ogical [Survey _ - L - R:@ 5\1-\31
~ology Sectlon . ‘ S L - : _

- o .~ DEPARTMENT OF MINES
. - ... SOUTH AUSTRALIA

'REPORT ON FIELD PERMEABILITY TRSTING OF THE MURRAY
BASIN LIMESTONE AQUIFER — WANBI RXPRRIMENTAL STATION,-

SOUTH - AUSTRALIA

by Ge Crawford, B.Sc. Geologist,

"EePJD. 0'Driscoll, B.E., M.Sc.','.Senior Geologist,
_ N s : Hydrology. ' _

. Rept. Bk. No. 51/13‘
- Q.8 No. 1785

DeMo 8147/

29th July, 1960.



1.

2e
3,

. N

6.

- ,70‘

8.

9.

10,

: Geological bross—section

‘DeM. 847/60

. LIST OF PLANS
Locslity Plan f'ﬁ5s. J4uQ5

60~ 53-8

Isonalsinee in. burrounding Area
bo';l?

'HJdraulic Surfaee S asey

Graph showing Water Level Fluctuations prior to

‘Pump Test, = 60-25%

-'Qone ol Ini‘iueng_é_ | S :?_t(-?L

| Drawdown Levels 1n Observation Bores, Pump Test No. 1.

- po-43q

Drawdown Level, and D:.schax*ge Rate, Main Bore,
Test No, 1. S _1{54‘1

o 'Drawdown Levels, and Discnarge Rates in Obs°rvation

-B.Ore’ATeStS 1l & 20 é,o Lf"‘l

.i'Recovery Levels in all bores, Pump ‘I‘est No. 2.

Lo uao



| ABsmAéT

) _ At Wanbi in South Australia the laterally extensiy
limestone aquifer of the Murray Basin 1s over two hundred
Teet thick, and in thils locality contains non-pressure wate
Pump tests on a 164 inch diameter open bore hole showed the
speeific yleld of the bore to be about 450 gallons per how

‘per foot of drawdown, and gave a value of 25 feect per day
for ¥ the hydraulic conductivity. Individual bores are

. capable of ylelding volumes of water in excess of 20,000.
‘gepshour, but because of the great dlstance to the intake

area and the flat hydraulic gradient, there appears to be
insufficient water for extensive development of irrigation.



LOCATION

Wanbi Experimontal Station, administcrcd by -the South
Anstralian Departmcnt of Agriculture, lies in the Hd. Mindorie
in the main part of the Murray Basin at a~point about three miles
kscuthwest from Wanﬁi tovnship. It is4approximatoly 35 milecs vest
'of'the Victorian - South Austfslian bcrder; and 45 milcs south of
the Murray River at Overland Cornei, near the southeastcrn corncr
of County Albcrt. The land surface is approkimately 200 feet
above sea level, and the static level of ‘the groundwater gbout

50 fcet above sealevel.

x:~?%r meny years 1andholders hdvs been drilling bores

Gl

for stocﬁﬁwgtog supply, water being readily obtainablc at a depth

1~““~,;

varyling with t0pogranhy, but generally about 200 fect or lesse

Barnes (1951) recorded a considorable number of such bores, but
at that time no irrigation fron groundwvater sources had becn
undcrtaksn. As a result of his Irecomnendations tuo autcmpts vere
mado to interest landholders in. conducuing some cxperincntal
1rr1gation.us1np groundwatcr, and.pumpiug cauipment wos supplied
to one proporty, but for various reasons whe projeetis lapscd.
During the last three yecars or so, possibly bocauss more
money was available to thom af'ter scveral good seasons, some
:landholders in surrounding areas drilled rather deoper borss.
expressly for the phrpose of obtaining 1rr1gation water, and

supplies of the order of 12, OOO - 15 000 gallons per hour were
reported. ‘

INTEREST IN LIVESTIGATION GF'RESERVESA

The obtaining of such supplies 1mmodiately emphasizcd
the 1mportancc of finding answers to several problems.c Viork
was currently in hand by Ludbrook (1960) who cstoblished the

_stratigraphic succession in the Murray Basin, and 0'Driscoll



(1960) who investigated the hydrology of the area. As a

"result, it was known that two potential aquifers existed, the

| upper one a;limestone sequence (Murray Group & Glenclg Group)
and the 1ower a sand (Knight Group) Both these beds originally

‘ contained saline water which was gradually being replaced by low
salinity water from & distant southeastern intake in Victoria,
the connate water being pushed northwestward to outlets along
the bed of the Murray River. The prooess of replacement was
}apparently very slow, and o' Driscoll (ope cits) had calculated

‘the rate of groundwater movement as being about one foot in two

M, hundred days under existing hydraulic oonditions. Replacement
ihe connate water is only partially complete, but irrigation

B tor occurs beneath a substantial ‘area of the Main Basir

rather marly and sandy coquinite, will stand unsupported in an
" uncased- hole, and are capable of yielding quite large volumes
of water Without the insertion of a screene. The deecper Knight
Groupsand aquifer, on the other hand, is loosely consolidated
and can only be developed as a source of water by the use of
.screens in bores. ‘ ‘
| _ “As regards the main limestone sequence, 1ittle was
'fiknown of the aquifer' s_capacity to provide‘large volumes over a
' long}periodg?thelconsiderablgustatic_lift meant high‘pumping
"costs; and the wateroquality’deteriorated with distance from the
' intake. This last consideration not only would affect landgholderx
«living in the transition zone from known good water to poor
quality water, but- also involved the problem of - what would happer
if prolonged and heavy pumping in contiguous areas caused a
.‘reversal of flow, and consequent encroachment of saline waters
. from the north. | - T
. ) If groundwater was to be developed for irrigation, 1t

‘appeared desirable to 1nvestigate the permeability and general
.hydraulio characterlstics of the‘upper limestone aquifer, determi
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J the prdbable specific yicld of future bores and the hydrostatic
lift, and the general farm economics of' watar use under the
-t prevailing conditlons of soil, climate and productivity. It was
doUbted wheuher individual landholders would be in a position to
carry out experimental irrigation work and, keep a. detailed and .
satisractory account of costs involved as. well as would the
Department of Agriculture, which very fortunately had an already
'established exporimental centre in tne‘Wanbi districts’ Thie
centre had another aturaction, in that it was near the .edge of
the zone of good,guality Water, and experiments could be made
fubing water of ‘a ratherilessffavourablensalinity than would be
savailableito\many.Othere.A The»bepartment of Agriculture was
thererore'npproacned, andlagreed'tozfield permeabilityAexperiments
.being conducted on 1t§‘propert&5.and subeequently~to utilise the
. mailn bore for 1tefown~experimental irrigation WOrKa |
Teqting of the uppcr or limeStcne:aquifer only wasf_
| plannod, asg 1t was reasoncd that lcndholdersvwere unlikely, in
.the foreseeable futule, to drﬂl t *ouéh,this,known source of
' atcr into the underlying &night Grcup'sands in which development

. Was onlj po sﬁble ut ~oneiderable extra expense.

