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Details and resllits a're gtven of seismic 

refraction and resistivity Stlrveys made in ·r.es·ponse 

to an applicat;tbI} from the Hydro-Electric Co~iss·ioh 

of Tasmania to iilVe,~tigate a prOl)Os'ed site for a dam 

on the River Derwent.ihe dum· is to be part .of the 

Derwent-Dee povrer d,eve·lopment scheIl~e·. 

The .purpose ()f the sttrv$ys ~las to determi,ne 

the depth tq bedrock~nt1 the n~ture of theoverbttrO,ep 

and the bedrock. The overbnra~I.1· cbns~sts of scree, 

alluvial deposits, sandst.one and weathe·red dolerite and ... 

is up to 104 ft. thick. The ,bedrock .consiS.ts· o·f 

jointed. and unweathered do·lerite. 

The following velocities .(ft.p~r$ec.) were 

recorded :.-

80.;1.1. 

Dolerit~ scre'e 

Weath.ered dolerite 

Jointed unweathered doler·:i.t,e 

Unweathered dolerite 

Weathered sandstone 

P.artly weat~ered sa.n9-s.tone 

1 ,000 - .:1 .,20.0 

2,500 - 3 ~200 

3,100 - 6,000 

11 ,000 ~ 15.,000 

15,000 ~ 22,000 

3,,00.b - 5,000 

7,00.0 ,.. 9,000 

Co~parisbn with d~illing dat~ sh6~s that ~he 

averase thickpess of .overburden indicated by the seismic 

method is about 13 percent too lar;;e. 

(ili') 



-.;-' 

I Ii' 
I 

1. INTRODUCTION 

As part of the Derwent-Dee power development 
scheme, the Hydro-Electric Commission of Tasmania proposes 
to erect a dam on the Derwent River near its junction with 
the Repulse River (Plate 1). 

Two possible sites for the dam were chosen by 
the Cow~ission for investigation, one 900 ft. below the ' 
junction of the two rivers (known as the Lower Repulse dam 
site) Cl.nd the other above the junction Omovln as the Upper 
Repulse dam site). A seismic refraction survey of the Lower 
Repulse dar;! site was carried out by the Bureau in 1955 
OJiebenga, Dyson and O'Connor, 1956). 

The object of the survey of the Upper Repulse dam 
site was to determine the depth to pedrock and the character 
of both overburden and bedrock. Twelve diamond drill holes 
put dovin by the Commission were used 8.S controls for the 
geophysical survey. 

The survey was carried Ot ... t in :day 1956, by a 
geophysical party consisting of E.J. Polak ~party leader) 
and Ao Stocklin, geophysicists, and K. Mort, field assistant. 
The Conmtission provided additional assistants and carried out 
the topographical survey. 

It is desired to acknowledge the co-operation of 
the staff of the Resident Engineer's office at Wayatinah. 

2. GEOLOGY 

The geology of the area has been described by 
Jennings (1955) andhather (1955). The main rock in the 
area is a medium-grained Jurassic dolerite (see Plate 1), 
which is extensively jOinted. The dolerite crops out in 
several places, and is covered elsewhere by alluvial 
deposits and scree. Sandstone is present on the left bank 
of the Derwent River. In drill hole 8970, in the north­
western portion of the area surveyed, the sandstone is 
almost 100 ft. thick and is covered by river terrace material. 
The sandstone is of Triassic a~e (Knocklofty Group) and 
ranges from fine-~rained Silty sandstone to coarse grit. 
At the contact between sandstone and dolerite, the sandstone 
is metamorphosed into a hornfelsic quartzite. 

3. £iBTHODS AND INSTRUHEl'JTS 

Resistivity and seismic refraction methods were 
used :-

(a) ResistiviJy method. 

The variation in apparent resistivity for electrode 
spacings of 40, 80 and 160 ft. of a standard Wenner 
configuration shows how the electrical resistivity changes 
with depth. In general, non-porous rocks such as dolerite 
have a high resistivity. The resistivity of porous rocks 
such as sandstone depends on the degree of porosity and on 
the character of the water contained in the pores. 

A Hegger K.rth Tester was used in the resistivity 
traversing with station intervals of 40 ft. .iUne thousand 
feet of traverse were surveyed by the resistivity method, 
\vhich was confined to the left bank of the Derwent River. -2 
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contrast in the velocity of elastic wave~ through different 
rocl: formations. Bard, um-leathered rocks have higher 
velocities than their weathered and fractu'red counterparts. 
The velocity in soil and scree is cons.iderably lower than 
in the weathered and fractured rock. 

The method of differences vias used (Heiland, 1946, 
p. 548; Boniwell, 1952) and the fdllo~ltng types o·f spreads 
were shot :-

(i) Weathering Spreads. These vlere used to obtain 
seismic wave velocities and the thickness of the 
soil and near-surf2.ce · layerso Geophohe interval 
was 10ft. and shot pOints were at diste.nces of 
5, 10, 20 and 40 ft. from both ends of the spreads. 

(ii) Normal SRrea4.§.. The geophone intervCll \tras 40 ft. 
e.nd. shot points were at dist~nces of 20, 4c, 120 
and 2CO ft. froni both ends of the spread. 

(iii) Broadsid~Spre~ds. This type of spread was used 
on steep slopes. Geophones were spaced at 40-foot 
intervals and shot points were 50 and 150 ft. from 
the spread along a line approximately perpendicular 
to the spread from its mid-point. 

The geophysical e(juipment Esed in the survey 
consisted of a Heiland six-chdnnel refraction recorder and 
Technical Instrument Co. geophones with a natural frequency 
of a bout · 19 cycles per second. 

The total length.of traverses surveyed by the 
seismic method was 10,320 ft • 

4. RESULTS 

(a) ResistivitLJ3urvey. 

The results of the resistivity survey using an 
electrode spacing of 80 ft. are shown as a resistivity 
contour map (Plate 2). TAe results from this spacing show 
more detail than those from the40-f6ot and 160-foot s.pacing. 

Drill holes 8690 a.nd 8691 ShOV1 ··doleritescree at. 
the surface, overlying ·weathered. and . joiilted dolerite; 
dolerite crops out near stations ' .T452 and loP.E. The 
high resistivity area. shovm on Plate 2, delineat.ed 
approximately by the 30,000 ohm-em contour, coincides 
generally with the area where dolerite occurs close to 
the su.rface or in oute' rop. The ind-ic,~ tions are, therefore, 
that the overburden along traverse Qprobably consists 
mainly of weathered dolerite. 

In the graph of Plate 2 the depth to the interface 
between sandstone and dolerite (from drill hole d2ta) is 
plotted on a logarithmic scale against the value of apparent 
res isti vi ty. The approximate empirical formula deri ve'd from 
the graph is :- 14 -3.16 

x = 1.7 x 10 ~ y' 

where x is the depth in feet to the dolerite/saildstone interface 
and y is the apPe.rei.lt resistivity in ohm-em. 

-,3 
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The area enclosed by the 10 7000 ohm-cm resistivity 
contour corresponds, according to the above formula, to a . 
sandstone thickness of between 4c a.nd 100 ft. 

( b) Se i smic _Sjuvey. 

Longitudinal-,va.ve velocities for the various rock 
types at the Upper Repulse dam site are shown i.n T·~~.ble 1. 

