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· ABSTRACT 

This repsrt covers the results of a geophysical 
investigation which was carried out by the Bureau of Mineral 
Resouryes at the Moogerah Dam Site, Queensland. This dam is 
part of the Warrill Valley Irrigation Project being investigated 
by the Queensland Irrigat:~.on and Water Supply Commission. 

The seismic refraction method was used to detennine 
the depth to the bedrock at the proposed site, The maximum 
depth to bedrock was approximately 25 feet. The depths 
determined by the seismic method are compared with results of 
drilling, 

Dynamic elastic properties of the bedrock, trachyto 9 
are ca'lculated from longitudinal, transverse and Rayleigh wave 
velocities which were measured during the survey. 

(iii) 



• • • .1' 

1. IN~RODUCTION 

The Irrigation and Water. Supply Commission (L VI .S ,.C.) 
of Quee~sland proposes building a dam on Reynolds Creek as part 
of the Warrill Valley Ii'rigation Project. The purpose of "':1'1e 
dam is to provide water storage and to contrcl the fl~w of wo.te ~!:­
and ensure continuity of the water supply for the iT-::'igation ot' 
existing farms along the Reynolds and Warrill CreeLs. 

The rroposed site of the dam is in a narrow gorge, 'r-wo 
miles east of Mt 0 Ed'Nards Railway Station and eight miles south­
west of Kalbar. (Plate 1). The approximate no-ordinates (;f the 
si te ar'e: - 566750E 9 1522600N on the military 4-mile map of 
War/rick" 

The geological inves·tigation of the darnsi te was C'arr~ e ::. 
out by 'Tucker (undated report) of the Geological Survey of 
Queensland. Twenty--seven d.ri ::.lholes were drilled in this c.a ;ilsi~e 
area~ (Dunlop, 195[,)" 

The Commission requested the Bureau of Mineral Resources, 
Geology and Geophysics, to carry out a geophysical survey tIl 
determine the depth to and seismic velocities in the f01J.1".d3.tion 
rock at the site. A survey was carried out by a geophysical , 
party from the Bureau ~ with E. J. Polak (pa:r't:i leacdr) and 
P. E. Mann, geophysicists. The Commi ssio:":', p:\::-ovided three field 
assist~nts. The fi.eldwork was dO:::l(3 01:: -)(Y:h, 11th and 12th 
November, 1958. 

The method used was the seismic refraction method, 

2. GEOLOGY 

The area investigated is situated at the upstream ani 
of a steep-sided gorge. Further upstream the gorge opens into 
a wide ' valley. 

In this report the terms overburden and be·:':coqlc are 
used. By overburden is meant soil, mud, scree and decomposed 
and weathered rock; by bedrock is meant fresh, ul1weathe·red C'lt 
jointed rocko 

The bedrock in the area consists of trachyte. There 
are outcrops of rock :in certain areas of the gOl ... ge, while on the 
sides 'of the gorge th(~ rock is covered with scree and en the banks 
of tbe, creek with soil and mud. 

with tW8 
and 340 
although 
as shown 

The rock is massive~ fine-grained and is heavily jointed, 
vertical directions of jointing (with bearings of 700 

respectively) and ene horizontal. The joints are tight~ 
some are stained with j.ro:i:l. The depth of weathering, 
by drillholes, ranges between 4 and 24 feet. 

3. METHO~S AND EQUIP~NT 

The seismic refra('.tion technique, which was used in this 
survey, is particularly suitable for shallow investigat:lons such 
as the determination of the th~ckness of overburden. The method 
is ba~ed on the contrast in velocitJ' of elastic waves in different 
rock formations. 

. An explosion sets up a wave train in the ground and 
times -of travel of the wave from the shot point to geophones 
accurately located on the ground are measured. From the tra")'·..;;} 
time data the seismic velocities and depths to successive 
formations can be calculated. 
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The seismic recording equipment used in the survey was 
a 12-channel portable shallow reflection-refraction seismograph 
manufactured by the Midwestern Geophysical Laboratory, Tulsa, 
Oklaho'tna 9 with Midwestern geophones having a natural frequency 
of about 8 cycles per second to record vertical movement of the 
ground', and a three- component geophone made by the Technical 
Instruments Company, Houston, Texas, to record movement in three 
mutual,ly perpendicular directions. 