: STRA‘I'IGRAPHIC SUCCESSION

The stratigrapnic successidn was known from several

e rather widely scattered deep bores from which logs and samples

- were available (Ludbrook - 0. cit ). :
| ’ Locally the upper beds-of Recent age vary. considerably

in’ character, and their thickness is partly a reflection of the

'topograpny. They comprise red to yellow and yellow grey. sandy

marls, sands and sanastones? which overlie the Loxton Sands,

represented'bv white;vcream, yellowfand often strongly ironstained
‘eands, sandstones and “rittj 1imestoncs, usually micaceous ard
| frequentlJ fossiliferous in the lower section. The total thickness

of Recent beds and Loxton sands Was expected to be eighty to one
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 hundred feet, below vhich &« thin clay stﬁatnm; the Bookpurnong
Beds, ﬁas Known to cccur in the-adjoininglﬁd;tAllcﬁﬁtc the |

. eastward, - thlnning'out to the weate - D?llling PubeeQuently proved
"this stratum not to ocenr at Wanbi, the - drill passing directly
into the uppermost durray Group limostone. ‘

The Murray Group, which 1ncludes the seQUence locally
known as "cliff rock" and the upper part of the underlying
Glenelg Groun, are vather similar typee of hi“hlJ bryozoal
;,1imestone, Usually cream to white 1n color, which in the main
- part of the Murray'Baein grade downward 1nto a greenish or grey

glauconitic marl.w This 18 a gradue] lifhologic change, and 1t

was not possible to predict the thickness of limestones which

would be an effective aquifer, altnough from the evidence of
‘.dietént boree,.end the known thinninglof the sediments in a

westerly direction, a total thickness of four to five hundred

feet wes anticipated. Below .this tho drill would enter

first the greyblack carbonaceous eilty»clays of the.upper °
Knlght Grcup;iandithen the watenbearing eands of the same
Group, aithough.it ﬁae not intendedito drill into these latter,

CHOICE OF SIEE

Three considerations controlled the cholce cf site,
one being proximity to an area having a suitseble soil type for
the conducting cf irrigation cxperiments, as not all soils on
the Research utation would lend themselves to this purpose.
Since accunate obeervetlon of waterllevels during pumping was
neceseery, tne‘bore heé to0 be outeideftﬁe anticipated radius of
1nf1uence of<eny'other bores 1n nSe'nearbv; and there had to be
an adjacent area where the volumes of rater pumped’ during the
experiments could be discherged without danger eithor of flooding

the. pumped water
the borehead surround or of making its way quickly aownwards
~into the aquifer and'being-re-circulated. The site ultimately

chosen was on a gentle slope where runoff could spread over the

floor of a small adjacent flatbottomed valley sane hundreds of
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._yards away. Since there was a thickness of well over one
;hundred feet of’ dry sandy marls and sandstones beneath the floor
'of this flat, and the area of spread was qnite considerable, the
’danger of re-circulation was considered to be negligible over

_“the short period of Operation of the tests.'

DLAMETIR OF BORE
The bore had to be .of - sufficient diameter to permit

use of axlarge turbine»pump ir a.high.qischarge was to be
fmaintained. .Furthermore, 1t has in'the past been found unwise
“to pump water from similar limestones in such & manner as to
'-induce a very high velocity of entry, as erosion and collapse
~ of the bore walls-may occur when the‘drawdonn is considerable,
" and the area of'entry of tho'nater is restricted. The material-
is rarely homogeneous, and the water probably gains entry to the
'bore through restricted channels of high permeability.
‘ Another hazard was that the lower section of theILoxton Sand,
expected somewhere: between the depths -of 80 and 120 feet below
natural surface in this area, had elsewhere contained irregular

beds of a dense hard sandy limestonetwhich often hindered or
| prevented the insertion of the first string of casing to greater
,r.depth. ‘ R | |
| ‘ It was therefore decided to commence drilling for 24
inch diameter casing, and to continue with this to the waterbearing
A’_bed if possible. iwo further_strings of 18~inch and 16éinch
:casing were'available in case;of trouble. During subsequent
. construction 2u~inch casing was seated on a coarse sendstone at
' 470'6"- and the 18-inch casing was inserted to 132 feet where it
was seated in a rather marly limestone, the hole below that depth

and all through the aquifer being of approximately 16% inches

'diameter, and uncased.»

i
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It was proposed to continue driliing right through the
bryozoal 1imesuones of the Murrsy and Glenelg Croups, end since
.these sometimes nave marly 1enses in thos, to penetrate some
fifty_feet or so into “he lower part of the Glenelg Group.sequence,
-a‘grey‘or~greenish.grey'marl, to ensure thatfbhe wholc of that
part of the sequence acting aslan effective ‘aquifer was available -
for pump testing. The depth was expected to be 500-550 feet, and
drilling was 1n fact discontinued at 495 feet. -

HYDRAULIC sm‘ACE | _ ‘

Current investigations (O Driscoll op. cit.) had
established that the hydraulic surface showed a gradual decline
in a westerly snd northwesterly direction from the distant Vietor-
ian intakes, and at. Wanbi was at. a 1eve1 of about cniégéaﬂeaﬂ
feet above sea level. Althoughrconfined by the clayey Bookpurnong
| Beds and under slight pres sure in the Hd. Allen not far - eastward,
ithe water occurred free in Hd. Mindarie, the uppermost few feet
of the iimestone aquifer being dry. | | ~

| Whether the water 1evei-remained constant or was subject
to fluctuations, either natural or induced.by pumping from:
-distant bores, was not known. All local bores were in continual
use, and none could be used for. observing the behaviour of the
.water surface, 80 it was decided to use one of the observation
bores to be drilled as part of the experimcnt. This was done, and

'records of the water surface level in the bore taken.over a period

of some slx Weeks prior to. commencement of the punp - tests, using

‘»._':sn Electro—flo meteps*, Initially a light nylon cord was used

to suspend the float in the watcr, but proved unsatisfactory
ibecause cf stretch, and it was replaccd by a stainless steel wire.
Results were not altogether satisfactory because of the tendency
of the float to stick against the waJls of the hole, and the large
soale of the graph Obtained, although it was . apparent that only

