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1. INTRODUCTION

The groundwater resources contained in the alluvial
sediments of the Namoi Valley in north western NSW are
the most intensively developed of any aquifer system in
the state. There are a variety of uses ranging Ifrom
stock, domestic use to irrigation, town water supply and
minor mining and industrial use.

During the 1970s and early 1980s there was extensive
growth in the demand for groundwater resources. Even
though groundwater management plans were introduced in
1983 (WRC, 1983) and 1984 (WRC, 1984), there are gtill
some small areas of the river basin where the groundwater
resource is being depleted. Declining water levels have
persisted in these areas since the late 1970s, and in
recent years have been accompanied by a few bore
collapses and minor surface subsidence. The area of main
concern is north of the Spring Plain Rd in the lower
Namoi Valley (Figures 1 and 2). This report focuses on
the extent of ‘these problems and investigations
undertaken to date in this area, with a brief outline of
surveys in the Mooki Valley (Figures 1 and 3).

A brief literature review of the nature of subsidence in
alluvial areas 1s given initially. This draws on
extensive studies from the USA where subsidence has been
recognised for over 50 years.

2. THE NATURE OF SUBSIDENCE IN ALLUVIAL AREAS

Land subsidence and its impact on groundwater systems is
well documented in other parts of the world. It can be
described as either endogenic (caused by processes
originating within the planet) or exogenic (caused by
processes originating near the Earth’s surface, including
the consequences of human activity) (Prokopovich, 1984}).
Exogenic subsidence can be further subdivided into three
main types:

-~ removal of support;
- weakening of support;
- increase in loading.

Principal causes of exogenic subsidence are excessive
groundwater withdrawals, mining and tunneliling. In
Australia there are very few examples of subsidence due
to groundwater withdrawals. Gloe (1984) has given a case
history of subsidence in the Latrobe Valley, Victoria
where large groundwater withdrawals have been necessary
to mine brown coal by open cut. Up to 1.7 metres of
subsidence has taken place in this part of the Gippsland
Basin which contains some 700m of interbedded clays,
sands and brown coal seams of Tertlary age.
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Cobb (1982) suggests that the Barossa Valley may be
subject to land subsidence because of large groundwater
withdrawals (estimated 1600ML/year in 1979) from the
Cainozoic sequence of complex alluvial sediments in this
small continental basin of about 175 square kilometres.
The South Australian Dept of Mines and Energy commenced
relevelling surveys in the area in 1979 but no subsidence
has been detected to date (S. Barnett pers com).

Another study of note is Evans (1986) which provides
estimates of possible subsidence in the vicinity of the
Barwon Downs, Kawarren and Gellibrand borefields which
are located in the Otway Basin west of Geelong. At 2
sites, the aquifer systems are confined while at
Gellibrand, the response is typical of an unconfined
agquifer. In the worst case modelling scenario, 30800 ML
are extracted from the Barwon Downs borefield over an 18
to 21 month period (extreme drought gsituation) with a
predicted water level drawdown of 100 metres and a worst
case surface subsidence of 1.15 metres.

The best known cases of subsidence in alluvial areas
where groundwater is used for agricultural purposes are
in the San Joaquin and Santa Clara Valleys in California.
Here substantial water level declines and land subsidence
of up to, 8.5 metres were experienced over an area of
13,500 km? between 1926 and 1970 (Lofgren, 1978).

Based on more than 20 years of research and data from
these California Valleys, Lofgren established the
following basic concepts:

(1) Unconsolidated water-bearing deposits, even at
great depth, are highly sensitive to changes in
effective stress. Even small, subtle stress
changes may cause permanent, widespread
compaction. Pumping drawdowns induce effective-
stress changes in an aquifer system which cause
compressible deposits to compact. These effects
may externd to depths below the deepest wells.

(1i) Depending on the type of deposit being stressed
and the range of the induced stresses,
compaction may be either: (a) elastic
(recoverable) or {(b) inelastic  (largely
nonrecoverable). The released water of
compaction represents a one-time source of water
to wells, Subsidence of the land surface
represents  the summed  compaction of @ all
underlying beds of the aquifer system. Although
some beds may be expanding while others are
compacting, the net effect is reflected as an
elevation change of the land surface.

(1id) During a first cycle of prolonged water-level
decline, permanent changes do occur in the
storage characteristics of an aquifer system.
The virgin specific storage typically is one to




(iv)

(v)

(vii)

3

two orders of magnitude larger during the first
cycle of water level decline than the elastic
specific storage during subsequent declines
through the same stress range. Thus, 50 to 100
times as much water is available to punping
wells for a given drawdown during the first
cycle of pumping overdraft than during & second.
pttempts to forecast the response of a
groundwater  reservoir without  an adequate
understanding of the storage characteristics,
based on actual field data, may be misleading.

Nonrecoverable compaction occurs principally in
the fine-grained, slow-draining interbeds of the
aguifer system. No measurable change in
transmissivity, storage characteristics or
recharge-ability of the coarse grained aguifers
has been detected at the sites studied. The
significant change during the first cycle of
water-level decline, therefore, is a one-time
release of interstitial water from the slow-
draining aguitards. Less than 5 percent of this
water of compaction returns to the interstitial
voids of the aquitard when water levels recover.

Tf and when water levels in the confined aquifer
gystem fall below the base of the confining
layer, actual dewatering of the upper part of
the newly unconfined aguifer below the confining
layer will occur. This will introduce a second
cet of stresses tending to compact all
compressible beds in the system below the
dewatered zone. water levels, however, will
decline at a greatly reduced rate, because of
the large specific yield of the newly unconfined
agquifer system.

In considering a confined aquifer system as a
cyclic-storage reservoir, little usable storage
capacity 1s available after the first cycle of
compaction caused by water-level declines, until
actual dewatering occurs.

Bore-hole extensiometers are invaluable in
measuring the response of aquifer systems to
pumping stresses. We know of no better method
of (1) collecting in the field the data needed
to calculate the elastic, virgin, and transient
storage parameters of an aquifer system, and (2)
determining the preconsolidation stresses that
must be exceeded before subsidence begins.

Another characteristic of subsidence in alluvial areas is
fissuring. Larsen (1984) describes the nature and origin
of earth fissures in southern Arizona. Here water levels
have declined from 45m to more than 90m and subsidence is
generally 0.3m Or more. Fissuring is known to occur in a
variety of geologic environments, with openings typically




several hundred metres long, one metre or more wide and
one to twenty metres deep.

common fissuring environments are shown in Figure 4 with
most fissures associated with types A, B and C. No
fissuring has been reported in the Namol Valley, although
it would be hard to recognise in any early stage of
development as the black soils of the lower Namoi
floodplain typically display seasonal cracking and
swelling characteristics.

3. HISTORY OF GROUNDWATER DEVELOPMENT IN
THE NAMOI VALLEY

The irrigation development based on groundwater resources
contained in the alluvial deposits of the Namoli Valley
and important tributaries, commenced in the late 1950’s,
with the greatest impetus occurring with the 1966-1968

drought and the successful establishment of a viable

cotton industry.

Statistics for both the lower Namoi and upper Namoi
Groundwater Management Areas (GWMA’s 001 and 004) are
given in Tables 1 and 2 for the period since 1980/81.
Management area, zone boundaries and bore sections are
shown 1in Figure 2. Further details are given in the
Department’s Groundwater Status Report series which
describe the groundwater use and water level behaviour of
these systems. DWR (1988) and DWR (19%91) are the latest
reports covering the last five years.

TABLE 1: GROUNDWATER USAGE SUMMARY - 1980/81
TO 1988/89 - GWMAOC1

Volume of Water Total Area
Ho. of No. of Bores Pumped Authorised Irrigated

Year Licensed Bores in use (ML/Year) (Ha)
1980/81 312 206 11260 x  n/a 15123
1981/82 340 210 89993 x n/a 16797
1982/83 LYa! 226 120237 x n/a 16775
1983/84 Lo7 143 19733 169033 6321
1984/85 427 233 64996 169907 21770
1985/86 441 238 &5843 166408 17860
1986/87 436 217 61713 161600 12280
1987/88 445 253 T4538 155897 18723
1988/8% 452 24% 76726 156717 14834

Key

X No allowance for irrigators whe failed to provide groundwater return data. Since

1984/85, usage figures have been collected by metering inspectors and volumes
recorded are more accurate.
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TABLE 2: GROUNDWATER USAGE SUMMARY - 1980/81 TO
1988/8% - GWMAOO4

Volume of wWater Total Area
No. of No. of Bores Pumped Authorised Irrigated
Year Licensed Bores in use (ML/Year) (Ha
1980/81 435 97 52263 n/a 11506
1981/82 478 206 ' 39710 n/e 12606
1982/83 523 O ) 271 . 98958 . nfa 21201
1983/84 572 184 24297 n/a 9492
1984/85 702 266 72605 240000* 19261
1985/86 760 330 = 76285 253000% 21221
1986/87 761 307 57668 249000* 15519
1987/88 75 282 66498 247000 14204
1988/89 780 272 62820 262113 16784
Key
* No historical records have been retained. Figures quoted are best estimates.

