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ABSTRACT

The study is an examination of the sediment loads and erosion
rates of three small catchments in south-eastern Tasmania. VOnly that
part of the load known as the wash load has been considered. .Also,
the suspension and solution load components of the wash load have been
determined. The bed load has not been examined because of the absence
of any accurate method for its détérmination.

Tbe previous literature on sediment yields is examined showing
the dominance of work carried out in the United Sta#ss of America in
this field. Only a small number of studies have been carried out in
Australia,_with no previous studies in Tasmania. A review of methods
used'in sediment studies revealed a wide range, many of which'provedv
unsatisfactory for this study. - The method used in this study,
involving the use of ashless filters, was the most accurate known to
the author at the time of the study although it is subject to some
limitations,

A déscription of the environment of the area is given. The
landforms, geology, vegetation and climate of the thfee catchments
are similar varying only in the proportions of each catchment which
are made up of the various lithological and vegetational units.

The wash load of the streams was sampled over a period of twelve
months while the suspension and solution loads were examined for only
three monﬁhs. From'the information obtained sediment-raﬁing curves
‘and daily sediment yields were determined. The computed daily

sediment yields revealed the dominance of individual run-off episodes



where up to 20 per cent of the annual load was removed in one episode.
These episodes were separated By long periods of basal flow when
sediment transport was minimal. It also illustrated the importance
of the solution load which made up 65 to 85 per cent of the total

wash load. This high figure is due to some degree to the inability
of the laboratory method to separate colloidal material from the
solution load. The solution load was mﬁch more constant than total
wash load with indiyidual run-off episodes not being so dominant.

The suspension load however was extremely concentrated in individual
run-off .episodes with only negligible transport during basal flows,

Erosion rates were also determined ranging from 140 to 156 tons
per square mile. These fall into a similar range to those found
elsewhere in Australia. A linear relationship was found between
erosion rates and rainfall in Australia. This contrasts with results
oﬁtained in America where erosion rates increased with rainfali to a
maximum at 12 inches per annum and then decreased as rainfall increased.
These differences are due to differences in vegetation with the Ameriéan
vegetation changing with climate while that in Australia is relatively
constant.

An examination of the influence of various catchments revealed
significant relationships with lithology and vegetation. Erosion rates
were greatest on sandstone and mudstone areas and lower from dolerite
areas., - Also, a greater proportion of the sandstone and mudstone was.
carried in suspension while the dolerite was transported in solution
or colloidal suspension. Wash load was also greater from fqrest areas
than from the other vegetational types. This is due to the lack of

ground cover in the forest area.
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CHAPTER 1

THE PROBLEM

-Sediment can be trgnsported in a streaﬁ as bed load, suspension
o load or sqlufion.load. Generally these three types are related to
different variables and in many ways pperate in distinctive ways.
-Although three tybés of t£ansport have been proposed there are no
distinct bonndaries bétween them and it is possible for particular
;éediment particles to fluctuate between two types. Relatively fine
béa load material mayvpass into suspension if stream velocity is
increased, ‘Also §olloid pérticles which are theoretically part of

" the suspeﬁsion load afe often difficult to separate from the solution
- 1oéd1due to their weak elecﬁrical bonds with the water. A further
type of!sedimént'load known as the "wash load" has been. proposed by
Einstein1; | This léad.is that which can be carried by the stream
indepéndent of the stream velocity and is made up of the solution
load and the.greater propoftion of the suspension load. It is the

waéh load that this thesis is primarily concerned with.
BED LOAD
The bed load is. that part of the sediment load which is moved