very small short-term fluctuations occurred. Subsequent to the

“$ Menufsctured by the B, Co. Ltd. London, and having a 9% inch
dia« rotating face, eight day clock mechanism, and a 10 f't.
I‘ange. ) . co o
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completion of the pump testé,'dbservationé were continucd over
'>é five-month.perioa using a wat@r stége'rocordef*. Some trouble
was  expcrienced with this'instrumént a1so. as i1t was found
difficult to prevent clogging of the mechanism with fino dust
,which causcd sticking and oceasional sudden dislocations of the.
recording track, but the_general pattern was clear cnoushe
.Awa.separate novements of the groundwvater surface
_were obsefved; bne“a,long-torm, presumebly éeasonal fluctuation,
ond the 6ther;withAé;9horter period of cight to ton days. This
latter effeét is ¢On§idercd.to be closely associatcd with pumping
in the samc area, some distance ﬁway, notably from a bore on
- Secs 37, Hd; Mindarie vhich wos at tho time boing devolopcd,
pump téstc@, aqd.periOdicaily pumped for é fow hours at o time at
several thousand galions.pér'hour, The drawdown and suwdsscoucnt
recovery caused by this pumping is considered to havce causcd
rises and falls in the groundwater surface rather in oxcoos of
~ that vhich uould_normally be~anticipated. .
© bAs ﬁhe-thrce bores used in'thosé tests were only ecach
soﬁe 50~feét apért; aﬁd thé éxternal pumping tobk place some 2
‘miles from them, 1t may reasonably be assumed that the groundwator
surface in all bores would be oqually affccted. Since the
calculations depend primarily on differences in drawdovn botwecn
each of the bores‘ap specific times, the errors induced in the
- final'resuits Sy:any sﬁéh fluctuatiohiwouia be of the ordér ofy
at most 0.2% even 1f pumping vere commenced on Soc. 37 at a

cruclal stage 1n thc tosts."

 DRILLING
- ' . Obscrvation Bores
Drilling commenced on 17/11/58 and after somc interruptions
finishcd on 6/5/59. Phrec bores were @rillod in o atraight lino
."at fifty fect contres, the two dbservation bores being located in
a direction southcasﬁvard of the¢ main bore, or up slopc hydrauvlic-

allye These‘Were caséd vith six-ipch'éasing and continucd

* Type C. Vater Stage Recorder, marketcd by Be LSGALlc & Sons LTiass
- and hqving an’ cightuday clockwork mechanism and a

ol $neh rnoneo.
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to a depth of 220 fest, well into but not through the aguifer.
'Casing was suspended in one :b a depth of.' 157% feet, and the
other te 163% feets o

Test Bore tf

_ As anticipated, some difficulty was experienced in
'drilling through some of the dense and hard calcareous sandstone
bars, "and furthor trouble wae occasioned by the welded tubing-
used as casing, Which was found to be not perfectly rcund.

eDetails of the bore are set out hcreunder.

Hupdreds: Mindanie' ::. .Z“'bi §egt1og: 32
g:f_:g ;gxgggg | §tga§a_D_esgrj.ption
o toi*j 3 - Brown sand
. T_' 5 i'light brown sandy marl
5 - 30  1ight creany buff very merly ssnd
.30 - "A6d"">light yellow brown very sandy marl
60 - 68 1light greenish.brown.dirty rather gritty
C o marl |
68 - ;,70-'»‘-1ight‘gre& bnff nerd calcareous sendstone
- 70 d,iﬂf79”' light greenieh‘brown mariy coarse sendstone
79 - Bh* ‘1ight greenish brown ‘merly coarse sandstone
B end grit =
8y - :'d90:“ dyellow ouff-mariy.eandetene_end grit.
90 R 95'i . yellow buff marly hard eandstone and grit
- 95 : .."'-' 103 .["_'-yeilow_bui’f hard calcareous sandstone, some
’ o T grit grains. . -
103'A;f -113.‘ 'liént_greyieh‘cfeamffoseiiiferoue iimestone
113 = 120  -creamy white slightly sandy limestone
120 - 1h5 . off-white rather‘merly'iimestone
145 - 160 . whi%e bryozoal limestone
1160 ' ; ' 1651.-~'white elightly nanly limestone
. 165' ;A 180  white elightly marly limestone with occasion-
; ' - - al grit gralnsg, -
180 - 185 | creamy white bryanal limestone
185 ;d;'l 190 créam bryozoal 1imestone ,
1190 :_-‘ '195 _1 very pale brown bryozoal 1imestone
'195W - -205.f ‘very light grey bryozoal limestone
. 205 - j:210 : “off-white bryozoal limestone, with a hard

.sandy band.
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off;whitefslightly bryozoal limestone

‘off-white bryozoal limestone

- creamy ﬁhite'bryozoal limestone

creamn. bryozoal limestone, a hard bar between
295' and 300 .

paleacreamy grey brybzoal limectone.

pale grey bryozosl limestone, a hard bhar
between 320' and 325!

Hgi;l' grey Slightty mariy limestone,

light grey marly limestone

‘ light grey very marly 1imestone
- .1light grey marly limestone .
light grey very marly glauconitic limestone,

probably fairly impermeable

light grey very marly bryozoal glauconitic
1imestone

light grey glauconitic fossiliferous marl

lignt'grey glauconitic very marly fossilifer-
ous: limestone '

l‘lighf'grey glauconitic very marly limestone
B light grey glaucqnitic fossiliferous marl

’ 'light grey glauconlticfsandy marl

L light green foesillferous sandy marl

| 1ight greenish grey glauconitic fossiliferous

slightly sandy marl

« tlight green glauconitic slightly sandy marl

1ighﬁ greyioh green fossilifepous sandy marl

Static water level, 157 ft.

Salinity 10542 grains per gallon, total dissolved salts

Cased to 70'6"'w1th 24" dlameter steel tubing, and to 132' with
| 8" diam. tubing, open 162 inch dia. hole below.

Sludges of the strata intersected were collected at

' 1ntervals of five feet for geological examination, from which,

.~1n conjunction with the driller 8 report, ‘the geological log

was compiled. '



Bore No. . 1

Dep th - Los'
Water Level 157! ‘
Water Cut 157" . -

=10~

SALINITY -

A facsimile of the analyst's report 1s shown below.

This was of a sample collected for analysis prior to pumping,

“and subseqnant samples showed no salinity variation,. -

 FEETRE- cee. oo
GEOLOGICAL SURVEY: OF SOUTH AUSTRALIA

JATER ALYSI

Name énd Aadress'

Location of Sample.