Looking at those areas subject of this report, the main
uszge and pumping trends are as follows:

Lower Namoi Valley - GWMAOQL Zone 1. Parts Zone 3 and
zone b

Pumpage data for the area north of the Spring Plain Road
is schown in Figure 5. water is used exclusively for
irrigation, stock and domestic purposes in this area.
The first irrigation bores were constructed in the late
19605 when it was discovered that deep alluvial sediments
infilled an old Miocene palaeochannel that headed north
west towards Rowena. original static water levels for
the deep productive aguifers below 60 metres in this area
were between 20 and 25 metres but they are now typically
between 45 and 50 metres. There was a shallow agquifer
between 20 and 30 metres that was dewatered in the Zone 1
area by the late 1970's.

ceasonal water level variations for the 1974/75 and
1989/90 irrigation seasons are given in Figures 6, 7 and
8 for each of the Gurleigh, Wee Waa and Merah North
Sections respectively. It is clearly evident that

the pumping stresses have increased since 1979/80,
and

. +hat static non-pumping water levels and irrigation
season pumping water leveis have both fallen
dramatically since 1974/75. The bulk of this
decline hag occurred since 1979/80.
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Mooki Valley and Tributaries - GWMAOO4 Zone 1 and Zone 3

The main area of concern is the Zone 3 area from the Pine
Ridge area to Gunnedah although subsidence survey marks
have only been established in the Pine Ridge to Breeza
area. Pumpage data is given in Figure 9. Water is used
for town water supply, irrigation, stock and domestic
purposes. The town water supply borefields (Quirindi and
Curlewis) are remote from the subsidence survey marks.
Water level declines are not as severe in the lower Namoil
Valley. Typically seasonal variations are no more that
ten metres but there have been permanent declines of more
than five metres in the area north of Breeza [DWR
(1991)]1. . Subsidence or bore problems have not been
reported from this area to date.

4, BORE COLLAPSKES

Replacement of production bores has to be expected with
the passage of time as screens and slots corrode, casing
becomes holed, and flood and mechanical damage occurs.
However damage due to compressional forces 1is a new
threat in areas with large water level variations. Bore
life is expected to vary from 5 to 25 vears depending on
these and a variety of other factors.

In the Namoi Valley there are over 1200 large diameter
production bores, of which 452 are in the lower Namoi
Valley (see Tables 1 and 2). ©f these, approximately 5%
of bores are replaced in any vear.

In recent vyears there has been a greater than average
replacement rate of bores in the area north of the Spring

Plains Road. There are no records of the reasons for
failure, however sub-surface movement has been attributed
to some of the bore collapses, Some of the symptoms

reported are sub-horizontal casing sheers and screen
collapses, and bell shape distortions in casings. These
problems are symptomatic of gravitational compaction and
large pressure differentials according to Indreland
(1978). In some instances submersible pumps have been
sealed in boreholes below caved-in sections.

One interesting aspect is the number of problems that
have been reported in the 65 to 70 metre depth zone below
surface. This corresponds to the disconformity between
the Miocene Cubbaroo Formation and the Pliocene Gunnedah
Formation which would be a natural plane of weakness in
the alluvial sequence.

In future, thick walled casings or double casing liners
may be necessary to overcome these compressional
problems.
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5. SUBSIDENCE LEVELLING SURVEYS

Because of the large scale exploitation of groundwater in
the Namoi Valley especially around Narrabri and Wee Waa,
it was anticipated that there could be substantial falls
in the water table which in the longer term could cause
subsidence of the land surface. Therefore it was decided
in the early 1970s to establish a means of detecting
subsidence.

Accordingly a system of specially constructed bench marks
was established.

Additional ground movement is known to occur because of
the black soil floodplains that are dominant throughout
the valley. These montmorillonite clay soils are subject

to swelling and shrinkage as they gain and lose moisture.

S

5.1 Bench Marks and Reference Points

These marks vary from especially constructed bores to
bench marks-cut into trees. For the lower Namol Valley,
+he observation bores, major control bench marks and
subsidence bench marks are shown in Figure 2. Similar
bores and marks in the Mooki Valley are shown in Figure
3. No such bench marks have been constructed in the
Namoi Valley between Carroll Gap and Narrabri, or in the
Mooki Valley between Breeza and Gunnedah.

Major control bench marks

These marks consist of 102mm bore casing drilled and
cemented into bedrock. This bore casing is isolated from
the alluvium by a larger diameter (152mm) bore casing
extending to just above bedrock. (The only exception is
BM FWi5s7@ bore 30070. This was the first major control
bench mark constructed and does not have the outer,
152mm, bore casing).

Further details of the construction of these major
control bench marks and their reduced levels are given in
Appendix 1.

gubsidence bench marks

These marks are used to detect subsidence due to
groundwater withdrawals. The marks consist of a steel
Yod driven into the bottom of a 6 metre deep borehole.
This borehole is lined with a P.V.C. tube to isolate the
steel rod from the surrounding alluvium. A copy of a
report, referring to the construction of these marks, is
. given in Appendix 2.

Tabulations of reduced levels obtained for such marks are
given at Appendix 3.




General Discusgion

control levelling was carried out in stages between 1975
and 1881.

Major control bench mark Fwl57 at bore 30070 was the
first control bench mark constructed. A value of 200.000
to A.H.D. was ascribed to this bench mark. This value
being very nearly that obtained by connection to bench
mark FW65 at bore 21263. (Bench mark FW65 had previously
been connected to state marks during routine levelling of
observation bore sections). Bench mark FW157 has been
adopted as the origin Ifor all subsidence surveys carried
out by the Hydrogeolegy Unit.

Tt was considered that level changes of less than say
somm over 20km (1 in 400 000)would be insignificant and
so it was decided to adopt 0.008 J km accuracy as
appropriate. (35mm over 20km) . i
Related to the appropriateness of the accuracy adopted is
the stability of marks. An indication of the variations
in stability is provided by an examination of the
situation at bore 30266. A subsidence bench mark was
placed near the control bench mark at bore 30266. A
hench mark was also cut in a tree in this wvicinity.
These bench marks and the protector casings and P.V.C.sS
at bore 30266 have been levelled from time to time. A
tabulation of results is given at hppendix 4.

mhe most stable marks (given that this site 1s south of
fhe observed subsidence area) are the major control bench
mark, the subsidence Dbench mark, and the casing
protectors (in that order). The PVC piezometers have all
moved lower by slightly greater amounts, probably because
of settling of the gravel pack and distortions in the
flexible PVC pipe.

At other sites it appears that the PVCs are more stable
than casing protectors. The major control and subsidence
bench marks are the most stable marks.

other bench marks and reference points

These consist of:

(1) Ramset nails in concrete at bore collars
(i) protector casings at bores
(1ii) P.V.C. plezometers
(1iv) steel casings as piezometers (No P.V.C.)
(v) Bench marks cut in trees.

Tn the black soil plains which form the major soil type
north of the Namoi River, surface movement due to
swelling and shrinkage of clays occurs with wetting and
drying during flood and drought seasons. This movement
makes some of these less stable reference polints
unreliable.
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Evidence of such movement is demonstrated by -

a. Tilting and cracking of concrete placed at bore

: collars. Larger concrete slabs seem most affected.

b. Movement upwards of concrete blocks and some ‘short
length’ bore protectors. (see Appendix 5a). In

this case the concrete block is attached to the
protector casing which has concrete poured between

the P.V.C. and the casing. The P.V.C. appears
unaffected by the surface movement and can be seen
below the surface of the inner concrete. This

movement occurs as a result of the concrete block
being jacked up by the swelling and shrinking clay
soils and seems to occur only if the concrete block
at the bore collar extends below the ground surface.
Evidence of this effect is also illustrated at
subsidence bench marks which have had concrete at
their collars pushed up around the P.V.C. (See
Appendix 5b).

TIn cases where the concrete blocks were attached to the
protector casing but just sitting on the ground this
degree of movement doesn’t seem to have occurred.

steel protector casings can also be unreliable as
reference points if back filling is poorly carried out.
The protector can sink into the drilled hole. The
photograph at Appendix 5c 1s a good example. Longer
lengths of protector casing, petween 3 and 6 metres in
length without concrete at the collar and properly
packfilied, are usually the most stable.

Bores cased all the way to basement (no P.V.C.), don’t
ceem to be effected by surface movement. Bench marks cut
in established trees also appear to be satisfactory as
subsidence bench marks.

care must be taken when comparing R.L.s of bore casing,
protector casing, or P.V.C. because of differential
movement. Also, on occasion, bores have been physically
modified by having casing blanks added or cut from the
original completed bore.

civen all +these possible variations, with all the
different types of reference points, the DWR levelling
surveys were designed to measure all bench marks,

piezometers and protector casings 50 as to later identify
the most reliable marks.

5.2 Lower Namol Valley

survey levelling to identify possible subsidence has only
peen undertaken on three observation bore profiles in the
lower Namoi Valley (Gurleigh, Wee Waa and Merah ©North
gections) with some bores belng levelled more often than
others. The possible extent of subsidence based on the
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1988 and 1990 surveys is given in Figure 10. Details for
each profile are given below. -

Gurleigh Section

Tabulations showing the results of the survey work from
1975 to 1990 are given in Appendix 6 with a summary based
on the major control bench marks given at Appendix 7.

This area was considered to be least at risk from
subsidence but increased groundwater use in recent years
in the northern areas of Zone 5 (adjoining Zone 1)
prompted the Department to resurvey this area in 1988 and
1990. Some minor subsidence of around 70mm has been
identified between bores 25326 and 25323 with the maximum
subsidence occurring at bench mark FW430 at bore 252324
(although this may be an unreliable mark). This ar:a
coincides with the area of concentrated groundwater use
and maximum variations in water levels (see Figure 6).

A comparison of the subsidence at bench mark FW507
(subsidence BM) versus the total groundwater usage in
this area since 1974/75 is given in Figure 5.

Wee Waa Section

Tabulations showing the results of the survey work from
1575 to 1990 are given in Appendix 8 with a summary based
on the major control bench marks given at Appendix 9.

The northern end of the Wee Waa section is considered to
be the region of greatest subsidence potential. Control
levelling of this section was first carried out in 1975.
The section was again levelled in 1980 but the changes
observed were small (perhaps twice that which might be

attributed to survey error). In 1982 the part of this
section north of the Spring Plain road was again
levelled. The results varied 1little from the 1980
survey.