Ro~k type 

. Soil 
Dolerite scree and talus 
1j,lea the red dolerite 
Jointed umleathered dolerite 
Unweathered dolerite 
l'Jeathered sandstone 
Partly weathered sandstone 

Notes: 

S~jsm~c ._~locity (ft/sec) 

1,000 
2,500 
3,100 

11,000 
15,000 
3,000 
7,000 

1,200 
3,200 
6,000 (1) 

- 15,000 (2) 
- 22,OOC 

5,000 
9,000 (3) 

1. Deternlined on traverse T (stations 455-454) and near 
tra.verse ° (stations 575-577) \'lhere vleathered dolerite 
crops out. 

2. Determined on traverses 0, Q and T where ·the logs of 
drill holes 8639, 8696 and 8691 respectively show 
jointed dolerite. 

Determined on traverses T, L and V where the logs of 
drillholes 8679, 8970, 8699, 8692 show sandstone 
(as the results were calculated using average 
velocities some of the velocities recorded do not 
appear Oil Plate 3) • 

Because the. velocities in weathered dolerite and 
weathered sandstone overlap, as indicated in Table 1, these· 
two rock~ cannot ~e distinguished fro~ seismic data alone. 
However, the resistivity contour plan provides additional 
duta froE! which it is possible to delineate the boundary 
between them fairly accurately. In this report the terms 
"overbtlrden i' dnd "bedrockll are u.sed tq distinguish betvleen 
rocks with low seismic velo'cities and those \'lith high seismic 
velocities. The overburden is here defined as rock \lith 
seismic velocity not exceedin-g 9,000 ft.- per sec. and bedrock 
as rock with seisrr.ic velocity exceeding 11,000 ft. per sec. 

The seismic results are sho~1 on Plate 3 as profiles 
along the traverses. 

The depth to bedrock was determined by using 
average overburden velocities. These we:ce computed either 
from weathering spread data or by application of the curved­
ray techniCiue(Handley, 1954). In this technique the 
ass\.1.!i'ption is made that the increase of velocitY\'lith depth 
can be expressed as an exponential function. This technique 
enables the interpreter to determine the approximate seismic 
velocity at any selected depth or to determine the approximate 
depth to \lhich a given velocity corresponds. 

Near drill hole 8692·, the 7,500 ft. per sec. 
velocity horizon is at a depth of 44 ft. The log of drill 
hole 3692 states that ill10ck appears sOUl1d 'be'low lt4 ft. II 

;, A 7, 50C ft. per sec. horizon was therefore computed and plotted 
, -, on those portions of the seismic profiles where drilling da.ta 
: ~ and the resistivity contour plan indicated sandstqne at, or 

-4 
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close to, . the surface, i. e. on profile T betl{een sta ti'ons 
461 and 1006, on profile R between 165 and 1C60, on U-Q 

~v bet"l~en 246 and 1 ?82, and b~er nea.rly the whole .. len~th . of 
profl.le V. Assl1.ml.ng a dens 1. ty of 2.4- for the sands'cone and 
a Poisson"$ ratio .of 0.3 (Birch, Schairer and Spicer, 1950), 
Young' s f;).odult~s for sandstone of 7,500 ft. per sec. velocity 
~s 1 x 10-11 c.g.s. units. 

" 
I _ 

Plate 4 shows the bedroclt contours :Jlotted from 
·the seismic data. The sou.thern boundary of the sandstone 
(Knocklofty Group), represented by the 30,000 ohm-cm contour 
of Plate 2, 'is indicated on this plan, 

Plate 5 shm'ls the cOE.lparison between seisIIl;ic and 
drilling data. The drill logs and seismic velocities and 
depths to C:dscontint~ities are shown ·sio.e by side. Theplat.e also 
shows a statistical analysis with regression lines of tbe 
.following :-

(i) Correlation between d.epth to bedrock frow seismic 
data and depth to jointed dolerite from 4rilling data. 

(ii) Correlation between depth to be~rock from seismic dat~ 
and depth to rock \-lhlch shows 1GO per cent core recovery. 

The regression lines show that the. seismic data 
indicate the depth to bedrock fairly accurately · (standard error 
is 6 ft.) , irrespective of whether' tbebedrock is defined 
geologically as jointed dole:rite (the joints being ·filled \vith 
calcite or zeolites) or as rock with 100 per cent core 
recovery. 

5. CONCLUSIONS 

The geophysical survey provided infon!1a,tion 0 n the 
depth to bedrock on both side~ of the Derwent RiVet. On the 
right (south) banlt, the o-Verburdenconsist.s of weathered 
dolerite and the bedrock of jOinted unweathered 401erite. 
On the left (north) bank, the overb,urclencoJ:lsists of weathered 
dolerite near the river and sandstone further from the ri,ver. 
The interpretation of the seismic refraction data enabled the 
thiclr.ness of the overburden to be estimated, but it was not 
possible to differentiatebetvrean saridstone and weathered dolerite 
on the basiS of seismic velocities alone. The data from the 
resistivity survey indicated clearly the bolihd.s.ry between 
low-resistivity sandstone and high--resistivity qolerite. Thus 
the two methods were cOlllplen:entary and enabled a complete 
interpretc:. tion to be niade. 

On the three north-so.uth pro;files the d ep,th to the 
7,50C ft. per sec. velocity horizon (Young"s Modulus 1 x to ... 11 
c .• g.s. units) is shown. This , represents a horizon defined 
by the geologist as "sound rock" in drill hole 8692. 

The geophysical results indicate that the most 
suitable area for further investigations is near cross-traverse 
Q - U, because: 

(i) The overburden .;'I.long th~s tr2.verse c.onsists mostly 
of weathered dolerite. 

(ii) The depth to bedrock is less than along the other 
cross-traversesT and R. 

(iii) The bedrock is less jointed thart alqng other trav?rses, 
as is ·shown· clearly by the seismic velocities on Plate 3. 

~5 



.,. , . 

5. 

6.
0 

REFERENCES 

Birch, F., Schairer, J.F., 
and Spicer, H.B., 1950 

Boniwell, J.B., 1952 

Handley, E.J., 1954 

Heiland, C.A., 1946 

Jennings, I.B., 1955 

Mather, C.A., 1955 

Wiebenga, t"J.A., Dyson, D.Ft 
and O'Connor, H.J! ,1956. 

Handbook of Physical 
Constants U.S. Geol~ Soc. 
Special Paper No. 36. 

Seismic Survey of the Mossy 
Marsh Tt1nnel Area, Tasmania, 
B.M.R. Records 1952, No.16. 

Computing weathering 
corrections for seismograph 
shooting. Horld Oil, 
Nov. 1954. 

GEOPli"YSICAL EXPLORATION 
PRENTICE HALL INC. 
i~EVJ YORK. 

Geology of portion of the 
Ivliddle Derwent Area. Pap. 
and Proc. of the Royal 
Society of Tasma.nia, 
Vol. 89. 

Internal report to the 
H.E.C. Senior Geologist 
(unpublished record). 

Seismic refraction survey' 
of the Low€;lr Repulse Dam 
Site, Derwent River, 0 

Tasmania.B.M.R. Hecords 
1956, No. 128. 

-------~--~--~--------



I~-"-~--~--------~--~----------

I 

... 

~i 
~ i 

i 
I 

I 
I 
/ 
I 

_ 12°_ / 

7 
I 
I 

I 

+ '" 

:00 
r-= 

o 
--.,;" 

SCALE IN FEET 
100 200 

I 
300 

I 
400 

==1 

0" 

" I 

DERWENT 

+ 

+ + 

4 + 

+ I 

I 
I 

I 

I 

- -----" 

+ 

-t 

A 

.. 