Hundred Mindarie

Sample No. W 1071/59

'Dept..bfwAgricuiture, Wanbi Reseorch Station

Section: 32

Sample collected by D.R. Phillips Date:  6/5/59
Analysis made by: ° T.R. Frost  and dated 1/7/1959.
Grains| qgumMED coMposITION | Greins
per | . OF SALTS per
Gallon}l Gallon
Chlorine, Cl - 37.6 | .Calcium carbonate 642
Sulphuric acid. (radicle), Soh 12,8 | Calcium sulphate -
Carbonic acid (radicle), CO3 16.1 ~Calcium chloride | -
Nitric acid (radicle), NO4 nil _gagnesium carbonate | 1L4.6
Sodium, Na- 3240 | Magnesium sulphate ! -
Potassium, K - ~ . | Magnesium chloride | =~
‘Celcium, Ca 2,5 | Sodium carbonate | 3.5
Magnesium, Mg . CLhe2 ‘Sodium sulphate t 18.9
- Silica, 810, - | Sodium chloride '% 62.0
Sodium nitrate ] Nil
Potassium chloride-

HARDNESS
- English
Degrees
‘Total saline matter, Grains ‘ ~ ] Total 23.5
per gallon ' _195‘ Temporary 23,5
. - : Permanent . -
Total ealine matter, Ounces ' ' .
per gallon . 0.2l Due to calcium 6.2
- Due to magnesium 17.3
ASuspended matter -
Organic matter ' -

Not yet tested

REMARKS -

Te.Aes BARNES
‘Government Geologist




EFFQCTIVE THICKEESS oF AQUIFER '

o ‘ From an inspection of the sludge samples it was not
.'possible accurately to determine the lower limit of the strata
‘-which could be regarded as effectively permitting the passage of

water, Howevcr it was obvious that at a depth of about 380 feet

the material was fairly impermeable and the bottom of the aquifer

> was tuerefore arbitrarily chosen as 377 feet, or 220 feet below

the static water level. This figure of 220 fect wap used in

isuhsequent calculations, but'is_admittedly an approximation.

INFORMATION TO BE OBTAiNsD‘l
Theﬂinitial intention-was'to utilise both non-equilibrium
and equilibrium conditions of‘numping'in calculating thc aquifer
' characteristies, and compare the two methods under local conditions
: _Specifically,'it-was desirsd to obtain'a vzlue for the coefficient
of permeability in gallons per hour per square foot of cross-—
sectional area, and from this to calculate ‘the specific yleld of
the bore, i.e. the quantity available in gallons per hour per foot
of drawdown. ' .
Certain basio assumptiOns common to both the iheis (non-
equilibrium) and Theim (equilibrium) methods of calculation had to
‘he made,\these being (i)_that theaaquifer-is uniform in character
and permeability both horizontallyland vertically. Quite
obyious1y this is unlikelyzto be true‘in‘a vertical sense, as a
glanoe at the geoloﬁical log‘nill show, but 1t was felt that the
variations which might occur would not significantly affect the
validity of tue calculations. Horizontally, any permeability
variations, in a local sense, could be regarded also as small.
(11) that ‘the aquifer_is of uniform thickness and indefinite
.~ extent. No aQuifer has inénfinite extent;'but this one was felt
to be a reasonable approximatian for calculation purposes, as it
is known to extend for many miles in all directions. Since it
gradually thins to the westward and thickens in the opposite

direction 1t is not uniform, and moreover since the lower part
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‘of the sequence becomes véry'marly and’obviously inegpable of

transmitting much, or any, water, some depth had to be
arbitrarily selected as the base. However the existing conditions
are believed to be a reasonable approximation for calculation
purposes. although it became apparent during the course of the
tests that the. aquifer was nore permeable in its upper section,
"It had also to be assumed that no unanticipated short-

term water level fluctuations occurred.

WATER LEVEL MEASUREMENTS'

“An air 1ine was installed in the main bore, and the

water 1evels in this and the two observation bores were also

_measured with two 200 ft. steel tapes. Because of the depth and

consequent air pressure involved, the original plastic tubing
failed, and was subsequently replaced by heavy rubber tubing.
However it was found that the airline and pressure gauge were
not Sufficiently accurate to do more than serve as a check on

the steel tape readings, which were therefore used throughout

on all three bores.

Initially, the tapes were smeared with a water sensitive

paste, but this was found to be unsatisfactory for rapid use,

and very messy to handle,so it was discarded. Excellent results

were obtained by rubbing the surface of the tape with white chalk,
and.readings were possible to the ncarest 1/200 of a foote

Because of the depth to water, measurements were rather

o laborious even with two men handling the steel tape, and 1t was

found that each reading took 7 to 8 minutes, or approximately
20-25 minutes for the three bores, unless more than one team
was employed. Using two teamg of observers climinated much of

the time lost in winding up the measuring tapes, and transrerring

from one bore to another.




| POROSITY OF AQUIFER T
mo-undisturbedisamples w%fe available faf 1aboratory
tests»on'porosity of the:material comprising the-aquifer. This
type of limestone however is commonly known in outcrOp in many
places, and Ge: Crawford had already conducted a number of porosity
" tests on samples of-these, dbtaining an.average value, in round
ifi?ures, of L5%. As“some'ofithe aquifer material appeared
‘slightly marly, a slightly 1ower value of uo% was adopted in

:the calculations.

’“:PUMPING EQUIEMENT ‘4 (Prelinizary)

Initially, a five-inch, five-stage M.C. turbine pump

| was installed at a- depth of 300 feet - i.e. 143 feet below

static water level - and coupled to 'a 25 H.P. Wisconsin engine
.with an HMB head. The unit did not perform to expectations, as
Aon a ahort test on 2L/5/59 the maximum delivery rate was only 1&90
'A gallons per hour, and pumping was accompanied by strong surging of
| the water level, rendering 1t difficult to measure the drawdowne.
»After four and & half hours pumping was stOpped and the unit

removed.

'MLASURhMENT OF DISCHARGE

During thiu first run, measurement of the discharge

,was attenpted by means of a long . pipe with a circular 1% inch
orifice plate. It soon became obvious that_this.was:not
-.satisfactory, for three reasons. The pipe was subject to
A accidental disturbance, and difficult to keep perfectly horizontal,.
Short term and quite strong fluctuations in pressure made it almost
.impossible to read the manometer tube accurately, and variations
‘in the pumping rate preVented accurate recording of the progressive
.and total volumes punmped, _ |

‘ _ The orifice tube was therefore replaced by a previously
calibrated flow meter connected in the middle of a long discharge

pipe. This was then used throughout the main tests made four
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'months ;ater,;e.delayﬂocehsionea by'ﬁhe;necessity of obtaining
suitabie pumping cquipment,-but'which had the addltional
advantage of allowing time for the aguifer to recover completely
fff”om ‘the effects of removal of the small volume of water pumped
: &uring the preliminary tests. |
Despite hourly ehecks on pump revolutions and the

.meintenance_of constunt throttle once equilibrium was approachcd,
fluctuationslin pumpiug fetes sfill bccurred with a resultant
effect on-dradeWn levels. Since both the equilibrium and non-
equilibrium~methods rely 6n'eonstaut dischafge, it is considered
that for all future teste of this type'the engine should be
'equipped with a fine throttle control and that discharge readings
should ‘be taken at 15 or 30 minute intervals. Diurnal temperature
Vvariations or sOme simila? factor appear to affect the efficiency
'_of the engine, which results in these fluctuations whioh should

bec eliminated rather than allowed for in later calculatians.