The northern portion of the Wee Waa section was next
levelled in 1987. From the results of this levelling it
was concluded that minor subsidence of the surface had
occurred at the very northern end of this section. The
subsidence began at bore 25054 and extended to beyond
bore 30243, Maximum subsidence of around 180mm had
occurred at bench mark FW347 at bore 30238. This
coincides with the area of highest groundwater extraction
and largest declines in water level as shown in Figure 7.

After the 1987 levelling of the Wee Waa section which
showed the first indications of subsidence, an expanded
work program was undertaken in 1988. The work included
installing a further subsidence bench mark on the Wee Waa
section, mnorth of bore 30243. This bench mark was
establiished beyond the expected northern 1limit of any
subsidence and is shown on Figure 2.
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In 1990 reports of bore collapses in the region led to
further levelling of all three sections north of the
Spring Plain Road. No substantial difference from
previous levelling was found.

In all areas there was evidence of a widespread rise in
ground surface of around 40mm which is attributable to
the swelling of the clays following two very wet seasons.
However despite the general rise, there was evidence of
further subsidence along the northern Wee Waa Section
centred on bore 30238. Here the total amount of
subsidence is now around 210mm.

A comparison of the subsidence at bench mark FwW347
(subsidence BM) versus the total groundwater usage in
this area since 1974/75 is given in Figure 5.

Merah North Section

Tabulations showing the results of the survey work from
1980 to 1990 are given in Appendix 10 with a summary
based on the major control bench marks given at Appendix
11,

The northern end of the Merah North section was
considered to be an area of potential subsidence.
Control levelling for this section was first undertaken

in 1980, The portion considered most likely to be
effected (i.e. north of bore 36044 on the Spring Plain
Road) was levelled again in 1982. No reasonable level

variations were found.

Wwith subsidence being identified along the Wee Waa
section in 1987, it was decided to relevel the Merah
North section north of subsidence bench mark FwWl020 at
bore 25142.

Tn the course of this levelling it was found that minor
surface subsidence (around 120mm in 1988; 70mm in 1990)
had occurred on the Merah North section centred on bore
25300. It was decided to establish a bench mark, cut on
a tree, to the north of any anticipated effects of water
level decline. Bench mark FW1227 was cut 2Km north of
bore 36046.

As for the other sections, this area coincides with some
(not concentrated) groundwater use and large variations
in water levels (see Figure 7). A comparison of the
subsidence at bench mark FW96 (ramset naill in concrete
block) versus total groundwater usage in this area since
1974/75 is given in Figure 5.

5.3 Mooki Valley

In addition to the lower Namoi Valley, one major control
bench mark and five subsidence Dbench marks were
established in the Mooki Valley in the 1970s. The only
levelling relative to these bench warks has been routine
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levelling of investigation bores. No control levelling
for subsidence has been undertaken.

A tabulation of their date of survey and reduced levels
is attached at Appendix 12.

6.

1.

CONCLUSIONS
Land subsidence is directly related to:

large groundwater withdrawals away from the
major recharge source, the Namoli River

and

areas with large seasonal variations in )
groundwater levels and a long term reducing
water level trend.

An area of between 250 square kilometres (1990
survey) and 360 square Kilometres (1988 survey) has
been affected by subsidence of 50mm or more in the
lower Namoi Valley. Maximum subsidence of:

70mm has been recorded at bore 25325 on the
gurleigh Section

210mm has been recorded at bore 30238 on the
Wee Waa Section (the 200mm change over an 8km
distance represents a change in gradient of
1:40000)

70mm has been recorded at bore 25300 on the
Merah North Section

There is an apparent time lag between large
groundwater withdrawals and the first signs of
subsidence.

No structural damage has been reported except for
some ¢ollapsed irrigation boreholes.

subsidence has occurred because of dewatering of
shallow aquifers and aguitards above the main
productive aquifers. Now that drainage of some
deeper aguifers is occurring, the following trends
can be expected:

increased drainage from the overlying aquitards
followed by further subsidence

lower water level declines as the main
productive aguifers become unconfined

The subsidence identified to date is minor. No
predictive modelling of the amount of subsidence has
been undertaken as part of this study. It is
uncertain to what degree ongoing subsidence will
affect the area. This should be the focus of
further work together with more survey levelling in
say 5 vyears time.
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7. Management strategies adopted to date to deal with
excessive groundwater depletion in area north of the
Spring Plain area are:

- reduced entitlements compared to those that
applied in the 1970s

- a total embargo on new entitlements and no
groundwater transfers into the area

- more efficient use of water .

- construction of farm storages to hold
tallwater, rainfall and flood fiows for further
irrigation requirements

8. Future strategies that should be considered are:

- further reduction in entitlements

- artificlal recharge schemes .

- changes to the floodway scheme to redirect
flood flows into the area

- substitution of groundwater entitlements by
reqgulated surface water

- returning irrigation properties to dryland
farming operations
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MAJOR CONTROL BENCH MARKS (BEDROCK) -
LOWER NAMOI VALLEY
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APPENDIX 1

Bore B.M. .Casing Original Survey
F.W. Length (m) Year R.L.{mAHD)
30070 157 169.4 1974 200,000
30142 360 170.0 1881 204.670
30188 278 122.2 1974 193.283
30259 912 132.1 1981 309.680
_30266 283 133.0 1974 194,966
30452 1005 80.8 1981 198.581
36036 1018 82.2 1880 182.420
36044 434 85.5 1980 177.245
36141 722 80.4 1681 171.6589
36250 800 81.3 1981 - 159.431
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PPENDIX 2

CONSTRU ON OF SUBSIDENCE CH S

Duration:

Personnel:

From 15th August, 1972 to early 1973

Due to the movement of the surface structure
in the Narrabri - Wee Waa area and therefore
the difficulty of measuring static water
tables, bench marks are being placed as
described below throughout this district.

l F+———— PV.C. cop
Ground ievel L

i S 4 RSLRY. 1% rd
Soil =

fa
N CO-"\CFEPG

:‘, 25" diemeter PV.C. pipe

20

v
\4’ “4 diometer stee! rod

proe 57t

Holes 20’ deep are being drilled, the PVC
being placed in the hole with the rod
inside, the rod then being driven into the
ground as far as possible or 5 feet with a
post jumper and sledge hammer. The casing
is then concreted into position and a PVC
cap placed on top.

The positions of these bench marks beside
bores and access is gquite good but only in
fine weather.

R.J. Taylor
A. Whipps
A.D. Ferguson



APPENDIX 3

SUBSIDENCE BENCH MARKS - LOWER NAMOI VALLEY

Bore | BM |oOriginal Survey R.L. 1??5 R.L. 1980 R.L. 1982 | R.L. 1987 R.L. 1988 | R.L. 1990
F.M. |Year R.L '

21263 | 279 | 1974 -199.822

21265 | 423 | 1975 198,994

21269 | 420 | 1981 -197.847

21433 | 927 | 1981 -201.028

21435 | 922 {19871 -204.883 i

21@0 .819 1978 - 190.190

25048 | 275 11974 -190.072 190,072 190.052 190.072 190,057 [ 190.057

25054 | 424 {1975 -186.721 186.721 186.686 186.701 186.660 | 186.664 186. 641

25216 | 919 {1981 -203.736

252200 BS8 | 1981 -206.483

25222 | 821 {1981 -209.554

251361 10497 | 1980 -1B2.272

25138 | 1019 [ 1980 -1B2.485 )

25140 | 1191 | 1980 -182.268

25142 | 1020 | 1980 -181.724 181.762

25144 | 1021 [ 1980 -180.066 180.096

25146 | 1022 [ 1980 -179.796 179.83%

25148 1 1023 [ 1980 -178.411 178.411

25244 | 435 11980 -176.994 ‘176.994 176.992. 176.983 176.989

25246 | 436 | 1980 ~175.969 175.969 175,964 175.930 175.956

25248 | 43% | 1980 -175.104 175.104 175.104 175.045 175.079

25321 | 433 [ 1981 -192.445 192.415 192.455

25323 | 431 [ 198% -194.695 194.633 194,694

25325 507 {1981 -195.307 195.215 195.233
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Bore original Survey R.L. 1975 | R.L. 1980 a.L. 1982 | R.L. 1987 R.L. 1968 R.L. 1990
F.W. | Yoar R.L
25328 | 282 | 1981 -197.054 197 .065 197.055
25335 | 1004 | 1981 -197.078
25337 | 920 | 1981 -194.4%6
0077 | 419 | 1981 -198.646
30101 | 913 | 1981 -201.361
30117 | 482 11981 -209.136
301211 483 |1975 -211.094
30190 | 272 | 1974 -191.700 191.700 191.691 191,690
30222 | 425 | 1975 -185.203 185.203 185.137 185.129 185.048 | 185.058 185.031
30238 | 347 | 1975 -184.379 184.379 484327 184,344 184,198 | 184.224 184.168
30266 | 421 | 1981 -194.999 195,005 195.002 194.996 194.996 194.994
70288 | 822 1978 -191.251
30338 | 1048 | 1980 -187.350
30330 | 911 | 1980 -183.286
1228 | 1988 -182.796 182.796 182.786
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APPENDIX 5

[ i - s r— o

PHOTOGRAPHS

[

5a Upward Movement of Concrete Block and Bore Protector -
Bore 25249

5b Raised Concrete Block around Subsidence Bench Mark -
Bore 30063 °

5¢ Subsided Casing Protector - Bore 36168

!

[




5a. Upward Movement of Concrete Block and Bore Protector -

Bore 25249




5b.