" Generally the geophones and shot points are set up in 
a straight line at inter~als of 50 feet (the arrangement is 
known 'as a "normal geophone spread") and the first arrival time:::­
of the: seismic waves (in milliseconds) are plotted agains~ ~he 
distance (in feet) from the sho~ point to give :;time-distance­
curIes". The slope of the time-distance-curve inc.icates the 
velocities in the Sllccess '; . ~.Te t"0rm.2,tions 9 and from -Ghese data it 
is possible to COl"l':,',:lte ~: : \8 depth to these different formations. 
However, the arrang~irlL :~<'~' c:: f geopho:::8s, positions :: f shot points 
and '~he computati ons tl8.J' be v8.rieG. ";,J suit any pa:.c'ticular field 
condi ~i ons D 

The Bureau commonly uses a technique known as the 
"method of differences" (Heiland, 1946, p.548). Referring to 
Plate 3A, a shot is fired at A and the trav'el times (TAB and Tic) 
are recorded at Band C. A shot :5.B then, fired at C and the 
travei times (TCB and TCA = T AC) ~j,re rG :~()rded at .A and B.. The 
depth : to the first ttl.scontinui ty below B is calculated from the 
formula:-

V
2 ( TAB TCB TAC ~17~ d + =R -2 V1 2 

in which the meaning of TAB' TCB and TAC was explained ~bove~ 
V2 is .- the veloci-ty below the first discontinuity, Vi the velocity 
between the sur:f'J,ce and the first discontinuity, and d tho (I epth 
tc the first dis~c::1tin~1.ity below point B. The term. 
TAB -i- TeB - TAC repres8J:'lts an apparent vertical travel time, and 
- : 2 /12 
the term V2 ~ V2 serves as a correction factor for 

V 1 • 

Apart from the "normal spreads", so called "broadside 
spreads" were conv(.;nient to obtain information across the gorge. 
With a broadside spread (see Plate 3B) the geophones are placed 
in a line along the traverse and the shot point is, ,a few hundred 
feet away in the direction norulal to the traverse (see Polak anC: 
Hawkins, 1956)0 

To obtain information concerni.ng velocities close to 
the surface, so called "weathering spreads ll were used. 
Weathering spreads are the same as normal spreads, except that 
the distance between the geophones is smaller, generally 10 ft. 

Velocity logging was carried out in two drillholes and 
in one test-pit. Shots were fired at several levels in the 
drillholes the resulting vibrations being recorded by geophones 
pli:,;" ced on the surface, From the recorded travel-times, 
velocities of propagation in the vertical direction were 
calculated. 
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In Plate 4 are shown sample records obtained during 
the sur~ey. The vertical lines are timing lines at intervals 
of two 'rr:;.illiseconds. The shot-instant, S.1., is shown on trace 
No.6. Following the shot instant, the deflections on the traces 
show the arrival times at the geophones of the seismic waves, 

The velocity with which any wave travels through earth 
materia.l is controlled by the dynamic propert.ies of the material. 
The following notations will be used in this report:-

= Longitudinal velocity in ft./sec. Vp 
Vs = Transverse v elocity in ft./sec. 
E = Young', s Modulus in Ib/in2 

() = Poiseon's Rat :l.. o 
G = Modulus of R.igl dity (shear modulus) in 1"!J/in2 

B = Bulk lVI(>.c~;~:. ~· .. u. s (ModuJ.~J S of incomprs2' :3.i.tili ty) Ib/1.2/ 
(' ~.~ . -1 o = de~1si ty in lb. sec :: .. "':1 

-: "13 . - '-~'-..... 
N.te:-: Dynamic properties are measured in the direction of 

propagation of seismic wave o 

An examination of the cb8. ::i."acter of diff erent sei smic 
waves ,follows (Leet, 1950, p.45L 

1. Lcrigitudinal Mode (compressional, primae). This wave is the 
fastest of all and arrives first at the geophones. It consists 
of a forward and backward movement of the rock p:?,rticles in the 

. direc~ion of propagation. The velocity of this wave V is 
expressed by a formula: -. p 

1 - 0 

Plate 5 shows a plot (time-distance curves) of the 
arrival times of longitudinal waves fro!n records shown on 
figurGs 3 and 4. J":'he ' i~ :·.> ':·':~i ties comp.;."ti ed from. the time- distanc(.­
curves must be corrected f or the dip of the formations concerned . 
Above the tiDe-distance curves of Plate 5 the corrected timo­
distance-curve indicates the true velocity of the refractor, 
15,500 ft./s ec. . 