+ 

+ 

. , 
1. 
I' 
I 

+ 

... 

:. 
I 
IT 
I 

• I 

+ 

:t 
I ,. 

.' 
\ 

, I 

+, 
I , . ' 
I 

...;, 

GEOPHYSICAL 

GEOLOGY 

"-------~---"~ ------~~ 

PLATE I i 
I 

LOCALITY MAP 

(' 
,J 

[/J 
ol0u.;:;e \ .. 

T\SM,\NI-\ 

., 

+ +- ------' 

+ + 

,---:-~ 
I • - .' 

r-L-~ 
~~ 

o I 

D,D,H.8692 
(!j 

" 1 

LEGEND -I 
I , Dolerite OJtcrop 

Dolerite, talus and scree 

Sandstone outcrop 

Sandstone, talus ond scree 

t.lluvial deposit (River terrace) 

Alluvial deposit (Recent) 

Drill hole 

Geophysical treverse 

.. -------~ 
GEOLOGY BASED ON HEC, MAPS 

SURVEY OF THE UPPER REPULSE 

DERWENT RIVER, TASMANIA 

DAM SITE 

AND GEOPHYSI CAL TRAVERSES 

G 253-1 



r------------

I 

I 
I 
I 

i 
I 

~o 

.': 
:;;; 
u 
~ 
r 
0 

~ 

>-
r--
<! 
r--
~ 

'" w 
a: 

r--
z 
w 
a: 
<:( 
0.. 
0.. 
<:( 

: r 
Ie 

20 ~ 

f 
30 r 

40 I 
50 

L ______ _ 

~ - 12"--

I ' 
I ' , I 
i ! 
I ! 
I I 
II 
II 

r 
/t 
Ii 
II 

I 
/ 

/ 

T 20: / 

I­

::.: 
'« 

~ 
o J 1iJ/11 

I 
o 

/ 
o 

I 
o 

a ----).-

...: a:: 
I--

3 4. 5 7 3 9 10 20 30.0 5: EO 10 80 90 Ie) 

DEPTH IN FT. TO SANDSTONE/ DOLERITE INTE"lFACE FROM DRILL HOLE DATA 

CORRELATION BETWEEN Af'PARENT RESISTIVITY AND OEPTH TO SANDSTONE/DOLERITE if\TERFACE 

--------'-----------------------

t<»1 > 30.000 OHM-eM 

<: 10,000 OHM-CM 

~ -

GEOPHYSICAL SURVEY OF THE UPPER REPULSE DAM SITE 

DERWENT RIVER, TASMANIA 

100 

RESISTIVITY CONTOUR PLAN 

o 
-...c21 

SCALE IN FEET 
100 200 

I 
cornOUR INTERVAL 10,000 OHM -eM 

300 
I 

400 
--l 

PLATE 2 

253- 2 

I 
I 

I 
I 

i 
I 

I 
I : 

I 
I 

I 
I 

I 
I 

J 



co
 

o o ~
 

~
 

<
 , o o " o n o o '" c >
 

a c ~
 

~
 

o • o ~
 

~
 o c n o · C>
 

o "­ o ~
 

,<
 

a ~
 

C
>

 • o ~ ~ <
 o , G
> r»
 

<J
1 

t>
J 0J
 

'"
 

0 
en

 
~
 

o 
" 

~
 
~
 

o 
I 

n 
...

, 
~
 

0 

4
b

 .. 3
7

 

3
2

 

<
5

 

<
8

 

<
5

 

b
O

 

O
B

 

4
9

 

, 
<5

 

4
3

 

5
2

 

4
b

 

<
5

 

5
0

 

5
9

 

3.
1 

3
0

 

4S
 

4 
B

 

J 
2 

2
b

 (f
) 

IT
I 

(j
) :s::
: 

(
)
 

""'
0 ::::
0 o " r IT
I 

(f
) 

~
 

, 
C

 

~
 
" 

<
 
~
 

en
 

" 
, 

n m
 

.,6
 

4
5

4
 

4"
 

4
5

0
 

H
B

 

4
4

7
 

4
4

6
 

44
' 

"' ~ " -j o z Z
 a 

6
5

6
 

b
5

4
 

6
5

2
 

6
5

0
 

6
4

B
 

6
0

 

6
0

 

b
4

1
 

4
4

4
 

b
J9

 

4
]Q

 
6

1
8

 

4
2

5
 

b
ib

 

4
1

's
 

6
1

4
 

4
0

9
 

6 
I 2

 

4 
1

0
 

6
1

0
 

4
1

0
 

bO
B

 

4 
r 3

 
b

0
6

 

4 
[5

 
6

0
4

 

4
[3

 
6

0
2

 

4
1

5
 

S
8S

 

4
1

8
 

5<
:'4

 

4 
I q

 
i 

5q
 b

 

4
2

4
 

5
9

8
 

42
_9

 
! 

b
a

a
 "'" :,; ~
 

I I 

o 
-
j 

<
 

:r;
 

'"
 

In
 

" 
0 

C
l 

;0
 

C
 

[T
1 

'"
 

-<
 

~
 

R
 

z 
1" 

I 
I 

,.
 

0 

"' 
" 

,.
 

N
 

~ 
~ 

5 
-

(
)
 

/; 
=i

 
R

 
-<

 
,.

 
o 

:::!
 

'n
 

ii\ 
"
' 

-
j 

o 
I 

o 
'" 

'n
 

" 
'S

.'
" 

"' 
" 

'"
 

-
j
 

()
 

I 

'G
 

::!:
: 

'"
 

I 
en

 
'"

 
--

I 
~
 

'" ~ 

~
~
 

l
i
J
~
 

I ~
~
 

;}
' 

o IT
! 

;0
 

::E
 

IT
! 

Z
 -i
 

;0
 

<
 

IT
! 

;0
 

-
I 

}>
 

(I
) ;;:
 

}>
 

Z
 

}>
 

" G
l 

IT
! o '"U
 

:::c
 -< (/

) 

(
)
 

}>
 

r (I
) 

C
 

;0
 

<
 

IT
! -<
 

o ."
 

-
i :::c
 

rn
 

C
 

'"U
 

'"U
 

rn
 

;0
 

;0
 

IT
! 

'"U
 

C
 r (I
) 

IT
! j;
 

:s::
 

en
 

-
i rn
 

r ~ o c -<
 o " -j " ~ en
 '" '" '" "' Z'
 

S b ~ r '" 

~
 

a a , 
' 

, , "1
/' 

';< 
~ 

, 
'
0

 

[ 
~ 

'~\'
;;-

ce'I
' 

""
, 

,(2
; 

'"
 

-u
 

;2.
 

::. 
~ 

i: 
{ I / [ 

I 
I 

\I
,P

 
T

R
A

V
E

R
S

[ 
T

 

\ , / / 
/ 

,p
 

T
R

A
V

E
R

S
E

 
R

 

/ 

/ 'I I \ , I 'Il i 
: 
I 

, 
,I

P
 T
~~
V~
RS
E 

Q
 

, 
, 

,~('
 t'

 l.\
' 

'=>
 

,I
.>

, 
I 

<3 

~ 
2 

is 
\' 

~
 

'
~
 

I :
 , , 

E
A

S
T

 

\ 

" 
o 

I I 
i 

i 
I ~ 

_
. 