Raised Concrete Block around Subsidence Bench Mark -
Bore 30063




5c. Subsided Casing Protector -~ Bore 36168




GURLEIGH SECTION -~ SURVEY SUMMARY

APPERDIX 7

Cum
R.L. 1975 R.L. 1988 Change R.L. 1990 Change
FU283- 3 30266 194.966 origin -
FW282 @ 25328 197.054 197.065 +0.011 197.055 +0.001
FWS07 @ 25325 195.307 195.215 -0.092 195,233 -0.074
PUA3T @ 25323 194,695 194,633 -0.062 194.694 -0.001
FW433 @ 25321 192,445 192.415 -0.030 192,455 40,010
Cum
1975 1988 Change 1990 Change
FUZ83 - FU282 +2.088 +2.099 +0.0%1 .
FW282 - FW507 1,747 -1.850 -0.103 -1,822 -0.075
FWS07 - FWA31 -0.612 -0.582 +0.030 -0.539 +0.073
Fuas1 - FW433 -2.250 -2.218 +0.032 -2.239 +0.01%




APPENDIX 9

WEE WAA SECTION - SURVEY SUMMARY

origin Major (Control) B.M. F.W. 278 - R.L. 193.283 to A.H.D

R.L.  Rub. cum  R.L. o ReL. Cuw  R.L.  Cum RuL. Cun
1975 1980 Change 1982 change 1987 Change 1988 Change 1990 Change
| FW 278 @ 30188 193.283 Origin
: FW 272 & 30190 191.700 191.691  -0.009 - ~l 191.6%0  -0.010
FW 275 @ 25048 190.072 190.052 -0.020 190.072 - 190.057 -0.015 Origin 1988 .
FW 424 & 25054 1B6.721 186.686 -0.035 186.701 -0.020 18B6.660 -0.061 186.664 -0.05; 186.641  -0.0BO
FW 425 @ 30222 185,203 185.137 -0.066 1B5.129 -0.074 185,048 -0,155 185,058 -0.145  185.031  -0.172
FW 347 @ 30238 1B4.379 184.327  -0,052 184.344 -0.035 184,198 -0.181 184.224 «0.155 184,168 -0.2M
prot. 3024372 184.003 183.939 -0.064 1B3.956 -0.047 183.B47 -0.156 183.894 -0.109 183.8%4 -0.163
FW 1228 . 182.796 Naw 182.79%6 0
Base Cum Cum Cum Fum
1975 1980 Change 1982 Change 1987 Change 1288 Change 1990 Change
FN27B - FW272 -1.563%  -1.592 -0.009 - -1.593 -0.010
FW2T2 - FW275 -1.628  -1.639 -0.01% -1.633 -0.005
FW275 - FWa24  -3.351 -3.366 -0.015 -3.37 -0.020 -3.397 ~0.046 -3.393  -0.042
FW424 - Fws25  -1.518 -1.549 -0.031 -1.572 -0.054  -1.612 -0,094 -1.606 -0.088 «1.610 ~0.092
FW425 - FW34T 0,824  -0.810 +0.014 -0.785 +0.039 -0.850 -0.026 -0.834  -0.010 -0.863 -0,039
FW347 - 30243/2 -0.376  -0.388 -0.012 -0.388 -0.092  ~0.351 +0,025 ~0.330  +0.046 -0.274 +0.102
30243/2-FW 1228 <1.098 HNew -1.108 -0.010




APPENDIX 11

MERAH N SECTION (N OF SPRING PLAINS ROAD) - SURVEY SUMMARY

Origin Major (Control) B.M. F W 434 - R.L. 177.245 to A.H.D.

R.L. 1980 R.L. 1982  Change R.L. 1988  Change R.L. 1990  Change
FW434 @ 36044 177.245  Origin -
FuG35 @ 25244 176.99% 176.992  -0.002 176.983 001 176.989 -0.005
FW436 @ 25246 175.969 175.964  -0.005 175.930 -0.039 175.956 -0.013
FW439 @ 25248 175.104 175.104  0.000 175.045 -0.059 175.079 -0.025 |.
L1191 173.701 173.705  +0.004 173.616 -0.085 173.676 -0.025
*FWO6 @ 25300 173.691 173,682 -0.009 173.569 -0.122 173,622 -0.069
*FWA3S @ 36046 173.284 173.286  +0.002 173.183 -0.101 173.235 -0,049
FWi227 172.177 172.241 +0.064
Base 1982 Change 1988 Cum 1990 Cum
1980 Change change
FWA3L - FWA3S -0.251  -0.253  -0.002 -0.262 <0011
FWA3S - FW436 -1.025  -1.028  -0.003 -1.053  -0,028  -1.033  -0.008
FWL36 - FW439 0,865  -0.860  +0.005 -0.855  +0.010  -0.877  -0.012
FW43s - L1191 S1.403 -1,399 +0.004 1429 <0.026  -1.403 O
L1191 - FWG96 -0.090  -0.023  -0.013 -0.047 40,037  -0,054  -0.044
FW96 - FWA3S -0.407  -0.396  +0.0M1 0,386 +0.021  -0.387  +0.020
FW438 - FW1227 -1.006  New 0.994  +0.012
E
* Because subsidence is occurring at the northern end of

this section bench marks FWgé and FW438 are included.
These marks are ramset nails in concrete at bore
collars and don’t have the reliability of the specially
constructed subsidence bench marks.




APPENDIX 12

MAJOR CONTROL BENCH MARKS (BEDROCK})

MOOKI VALLEY

B.M. Original Survey
Bore F.W. Year R.L. (m AHD)
30063 627 1976 - 321.161

SUBSTIDENCE BENCH MARKS - MOOKI VALLEY

B.M. Qriginal Survey
Bore F.W. Year R.L. (m AHD)
30002 685 1976 - 286.873
30003 688 1977 - 28B6.726
30063 685 1976 - 320.9389
30085 657 1976 - o 328.506
30274 656 1976 - 323.646




5
¥

7303()2 ' 7 ~Z 7 =
36325 436224 9]
36254 FWIT 0
4736363 ) ) 36046 &
z
/ 5736223 25300 ™~
36253 £ 11191 36
£ P
8 26397 / T TN T | 23299 7
. -~ 83622 I {33()128 e
\\ 5249 Beliato &
= Ie.25248 FW43R AL 'r\“\\:_
AN O 436045
( \ = [A25247 /]
e Gofagiey
: 36220 Ly 252446 FW 436
o\ (3) N A
45 = Sy :
. 436323 = 02384 Fww),n “ -
% \ 5244 Fw 435 A Z3 {
— e, S 06044 Fwasd o2 400223 o
536219 SPRING 7~ e T e ' Qarsompw‘izi*%
v,
- N 625148 FW 10235 ~ éf \
{,q 25055 : 3
a36218 - b2suy \ . \\ \
= R36043 \ \Azscm Fw424¥ A% N
. g 25146 Fwi022. % X g , :
e 30339 Fw.9N 5053 o \
" 436217 = izsus N g” - \
25052 ' — 832524
@ 25144 P 10210 \ \ oz I
\ ! 25051 . 9 Azsiz
N . lasoso \ /U «125322 -\
|- S ! "y
N 25049 25323 Fwiat
pvazs /) - l{ 30285 O
25140 Fw N 71K o 75 4125324 N
30267 A ‘_\{{30311 ¥ AN\ ~
. - P L 25325Fws0730077 P 193 _ T
: : \ ) 0‘7 &J 125726 421267 \ A’: V\.\\ cf‘?
i \ "%\ \3 q e SEID9 Arne ; i 30190 rw272¥. 102668° é&30(}92 PEN, <
3 T 5 ot} 2 L j:- Y a%6061 75045 Fw 283 TN (D 55397 2 T G
\ ~~ 36154 A% Cubbarcso --vf-——‘*‘(:" L ,A’q ~% Curse Hotlow 9 FWAZ1 K ) SN0 \ N Vi
\ e Merch N 56036 roia 040 LS 25044 Nrw 282 25328&30098 - p
;/ Bl 136 FPwi017.26 FA’?/?MI 5 25379% .o o A21265 Fwd23 3K :
# 3605 30280 30281 2T $asoor) \ Bobbi.,
/ G a 360232 4 1477 00 ., IS ans4 /m-v{o
236155 36066 7 L‘S\‘JU?_('\’ L3 \ﬁ,{gord /30288Fwa EECEMEVIASS ,35?379\:;“;;;7‘ ~
” &4 ™~ F oS Creek a3 350 2 - 253333533 30102 ~ -
: G \ 360658 A5 N S 2 25336 A25419 % a2 o
\ /’/%ﬂl"ﬁ\f“’ 214804 "&i& SWA £001 A253s VA28 st *?/;,@P 5591 : P )
R I ,!36064 Hobw 8197 25337 };25335 FW 1004 62“”/3 P
/ C_‘) i 2]48] ‘*?& - A30451 A252]6 ng, ,¥_ //. .
PSS i\) [ \ 25338 Q2% 100 221433 w9236 20114 \ fff' Sy
) \‘Q;\:“‘:-:;'-:;nnz'ﬁ’“"* ( — '-'F “ +' e \! 2! - \ 30450 ) 32 %1‘}8& 0,42.252§7 . . .
* pPrildeol Nen [\/ T36063 \ AN\O f 482 25339 30445 ‘ 303093
Riv \ N 7 1499557 o H?Fw«saz)f-
R Wl | /25010 25340 o S 3018\ -
%, AN a38157 5 T i B _J asonof w922 2“‘35‘#‘ G 302N
I _W/I,M—J"\\ 36062} /2\/’\»\3 \ W , 2534] 3048],.& A
H} @ { - .--\\___:/ \ 250]2? 21435;3[‘1 q FWABS 30]20 Qq’b \Q
e 0 <. T 360204 L cToTle) JRERN
C ey \ Azsrmz h RN .
“ NN =" 250*3A 4 21437 545 ]
//O ™ —’V‘\‘{!b e e 25%43 S L : f_ul L
SR E/\‘ Creek __7 \3 \ AN T e i 4 250!4 * Mﬁg 21438 Q\ NARRABRI,
3 “\{\( ~ Wq/\f N —-%E%ﬂ ! . <?,.,_ 1. .
A o et S i - i \_90/0, 250154 ﬁ\--——--—"’ — T e 2 2147 — —, *Wee Waa Nol
—— . e "“""\‘_\/o// q / T Abondoncd 25225
3 — o N \& //
\ ! 3 60 ¢ (& Y Yorre 0214712
{ N > @ 825226
i) s N (l e : S loke 2
. DEPARTMENT QF WATER RESOQURCES
LEGEND HYDROGEOLOGY UNIE - TECHNICAL SERVICES DIVISION
A 36044 Fwada Major{Conirol) Bench Marks { Bedrock) LOCALITY PLAN = LOWER NAMO!I VALLEY
25244 Fwass Subsidence Bench Maorks (C.T.} Scale 11250 00O
@ T Zone Boundaries 5 ¢ 5o 19 15 Kilometces




