
72 1.32 1.03 . 0,29 2.27. 1.98 12
74 1l.32 1.05 . - 0.27 2.27 2,00 14
7€ 1.33 1,07 0.26 T 2,28 2,02 916
78 1.33 = 1.08 0025 2429 2.04 , 18
80 . 1.33 1.1l 0,22 2,30 2,08 20
85 - 1.3L4 1.14  0.20 2434 2.14 25
90 1.35 . 1,17  0.18 237 2.19 ~ 3C
as 135 1.19 . 0.16 2,39 2.23 35
1100 1.36 1,21, . 0.15 2,42 2.27 4o
105 1.37 1.23 0.1l4 2.4 . 2.30 45
110 1.38 1.25 0,13 2.45 232 50
115 1.38 1.27 0.11 - 2.45 234 55
120 1.39 e28 0.11 ~ . "2.46 °  2.35 60
130 - 1.40 1.31 - 0.09 - 2,47 2,38 70
140 1.k2 1.34  0.08 2,51 2,43 80
150 1.43 1.35  .0.08 2.5 2.46 90
160 1oLl 1436 0.08 '2.55 2,47 - 100
210 S 1.48 0 1.42 0 0,06 2.63 2,57 150
260 1.50 . 1.47 0.03 2469 2.66 200
310 1.53 1.50 0,03 = 2,73 2.70 250
© 360 1.55 1.53 0,02 277 2.75 300
1 23 L -5 ' 6 7

“Values of column 3 subtracted from those of column 2 are given in
column 4. Values of column 4 subtracted from those 'of column 5
are given in column 6. These plotted against the values of colunn
7 are represented as curve .Q, on Graph 65-L3., .

Ao
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AUSTRALIAN MINERAL DEVELOPHENT LABORATORIES

W2u29/6L WATER ANALYSIS

SR e

Parts Assumed Composition Parts
i per of Salts . per '
:Million , :Million
Chloride, C1 282 Calcium carbonate 172
|Sulphate, SOu - 4y | Calcium sulphate é -
Carbonate, CO3 ‘ i 126 Calcium chloride % -
Nitrate, NO3 g 36 Magnesium carbonate . | 32
Sodium, Na - 1 158" | Magnesium sulphate | 55
Potassium, K o E - Magnesium chloride % 82
Oalcium, Ca 69 Sodium carbonate ; -
Magnesium, Mg  ~ 41 | Sodium sulphate é =
Silica, 810, . - Sodium éhloride " 365
'Sodium nitrate % 50
Total saline matter  |'756 Potassium chloride %‘ -
' Hardness ;
Name  Polda Basin (as Calcium Carbonate)
Hundred Squire ' | Total : ? 301
Section 19 1 Temporary i 209
Bore No. PT. 5 | Permanent 132
%Sppply 15f18,000 ;Dﬁe to calciun F 172
.Date collected 19/11/64 . ' Due to magnesium 169

L. Wallace Coffer
© Director

|
|
s
|




AUSTRALIAN MINERAL DEVELOPMENT LABORATQRIES

W2l30/6l WATER ANALYSIS

Parts | Assumed éompésition lParts é
i
Migigon : of Salts M?iiion %
Chloride, C1 183 | Calcium carbonate 150
Sulphate, SOM ’ N Lo Calcium sulphate ' -
Carbonate, CO3 137 Calcium chloride ‘ -
Nitrate, NO4 36 Magnesium carbonate i 66
Sodium, Na : 133 Magnesium sulphate : 50
Potassium, K - | Magnesium chloricde -
Calcium, Ca .| 60 | Sodimm carbonate -
‘Magnesium, Mg 29 ! Sodium sulphate . -
silica, 810, ‘- | Sodium chloride 302
Total saline matter | 618 Sodium nitrate ‘ 50
Name Polda Basin i Potassium chloride -
Hundred _ Squire ;
Section 19 % - (as CalciumHggiggi:te)
Bore No. PT, 6 - _ - :
Supply 6-8,000 Total 1269
Date Gollected 19/11/6l Temporary | - 228
i , : Permanent ‘ i L
. Due to calciunm i 150
| Due to magnesium 1 119

U S

L. Wallace Coffer .
Director '




| AUSTRALIAN MINERAL DEVELOPMENT LABORATORIES a

WLTER ANALYSIS

Pafts 4sssumed Compositin Parts
per of Salts per

Mlllion : Mil;ion
Chloride, Cl 260 Calcium carbonate 177
Sulphate, SO) 30 | Calcium sulphate - -
Carbonate, GO3 123 | Calcium chloride -
Nitrate, NOB' ] 73 Magnesium carbonate 2l
Sodium,; Na - | 160 Magnesium sulphate 38
Potassium, X S - Magnesium chloride ’ 74
Oalcium, Ca : 71 | Sodium carbonate -
Magnesium, Mg. 1 34 Sodium sulphate -
Silica, 8i0; {js - Sodium chloridé 338
N : Sodium nitrate 100

Total saline matter[ 751

Potassium chloride

Name ~ Polda Basin
Hundred Squire |
Section 19 :

Bore No. PTe 7

Water Level - 26

Supply 43,300 g/h

Depth Bore 30!
 Date Collected 13/11/6L4 .