slowly by the stream by rolling, sliding or saltating on or very near

theé bed.i It ‘generally constitutes the bed of the stream and has a

1. Einstein, H.A. (1964) "Sedimentation, Part II, River Sedimentation,
Section 17-II in the Handbook of Applied Hydrology, V.T, Chow (ed.),
" McGraw-Hill, New York.
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. size range tﬁe same as the bed material. Although transport is usually
slow, it is spasmddic, with long periods of little movement followed by
~short périods of ré}atively rapid movement associated with floods or
periods of‘high>flow.- Once in motion lafger grains tend to move féster
’ and ﬁbreggééily than.smgller ones and round particles move more easily
“than fl;; or angular ones. |
The graihs often move by-rolliﬁg or sliding for short periods..
'Saltation'w111VOCQﬁr if the instantanegus hydrodynamic 1lift is greater
théﬂ'the<weight_of the-éarticlg, while deposition will occur when the
flow'éOAditith_will.not re-entrain them. Morisawaa has stated .a
 §umber of ways in'whiCh a grain can be entrained: water velacity éan
'différ 6ver thé‘grain creating'a drag; differences in velocity direction
" can create'a similar drag; or upward Vélociﬁy componenﬁs of an eddy éan
aiséjliff a‘gréin.from the bottom,. Regardless of the way in which a
grain is entréiﬁed, the force required is known as the critical tractive
force. |
While there is general agreement on the physical principlés

__iﬁvolved iﬁ the movement of the bed load a large number of theories
f h§s 5een pfoposed to felaté bed load movement té the stream Qariables.
Liftle,work.wés done to find out phe-factprs controlling bed load

movement until Gilbert carried out a number of flume tests in 191#2.

1. Morisawa, M. 'Streams their dynamicsand morphology) McGraw-Hill,
New York, 1968, p. 47.

2o Gilbert, G.K. "Transportation of debris by running water",
US Geol., Surv. Prof. Paper 86, Washington, 191k.
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'vHe_aimed to relate bed load quantity to the discharge, stream slope and

degree'of comminution of'the debris. No empirical relationship between

. dthe bed load and each varlable was found but he did copclude that the

tract10na1 load was related tq the controlllng stream condltlons 1n a
hlghly complex manner and the laws of control were qualified by all
-'other cond1t10ns.-

Slnce Gllbert's work a great deal of research has bgen carrled

',~out and many hundreds of papers published on the relathnshlp between

'd_the bed load and stream varlables but as yet there is no agreement on»
'the relatlonshlp wh1ch exists., Bagnpld has written "During the
present century‘lnnumerable flume experiments have been done, and a
Lmﬁltithdédofvthedries have been published in attempts tq relate thed
‘rate of eediment‘trahsportvby a etream of~Watem to the strength of
Water floﬁ. NeVertheiesa, eetis clear from the literature, no agree~-
rment has yet beeﬁ reaehed‘upon the flow quantity discharge, mean
,ve1001ty, tractive force, or rate of energy d1551patlon - to which the
sedlment transport should be related" What is agreed upon is that

: the movement of the bed load ds related solely to interna% stream
dvepiables and catchment variables have no influence.

Becaﬁse of the complexity of the protlem many workers have
quispegarded'the theory of the controls Qf bed load mgvemept and have

bdeehcentrated on practical problems rather than ee;entific explanatiohs,

- T 1y . ——

B “;"" . .
1. . Bagnold, R.A. "An approach to the sediment transport problem

R from general Physics', US Geol. Surv. Prof, Paper 422 1,

- Washlngton 1966, p. 37.



This>has been the case particularly with hydraulic engineers who solve

“their problems by'empirical reasoning of past experience of like
, \ _ .
conditions. Thls has led to the derlvatlon of a large number of

\¢
formulae, each of‘whlch approx1mate %the correct answer over a dlfferent

" limited range of conditions,' Leopo;d, Wolman and Mlller ‘have stated
o R o i
that "estimates of the rate of sedimint transported in natural channels
l

based on ex1st1ng equat;ons, howevern may be as much as 100% in error".

' tThey sum up future bed load studles ﬁ; stating that "because of the |
'varlables 1nvo;ved it appears-llkely that maaor advances w1ll be made
tprimariiy_througn.advances-in theory and critical experiments rather
than By amassing volumes of additionai data"z.

| Simiiar‘problems exist-in calculating bed load movement in the

:‘;tfield; » As yet no rellable sedlment sampler has been de51gned to give
tfan accurate assessment of movement in a stream. A number of direct
_emethods has been proposed with the two main types being a sediment trap

“or slot extendlng across the stream bed or several samples being taken
| w1th a portable'sampler usually in the form of a grab. ‘Both tnese
:methods leaVe much to be desired and large errors are common.  The most
‘commonly'used‘method'is the use of an empirical formula with the particular
r nydraulic variables being substituted. As stated above these are rather

restricted and are also subject to large errqrs.