L Appendix & -

1 h s

T T T Ty T T T ST mg s e m- S I ST N LD T T L DI I IIII I DI LI NI I ITITITIIII IS IIZITozroovo=so=- oo o-- oI IIZTItinITIzzZZIzrooocos
T | F >
T — o - — — — o
o —
HEEN b= % 5 m s 3 = 21 o
: = o = =] =) =} o = [
w B o El 13 i3 H ] - el -

1950
197.0655
196,390 -
195,233
194,535 _
196,694
194,696
193,656
193.656

f
1
1
]
1
i
i
r
'
1
{
1
1
i

1

[

1 i .

y - B e e T T Sy B
k) " ¢

[

B.4
1588

196.393
195,215
V194,513
194,633
194.633
193. 601
193,601
192.415

1
i
3
i
i
0
1
'
1
t
1
1
1
i
1

s
196,695
194,695
193,635
]

193,

i
)
1

]
t
1
]
t
1
1
'
[

B.1.

W 431
FN é32
FU 432

SUB.B. 1,
SU8.8. 4.
SU8.B.H.
F
3B.8.4.

SU8.8.4.
F

[N}
14
i
i
1
1
]
1
1
i
!
i
i
1
i
1
]
E
|
i
[N
i
1
|
+
i
|
1
i
1
t
]
'
t
'
1
'
(N
[
ri
I
i
1
1
'
1
'
i
1
1
'
'
]
1
¥
]
'
1
t
I
1
3
i
'
1
i
]
[N
i
t
1
i
t

1
i
'
1

it

cowaul

- 0.972

- 0.07%
- 0.073

CUM.BIFF.
+ (.G08
+0.001
- 0.001
- G.001
- (.00
| - 0.007
- 0,003
- 0,083
- 0.0
- 0.001
- 0,07t
- 0.07
- 0,092
092
(83
- 0.263
+ 0.060
+ 0.0%9
+ 0.057
+ §.057

+ 0,041
1+ 0,020
+ 0,020
062

¢

t
|
1
3
1
t
§
1
1
1
N e R Ut R T S B T, O e = o e e e e e
i
o 1 Snﬂvﬂw W ~3 w o - [ e B P ~ O -~
T — u ~ e e e e A ) R e R I e IR e g ~3 e Pl I
L > o = 5 & FRRE LA s = S~ > N4 &R ER FF o o oo o &
C ‘ P A = I = — S I — e e S X4 o X =D P - P = iy
¥
e e O U I B e T L e s, U ST
i s i
(/24 B 3 1 M~ o e ™~ oo ~ T~ ey o oy T~ o0 vy e o @ v o o W oMo o
| i ARSI =R 2 =& d RS o > mmm.l..u_ &~ &K~ v - & D
Mmm“%._ IS A N = O %23 6?7&6? pas < o - vy [ o Lot B Ty ) —
I [T ] o~ e o~ e M~ o~ [ogR=1 9w W W W o W o W wouy g ~o e s o
P i Oy o o on o o ERE oo T o o o o T o o o O o o o o o o o o
G S T e S R et e e — e S e Do P o ) — - o — — S i —
it
- T —— e T e e T il TS R N e e e Oy L R
w i
It} e e — O D ey o — O~ W s = o %)
w_uw An AR B e o 2 0N g M~ &3 o M~ N ooa — e e (N — ~ e Lo I B &
H AR R P A . PP . . .
R Ho e [ T T D el 66% Uy W oW oy ud W W ou D u Wy oW - ~>oe e %
1" oy o oo o o o L=l = A = AR S A S s S o o o o o O o O o o o
e } [ - AR A T e = S e e e O e S N = — e = i
"
G e B i v A e e i g — e e e e e e m e m o -
¥
~2
.fll

[
1 ™ D ey — o — O R o T ] " i A R | 0N N — e — Ny ~t
1 —— L L T el =l oo — el el _— = LI = _— — = — O S
h o= - pred oy 3 ;e it ~ =3 o~ o o~ —
I o (ol o h T ’ — N T O ol o o3 < o
] -y ~ ~3 = Y O ~ [aet] ~y ~3 Lo oy
H b Wy uy [*¢] bl o} LY ] Yy L © o v
i 1 o 39 o It s [y = & ] 34 Eavs o
1 —

7
()

+ 0,046

+ 0,02
019

+ 0.005

O
[ e
[ R o)
<

'

=1

CUM.DIFF. | BORE-PYC
a.

+ 0.612
+ (.002
+ 0,001
- 0,002
- 0.006
- (. 004
- 6.0m
- 0,009
- 0.01
-0.004
~ .07
C - 0.073
- 0.092
D= 0,092
- 0.092
- (.09
+ 0.081
+ 0.061
G.057
+ 0.05
t

.t

1
i
1
'
1
t
!
1
1
1
1
i
EH
il
]
]
1
1
'
rrigation channel and its stapility is in dowdt
1

L
1 Hoo— - b e e - - - =
i l=2)
: .
I ~r (o T [au I A VIRV 3 <3 e PR NS B o BT, Qe [+ ] ~) [ [ Y A
JER v [y O N ] & m r~ A= B Y R R ) & o 9 R Uy gt o —_ s el
n W “_q — LR S N T ~r e o R T & -t RS oo N i S O D [EER R A1 o~
[ I T B | E i S R I e D O B B SNV BT o Vo u W W w = o e ey
1 it - o on O o EaRRCARE = o O O LR A = S = S~ - o O oY on o O o o [=a = s &
it I oa- — e Sy e e T e =St e e T — i Ta S e e —
i ¥ o
[ L o e e T UL T U S S R T e - R R T T -—
g TR g 3 K 2
+ 1 w
= " . £ Bp\\w = - o M L - RS- M= 2 oD e oy 3 e MN [ &« >~ L B ] — D ~ WY O - - o
L TN - < I T B — M- e SR = <7 ”H L ™~ v o~ o m fan] p==RN e -~ LSV I S o w Lt RS R -t D % UW e (-]
"“ TIL w" % ﬂ CI. LT e A o) Lot T —— ~y ~y B B o o0 Lam T e B e — - m wy s ~) o w m EAS L..m ot —
- - . - - . - . - - . - - o . - - - - .
N < B o= R . o S i Ean i i oD WD WU U W W u LAY+ I Ve BV ["aEYy) R = w e — o D Ear Bt B ) W
oo "o o= Oy O oo o o~ O O o o O O O O AR =LINE - o o W o oo o o o o7 o o o O o
[T 1 v e e s T e e e S w4 e PR — = L G — e W — uu e A [ iy P~
# oo L @ b m
m ! Ty TT TT TT e me me e e e e L d o e o e T i I = R - T TR 4 - e == % e - = = m -
1" 1 - >
" =) [ e
W 1 (LI [ B = T N~ I o oy o MFOOY @ Od s ey A B o] - S~ o M~ L o I (=] n& — e
oWy gr o [ S T T =+ D o = el S - - NS T oL Y o o g 5 s =1 I UM Wy R G
o ooy [= L~ M~ & [N L T N [ - = T S 4N e pay oo ~od o W. & ~% e g o
- n - - - - - . . - . . . . - - - PESN s - - P - - - W
1 [T TR+ 1 [ T o) Ea SO D O R T o BV SRS RV I Wl un vy o 4 @ 2 = w2 D @ e belll e e [
! 1 f oo o o o o~ 4 o o o oy o oY O O O oo O o o O o a [ S o o o =
) 1 [T P R R e — s S T 24 44 T4 S S O i ] Py — oy et e a -—
1 n < el < iv)
B iU VO B < U & oot oo QA - = = S e e e am e e B e
it oo
o 1 &= [-Th- 1 W
o o 1 - ~t ™~ [t} =] -y =] [t [ w2 wy ~ o
H w 1) v - . . N —_— . QO . —_— . Mu =
1 n o — r~ =3 uy uy ~ ~cd [ ~t g ) — — = P o %
I == T ¥ o o o o o < v W o = (=} @ o~ s =
! it 1 > e o -~ = - -t = — F<) — ey 3] S —
! it nooa o <
1t 1 — P [t sl
“ " " cﬂ.._ m o m -
T M T W B Ty T T T me e e e e el e oo e m L ol S mm e e m e e e e me e a2 —— e = A7 m e e a e L --
1 1 5O I~ % 8 ™ 8 R 5] a
] 3 M — racs - s 4 - 4
3 h [T — N g — O — i e B - T — N WY o — oy 0 — — =) — N — u ~t m
3 Bl e Them e el Sl =L — el e =l D —— el e — el . B — A e _— e el
1 It it o) ™~ O wy ~ — ~t D ~ ] 3 = o — o €~ — —
IS il et
I 1 H aw U\\w m..\w ") Uy uy ﬁ o m HN a3 oy W [l % L4 mv m
! H i o3 o I3 I ~3 o1 = e ] ] — o - O [a ] o~
—
e e I S I I IITZoTmonTommommmm e e e ol e ST TT mm mm — e e e el e e e e e e
W omm mm mm = = mm em e - Lo Sl I DI IIIZIzIzztInI- T T T TT TT TM ms mm e e e me e - L LD LI DD IIIIIIIIITIZ T ZZZon- - = e -2 oo 2222