*  PUMPING E@ﬁmmvf - (ﬁain Tests)

For ine main tests a ten-inch, ten-stage L.C. turbine
punp with.th geared head was set at a depth of 306 feet from
the surreee, or epproximately 149 feet below static water level,
and coupled to a'rerkine 6 Diesellengine'of nominal 80 H.P. ap
180d RePolle Ihis was euccessfuily opcrated at a maximum
diseherge rate of aboutAZ?,ObO’gallons per hour. |

TEST PROCIIDURE S
Initial Pumping - Duration 05gg hours. . On luth September 1959

at 1034 hours the pump was started, and operated at a rate of
approximately 21,000 gallons per heur, 1n.a;pre11m1nary test to
-Adetermine an pptimum pumping_raﬁe.fer the tests %o foilow. The
water lovel in the main bore deeliued until at 1353 hours it
exceeded 43 fcet, andrwas theu'over 200 feet below surface, beyond
'the range of the meqsuring ‘tapces, although roughly determinable

. by airline. o '

After seVeral hours pumping, some discoloration was

evident in the diScharge, but this disappeared in about another
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' intervals.

., =15=

hour and g guarters. The'pump was.stopped at 1614 houre,_

; after 121,200 gallone}of water had been rcmoved, at an almost

but not perfectly steady rate.-e _ ,
As a result of thc information obtained, it was dcclded
to set the pump at. the approximate rates of 10,000 -and 15,000

gallone per hour fOr the two mein pumo tosts. Fig I3 ohbws a

- Qross section throubh the threc bores, end the general shope

of the drawdown curve.'-'

Pumping at a rate of 11,&00 gallons per hour commenced
at 0900 hours on 15th September, ‘and continuod for fifty houre.

The extent of . the statlc watcr lovel recovery following the

' 'previous day's pumping 18- hours earlior is shown by the following:

14/9/59 o - 15/9/59 Differcnce

Q\woLo(fto) . ,S.M{.L (ft.) ‘(ft.)
Bore Noo 1 . L3.08 -  L42.86 - = 0.22
~ Bore No. 2 S u2493 L_;z,éo . = 0.33

Bore Noo 3  L3.30 42.86 - 0.k

'Drawdoun levelefduring the operation wore taken in No, 1

;Bore at four minute intervals, and in Nos. 2 & 3 Bores at five
minute intervals.for a further 1-’L ‘hours. This requirod tvo men
"reading No. 1 Bore water 1evels, two others for Nos. 2 ond 3, and

t'one man attcnding the pump and reading dischargee at ten minute

After three hours continuoue pumping, dravdoun readings

werc taken at hourly intervale for the rcmainder of the fifty

,hour period, the pump being stoppcd for eervicing at 1201 hours
on 12/9/59. Equilibrium appeared to havc been obtained in Noe 1°
Bore aftor forty—eight hours, with a drawdovn of some 25% feet,

and reeults were used in- the calculation contained in Appendix

No, 1.
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| ?umping reconmenced at 1215 hours‘on 17/5/59, after a
»short interval for servicing the engine. 'Theldelivery rate was
. increased to 16,500 gallons per hour, and hourly readings
'continued until equilibrium was again established after 45 hours
with a drawdown lewel of approximately 37+ feet in No. 1 Bore.

Results of this ‘second pump -test are shown in Appendix
' No.-2e

: The pump was stopped at. 1uoo hours on 19/9/59, and
recovery readinps taken of -the water 1eVels. These readings
were at two minute intervals for Nos 1. Bore and four minute
Aintervals for Bores No. 2 and 3 for the first hour, then at
ten minute intervals until 2000 hours (a period of six hours
duration), when observations were discontinued.

.Even after ‘the removal . of over lz million gallons of
water, the water level during this short recovery period returned
to within two feet of the original static water level, Indicating

<'quite‘a high permeability within the aquifer. Recovery levels

: are plotted in Fig.JO,A' I

COMPARTSON OF FORMULAE USED
(1) Non—Eguilibrium Conditiong | »

" The Theis (non-equilibrium) formula assumes both
:immediate response of the water level to pressure changes, and
' parallel flow lines into the bore,.i.e. a small drawdown ond full
4penetration of the aquifer.- Although full penetration was

Obtained, the maximum drawdown of approximately 18% of the total

". thickness of - the aquifer appears, fromithe results, to be greater

than the permissible limit for this partieular stratum.

(2) Eguilibr;um Conditiong

‘ ‘ Use of the Thiem formula, which has been deve10ped
for pumping under equilibrium conditions, has given good
agreement between the values obtained for fp, f, and the Specific
q Yield.from the two tests made,lpumping at the rates of 11,400
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" gallons per hour and 16,500 gallone per hour respectively. The
conclusion drawn is that this formula is more applicable to
conditions existing in an unconfined aquifer, a finding in

agreement with Jacob (1938) and others fior sedimentary'basins
having many features in common with the’ Murray Basin. '

SUMMARY OF RESULTS _
‘ (l) The lower boundary of the aquifer is difficult to
: demarcate accurately, but the total effective thickness at
Wsnbi was. assumed to be 220 feet. |
(2) The permeability is not,constant throughout the whole
vertical range of this depth, being hiyher in the upper section
than lower down. ' o
o - a/%»w/w &
(3) -The local conditions are not favourable to the use
.of non—equilibrium pumping conditions as a basis for calculating
the aquifer characteristics.‘
| (4) In eny future pump - tests, pumping should be continued
till equilibrium conditions are established, when ‘the Thiem .
formuls should be applicable. ‘
o (5) The values Obtained in ‘the pump tests for Thien's
factor‘ﬁp. the coefficient of permeability,-were 2,60 and 2.68
gallons per hour’ per square foot, and for thie hydraulic conductivita
| ﬁ (Darcy 5 Law) were 25.0 and 25, 8 feet per day.
(6) The specific yield of the bore was LLO - h50 gallons
:per hour per foot of drawdown.. This was for a bore of approximately
16 inches diameter. : Since reduction to 8—inch diameter may be
| expected to reduce the output by about one-tenth, a normal 8-inch
bore drilled under. comparable conditions should be capable of
yielding 40O gallons rer. foot of drawdown.
It is interesting to note that in an 8—inch bore
,pumping from 200 feet Of producing aquiier at a rate of 20,000
gallons per hour the entry velocity of the Water through the walls
of the bore would be only about 0 006 feet per second if the water
. bearing stratum were homogeneous.

(7) The hydraulic gradient_between Wanbi and the distant
~ Victorian intake area is known to be approximately one foot per
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mile. Thc.value of the hydraulic conduciivity K’hao boen

determined as ?5 fcct Der day, which was the Tigure adoptcd by

0'Driscoll, (1956, Op.’Cite) in celculating thc amount of watcr

' available for'inrigation in the area&,under existing conditions,

.Without depl@ting the storage.