I 
;;0

 
j"

',
-
l 

.,
 

I 
I 

-1 
rn

 

i 
,I!

; 
I I

 ~
 

;::
 I I I I 

i 

r-
L

 
I 

' 

r , I 
, 

I I , 
, 

' 
" 

: 
I 

I 
I 

I 
! ! 

I 

o 
i 

' 
--

-1
--

1 I 

, 
I 

_L
_.

1 
, I , , 

c ,
 

I 
' " 

, 
,!

 
'-
.-
~ 

1 
~"'

" 

--
--
--
~ 

'"
 

m
 

" 
1'

1 
I'

l 
0

°
 

" 
~ 

o 
I 

n 
~
 

~
 

0 

~
 

, 
c 

"'
 

en
 

<
 

, 
m

 
" 

r
"
 

"' 

"' ~ " ~ o z z a 

3
9

6
 

6
9

3
 

3
0

 
J
8

0
 

6
9

1
 

2 
I 

,J
o

B
 

6
6

9
 

3
8

 
J
b

l 
6

7
4

 

3
2

 
J
5

]
 

b
7

8
 

1
7

 
3

4
9

6
B

O
 

3
0

 
3

4
7

 
O

B
2 

2
2

3
4

7
6

6
4

 

1
3

i
3

4
5

1
b

8
0

 

J 
5 

3
3

3
 

7
0

0
 

3
5

 
3

2
9

 
6

9
8

 

3
2

 
3 

JO
 

58
1 

2
2

 
:3

30
 

i 
5

7
q

 

2
5

 
33

4 
~
7
7
 

3
4

 
3

3
6

 
S

7
S

 

3
0

 
3

3
7

 
5

7
3

 

J
3

 
3

3
B

 
5

5
5

 

4
5

 
]
4

0
 

5
0

] 

4
0

 
3

4
2

 
5

b
5

 

]8
 

3
4

4
 

5
6

7
 

4
2

 
]
4

7
 

5
6

q
 

3
5

 
3

5
0

 
57

1 

, -/ 

... 
, 

'" ./ /-

I ! 
"
-
,
 

, 
, 

' 
, 

"j
.,

 '''
-'

''-

-
-
~
-

'C
 

<
 

',
"
 

')
)
 

W
E

S
T

 

0<
 o o [ , 

.. o " 1
" / ~
 

/ 
~ o 

I 
i 
I 

1
/'

 
,), 

' 

I 
I 

i 
~ 

I 
:
,
 

L 

I, 
,';;

; ,
 

/ 
, 
~
 0

 

, 
I--

0/ 
'~/

2' 
'j 

} 
'\"

 I
" 

! 
, 

I 

, 
I 

i 
Y, 

III P
 T

R
A

'.
lE

R
S

E
 

T
 

I 
, I

. 

I! 
'i 

I 
\ 

I 
! 

0 

: 
/ 

I 
• 

! 
.1

 

( 
i 

i 
\ 

\ 
I P

 T
R

A
v
E

R
::

[ 
R

 
I 

. 
\ \ 

0 

,t\ 
; 

~ 
\ 

. 
i 

( 
\ I'
 , , I '\
' 

P 
T

R
A

V
E

R
S

E
 

Q
 

\ o 

,,/2
 ~ I

 
,~ 

0 
'"

 '
\ 

!'J
 

,C'
:l 

c::;
 

<;::
: 

-
'-

" 
. 

,'
--

'
0

 I 
E

A
S

T
 

rn
 

'"
 

en
 

en
 

'" 
~
 

~
 
~
 

o 
I 

n , 
~
 

o 

'n
 

, 
C

 

"' 
'" 

<
 

;;
 

~ 
~ 

4
5

8
 

"' ~ " ~ o z z o 

59
1 

4
4

7
 

5
8

9
 

ffi 
0 

'" 
"' 

~
 
" 

o 
~
 

n 
I 

A
 
~
 

o 

IB
 

1
5

 

II
 

2
9

 

2
2

 

2
5

 

3
8

 

4
7

 

J6
 

3
2

 

4
6

 

5
4

 

4
0

 

3
9

 

4
B

 

4
7

 

5
0

 

.
8

 

2
4

 

2
b

 

"' 
"' 

~
 

r 
c 

J;>
 

rn
 
~
 

~
 

<
"
 

n 
fT

I 
J;>

 
Z

 
r 

n "'
 

z o 

3
8

5
 

2
2

2
 

3
9

0
 

2 
ZI

 

3
9

7
 

2
2

0
 

4
0

4
 

' 
2

1
9

 

4
0

9
 

i 
2

1
6

 

4
1

) 
2

1
7

 

4
1

4
 

2 
I 

b 

4
1

4
 

2 
I 
~ 

4
1

3
 

i 
2 

[4
 

4
1

0
2

1
3

 

4
0

7
 

'l
1

2
 

4
0

S
 

Ib
o

 

4
0

2
 

2
0

2
 

4
0

1
 

2
0

3
 

4
0

1
 

2
0

4
 

4
0

3
 

2
0

5
 

4
0

2
 

; 
lO

b
 

4
0

0
 

I 
2

0
7

 

3
9

8
 

2
N

 

3
9

6
 

2
0

Q
 

! 

3
9

0
 

2
1

0
 

J 
7

0
 

i 
2 

\ I
 

S
O

U
T

H
 

~
 

o o 

.. o 0
, 

W
E

S
T

 '" o o 

/ \ \ ~
 

o 9 

, 
~ \ 

I, 
~
I
 

~
 

, 

" :u o "T
1 r IT
! <:
 

I~ 
tl "-

; 
"\ 

I P
 1

 RA
VE
RS
~ 

T
 

-;
-'c

'c
--

,-
,-

j, 
D

 D
 H

 8
6

7
8

 

I ,
 "

 I 
I 

' 
: 

, 
I 
r 

! 
I 

i 
I I, 

·'1'
 

:ll 
':;::;.. 

i 
L~ 

I 
P

 T
R

A
V

E
R

S
E

 
R

 

,;
;~

, 
',I 

(
)
;
;
 

1 

~
 f 

I II 'I
 
I 

' 
;;.

 
'
0

 
~
 
. 

i 
~ 

1 
, 

!D
D

H
 

8
6

7
7

 
lP

 T
R

A
V

E
R

S
E

 
0 

E
A

S
T

 / / 

-
-
,
 , I . , I / / " :u o " F rn

 
(
f)

 

2 
B

 
4

3
2

 
5

8
7

 
I 

I!
" 

! 
p;

 

0:
­

,,-
, ~ , ~ 

;::
 
" "' 

'" 
-

,. 
" 

to
 

;:
: 

c 
:-'"

 
:0

 
" 

t.: 
<

 '" 
ij
 5

 
2 

S -<
 

r
l 

_ 
P 

z 
(
)
 

'n
 

!B
'S-

<
 

'"
 

~
 

(
)
 i5 o c o o N

 o o :;: o .. o o 

" z '" en " '" '" n i5 z " o z '" 

I o ~
 

N
 o '1 >
 

r " '" < en
 
~
 
~
 " " r "' " ~ , '" "' Z

 .., rn
 

en
 
~
 

'C:-
rr

~C
l 

~ 
I"

 
j 
l'! 