; D gl mm ma ok m mmime e mar o m e v mm o e e e e e mm mm e e e mm me e mm e e e e e e e e e e e oo - e m e mrw m e mm == = _—_ -
[s] “. e Il mm mmma == mm mm s == w s m e o == emm =% oo M m o mm mf Al mm ad w2 -h - ol o O O LD oI - L oo IILoTTLDnTZZIZzZZnIcTZC )
@ | bl W — o Wy o o o b = P P w o
H i — % — —
1% i W x W =1 m s [ < <y <« < [e=3 [us] [ €
. «..nlu : _“. = [ =] = = =1 = = ] [a<] [== = 3
- [
. M -+ 1 ] ] 1 ! 1 1 H t 1 ] -+
R = : u..m H*
[h L U SO, O,
Qi o I
’ I g I
o g T g
=<f : i
: i
H 1. [}
S OO U U, O, U e e e e
: o - —
: w3 ~
H % 1 m <2 o
S & b A
i 3 : B - — -
R
et il mm dm P mm e m me e m me e M mm e m e e me e e e m e e e m e mm e s mm e mm mh mm e e e e e mm e M a = et e e e oA e e me mm
Lol
b o r~ o m foued vy wy o e o r~ z
H [ Fan E g w)
~ g 8 g 2 g |3 < & 3 5 g 8
i : > . !
! o] ] [ o
SR = & > = & o = & o & & & &
| = o = = = o = = = = = = =

1
1
k
3
1
|
)
'
1
i
1
'
|
‘
|
t
'

kS
[
1
i
1
1
1
1
H
1
I
1

1
1
i
i

8.4
1
1
1
t
H
i
5
H
t
1
3
i

i

o
1

i
|
1
1
1
'
'
'
1
1
1
'
'
'
i
1

1
'
t
i
t
+
i
1
1
1
]
t

1982
190.081 90. 080
190,052 1 190,092
149.892 89,891

193.280
192,368
191,823
191,223
191,630
191,691
150,967
80,759
191,018
190, 686

t
'

]
t
|
]
i
'
'
i
s
'
[
'
1
'
'

'
1
i
i

i
i
i
i
i
t
'
i
i

193,283
192.898
191. 4837
191,247
191.700
190,023
198.792
191,047
190.701

1
1
1
P
1
1
1
1
i
!

196112
90.072
129915

1 H H —
H : ¢
! R T i i VU
. 1 : :
i T : =
: I T o [ =<} — oo ~y o) - - T W O
. 4 R = o~ = = T~ T & ~ o = pe) a3 o ~
x= E o o3 o o~ [ =B at] o — o4 - e =i
o5 | “x = el -x vl T o = o = = = x S =
' i
) ¥ 1 Lo o L L nlle L. L. L (¥ (e LZa I [T
H ;
i I .. - - _
T el i T e Lt g puapuuieb i o
How M ot o~ o et =g s [ m el vy e o) oo —
= == (=] & [ =] =1 =1 = jan = SRR
r - = o o o o (=~ o oo (=~~~ (=R~ o oo [~ = oo o
; 0o
: w [ [ [ LIS yoor LI T o [ (R
i
m k)
§ = ; .
H . '
”‘ . . i ' ‘r.f i * ' HE S e g % u
: "_: i = I AT : (i | i S S O o
i " o = o —_—
N — o O~ o OO
- = -
——
t~ wy ~d 23 m m m -t o o O g o L2 P et 0D a4 m o vy O o
T o ~— —_ o o ~ - &3 &
s AN = = o @ = SN A 2R & & = & 5832
C =3 My oy e o e ool — — et e o — et e — = % —_ - —
E —_— e e — et e — o e — e e —_—r ekt — -t —
2 2K
< iElg Z 288
< T HE =
=] J R B
— m o o O
1 m W g a2R 3 = - =F o = 8 o — ~
ol isi S mZd |28F |83 |2EE 5% |828 888 8§35 5§ EEE
= e e o e i 3 [ i - P e — — e - 3 3 — —
“ P o o O o O O %.,_ % % o O o oo m_..l. o o A=Al =l o i o % % ooy
; ZE = Z == Z = =% = = =2 =2 N = 44 == AR = =D o
[
i —_ i B SV e e e ee o o
s o0 e [ ~3 o ~ o MO ~F o e A [ A e TR SR V)
1 o w AR 32 w O D w3 g = s S F o o g3 4 S U G e
I e S L R S & o D & F oot HUW s = 0= B d & S RS &S5
it 1oos o o e oo — [ — - — o e P R [ M !
t ol o ot o o o &> o o
A 22 gEE 18288 157 |FEF gz EEE (288 |ggF 7 7 g
oo |
3 — O T TR R B ¢u|...|?“Nwllnlﬂu||..f1!...mh.|.d||i'..hlabn\w.;qul7_|ﬂ>..:}Unmznaunnxvﬂhm.,unas\
' — el D <=l =D — e =D — = el = L=l =l — — =D I = — el
[l % . ~t o uy % ¥e) fow) e w «Q v
" ' ] ~ st ~c it = O
_ g = 2 = 2 g 3 & 2 =
r Wy
" s & = & = 5 = o ~ o1 =
i 1
[ I i e L VU . N VU A - -
w I - I .- -z ZZT I T IILo Ll InITnTLIIIznIIzcnicIZoocos R SoI T In T T T LI ITtIToIIToInZIotIoIoiiitonoTiox z z N
i " . "
1 t [T o D Wy el oy o3 e > L o o) ~> —
1 H [T % - o O e % o W. Ll ~> .aNW £y Pl m «...fl ~ s m m 4
= i S S5 S o o & ) &S s ] o> <3 o O © oo <
¢ c o oo (SR o o o [t P R o [t [ == [=] @ o o
o) ' - -+ el 1 1 1 L 1 i 1 ] v t Ll ) 1 ¥ + 1 )
s
! =2 B T U
o
-~
; 5
1
i
! [ B U [ e e e e e e e e el L PR -
o3 o
o O =5
% ~Y o [
& o o —
— & & o
b -
E
1 H
1 B e e Tl T TSR = e mm ot e omm omm o ommmm el ol el e el e o
' "y o4 ot ner o ”
m ”_ ﬂm ““ o O Q/ o — O D - R 4 ~ ~ ub D w7y Lt Y >
e T Qo M M e ~ oy i — ot i — — e ed -~ ey —
> ] -— o= . O~ O~ O <o o .
ST ig |s8828 CROR I R EF |5 A R 288 1F g8 z
[T I
1 i -
m £ T Tl U U S R -
1 "nooo
I ] &= 5]
N o i
& H R g8 5
oo Ja = Z
[
B e Tt B Tl
H : =2 o o =] = - wy -
] 1t = % % % w O W O (Vs Tl uy “.w i % m % = % Mtl/“ w
w "" FPI- @3 e T B o S O - ~at ot 2 -1 ) w oy ~> uy <3
& o ) o — = o~ e — —_ et e — = .
— u - o o O - o
e S R RS IR K g o |E ERCT B> g & 7
=~
! e e e ety S R -
—
T I L) ~ o R B == ] ~t <> =
(B .W. < <& w3 i ot e ot 5 — s+ e o 4 e w3 o0 =
[N a w =M o o MoeS s ; [ ] o —_ — e - :
— u O & F ot gt ot o o=
Py |<Z2EE Z2RE | zE g RN R R g & &
L H
“ — "" .w B e e e e —— IVI' TT TS TS TS YT TN T Tm TS TS mm M m e mm e m e — & m e ek e = e e e mm oam mm me = — e e . P ) - -
1 I
“ "" \ ~¥ r~ o < -~ o o - [ o< o
! no pac] o — — v —t =) < = f=t o
soE oo = < < z Z o < < < i e
H "o
. [T
" [E3 a
il o Bl T T, U L R R -
3 I T ) A o4 UM
3 e — e el wLoel =L BN P Ny g halgioN b= o 2 Pt a2
r H " < % ~—ct — o _— ~T o m~~ o4 =] 3
[ ] 3 ~c? [pe ) =4 ﬂ t f=] ~ [oye] =T £
1 ] e o — m -~ 3 r~ [} i) (e ) ~y [an] -~
i t Hoo mw uy U [al Wy
] 1 H on [N L] o o o
S B
; ] n&
I mm == mm o o o e e e m i me D e mm e e mm e e mm e e e e e e U
H o omm e e a0 o WL L Lo o DI I LI I I I oL Lo« [ - ——— e = WD DD DI CT T IICITIZOTT I




s

rmenh

i

B

[Py

TRE ORI e

25049/1
/2

13

199.0

190.615
190, 385
£50.3%0

196.596 |
190,543 |
190.530 §

190,594
190,537
190,524

180,604
190.546
190,526

190.601
190.5464
190. 524

25049/1,
2
/3.