That uritep suggested that therc was only sufficicnt
water to irrigate a tiny area on each property, and tho rccont
pumping operations ‘have oonfirmod the value of ‘& adoptcd by
him in his calculations. '

‘The conclusion to. be drawn from the work so far done

'. is that 1ndividual bores can be expected to yield largc volumes

©of water, probably well in excess or 2U,OOU gallons per hour, but

that any extcncive futurc development will rosult in deplction of

"availablo roscrvcs°‘ Tho groat diotanoo to tho 1ntako, and the

flat gradient on the hydraulic surfaoe are factors wiich put

‘ﬂeverc restrictions on the overall volume of groundwater available

in that the movcment of rocharge water is extrconcly slowe.e This

A question has been dealt with by Eof. O'Driscoll (Bulletin 35) in

which it is suggcsted that only a comparativolv limitcd volume
of water may be available for irrigation. Overpumping will
probably not only aepleto tho available reoerves, but algo

induce latoral movcment of more saline wator from the northw&rd

) ,into t he aquiferg causing a gradual dotenioration in quality
vhich will first affect bores in the marginal areas.

¢ 0Do0Cee
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APPENDIX NO,
. WANBI PUMP TESTS
Equilibrium Test at lllg;Oigallons per hour:

Applying the Dupuit-Theim Lquation for an unconfined
aquifer where eqnilibrium.has been attained:-

'{p — Q log, - rl/rg
. = ' -
. 2 . 2y .
where ‘b" = '. ‘coeffiéient’Of pérmeability.
. -,g o= rate of discharge
. and h = height of the water table above the base of
, the aquifer at a distance r from the pumping boree.
k *_= | ' hydraulic conductivity (Darcy's Law)
Q = T'.:L»ZL_,L;.'LO gallons'pér;hour;f
U _ e ﬁ _ o
1/, = 101.6 ST .
e = —5—1-'-5; Lo logg § & 2.303 logy, 2
m = thickness of aquifer .= 220 ft.
Thi‘ = 220' - drawdown in Bore 3 at equilibrium (= 8,60 feet),
and h, = 220' - drawdown in Bore 2 at equilibrium (= 10.90 feet).
C & - l,uwoxa, o' x_0,3010

T 220-8.60)% ~ (220-10.90)%}

1 0 x 2 O x 0,30 O
T‘x u205x23o

= 2460 gallons per houf per square foot
The pﬁfobfﬁy-of the aquifer 1s-aséume§.aé hp%,
~ '.;.f;kfiﬁ Darcy's‘iaw = 53£§§It§—A: = g*§%53—19~ = gr5/%2lla/
.f,_‘étigéég;}.f;et/houpA

'.géég-' x 24 = 25,0 feet per day

- VA AT | - discharge Af. =
; _SP?Cifig Yiéld ='drewvélc_)_wn in main bore : = 450 5?115/




APPEIDIX 1O, 2
ANBI PUMP TESTY
| Eguilibriurn Tegt at 16.500 g g, —
> U A e . . r : '
_vib = Qx ?"03-*°810 ‘ l/iz  when eguilibrium has
—
T(h,* - b

2) — been attained
2: ° .

Q ER- - 16,500 galléns ﬁéf'hour . loglo rl/r & 0.3010
: S 3 ' 2

220 - 12.6»feét' (Bore 3)' '

5
]

A

220 “f 715@9 féet (Bore 2)

'i ‘p= 16,500 x 2:303 x +3010
P T¢ (220-12.6)2 -~ (226-15.9)%)

16,500 x 2,303 x'.3010

T x 11,5 x 3.30
= 2.68 galls./hr./ft.2
W kn Darc.v 8 Law ( __ép_j'_.'}') = 2068 x 100

porosity o Lo

i}

. 6.7 galls o/h!‘o/ftoz

e T
i
. t -

1. 08 ft./hour.

25.6 ft./aay.

Specific yleld. = ., - 16,500: A;‘ th gallons/hr /ft. of
o - 376" ~ drawdown



APPENDIX NO, 3

- WANBI PUMP TESTS -

' Recovery Test from 16,500 g.pshe

Applying.this Formulaiin;terﬁs of transmissibility:-

L (s, -8)) '

_ wheve Sy end 8, are drawdowns at times t, and t,, and Q =
diBChaz‘ge = 16’500 gopoh. .‘ .

Choosing t; and %, to be one log cycle apart (e.g. 20 & 200)

¢ = __2,303 x 16,500

= "7us.u7gai1s./hr./f£.f

i

Thickness of aquifer = 220 feet

1.64 ﬁb T o= ,%%%;Q‘ .- 3.4C gallons per hour per square foot,

e e k (in Darcy'sALaﬁ) = o X '160 = '8.5 galls./hr

i

‘ 1’36 fto/hro or 3207 fto/dayo
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APPENDIX L _
| WANBI TUMP TESTS