‘ Hardness -
(as Caleium Carbonate)

L

Total
Temporary
Pepmanenf
Due to
Due to

-calcium.

magnesium

317
206
‘111
177
140

i ’ . Director

L. Wallace Coffér :




AUSTR..LIAN MINERAL DEVELOPMENT L. BORATORIES

Waull/6h4 WiATER ANALYSIS

Parts Assumed Compdsition» Parts .
per of Salts per
Million Million

Chloride, Ol 607 Calcium carbonate 222
Sulphate, SOM 105 ‘ Cdcium sulphate -
Carbonate, GO3 199 ‘Calcium chloride -
Nitrate, Nog 7 Magnesium carbonate = 93
Sodium, Na’ 355 Magnesium sulphate 132
Potassium, K - Magnesium chlorida' 86
Calcium, Ca 89 Sodium carbonate -
Magnesium, Mg .- - 76 Sodium sulphate -
Silica, §105 - . | Sodium chloride - 895

' : Sodium nitrate 10
Total saline matter | 1438 Potassium chloride - -
giigi:z g;iiieBaSIn (as Qalciumheggggﬁgte
Section 19 Total ‘ 535
Bore No. P.Te L Temporary '333
Water Cut 8' Permanent 202
Water Level 6% Due to calcium 222
Supply - 38,000 ‘Due to magnesium

Depth Bore 30!

Date Collected 16/10/6L4

1

313

L;Walliée Coffer

Director




LUSTRALIAN MINER.L DEVELOPMENT L.BOR..TCRIES

W1392/65 WiATER LNLLYSIS

Depth Bore 29-6

Date Collected 3/3/65

Parts  Assumed Composition Parts
per of Salts per .
Million Million
Chloride, C1 ' 662 ‘Calcium carbonate 92
Sulphate,'SOh‘ . 119 Calcium sulphate -
Carbonate, 003‘ | 115 Calcium chloride -
- Nitrate, NO3 .29 Magnesiun.garbonate 8L
Sodium, Na: 389 Magnesium sulphate 149
Potassium, K - Magnesium chloride 106
Calcium, Ca - 37 .Sodium carbonate -
Magnesium, Mg . - 81 . sodium sulphate -
Silica, 8104 : ~ Sodium chloride 960
Sodium nitrate Lo
. Total saline matter 1432 Potassium chloride -
Address Polda
Hundred - (as Calgizgngzibonate)
Section - .
Sample collected _ , Total 426
by » Paecb Temporary 191
Bore No. PT. 5 Permanent ~ 235'
Water L¢V61“6'8" Due to calciunm 92
Supply 14,000 Due to magnesium 33l

P, Dixon

4Acting Director




AUSTRALILN MINERLL DEVELOPMENT\LABORATORIES

W1393/65 WiTER ANALYSIS

Date collected 14/2/65

Parﬁs - Assumed Composition Parts
.per of Salts per ;
Million ' Million.
Chloride, Cl1 - 262 Calcium carbonate 180
Sulphate, S0 36 | Galcium sulphate =
Carbonate, GO3 155 | | Calcium chloride -
Nitrate, NO3 - 15 Magnesium carbonzte 66
Sodium, Na 163 Magnesium sulphate L5
Potassium, K - Magnesium chloride 27
Calcium, Ca 72 Sodium carbonate -
Magnesium, Mg 35 . | Sodium sulphate -
Silica, SiO3 - Sodium chloride 399 -
Sodium nitrate 21
Total saline matter| 738 |Potassium chloride -
Name - Polda Basin Hardness )
| Hundred - L (as Calcium Carbonate) ;
Section. ‘ - Total - ' 324 ?
Sample Collected Temporary 258
- by E. Wojeck Permanent 66
Bore No. PoT. 7 Due to calcium 180
Water Cut e Due to magnesium 14
Water Level -
Supply QZ,MOO . P. Dixon
Depth Bore ‘29'6" Asting Director
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