2. Transverse Mode (shear, secundae). This wave arrives later 
thanthe longi tudin2.1 waye. The movement of the particle is 
at right angles to the direction of propagation. These waves 
can be polarised into movement in two planes; parallel to, and 
normal to, the stratification planes. (Leet, 1950 p.45). 

The velocity of this wave Vs is expressed by the 
formula:-

in w~ich the constant 1/.12 is the result of using an inch as the 
uni to! length in E and 8 ~ and the foot 2,S the unit in V s. 

3. Ground Roll. This is a very complicated movement of the ground 
par":£icles resul tir.g from the passage of near surface waves, of 
which the Rayleigh (R) and the Love (Q) are the most important • . 
(Leet, 1950 p.46). 

For a med.ium with Poisson I s Ratio G- = 0.25 the velocity 
of the Rayleigh wave is approximately 0.91 V. A t j.me-distance-
curve for ground roll is shown on Plate 5. s 

i. 
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Plate 6 shows a field record obtained using vertical 
geophones on traces 1,2,3,4,7,8,9,10,11,12 and horizontal geo­
phones on traces 5 and 6, 

The actual ground movement i~ shown on Plate 7. The 
different waves are identified and indicated. 

, The dynamical properties of rocks are calculated from 
formulae (Leet, 1950):-

E = 

G = 

B = 

(a' SurVey Results. 

1 44 V~. S. J 1 + 0-)( 1 - 2 (}) 

1 - 0 

E 

2 (1 + 0-) 

E 

3 (1 - 2 <f') 

4. RESULTS 

Plate 2 shows the arrangement "" of seismic traverses 
at the Moogerah damsite. Traverses A-D were shot using normal 
geophone spreads, traverse E using broadside spread. 

Plate 8 shows the results of the interpretation of the 
seismic 'refraction work. The results were calculated assuming 
a two-la.yer strucJ:'.lre, overburden and bedrock. 

Overburden. The overb-"::'I'Q8n consists of soil, mud, gravel, 
boulder and weathered trachyte along creek bed and of scree and 
weathered trachyte higher up the slope, Seismic velocity in 
this bed, as obtained from weathering spreads, is 1200 ~ 200 ft./ 
sec. but may be up to 3000 ± 200 ft.7sec. in some places, where 
weathering is not so far advanced. 

Vertical velocities were measured in drillholes and are 
listed in Table 1. 

t 
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TABLE 1. 

Drillhole 
Depth Time 

m/seQ. 
Average 

Interval Interval 
Interval time in velocity in 

m/seconds ft./sec. ft. velocity feet 
, 

1 21 8 2630 
1 1 1.5 7300 

10 6.5 1540 
" 

7 74 16 4600 
34 4 8500 

40 12 3300 
20 4 5000 

20 8 2500 
10 3 3300 

10 5 2000 
, 

i Test 't 10 6 1660 p~ , 

The thickness of tho overburden indicated on Plate 3 
was cal"culated using an average veloci tyobtained from the v elocity 
tests c'arried out in the drillholes. The ()verbuTden in th~ ' .. ~rea 
is thin', The maximum observed thiclmess of overburden is 25 ft. 
near drillhole 11, on the junctio~ of traverses Band E. 

It is very difficult to assess the percentage error in· 
the bedrock depth determination for very small thickness of over­
burden, :. where the difference of a few feet gives considerable 
percentage error. Table 2 gives a compari son of the depth to the 
fresh rock as obtained from drilling and from seismic survey. 
In eight comparisons the error is five feet or less. 

TABLE 2, 

I. Depth in feet Character of bedrock Drillhc51e 
, Seismic Drilling 

1 3 2 Hard and fine trachyte 
2 14 12 II II " " 
7 14 14 Fine trachyte with Iron-sta ined 

jOints 
10 10 12 Hard trachyte with Iron-sta ined 

joints 

11 25 22 " II II II II II 

22 17 17 II II " II II II 

23 14 10 II " " II II II 

24 1 15 10 " " II II II II 

(b) Anisotropy • 

. Differenc~between vertical and horizontal velocities 
are defined as velocity anisotropy. In this area of jointed 
trachyte the velocity anisotropy probably indicates that the 
horizontal joints are more open than -f..:he vertical ones. Further 

. \ 
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study may show that a quantitative estimate of the joint spacing 
in any ~irection may be derived from the study of the velocity in 
that direction. More open horizontal joints may be connected 
with the erosion of the trachyte by the creek. This erosion 
would reduce the vertical pressure on near surface rock. The 
inspection of the Commission's drilling re:~ord shovis that the 
horizontaJ. jOints are more open than the vertical. 