~~
1 

~"-
,, J

I 
, ,

 L
' 

':\
 

I! 
'" 

L 
L
.
L
~
 

~ rn
 '" ~ <:
 

en
 

r o (
)
 

-
j
 

-<
 

Z
 " -;
 

R
 

z ~ en
 " ~ o '" z 

co
 '" o " o n " 

m
 

Q
 

en
 

"
' 

'" 
~
 

~
 
~
 

o 
I 

n 
~
 

~
 

0 

o <
 

CO
 '" "' C CD
 

o CO
 

Z
 

J 
. _~

-

"' 
r 

c 
rn

 
~
 

<
 

..,
 

"' 
" 

r 
n en

 

(f
>

 o r 

"' ~ " ~ o z z o 

6
5

 
4

0
4

 
18

4 

6
2

 
4

0
3

 
1

0
6

6
 

b 
5 

4
0

3
 

1
0

8
7

 

7
5

 
4

0
2

 
10

8B
 

7
2

 
4

0
2

 
1

0
8

9
 

4
0

2
 

1
0

9
0

 

7
0

 
3

9
8

 
10

91
 

39
1 

10
92

 

7
J 

J9
3

 
1

0
9

3
 

7
7

 
4

0
1

 
1

0
9

4
 

0
2

 
4

0
4

 
1

0
9

5
 

7
2

 
4

0
7

 
1

0
9

6
 

b
O

 
4

1
0

 
1

0
9

7
 

5
5

 
4

1
5

 
1

0
9

8
 

4 
I 

4
2

3
 

IO
qq

 

4
7

 
4

2
6

1
1

0
0

 

5
6

 
4

3
5

 
11

01
 

4
8

 
4

4
4

 
11

02
 

J7
 

4
5

 I
 

II
O

J 

12
 

r C
' " '" Z o S
O

U
T

H
 

~
 

o o [' ~
 

,"- %
 

~
 

" , 

I '-'­ ~ ~ I 
, 

I 
, 

I I , 
, 

I 
, 

I " " ~ "'-, , I
 

~\\
'C:

-
~
 

, 
I
'
 

~ 
,~

 
~
~
 

~
'
 

" , 

f
f
iO

 
, 

0 

g 
"'-

~
'
-

'" 
q 

o 
• . " iJ

) 
..

..
 

J 
' 

C
 

0 

C
 I " 

N
O

R
T

H
 

\ 
' , I,
 \ 

.. '" , -
I P

 T
R

A
\,

P
'S

E
 

,[ 
" 

, 
:u

 

; "1
' 0

 
" 

" r \~
 

i I 
, 

'/ I , I " '\
 

IP
 T

R
:W

E
R

S
E

 
W

 

\ j ~"\ ~ :~:
.. ,

 

" 
\ '\ , 
'\ '\ \ \ \ \ L __ C 

4 
2 

4
0

 

4
0

 

3
3

 

12
 

1
6

 

2 
2 

4
0

 

4
S

 

5
0

 

5
9

 

4
0

6
 

3
6

9
 

J6
8

 

3
4

5
 

3
3

3
 

)4
5

 

lb
4

 

J
8

0
 

3
9

2
 

3
9

9
 

4
0

J
 

5
8

4
 

5
0

0
 

5
5

8
 

5
5

b
 

56
1 

IP
E

 

2
4

0
 

24
1 

2
4

2
 

2
4

3
 

2
4

4
 

;9
 

4
0

5
 

/4
5

 

6
7

 
4

0
7

 
2.

46
 

7
7

 
4

0
6

 
2

4
7

 

8
0

 
4

0
7

 
2

4
8

 

7
J 

4
0

8
 

2
4

9
 

6
8

 
4

0
9

 
2

5
0

 

0
5

 
41

1 
25

1 

6
0

 
41

1 
\ 

1
0

7
0

 

5
5

 
' 

.1
1 

'
,0

7
1

 

5
2

 
4

1
0

 
1

0
7

2
 

5 
5 

4
1

0
 

1
0

7
3

 

6
7

 
4

0
C

) 
1

0
7

4
 

b
6

 
! 

4
0

q
 

1
0

7
5

 

7
2

 
4

1
2

' 
1

0
7

6
 

7
7

 
.. 

Ib
 

,1
0

7
7

 

9
4

 
,4

2
1

 
10

76
 

1
0

4
 

4
2

8
 

I0
7

q
 

9
4

 
4

3
4

 
lO

B
O

 

eo
 

4
4

1
 

10
81

 

4
7

 
4

5
1

1
0

8
2

 

4
5

 
4

5
9

 
1

0
8

3
 

4
0

 
4

7
0

 
1

0
8

4
 

r 
ro

 
n 

, 
" 

" 
-

" 
n 

" 
C

 
" 

" 
n 

~
 

ro 
" 

V
-'

 
-;

­
~
 

n ~l
 

-;
;.

 
" 

I P
 
n
~
A
V
U
-
l
S
E
 

-
;:

:.
 

'
"
 I

 

~
,
 ~

 / 
I 

~-
W,
 

''''1
' 

-
'
-
'
 

D
D

H
 8

6
9

6
 

I 
, 

, 

, 
/ /1 
P 

-:
-R

A
V

E
R

S
E

 
0 

P
E

R
-W

E
N

T
 

R
IV

E
R

 

" 

\ \ \ 
; I

I 
' \

 
i 

P
 T

R
A

V
E

R
S

E
 

M
 

~
i
 

,I
 

,"' 
' 

<>
. 

\ 
-:;;

. 
I 

'\' 
f'
~ 

, 
' 

'" .
 

, 

:2 
~'
j 

, 
, 

'I , \ \ \ \ \ ~ \
 

, 

'I
 

1/
 

'I
 

.
\
 

\ 
I 

! 

i I 
'I

 
\

' 
I 

L
 

, 
, 

.'
 

I 
. 

. 
~'I 

'I 
~'

~ 
I~
I 

!; 
: I 

'" 
I 

I 
' 

I 
I, 

'/ 
I 

. 
i 

I. 
! 

,,' 

I ,
 I 

' 
'/ 

" 
,I

, 

c<,
; 

~" ' 
l~, 

' 
'" 

' 
'" 

\ 
C

J
' 

I 
~
 

"
.
 

' 
I 

I 
" 

"
-
-
-
,,

 
I
'
\
)
·
 

I P
 T

R
A

V
E

R
S

E
 

L 

~
 "­ o 

I 
1"

", 
I 

11
1

11
1

", 
IP

T
R

A
V

E
R

S
E

 
W

 

I 
' '

 i
i
,
 

'i 
'T

) 
n 

o 
g 

D
 

0 

" 
" 

, 
D

 

a.
 

-
ro 

~
 

:
"
 

-+
 

~
 

, 
D

 
0 

<i
f 

3 t 

N
O

R
T

H
 

I 
' 
ii
' \

 
I 
I I

 
1,

1 
II

, 
. 

, , 
, '2

 I '
I 

·'1'
 

II
~I
'I
' 

. 
'ii

 II
I';

" 
~'\

 
I 

I 
\ 

I 
" 

I 
I 

\'
 
..

 I
 

: 

i~:
 I, 

~ 1'1
 .

 '\
 

'-
\
 

I"
 

\ 
)
,
\
 

I 
i 
I 

: \
'!