T — n o g Y n ” 3 — ¥ > d L " T

Te _:‘ Leopold L.B,, Wolman, M.G., and Miller, J,P. "Fluvial Processes in
' Geomorphology".Freeman, San Francisco, 1964, p. 184,

2.  1bid, p. 184,



Because of the lack of understandlng of the mechanig¢s of bed load

' 'movement and the varlables 1nvolved, and the lack of a reliable sampling

: *emethod the‘bed.load was not considered in this study, TQe bed load of

' Q ellkthreefstreams was made ﬁp of large rPgnded boulders of_periglac;al'

- origin which moved'only during periods of extremely high flow, For this

o 2ﬂwpeasen_they were. not thought to constitute a.significant proportion of the

IV:i,tqtal sedimentvload. . Also as the bed load is related solely to stream

'fvarlables and is 1ndependent of the catchment variables it is outside the

o _scope of this- study.

~ SUSPENSION LOAD

' The suspen51on load coﬁ51sts of partlc;es finer thgn the bed lead-,

.»'wthh are. supported by the fluld and carried along above the layer of

1laminar flow. | The setthng‘velocity of these particles is less than the
ﬁpwprd velocit& due te tﬁrbuience and vortices, and once these particles
are entrained little or no energy is required to transport them. They

;vcen be carried‘by e current wieh a lower velocity than that required for

‘ their entrainment. : Also the.suspended_loed decreases inner tu:bulence

-’.gf'fhe water so frictional losses of energy are reduced and the stream is

L.gizm¢ré}efficient3

A large number of. theories has been proposed to explain the

“suspension-of‘sediment_in flowing'waten but only recently has a plausible -

analysis been developed. 'ane aﬁd_Kalinske1 were the first to recognise

ot - - g - >.1 B S L A B D R R 1 " r— o 'T”

'1 - Lane, E.W. and Kalinske, A. A "The relation of suspended to bed
materials in rivers."  Amer. Geophys. Union, Trans, 'Vol. 20 Pt,. h;

pp. 63?-41 Aug, 1939,



l'thét'the suspension 6f sgdiment.is'related to the turhuiepce of the water.
In turbulent flow the current ét a given point fluctuates rapidly and

- héphazardly énd although there is a general forward motion there ané also
'7fluctuations iﬂ'ﬁoriédntal and vertical directions which do not follow any
definite sequence, .Alsovthe velocity of the water fluctuates above.qnd
beloQ the mean value in an irregﬁlar manner.

Sédi@enf in sgépgnsion is acted upon in a vertical d;reqpionvby.
>éuf;ent$ moving upwafds_énd downwards in the stream, and, as the water
3i;evei in the stream is constant, these movements must be equal., A
'>§grficie'caught'in'alcurrentAmoving upward aﬁ a velogity grqater than the
séﬁtling~velo§ity_will move upwards,.but, if it is suspended in water
“mbvihg downward or moving upward at a velogity less than the settling

'L'veloc1ty, the partlcle should move downward. If the downward currents

o carrled as much sedlment as the upward currents then after time all the

‘sedlment would.settle on the bottpm, Due to the settling velocity
-héwevef, sediment is concenfrated towards the bottom so the upward
currents have a greater sediment concentration than thoseg mpying downward,
>andimqre sediment is acted upon by the rising currents than the falling
ones. The interaction of the éettling action and the ypward and down— 
wérd currents.tends to produce a balanced suspension of sediment.

For sediment of ﬁniform density the settling rate increases with ,
siie-but no£ bropértionately. The settling rate of particles 1e$s than
'0.062'mh (silt) varies approximately as the square of the particle diameter,
while the settling rate of coarse sand varies ap?rg;imately as the square
rogg of‘the diameter; As a result, thg distribution of suspended sediment