" ' To obtain more information on the anisotropy~ geo­
phones :were placed along the slop~ of the gorge and shots were 
fired fn drillhole No.7 (Plate 9A). The probable paths of the 
seismic: waves are shown on the drA.wing and the seismic velocities 
in se~e. :!'al directions are cs.1culated, The results are shown on 
Plate 9£ and prove the existe:nce of anisotropy in seismic 
velocity. 

(c) Dynamica.}_ proR~.r..!:_t~~~9.f bed;,oc~.!-

I Table 3 showe- the dynamj.c ,:slues of the elastic 
properties cf the rocks with the dGta from which they are cal­
culated. 

TABLE 3. 

Refr. veloci tv App. veloc~ : : ~::-
I \6 1 b ' . 2 

Trav- P . ,i x 10 ~_ )/In 
10ngi-

... ,.,:"- OJ.sson s ---
erse Trans- . Longi- '1:;··::.n ;~j ·o. Ratio E B G tudinal verse tUdinaJ verse ."._ .. -

A 15~000 8,500 - - ,,27 6.6 4.8 2.6 
B 17,000 1 Op 000 - - .24 9.0 5.8 1 3 •65 
B 17,000 - 10,000 6,450 .245 8.8 5.75 3.50 
C 16,000 - 10,500 5,700 .28 7.3 5.55 2,85 
c 16,000 - 9,800 5,900 .265 7.55 5.40 3.00 
D 17,000 10,000 - - .24 9.0 5.8 3.65' 

The elastic properties of r~cks have generally higher 
values when determined dynamically than those determined in 
static tests. (U.S.Dept. of Interior, 1953). 

On some traverses the appax'ent velocity was used to 
calculate Poisson's Ratio. The ap:-':.·rent velocity is defined as 
a velocity obtained by dividing the distance between the shot 
point and geophone by the time taken for the wave to cover this 
distance. 

. Poisson's Ratio calc~lated from the apparent velocity 
may differ from the value calculated from true velocities. For 
instance with the following conditions at the Moogerah dam site 
the errors are:- f~r a theoretical velocity ratio Vp / Vs = 1.73, 
Poisson's Ratio is 0.25; for a depth of overburden of about 
10 ft. and a shot distance of 400 ft. the velocity ratio, based 
on apparent velocities, is 1.8, and the Poisson's Ratio is 0.28, 
which means that it is 0.03 too h"i.gh. For the same ovurburden 
depth 'of 10 ft., but a shot distance of 750 ft., the velocity 
ratiO, based on apparent velocities, is 1.76, and the Poisson's 
Ratio is 0.265. In this case it is only 0.015 too high. 

The above illustrates that under favourable conditions 
of shallow overburden, and relatively long shot distances, the 
errors in computing Poiss(m v s Ratio from apparent veloci t:! e3 ut~ 
small~ and effectively negligible. 
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5. CONCLUSIONS 

The geophysical survey of the Moogerah Dam Site 
provided information of t he depth to the bedrock. The over­
burden near the creek consists mostly of soil, mud and weathered 
trachyte and attains a.maximum thickness of 25 ft. on traverse 
B Station No.5. The overburden of scree on the slopes of the 
gorge 1s thin, measuring between 3 and 15 feet thick. 

The bedrock exhibits seismic velocity anisotropy. The 
seismic velocity measured for horizontal paths varies between 
15 t OOO and 17,000 ft.sec-1, while the max:i!!!y.m vertical veloCity 
measured in drillhole No.7 is 8,5CO ft. sec • 

A compariso!'l of the depths found by the seismic method 
and diamond drilling shows thc:,t most of the differences are less 
than 5 feet. 

The result of s:::'x observations of Poisson's Ratio for 
the unweathered bedrock, computed f.l.~·::.m longitudinal, transverse 
a~~ Ra¥leigh waves travelling in the horiz0ntal direction, is 
0 .. ~55 - 0.015. 

The corresponding average value of Young's MOdu~uf' 
calcul.ated for the same observatioY.'"s is 8. -1 x 10b lbs/in • 
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