190,615
190,595
190. 47

190,390
190. 546
£90.510

190,592
130, 546
190,508

190,586
190. 550
150. 520

1
b

190.593
190,543
190,514

190.163

190. 169

190,176

190.17¢

189.95¢

189.976

189.777

189, 562

189,514

189.497

189.515

189.515

--0.047

133,143

189.130

189. 145

189. 147

188.871

158.84¢4

188.853

188,839

188.901

188.926

+ 0.655

188,584
188,580

188,584
188.577

188.598
188,591

188,598

188592

188,191

188.153

188.175

188.184

188.206

188.212

+ 0.021

187.789

187.786

137.812

187.820

186.8%6
186,896

186,878
186,873

186,885
126.887

186,855
186,855

186,587

186,721

186.5

pva)

186.586

186,555

186.4681

186,355

186,660

186,574

186. 664

186,558

186. 641

- 0.029

- 0.080

186.028
186,062
186.076

186.557
186,103
186.063

136,018

186,090

186,051

185,829

185,304

185.30

135,763

185.785

185.775

1
(oo
o2
N
o

185.803
185,868

185.812
185,876

185.733

1855§§Q~

186,979

185.203

135.137

184.858

185.109

18€,608

185,068

184.832

185,058

184,824

185.031

184,242
184.303

184,152
184. 164

184.160
184,167

184112

186,123

- 0.210
- 0.169

. 183.962

L

t

]

i
184,857 !

]

b

1

183,968

183,969

183. 864

183.898

183.892

184,518
186,390

184, 286
184,268

184,469
186,245

- 0.129
- 023

184139

186,379

183,248

183,408

] ] 1 H I ] 133 1 1
H I 1 1 1 1 ] 1 1
1 i 1 1] i ] [N 1 l
1 1 § B 1 ] ti 1 !
i i 1 ] ] 1 (XY i 1
H 1 1 ] 1 ] [N i 1
: : : II b 1 r E i ] ' 1
250807 189.3 1 190.G70 ) 190.022 ) 190.005 ) 190,077 | 190.028 ! Po- 0,042 1 250507 190.G17 1 189.971 !
¥ 1 3 1 1 1 3 | (W] 1 1 t
i i 4 1 f 1 1 1 (W] 1 1 3
250511 188.8 | 189.28t ) 189,249 | 189.253 ! 189.789 | 189,302 | 189.32¢ ' + 0.043 2505%) 189.168 | 189.134
1 ' 1 3 ] r ] 1 [N 1 1 '
[ ] ' 3 ] Il 1 1 [N ] ] ]
/0520 1881 1 18B.660 1 138.628 | 188,643 | 188.649 | 186.676 ¢ 188.678 | +0.018 !' 29052/1 188.408 ! 188.573
: : : ; : : : ; o f20 188,500 | 188.568 |
y : ' : ' : : : " ' : :
20550 1878 0 187.830 0 187.830 1 187.830 © 187.831 ! 187.360  187.865 1 + 0.035 ' 5053 187,783 1 187,782
: ' : | i : : ' N : ' '
T 86,5 1 i87.024 0 187.009 % 187.000 5 186,995 | 187015 1 187.000 ! - 5.024 10 25054/1) 186.946 | 186,509 |
' : : ! ! X : X b 170 185,14 ) 186,904 ¢
X i : | ; : : ' o | ! i
X : : o , ' ; L : X : i
AT ISST L i86.EH 1 186199 1 lE6.:Bd L 136,155 0 1B6LUAG 1 186.%%6 | - LoD ' . 186.086 | 186.07%
: ; ; ; ; : ; ; :; : DoBs
| ' i ; i . : : i ' | 186.096
‘[ : : : ‘I 1 1 fl It 1 1 1
] t i [ i 9 1
LTI BLG T 186,039 1 185,972 ) 135,942 1 135,883 ) 1B5.897 1 185.364 | - D.IYS 1 M2 185.957 1 185.39)
2 V186,129 1 186.061 [ 186.032 | 185.974 ! 185.982 ! 185.95% ! - {0,175 ! 12} 186,027 | 185,958
: : : : : : : | $ | : E
' : ' : ; : : : o , : '
W21 1839 L 186,672 1 184.566 | 184,661 | 186,566 1 1B6.590 | 184.570 ) - 0102 ''  30223/1! 184322 ¢ 184.308
Il 18605 § 1B.6LE [ 184814 ) 186,510 1 186.542 ! 184.538 ! - (.07 ! 20 184,292 | 1B4.25%
' , ; : : , y : o ' : '
EUBAT T D 8433601 136775 7 1847220 1BG.683 1 iBAUUSR D 134742 0 - 0.09 0 OBBJL 184,598 | 184523
21 186,706 . 184.653 | 184,85 | 184.570 ! 184,621 | 184.588 ' - Q.18 ) f2) 184,476 0 184.393
0283780 1BILL D 183551 0 183,891 1 183.835 1 183,797 | 183.838 1 183.788 ' - 0.163 '7 I0263/1) 183316 1183.75
i DOi84.003 | :83.939 1 183.936 1 83347 ) 183.894 . 183.340 ! - 9,153 ¢ 70 183,710 1183.649 ) 183643
3 POIB3.336 1 183.779 ) iB3.774 1 183.486 @ 183.727 1 183.678 0 - 0158 ) J30 183,486 1183414
W39 18205 iAbandened ~bore backfilled : : , : : : ?A-
. : ' ' : ; :

]
¥
1
!
1
4
'
i
ll
i
4
{
i
)
1
i
}
1
1
!
1
I
T
1
t
i
1
'
'
I
b
i
¥
1
1
1
'
|
1
i
1
1
1
1
]
1
1
1
1
i
I
i
1
1
'
1
1
i
]
'
i
P
'
|
'
b
b
b
]
t
.
|
1
'
i
‘
1
1
i
'
i

183,164
183,354
183,518

183, 204
183,596
183.361

183.14%
183,551
183.313

- 0,167
- 0015
- 0.133

183, 146

{
1
'
i
+
i
¥
]
i
1
i
]
1
i
L
s
1
1
1
1
]
'
t
¥
1
1
1
i
3
i
i
'
|
|
t
¥
i
i
1
k
1
'
£
¥
|
H
P
+
]
i
3
1
1
|
+
b
'
1
P
]
]
t
1
'
]
t
1
i
]
i
1
i
i
'
'
'
1
1
[
'

|
1
1
1
1
1
!
1
N
1
i
f
i
|
b
1
I
1
!
1
i
1
|
|
t
t
]
1
I
1
|
'
'
'
1
1
|
1
1
]
1
1
1
!
1
i
+
4
1
i
1
i
\
1
i
1
1
1
!
1
]
'
i
i
1
1
1
i
|
i
+
i
'
1
+
1
'
'
1
4
'

1
184.08¢ | 184.084 } 183.998 ! 184.069 ¢ 184.015 ! - 0.im
186,327 0 184,326 ) 186,198 1 186.226 | 186.168 ¢ - 0.711
1 1
1 1
! 182,994 | 133.038 | 182.9%0 ! - 0.1%
COlB2.7% ) 18238 1 - £4.5i0




warigard

4
E
i

Appendix 10al

1
i
]
+

£
:
e e |
RRIIZZZRIII

'

SIRIRINIzzozzzaodm

181,762

8.1

LI B

41

B U P P SR

+ 0.033

1988

182, 146
181.691

0P OF PVC

1982

{028 CAS)

1980

NG PYC
181.658
181.684

182.105

MERAH NORTH SECTION

25142/1
36062/1)

BORE-PYC

(]
(]
1
|
i1
I

0.039
+0.030
+ (.041

CuH, DIFF.
+

1
'
i
3
1
!

1990
177.265

1988
§36 - R.L.
182,158
screw on Lid, could not be removed
181.708
181,741 |

TOP OF PROTECTOR

1982

4
1
!
<
t
b
t

181.678
181.700

1980
182.119

'
'
1
1
i
3
1
i
P
'

GROUND
181.5
186.8

t
I
|
'

251462/1
36042/1

Origin of levels - major control B.#. F.M.

-

i 1 po18LT
t i 1 1

/2

[N}
[
1
1

i
i
|
t

| 1
] '
1 t
r t

1
'
'
3

[
(N3
il
(N
i
]

¥ 0.035
+ .04
+ 0,063
+ 0.07%4
+ 0.049

1
1
]

t
!
1
1
1
1
5
3
b
1
1
1
i
1

178,913 ¢
178,411

180.058
179,422

180. 096
179,969
179.831
179.535

186.615
179.743

1
{
1
1
1
|
'
1
[}
1
1
4
i
I

o
i
1
t
t
¥
1
'
1
1
1
]
i
t
1
i

180.066
179.882 |
179.670
179.79%

178. 864
178. 336

178,411

180,580
180. 014

]
]
1
i
1
1
i
1
]
1
1
i
El
t
1
1

C'BAH
FH 1024
FI 86
Fiy 87
FN 88
FY 89

w3

FU 85

W 84
B.M.L1067

FU i022°

SUBLB.K. -

[}
[N
0
i
11SUBLBLH
i
i
(]
T
[ 4

- 0.013
+ 0,040
+ (.040
+0.037
+ 0,049
+ 0,03
+ 0,082
+ 0.0%
+ 0.069
+ 3.63%
+ 0.023
+ 0,031
- 0.012

3
1
"
¥
i
t
]
1
1
3
]
1
'

1

{
i
!
'
t
|
b
|
i
t
|
i
1
1
'
t
|
i
t
+
1
[
3
i
i
r

180.889
180.393
179,253
179,137
178,776

180.392

180,209
180. 246
180,244
180,068
186,033
179,968

180,398

1
i
1
1
1
]
1
1
1
I
I
'
0
1
]
]
i
1
1
]
t
'
i
|

(1020 CAS)
N PVE (102en CAS)

14
Pl

06

£
\
i

80,902
NO PVC {102ma CAS)
89,352
120, 349 !
180,197
179,99
179,964
197,934
179,230
178,792
178,792

180.
180,214

179,

1
i

NG PVC
180,353

1
13
1

1
'
i
'
1
|
1
0
1
1
1
1
'
t
i
!
1
1
t
b
i
i
1
]
|
i
1
1
1
H
i

/2
3
/4
5144/1
i2

f
Je
251461
2
13
514741
2
25148/1
2

bl
<

28148

2516311

”
4

Lt
1
(]
i
il
[N
. [
+ 4.081
3
I
1
i1
[
T
i1
1
b
P
H
v
1
Vi

+ 0.035

+ 0,033

+ 0.032

+ (.039
078

+ 0.086

+ 0.086

+ 0.081

+ 0,061

+ 0.065

+ 0.059 1)

+ 0,064

+ §.020

1
i
1
1
1
1
I
I
'
1
1
'
1
'
'
1
1
t
'
i
t

i
1
1
1
1
1
i
H
'
r
|
1
1
1
t
|
i
'
)
1
'
1

398

72

185,578 !
80.148
180,152
79.