OBSERVATION RECORDS

" Assumed Datum =~ Main No, 1 Bore Head . - 200400 fte

© Noe 2 (Observation Bore) 199.38
Mo 3 ( W m ) 200465
Meain Bore(l) 'Obs‘Bore(2) Obs.Bore(3)
\D te | Time | Draw-  Water [ Draw= Water | Draw— Water Pumpingi Volume
é i (hrs.) down Level { down Level | domn Level | Rate 4pumped-proy’esa—
R , | - S (gopoho) ive (gallona)
} - ! Preliminary Pumping | E
1z/9/59 1000 | = 43:0B| = 42493 = 43430 o nil
103l Pump Started : N b
" 1353 below| : : 21,500 | 70,400
; : 00 . : . ' D :
o 2.16]1; Pump Stopped ; ' - S 2,00 - 121,200
i - : ! First Test Pumping f o ‘
15/9/59: 0830 ' 42.86] 12,60 42486 | - .
| ! 0900 Pump started | B I 11,00 . nil
n | 0906 , 30483 12.03' 7410 3550 | LeZl 38.65 | 21,000 . 2,046
"] 0913 | 34462 Be2lh. 8493 334671 583 37,03 | 12,000 2,726
" 10925 | 2242 20462| 7422 35¢38| 5.02 37.8, | 17,000 ; 7,20
"1 0930 . 2336 1950 - 7427 35433 5010 37.76 ! 16,200 8,460
v 1 0937 | 22.60 20426 T.42 35018 5¢21 37465 | 11,400 9,720
. eg | 22,60 20.26r-‘ Teh9. 35411 5030 37456 | 11,400 10,470
" 0948 | 22.85 20.01 7060 35400.| 5¢42 37.44 | 11,400 11,280
" 10952 | 22063 20,23| 7469 Bhe9l| 5.49 37.37 | I1L400 | 12,060
| 1000 ;-22.81...'20.02‘ 7485 34e75| 5¢56 37.30 | 11,400 @ 13,540
") 2010 | 23406 19480 7493 34e67| 5.70 37416 | 12,700 | 15,660
] 1015 | 22.64 20.18| 7496 3464 575 37411 | 10,800 | 16,560
", 1020 | 22,91 19.95 8401 34459 5478 37408 | 10,800 - 17,460
" j 1030 25-66 19080( " 8el2 Bheli8 5691 36.95 11,400 19,360
"o JOK0 | 23466 19480 1 8422 34438 6402 3684 | 12,000 | ' 21,360
" 1050 | 23.26 194601 8.32 34628 6011 36,75 | 12,000 23,360
w1 1200 | 23.38 19.48| 842 34.18| 6.18 36,68 | 11,400 | 25,260
J 1120 | 23431 19.55| 8452 34.08! - 6443 36453 | 11,400 29,060
" mo[ 23.53 196331 Bebl. 33,96 | 6e4l 36445 | 11,500 . 32,900
n 1200 | 23421 19465 857 33483 |. 6.51 '36.35 | 11,100 " 36,600
" 11300 | 23.46 19440 | Bu9h 33466 6476 36,10 | 11,200 |- 47,800
" 1400 | 23488 18,98 | 9419 33441 6499 35,87 | 11,300 | 59,100
"1 1500 | 23486 19400 | 9e31 33629 | 709 35077 | 11,200 | . 70,300
v | 1600 } 23699 18487 | 941 33419 7421 35.65 | 11,300 | = 81,600
"L A700 | 24019 18467 | 956 33404 | . 7e3h 35.52 | 11,100 92,700
" 1 1800 | 246l 18.25| 9478 32,82 7455 35.31 ' 11,300 104,000
" 1;1900 | 25436 17450 : 10.11 32,49 7.80 35,06 ,"11,500 I 115,500
"L 2000 g 2549 17371 10425 3235 795 34091 ' 11,700 ! - 127,200
* 12100 | 25,55 17431 1032 32.28| 8.03 34.83 & 11,600 138,800
" 2200 | 25463 1723 | 1042 32418 | 8,12 34.7% | 11,900 150,700
" 2300 | 25,88 16498 | 10452 32408 | 8423 3463 . 11,700 | 162,400
"] 2400 | 25484 17.02 | 10453 32407 8426 3460 | 11,800 174,200
16/9/59 | 0100 | 25499 16487 | 10460 32,00 | 8432 34e54 | 11,700 185,900
" 10300 | 25,88 16498 | 10664 31496 | 8433 3453 , 11,500 209,000
" L0400 | 2590 16496 { 10464 31.96 | 8435 3451 . 11,500 220,500
* 10500 25,9 16692 } 10,66 3169 | 8438 3448 | 11,900 | 232,400
" 0600 ! 25496 16490 | 10067 31493 | 8435 3451 | 11,700 | . 21.%,100
® 10700 | 26421 16465 )10462 31698 | Bl 3lheli2 | 12,ooo . 25
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Main Bore(l) ‘Obé.nex:é(z) _@bseBore(3)

Date - "~ Pime = Draw- Water 'Draw- Water Di-aw—. Water Pumping Volume
A (hrs.) down Level down Level down Level ‘Rate  pumped=progress
: . : : :  (gepehe) ive (gallons)

16/9/59 0800  25¢40 1746 10457 32:03 8435 34e51 11,300 . 267,400
" 1000 2571 17.15 10461 31.99 838 34448 11,500 290,300
" 1100 25457 1729 1058 32,02 8432 3454 11,500 301,800
" 1200 25465 17021 10460 32.00 8435 34651 11,200 313,000
" 1300 - 25e32 17454 10,56 . 32404 - 8430 34456 11,700 324,700
" LUO0 25623 17463 10657 32403 8430 34¢56 11,200 335,900
" 1500 2553 17433 10457. 32403 832 3454 11,500 347,400
N 1600 . 25453 17433 10475 31¢95 840 3hel6 11,500 358,900
" 1700 25653 1733 10672 3198  8e39 3447 11,500 - 370,400
" 1800 25482 17.04 10485 31,85 848 3438 11,500 381,900
" 1900 26405 16481 10,79 31.81 8,52 34434 11,500 393,400
* . 2000 26428 16058 10093 31067 8.61 3he25 11,700 m5:100
" 2100 26419 16467 20,9 31466 Bo6l 34422 11,70 1.16,800
" 2200 26428 16458 11400 31,60 8.68 34.18 11,700 4,28,500
" 2300 26611 16475 10494 31e66. 8466 34e20 11,500 440,000
" 2400 25,94 16492 1090 31l.70 - 8462 342, 11,600 = 451,600
17/9/59 0100 25,88 16,98 1048, 31,76 863 3423 11,500 463,100
" 0200 2594 16492 10487 31e73 - 8463 34e23 11,400 474,500
" 0300 26407 16.79 10487 31.73 8462 3424 11,500 486,000
" OLO0 25488 16498 10483 31,77 8459 3427 11,600 497,600
. " 0500 25482 17.04 10,84 3176 8460 34426 11,50 . 509,100
I 0600 25663 17.23 10481 31079 8459 34627 11,500 520,600
W 0700 26625 16461 11403 3157 8.7 34412 11,500 532,100
" 0800 25069 1717 10483 31.77 8e60 34e26 11,400 543,500
» 000~ 25¢42 17¢4) 10475 3185 8459 34e27 11,300 554,800
. " 1000 ‘25:'&\17\&115 10483 3177 8e54 3he32 11,300 - 566,100
11000 25015 173 10664 31496 846 3het0 11,200 577,300

" 1200 25409 17.7’,‘\N0 Reading . No Reading = 11,200 - 588,500

" 1201  PMP STOPPR)

W

17/9/59 1215 - PUMP STARTED . 16,500 .
W77 1300 3425 8.63 13470 28.90 1,0.?5\,.32.21 18,100 . 602,200
" 100 35017 - 7e69 1hel7 28e43 11410 3170 15,900 618,100
" 1500 35486 7400 1he€lh 27.96 1140 3lo46 16,000 .. 634,100
" 1600 36459 6627 14e86 2774 11.63 31 23 17,250 651,350
" 1700 - 34423 8463 1422 28.38 12421 31e65 114,250 665,600 .
" 1800 3499 7487 kel 28B.lh 11.39- 3le47 15,300 680,900
" 1900 35071 7el5 14e79 27481 11,66 31.20 15,700 696,600

" 2000 35486 7400 14487 2773 11474 31l.12 16,000 = 712,600

w 2100 35.90 6496 14497 2763 11.83 31,03 16,000 728,600

M 2200 Rain-No reading 15.02 27.58 11,81 31.05 . 16,000 744, 600
S 2300 - 36436 6450 1518 27442 11497 30.89 16,000 760,600
W 200  36elih 642 1he72 27.88 12,01 30.85 = 16,100 . 776,700

0 18/9/59 0100 . 36476 - 6410 15430 27.30- 12,07 3079 15,900 792,600
" 0200 36649 6¢37 1519 27.41 12,05 30,81 = 16,200 . 808,800