 
1\ :;c 

I 
\'

; 
'
\
 

~
 I

 1~1
\ 

, 
--

I 
-
-
l
 

ro
 

rn
 

o ~
 

o n A
 

~
 

m
 

'"
 

r 
c 

m
 

m
 

x 
~
 

<
 
~
 

~
 

m
 
~
 

:=:
 

,-
()

 
~
 

rn
 

o 

4
0

 
4

0
9

 

5
2

 
41

8 

5
5

 
4

2
.5

 

5
7

 
4

2
7

 

5
2

 
4

2
8

 

5
7

 
4

2
6

 

'" " -
j 6 z 2
' " 

2
0

0
 

Iq
 9

 

19
B

 

1
9

7
 

1
9

b
 

19
.5

 

5
8

 
4

2
8

 
Iq

4
 

7
0

 
,4

2
9

 
, 

1
9

3
 

7
4

 
4

2
0

 
Iq

2
 

7
5

 
4

2
4

 
19

1 

7 
2 

4
2

0
 

I 
1

9
0

 

8
6

 
4

1
b

 
1

7
0

 

7
8

 
4

1
2

 
1

7
7

 

6
9

 
"
,
0

 
1

7
8

 

B
2 

4
0

9
1

7
9

 

8
8

 
4

0
q

 
i 

la
o

 

7
7

 
4

0
6

 
16

1 

b
b

 
4

0
.5

 
18

2 

5 
e 

4
0

4
 

I t
J 

b 
5 

4
0

4
 

1
8

4
 

6 
2 

~ 
4

0
2

 
i 

1
8

5
 

J 
92

 
IB

6 

3
7

4
 

[8
7

 

lS
I 

IB
B

 

]3
7

 
I 

IS
q

 

W
E

S
T

 '" o J 

E
A

S
T

 

" o Q
 I 

----
\ 

i 
I :

 
\ 

'U
 

:u
 

o "T
1 r IT
! 

'\
 

r 
.t

::
' 

: 
\.,.

, 
I 

I 
c 

I 
• 

' 

I,~
 ~ 

III
 I 

. 

I 
I 

: 
I \' 

, 

i\ 
1 

, 
, , II 
' 

i 
I~*

 ! 
I 1 

,:,
 I 

i: 
:! 

liP
 T

R
i\

V
E

R
S

E
 

T
 

4
D

D
H

8
6

9
9

 

I 
I 

, 

, 
, 

i
L

l
 

I 
, 

I 
I , J 

i 
I,p

 TR
A

V
E

R
S

E
 

R
 

, I / 
I 1/ , I 

. 
" 

l,p
 T

R
A

V
E

R
S

E
 

Q
 

I 
~ 

II 
,
~
 

It
:;

o
 

1'<
>-' 

',
"-

"'
-L

 I 
I 
~ 

I 
i 

I 

Ii 
'
I
'
 

II 
,/ D

O
H

 
8

6
9

2
 

'/'
 I

 P
 

T
R

A
V

E
R

S
E

 
V

 

I 
, 

, I / o / / 
-
-
-

--
-

Q
 

S
O

U
T

H
 

1 

'"
 

0 
' 

m
 

fT
l 

I 
U

l 
I 

~
 " " :j 

0
"
'0

 
fT

l 
C

 
X

I-
-1

 
<

X
I
 

o 
I 

r>
l 
~
 

()
 

,-
n 

A
C

;I 
rn

 

+
­

I q
 

I 
4

7
7

 

-r
-- I 

o z ,­ " 

I 
0

3
3

 

I 

II
 

4
7

0
 

63
1 

1
0

 
4

b
l 

6
2

9
 

4
5

6
 

0
2

8
 

4 
; 

4
4

7
 

0
2

7
 

4
0

i
4

2
5

ib
lb

 

5
5

 

4
6

 

J
5

 

14
 

14
 

1
6

 

2
b

 

3
8

 

4
5

 

5
4

 

7 
I 

8
5

 

8 
7 

6 
b 

1
0

4
 

1
0

2
 

1
0

2
 

B
 7

 

7
B

 

8
3

 

9
3

 

q 
2 

7
0

 

7
2

 

J8
9

 

J6
6

 

) 
4 

4 

6
2

3
 

b 
II

 

b
l9

 

JJ
5

 
i 

5
a
2

 

3
2

6
 

16
1 

3
4

7
 

16
2 

lb
6

 
1

4
0

 

36
1 

16
3 

J9
1 

1
6

4
 

3g
B

 
10

5 

4
0

5
 

lo
b

 

4
0

9
 

Ib
7

 

41
1 

1
6

a 

4
1

3
 

1
6

9
 

41
6 

1
7

0
 

" 
19

 
17

1 

4
2

2
 

17
2 

4
2

6
 

17
3 

4
2

7
 

17
4 

4
3

0
 

17
5 

4
3

3
 

11
6 

4
3

5
 

1
0

5
5

 

4
3

8
 

1
0

5
6

 

4
4

0
 

,0
;7

 

4
4

3
 

IO
S

8 

7
0

 

6
2

 

;9
 

4
4

6
 

1
0

5
9

' 

5
6

 

, , 

4
5

0
 

1
0

6
0

 I
 

4
5

5
 

I 
lO

b
i 

6
2

 
1 

4
b

3
 

II
O

b
2

 

5
9

 
4

6
9

 

b
J 

4
7

8
 

6
3

 
4

8
9

 

; 
2 

5
0

0
 

5
1

3
 

5
2

5
 

1
0

6
3

 

IO
t4

 

1
0

6
; 

1
0

6
b

 
i 

1
0

6
7

 

10
08

 

L
_

 

1': r 
~
 

o ~ , 

[ 
! 

,
'
"
 

, 
l:

u
 

,I
 

0 
~
 ~ 

0 
" 

"
i 

/ 
r 

B
~
 ~'
 

1"
1 

'-
~ 

~
 

::
0 

Y
 ~

~
 

,I
 

• 
/ 

I ~
'
 

"
/
'
 'P

 T
R

A
V

C
R

s
e

 
p 

Yt 
.M

''' 
Vo

 
~ 

'" 
'" 

-
2
.
~
~
~
 

~/l
"" 

T
R

A
V

E
R

S
E

 
0 

D
E

R
W

E
N

T
 

R
IV

E
R

 

., \ v\
 

ro 
" 

o 
Q

. 
a 

0 

S-
~ 

~
 

ro
 

o 
" 

V
) 
~
 

~ 
~ 

~
 

, 

~ \ 
" 

\ \ 

:;;:
 
\ 

\"
 , 

'" 
,I

 
%

 .' 
'
-
~
 

r 
. 

~
 

t 
I 

I
'
,
 

I 
' ,

I 
, 

I 
I!

 
'I 

~
 

~
 ~ ~
 

, 
, 

, 
, 

: 
I 

I 
I 

, 

Ii 

N
O

F
IT

H
 

I 
'i

 
I 

, 
"1 '\

 
,p

 T
R

A
V

E
R

S
E

 
L 

;l
il

~ 
I'

 
'~

 
I 

,
,
,
,
 

I, 
,~

* 
, 

I: 
I 

, 
.... 

' 

~ 
i 

",
 

! 
l-

t I
 

I 
. 

I. , I : I i I , 

I I. ,I'
 i \ \ \ \ \ 

\ \ :\ '" l 
, 

, 1
,1 

: 
'\ : :1

 
i 

; 
1'1

 
, 

I 
, 

~
 ,I 

, 1
\ 

\ 
' 

0 

I 
'\ 

;'
 

~ 
'I 

'"
, 

l 
I 

\ 
1

<
. 