179,30

180,190 |

178.940

180,424

181.850
180.420

180. 828
180,967
181,105
180,620
180 %

1
X

LUG REC. 30X
LUG REC. 80X

i
1
I
1
1
i
i
'
1
1
1
1
t
t
t
1
1
]
1
b
'
1
1
|
i
1

1
1
1
1
1
s
'
1
i
1
1
1
i
1
1
1
]
1
t
]

181.015
180.795 |
180,935 |
181.070
80. 581
186,297
3
180.338
180. 109
180.087
180.087
179,339
179.259

180,494
80.

!

179.8
1792
179.5
178.8

180.%

i

25144

2814711

2540611

2548311

[N
i
1
[
[N
K]
i
i




QO
Ll
LX)
©
o
@
Q.
a. .
S 8

e
1
1
|-
i
i

FRJOR CONTROL,
8.1 L1186

- STUHP- <

)

t

[N
[N
it
11
[N
"

- 0.008 1!

+ 0.088

i
1
]
1

177.280
176,116

177.246
176,088

1
t
]
i
¥
i
1
i
!
t
1
]
|
'
i

177. 268
176.117
176.856 |

1
i
1
1
1
|
i

7.
176,12
176, 856

17
KO PVC (1025m CAS)

NO PVC (1028 cas)
N0 PYC 102mm CAS)

K0 PVC (1020m CAS)

i
i
'
'
+
+
i
i
1
1
1
i
1
i

25243
36064
25241
/2
25265/1
2
2526641
612711

>

Bl
K]
[N
[N
t

i
L]
e
i
[N
Nl
i
1

i 0,058
- 0.00
- 0.003

0.000
+ 0.002
+ 0.011
- 0.028

t
'
i
'
'
1
t
3
b
'
1
i

177.661
177,35
177,621
177.367
177.360
176.430 |
176.858

!
]
i
1
1
1
1
P
i
i
t
i
3
'

177,628
177,548
177,613
177,340
177.333
176.398
176.828

F
P
1
]
3
F
3
3
1
]
t
3
3
¢

177.604
177.558
177.423
177,369
177.362
176,402
176.887

CAS. DANAGED

1
i
i
i
'
]
1
1
1
1
1
!
1
1

177,689
177,360
177,424
177.367
177.358
176,419 §
176.886

177.610

1
i
i
i
1
1
1
T
3
€
i
1
'
1

i77.2
176.9
176.8
179.9
176.0

7
1
]
i
1
1
1
1
'
t

25264/1
25265/1
25246/1
3612711

1
t

1
]
i
i

176.883

t
+
1
!

176,883

1
1
1
1

/2

i
1

176,913 1 176,914 | 176.859 | 176.8%0 | ~ 0.023

1
1
i
i

- 0.037

175.935

175,910

175,971

75.972

f
1

Fu 92

1
]
i
11
e
L4

-

- 0.02%
- 0.03%

'
1
1
t
'
i

175,702
175,707

176,214

I
1
P
'
i
t

175,677

176,181
175,671

\
t
1
!
b
i
i
|
i
b
¢
1
1
P
¢

176,23
175,734

PYC {102am CAS)

176,260
175,738

MO PYC {i02me CAS)
N0 PYC (102za CAS)
MO PVC (10708 CAS)

NO FVC (107mm CAS)

Iha
/3
f2!
i3

25248/1

36045/2

25271

il
i1
11
1t
N}
It
[N
[N
i
1
0
[N}
0l
[N}

- 0,036
+ 0.008
- 0.030
- 0.0%
- 0.023
- 0,023

- 0.0%

i
i
t
t
1
1
1
§
1
r
1
]
1
1
]
'
i
]

176,724
176.428
175.762
175.721
175,732
175,407
175,398
175.373

I
]
L
1
1
4
1
1
i
t
i
t
1
1
|
t

61

7
176.25 Dameged (bent over)

176,196
H.P.REC.
175,708
175.692
175,704
175,373
175.362
175,339

176.
LUG REC. BOX

¥
4
1
'
3
1
L
T
'
'
t
'
1
i
¥
i
|
1
]
i

176,25
176,416
175,748
175,760
175.430
175,422
175,396

i
]
1
!
t
I
'
I
i
'
1
'
1
+
1
i
I
:

176. 260
176.420
176,757
175,908
175,766 |
175.430

175,421
175,397

M.P.REC.
175,751

1
i
1
¥
[
1
i
]
1
'
1
1
1
3
'
+

174.8
17¢.9

1
1
i
1
1
|

/2

2524811

36045/1

t
+

- 0,025

+
L
1
1

175,079

173,065

75,506 1 175104

3
i

e
"

+ 0.011

173,659

173.621

173,648

i
t

173,648

- 0,030 57 FW 9

P
]

73.928

1

H

1
'

173,891

173.9%

]
1

173.958

2524911

+ 0,063

176.210

i
i
1
1

174.150
H.P.REC.

LUG REC. 80X

174,173

1
1
i
3

176.167
H.P.REC.

i
i
1
1

173.6

25269

1
'

'
+




(
{

(%
o
R
g
o
@
Q.
o
<

473,682+

--0.069

173,622

ELA

- 0% §F

m.
)
[

Tl
LI U

1
1
1
1
]
1

473,869

L 173,691 8

I
1
1
i
T
1

174.014

1
i
1
1
]
i

173.960

[
1
i
1
1
i

176.088 | 174,076

25300

LUG REC,BOX

3
-—
5
2
=

176,051

(LUG REC.BOX

8

~t

~

—d

N T Tt
—

.

<

1

=3

=

o

~

~

—

t.

5]

<

~a

~

—
M2 D
o3 ould
=R
i
~ ~
B B sul—
-

o

puly

s

~

—
o7 T T
Pt

g7
3
~
o
&~
-
=3
.
s
I

it




363062 :
01 346325

36254

243647224

AT 36363

WERRIS  CREck

&36223

36253
ln 36397

636222
#4091
—&e_iii A36324 436323 .
\/\\ e N =
N 236219 LT AT 0222 m&és y : L‘:
W 900 ‘ :
- N L&j l ) . C; \\,L’f"/
o dasoss T 1\ e
236218 \ [ REA ——
A25034 FW424 NG B
s - A%
834217 N\ ]
A36216

(\*3;1, JUNCTION 36232 e N Marsos0 Y Aadasans - _
! ) A 75 ijiF\W'ASI B 2]270 {dcsrroycd) J
Zot4] ' e 0 G =AM 1269 Fw20 ~ o N
" l 35041 L IR30R95T -\%OOO wa Tarlee
- N0 ch P
L%l', 25140 P 1191 : .-TTZN - ?321268-] Creek J/éi TN
e e = I 25139 : FWS%? 126777 P 419 Ny
i ?ﬂ‘;;})“—‘\_\ [\f/‘?‘g]glﬁ ,r/ . . 6 Jom r/ C.:_\
j S ; _ e £ 283 : ; v
UM \f ‘e, Coy, 236061 350“5 VLS O foszor 21266 T
Y 1 ~3 Je Hollo Xo- 4 o ~
36036 P 1018 e 36060 Fw 2822532836098
o 25136 Fwi017 e F"’g); So21 2530 A o 21208 Fwz3 7
/ 6087, ©k0m (236059 \\30280 39 TS $a3007)
4 f‘_znff"éojf LI~ B = o"‘ £2 "9 2% FW157 ~—
36066 & £5 dy ™S LLC%A‘%%OH- { e /25 (e ‘ i Fwors «
» c 4171 a8 Creek 3002 2533TR sy 07 30102
oy 138 955 25336 - A)5419 ) 30101 A25214 o
14124 ¢
214800 F5H 36000 '125'*334 | LA e aasns .
/ AUS335Fwiopd | 221413 N\
421481 : 830451
421433 Fwo2!

& 30450

J

Fw<;2'2‘21435,”,a
30481,,(_\

214360
36020 41

Ja21437
21428

a 2147 e ey
* Te aq iNo

Abondoned /;AZSQQS //

Yorrie 021472
S 225226 (&u
DEPARTMENT OF WATER RESOURCES
LEGEND 4‘_ . e .- HYDROGEOLOGY UNIY - TECHNICAL SERVIGES -OIVISION R
A 36044 Fwaia Major{Control ) Bench Morks { Bedrock) —— e 1988 Survey ~ SUBSIDENCE AREA - LOWER NAMO! VALLEY
25244 Fwals Subsidence Bench Merks (C.T) L. 1990 Survey Scale 1250 000
e s .a 5 ~110 15 Kilometres
FIG.10