" 0300 . 36e34. 6452 15423 27437 12,05 30,81 16,000 . 824,800

" 0400 36038 6.2;8 15026 270311- 12,11 30075 ' 16,@0 ’ 829.1,000

" 0500 . 36053 6.23 15052 27028 12.17 30069 16,300 ’ 857’300

" 0600 = 36e7h 6012 1547 2713 1223 3063 16,400 - 873,700
" 0B00 35,80 706 13.11 27.19. 12,03 30483 15,900 905,800
" 0900 35486 7400 15.21 27¢39 12,05 30,81 16,000 921,800
" 1000 36407 6679 1498 27462 12405 30.81 15,900 . 937,700
" 1100 3642 6465 L4e39 2821 12.17 30469 15,900 953,600

" 1120 to 1122 PUMP STOPPED FOR SERVICING .
1200 - 36667 6419 1538 27.22 12.14 50072 15,700 969,300
1300 36482 6404 1543 27617 12,13 30473 16,200 L 985,500

2

2
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Main Bore(l) Obs.Bore(2) ObseBore(3)

Time - Draw- Water Drew- Watér Draw- Water  Pumping Volume
. Date  (hrse.) -down Level down - Level down Level = Rate pumped~progre-
' ' ' (gepehe) ssiye (gallons)

18/9/59 1400 36u4h 642 15.22 27038 12.13 X0.73 16,300 © 1,001,800

-o.om 13)0 : 36.61 6025 15052 27008 12.03 30.83 15,800 1,017,600

" - 1600 Rain=No reeding Rain-No reading Rain=no 16,600 1,034,200
. : : : B reading

M 1700 238436 LeSO 16412 26448 12,11 30.75 16,600 1,050,800

w 1800 38436 LS50 16401 26459 12463 30.23 17,200 1,068,000

", 1900 . 3915 3.71 16425 2635 12,81 30,05 16,900 1,081,900

" - 2000 38445 Lell 16422 2638 12,90 29,96 17,100 1,102,000

" 2100 Raln=No reeding 1640 26420 12493 29493 17,100 1,119,100

" .2200 . 38 5 . 16.35 26025 12,93 29093 17,w0 1,136,&0
. : (Airline) S .

o 2300 Rain-No reading Rain-No Reading Rain-No 16,800 - 1,153,300

Reading : .
" 2400 o 16627 26433 1287 29499 17,100 1,170,400
19/9/59 0100 _36.15 . 6eTL. 16425 26435 12490 29,96 17,200 1,187,600
" 0300 Rain-No raa.ding 16015 26.‘1-5 12,80 30.06 16,900 1,221,@0
" 0400 38e57 L4029 16428 26432 12478 . 30,08 16,900 1,238,100
-n 0500 3953 3423 16454 26406 13¢12 29474 17,400 1,255,500
n 0600 3942 ekl 15,30 27430 12.27 30459 16,200 1,271,700
" . 0700 ,Rain-No reading 15.40 2720 12,29 30457 15,400 1,287,100
" 0800 " 15,6l 26496 12451 30.35 16,300 1,303,400
" 0900 - " " 15,67 26493 12.47 30439 16,400 1,319,800
N 1000 A " Rain-No Reading Rain-No Resdingl6,400 1,336,200
" 1100 37.36 5450 15493 264,67 1266 30,20 16,300 . 1,352,500
" 1200 37659 5027 15.86 26474 12,68 30,18 16,500 1,369,000
" 1300 37632 5454 15.85 26475 12464 3022 16,700 ,2.85,
", 1330 No reading  15.91 26469 12.63 30423 -

" 1,00 © PUMP STOPPED - o T 16,500 ,502,200 |
o RECOVERY TEST COMME‘ICED ' ‘ A
" L2 oy 12015 305
- 1401, 12,07 50.79_ . :
S 105 | : . 9¢51 ' 33435
" 1406 12,30 31.56 T
" 14,07 ‘ 9¢51 33409
. 1408 11,38 3148 : :
" 11 . Be25 3he35
" a2 - 9.05 33.81 - .
r133 ! . 7453 35433
R s VY 8e59 3L4e27 S
" uas 7457 35403
G Be2B 3458, - ,
" 17 - - 6495 35.91

" 1318 8,01 3485 o

" 1200 7480 35406 6485 35.75 - .

" 22 7459 35627 o ,
" 1,23 - , : 6elib 36640

" L2, 7436 35650 6450 36410 _

S 126 0 7417 35669 o 6410 36476
"o 128 7403 35.83 o : _ o
" 29 6023 36437

" 14,30 6482 36404

v 13 6455 " 36431 S

" 1,36 . 640 364465 558 37.28
k" 1458 ' 6032 360520. " 5.69 36.91 o
" 2 6e19 36,67 o ~ -
BT PV ; . 5e2l 37465
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Main Bore(1) Obé.Béi-a(z) ObseBore(3) -

Date . ,Time  Draw- Water Draw- Water Draw~ Water ,_1’;:1;:“8 | I"ump:ipm;gma
S (hrs.) down Level dom. Level down Level (Gupeho) sive (gallons)
. N R . . . ) l

—

19/9/59 146 - 5.8, 3702
.Y : ' 502_9  3703:.|- .

"o 180 5.67 37419 -

" L5L . 5455 3731 L
moooass . T T L ke85 38401
nAET L he96 3746k

" 1500.  5e3h 37052  heX0 37470 | Le72 38.14
M 15100 4eBB 37498 Le59 38401 4ik9 3837 -
" 1520 Le77 38009 - Le3h 38426 ‘

" 1530 Le51 3Be35 4el2- 3848 B

" 1545 L 3494 38466 3483 39403
" 1600 3497 . 38489 "3.61..' 38496 ,3‘61 39425
" 1625 3469 39417 3436 3942 3430 3956
n.lehs 3e45 39e41 3417 39443 3616 39,
" 1720» ' 3.15 39 073 2092 39068 . 2.85 w .01
" 1745 2672 39.88 2,68 140,18
" A

A 1830 2469 40J17. 2450 20610 2654 4De32
™ 1850 . 2461 40,25 237 kD423 2438 10«48

" 1920 240 LDWk6 T 2e2% 40e36 202 40462
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- ADPRNDIX 4
Llibeium Test st ' 1,! (5 ion upie

Applying the Theis Pormuls in terms of trmmiuibintn-

T . 2,303 xQ x (logw g")
AT % (82 -8

Where S and 5, are. drwdowm st timee [, amd Cyo ama

Q - dlscharxe » 11,&10 gsllens per hoar.
 Choosing L, smd 13' to be ome log cycle spart (e.g. 20

minutes and 200 minutea) T

T . 2.303 x 11,410
) 41T X

= 912.0 gsllons per hour per foot.
Yor sn squifer 200 feet thick. =
Coefficient of Permesbility = - ot Ty

- 3 = !4.1 ganona per heur per tquam foot.

R - Fb*"'r:'i'ﬂ'i ._'gng.mo e 10.0 galls/nr/tt.

= 1.6 feet per hoar or & feet/day
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