'\
 

I 
: 

~\ 
I 
~l

.'
 

I.E
' 

T
R

A
.V

E
R

S
E

 
W

 

I 
I'

 I
 "

\ 
'"

::
\ 

I
'
 

' 

,~
 

, ,
 I 

, .
 ' 

\:l 
. 

I 
I 

,,\
 

" 
; 

,--
, 

,I
.·

' 
I 

.
:
 
I' 

,"\ 
! 

'I 
I 

" 
. :

 i
'\

 
L 

, 
' 

~ 

il
i~

i'
 .

~ 
ii'

 
I
'
 

I 
I 

' 
, 

, 

II 
I I

 
' 

,,
'\

 
I 

I 
I 

! 
I 

\ \ 
,-

--
\ 

W
E

S
T

 

, en
 

'"
 

,'1
 

m
 

o 
~
 

" 
--<

 
o 

I 
n 

~
 

A
 

0 

"' 
r 

c 
m

 
~
 

<
 
~
 

m
 

" 
" 

n rn
 

r , 

'" ~ ~ =!
 

o z z o 

7
0

 
5

0
9

 
1

0
2

5
 

6 
I 

~
0
4
 

1
0

2
4

 

b
O

 
4

4
9

 
1

0
2

3
! 

4
8

 
4

9
4

 
1

0
2

2
 

b
O

 
4

8
8

 
10

21
 

6
5

 
4

B
3

 
1

0
2

0
 

7
4

 
4

e
O

 
1

0
1

9
 

I 

b
O

 
4

7
9

 
1

0
0

7
 i

 

6
2

 
4

6
9

 
1

0
2

7
 

6
0

 
4

6
2

 
1

0
2

6
 

6
5

 
4

5
8

!
 

1
0

2
9

 !
 

7
2

 
4

5
5

 
i 

1
0

3
0

 

6
0

 
4

5
2

 
I 

10
31

 

7
0

 
4

4
8

 
10

32
 

6
' 

b
O

 
44

04
 

1
0

3
3

 

5
6

 
1

4
J
q

 
1

0
3

4
 

1
4

4
]
2

1
0

]
5

 

8
0

 
4

2
4

 
1

0
3

6
 

6
5

 
4

1
g

 
10

37
 

7
2

 
4 

I 
5 

10
JB

 

b 
6 

4
1

] 
I 

10
]Q

 

6
5

 
4

0
9

 
1

0
4

0
 

7
3

 
4

0
8

 
[0

4
1

 

7
3

 
4

0
4

 
1

0
4

2
 

7
1

 
4

0
0

 
JQ

4
l 

7 
I 

J
9

b
 

1
0

4
4

 

7 
4 

3
9

7
 

I 
1

0
4

5
 

7
4

 
3

9
7

 
1

0
4

0
 

7
) 

7
9

 
3

9
7

 
1

0
4

7
 

5
5

 
3

9
b

 
1

0
4

6
 

6
5

 
3

9
0

 
1

0
4

9
 

7
J 

3
b

5
' 

10
51

 

3
b

l 
I 

1
0

5
2

 

ro 
Q

 

" 
rn

 
D

 
~
 

~
 
~
 

o 
I 

n 

'" 
r 

c 

m
 " l I 

~
 
~
 

o 

2 
S 

2 
7 

2
0

 

2 
B

 

5
0

 

4
5

 

4 
7 

3
6

 

3
0

 
16

 

9 Ib
 

.~
 
'" 

<
 
~
 

~
 
" 

.-
n rn

 

0
7

9
 

4
7

3
 

4 
6

3
 

~
 

b z z " 

IJ
O

b
 

11
05

 

4 
51

 

4
5

4
 

4
5

0
 

4
4

0
 

4
4

9
 

4
2

0
 

4
4

 8
 

3
9

7
 

4
0

 

3
6

8
 

4
4

b
 

3
4

1
 

4
4

5
 

3
2

8
 

4
4

4
 

3
2

8
 

4 
S 

2 

J4
 7

 
4

5
3

 

3 
b

2
 

4 
5

4
 

, r- , 

IS
 

L 
3

7
8

 
4

5
5

 
I 

2
6

 
)9

1
 

4
5

6
 

3
2

 
4

0
4

 
4

5
7

 

4
7

 
4

1
4

 
4

5
8

 

4
2

 
4

2
0

 
4

5
9

 

4
0

 
4

2
2

 
4

6
0

 

4
0

 
4

2
4

 
4

6
1

 

5
0

 
4

2
b

 
4

6
2

 

5
8

 
4

2
9

 
4

6
3

 

6
5

 
4

2
9

 
4

b
4

 

8
t 

4
J
J
 

4
6

5
 

B
9

 
4

3
3

 
4

6
b

 

9
3

 
4

3
b

 
4

b
7

 

9
7

 
4

4
0

 
4

b
B

 

9
8

 
4

4
0

 
4

6
9

 

1
0

0
 

4
4

 4
 

1
0

0
0

. 

9
2

 
4

4
B

 
1

0
0

1
 

9
2

 
4

5
2

 
1

0
0

2
 

9
6

 
4

5
6

. 
1

0
0

J
 \

 

9
2

 
4

5
9

 
1

0
0

4
 

6
3

 
4

6
3

,1
0

0
5

 

5
5

 
4

b
7

 
1

0
0

0
 

5
B

 
4

7
4

 
1

0
0

7
 

b
2

 
4

8
1

 
1

0
0

8
 

6
7

 
4

Q
I 

1
0

0
q

 

4
8

 
4

9
6

 
10

10
 

3
0

 
5

0
4

 
I 

J
a

il
 

3
6

 
5 

I 
7 

10
12

 

4
8

 
5

2
8

 
10

13
 

5
8

 
5

4
0

 
10

14
 

5
2

 
S

4
Q

 
10

15
 

5
6

1
 

1
0

Ib
 

5
7

0
 

10
17

 
, 

I 
L 

~
 

o 1 
~
 

o 

_, 
,_~, 

r 

, 

'" o L
 

,V I, 
-
[
 I 'ff
 I } 

: I?
: 

" :u o "T
1 r IT
! :E
 

,~
 

~ " ~ 

. 
I 

I" 
~ 
Ii

 
~, 

! 
lif

o,
 P

 
T

P
I\

V
E

R
S

E
 

T
 

~-
r 

I 
t f 

II t 
1 , S' 

,
~
 

E
A

S
T

 

S
O

U
T

H
 

~
 

o 9 

~
 

~
 f" , , I ,', , ! 

I' !
 

I 
II 

'~
' <:, ~ "' 

, 
, 

II ,
 / } 

" 
rj 

,-;:; j/
 

i 
~
 

. 

~: 
!'P

 TR
A

V
E

R
S

E
 
R

 

1/ Y
 

1 J j l "'/1
 

g ,
 ' IP

 
T

R
A

V
E

R
S

E
 
u 

~'11
 ,~ 

.%
 

I 
' 

, 
I 

, :1
 /1

 P
 T

R
A

V
E

R
S

E
 

v 

, I c , I 1/ / 

.. o f".
" , 

, "
1 
jj
 

'j
; 

0 
~
 

, 
., 

(; 
!j 

r 
2 

() 
fT

l 

.~
 
~i

 
-
i 

'7 
,,;

 
. 

j' 
L 

, 
I
!
:
 

: 
I 

II 
-;::

,;. 
I 

~
o
 I

,f:
' 

T
R

A
'J

E
R

S
E

 
P

 

,,
"i

 
L 

~
 

I 
~
 

, 
I 
~ 

~
 

D
_D

,H
.8

69
8 

,:
f 

!.
.,.

/' '
 

, 
' 
'" 

, 
I 

'"
 

I 
, 

'
"
 

, 
' 

' 
, 

I 
D

.D
,H

.8
6

8
9

 
, 

, 

i
'
l
 i 

I!~
' 

IP
 T

R
A

V
E

R
S

E
 

0 
, D

 D
,H

, 
8

6
8

8
 

D
E

R
W

E
N

T
 

R
IV

E
R

 

D
D

H
 
8

6
9

0
 

\ 
'0

 
D

,D
H

 
8

6
9

1
 

\, [
j'\ 

~
 ~ 

, 
0 

~
 

, 
I P

 T
R

A
V

E
R

S
E

 
M

 
, 

D
O

H
 
8

6
7

8
 

-\ .1 'l 

, I' 

I \ 

I II! I 
\D

D
H

8
6

9
9

 
LP

 
T

R
A

v
E

R
S

E
 

L 

N
O

P
.T

H
 

~ 
~-

I"
D

D
H

 
8

6
7

9
 

,'0
 

I 
~
 

:§ 
'" 

\ 
~I

 
II 

~Jf
fQ 

[ 
, 

'\
 

\ 

I 
' 

~ 
\ 

~
 

. 
'~
 

\ 
ii
i 

\ 
\ 

"
\
 

\ 
' 

I 
'
D

D
H

_
 8

9
7

0
 

",
 

I 
' 

1\
 

I 
I 

I 
\ 

\ 
' 

I 
\ 

\.
 

\ 
I 

, 
I 

\ 
I 

' 

I 
I 

II I 

.;;.\
 
~ 

'" 
',,

-
~ 

~
 \ 

IP
 

T
R

A
V

E
R

S
E

 
W

 

I , 

I 
, , , 

I 

! 
I 

\ \ \ 

, I I ,
 

I 
' 

, 
, 

\ \ \ \ \ \ \ \ 
'"U

 
r l:>

 
--

I 
(T

I 

t>
J 



.-:, - '::"---~ 

I I 
i / 
i : 

i ! 
I' 
\ / 

,{ 
/1 
I I 

ICO 

I 

SCALE IN FEET 
100 200 

I 

lJ~ WA.,L--,-
GEOPHYSiC IS r 

300 
I 

400 
=4 

DERWENT 

a 

D.DH 8962 
@ -\ /,1 

-0-0-

-+4VO-

LEGEND 

Drill hoi e 

Traverse wi th seismic stotlons 

Contour 

Southern boundary of Knockiofty Group 

(the 30,000 ohm - em contour from 

Resistivity Co~tou" Plan, Plate 2) 

GEOPHYSICAL SURVEY OF THE UPPER REPULSE DAM SITE 

DERWENT RIVER, TASMANIA 

CONTOURS OF SURFACE OF BEDROCK 
(FROM SEISMIC DATA) 

(CONTOUR INTERVAL 25 FEET) 

PLATE 4l 



. . 

L 

" o 
o 
o 
,",' 

"' '-

DOH 8679 
DRILLING 

50~, 

-~, , 

. . 

• i 
I 
I 

I I 

~'. '·1 I, x " 

i x ~j 
~~ 'I 
V, \ i 

I, /~ 
i/'\/A 

f1 X ,( 

! r .--......:r...--

i ( x X 

80' 

90' 

o 
o 
o 
co' 

--. 
o 
o 
o 
,",' .... 
"-

DOH 8689 
DklLLlNG 

x x , 

LEGEND 

r,--~ 
.......- "'- I 

ALLUVIAL DEPOSITS 

TALUS 

SANDSTONE 

10' 

20' 

30' 

~OH 8692 u).. U' 
.... ~l..J 

DRILLING ~ vV) 
V) 0"" 

• .or ...... _ J ...... 

( ( , t.. ~.,IJP;,Jc ~ ~ ~ 

~'~,'-.u,.; .. ry L 09 '" ~ '-=. 
T---, 

1 ____ L 

i 
I 

1,- --
i 

1......- ........... -... 

I ...-- : g 
I , 
I ~ ~,;, 
, 
I 

i~- ~, 

I . • , 
I· . 
I • 
t---.--.-
i • 
! • 

• • I 

• 

. , 

~ 

. . 

, 

I 

...... 
o 
o 

'0 
, '0-

, 

6 6: 
6 

't, 61 

, x 

X x x 
x X 

,( x X 

X x 
x x x 

x x 
x x x 

WEATHERED DOLERITE 

I I , I 

) 1 

PARTLY 

JOINTED 

( JOINTS 

WEATHERED DOLERITE 

DOLERITE 

FILLED WITH CALCITE OR 

DOH 8698 
DRILLING 

{ , 

, I 

i" I '! 

I , 

X I .'. 

i ( 

x :( 
f l 

ZEOLITES) 

; --- ..,.".-

I ~ r----
! 
! 

I 

I 
, . 

. I 

I 

. . 
40' 

, 
I • 

. . 

I • 

, , 

o 
o .... ..,-
'--

:.: 
U 
o 
ex: 
Cl 

~ 60' 

f2 
:I: 
~ 
c.. 
w 
Cl 

-40' 

I 
:w' / 

/ 
/ 

/ 

CORRELATION BETWEEN DEPTH TO BEDROCK FROM SEISMIC 
DATA AND DEPTH TO JOINTED DOLERITE 

CORRELATION BETWEEN DEPTH TO BEDROCK FROM SEISMIC 
DATA AND DEPTH TO ROCK WHICH SHOWS 100 % C.ORE 
RECOVERY IN DRI LLI NG 

y= /,02X+4 

Yay = 52 FT 

STANDARD ERROR IN Y = 6 FT 

CORRELATION COEFF. r = O· 98 
STANDARD ERROR IN r= 0·025 

0/ 
./ 

o 

/ 

/ 

/ 
/ 

./ 

x 

/ 
/J 

/ 
/ 

/ 

Y=/·/2X-8 
YOI' = 49FT. 

/ 

/ STANDARD ERROR IN Y=5·5FT. 

CORRELATION COEFF. r = O· 97 

STANDARD ERROR IN r = O·OJ 

20' 40' 60' 80' 100 ' 

PLATE 5 

x = DEPTH TO BED ROC K ( JO I NTED DOLER ITE) FROM DRI LL LOGS 
X'= DEPTH TO ROCK WH ICH SHOWS 100 % CORE RECOVERY 

GEOPHYS ICAL SURVEY OF THE UPPER REPULSE DAM SITE, 

DERWENT RIVER I TASMANIA 

COMPARISON BET'I/EEN SEISM Ie 

AND DRILLING DATA 

{vA {J~~~ 
GEOPH~T- --I 

GeopJI!jsico/ ..Feci/on, 8i/reav of Mmora! R,-sovras, Gcr/c8Y and Cc.ophg.rics_ G 253-5 


	Front Cover
	Title Page

	Table of Contents 

	Abstract

	1.
Introduction 
	2.
Geology 
	3.
Methods and Instruments 
	4.
Results 
	5.
Conclusions 
	6.
References 
	Illustrations

	Plate 1

	Plate 2

	Plate 3

	Plate 4
	Plate 5