in streams varies with the depth below the stream surface, with the highest
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cogcentration near the bottom and decreasing rapidly towards the surface.
¢he'point with the highest concentration coincides with that of maximum
.tufbulence ahd_for_a set gra;p'size the concentration through the stream
.vehtioaledepehds on the settling velocity of the particles end the amount
'eofvturbulenoe. Past work has shown that set patterns of distribution of
:eeoSfehded sediment_conoentration exist for different grain siies; : Send
ff{féraihs afe‘cdncentrated close to the bottom Because of ﬁheif larger size
oand s0 the1r greater settllng veloc1ty. "The ooncentration of silt tends
.'to be relatlvely even throughout all ‘the stream depth with 1ocal concentr-
.atlonS'due ta’ edd1es. - An example of the vertical distribution of varylng
sediment~sizes is shown in Figure 1. The Unlted States Sub-Commlttee of ,
jSed1mentat10n1 has collected data for a large number of statmons in the
tUnlted States and other countries and plotted mean ratios of spathl
sedimentvconcentrations near mid-depth and near the bottom of those near
the surface (Figure é). The sediment concentrations qt mid-depth and near
the bottom were almost always greater than those at the surface and those
_vnear the bottom greater than those at mid—depth.

The horizontalrdietribution of suspended sediment tends to be
relatively uﬁiform in long reaches of uniform ohannel. However, water
,ffom a tributary tends to stay on its side of entry into the channel for
-considerable distances down-stream and if the sediment concentrations of
'the'main stream and the tributary d,,iffer'signifioent}y1 the sediment‘

conqentratioﬁ may not be uniform for some distance below the junction.

[Emar e g 0 g T g I g NS EC T

. Sub-committee on Sedimentation Report No. 14 "Determination of
‘Fluvial Sediment Discharge" St. Anthony Falls Hydraulic Laboratory,
Minneapolis, 1963, p. 433
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'Irrégularitieé in cross-section will also produce variations in
hofizéﬁtal 09ncentratioﬁs due to varying stream velocities., Using '

:thé availablevihformat;on on the transverse distribution of sedimeﬁt,

B ’thé Sub-éommittee on Sedimentafion has plotted the frequency of

- deviations from the mean concentration (Figure 3). Comparison with
.thé ﬁéfiatipn of'vértical concentration (Figure 2) reveals that the
Altrgﬁsvefse distributibn is much less variable.

Whlle the d1étr1butlon of sediment in the cross-section may be

_y_relatlvely constant. var;atlons in bed form may result in radical

J;vérlatlons in the Sedlment concentratlon. Morisawa1 has given a
_humﬁeb of examples of this influence. = Where discharge and velocity
7.§re heid constant, thefé was an.inérease in sedi@ent conceﬁtration with .
a chénge in bed configuration from duné to plane to antidﬁne form
u(Figure 4).V Thié céuld resuit.in-variatiops in the crOSSvseétiqn.

" The suspended sediment load is closely related tp many of the
stream characterlstlcs. Past aobservations havp shown that a strong
correlatlon exists between suspended sediment load and stream discharge,.

‘-permlttlng the establishment of a sediment dlscharge rating curve for a
:partlcular stream, The relatlonshlp is usually linear when plotted on
. frlogarithmic scales énd‘can be expressed in the form
. . L ? an
' where L is‘the sediment‘load, Q the discharge, and k and n

are empirical constants which differ from river to river.

—— - - o - D L y—— — T T

: 15: - Morisawa, M. op. cit. p. 60.
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While this relationship exists between suspended sediment
_ qiéghargé and stream characteristics, catchment variables also play a
-rolé'in determining the suspended load, During perigds of run-off
into the stream most sedimént is already in suspension by the. time it
réaches‘the stream and tends to rémain in suspension in the stream.
The run-off suspension is a result of soil erosion and is reléted to
the many catéhment variables, the most important gqf which are set out
in Figure 5. As suspended sediment cancentration is greétest during
'pgridds of high flow and these correspond to periods of run-off it is
likely that'azsignificantApart of the suspended load is derived from
the catchment rather tﬁan the stream bed and banks.

The suspended load of a stream, like the bed load, is closely
rqlated'to the stream variables, particularly the discharge. Unlike
the bed load however it is also related to the catchm;nt'variables as

a signifiéant part of it is derived from the catchment.

, SQLUTION LOAD

The solution load is that part of the sediment load which is
dissolved in the stream water and carried in solution. This part of
the:sediment load is generally not visiple gnd has often Qeen ignored
or treated briefly in many sediment studies, It may however constitute
a sizeable proportion of the total sediment load. The concentration of
thé'solutioﬁ load is related to a number of variables, many of which are

unique to the solution load.
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and affects porosity, moisture content, and reduction in

\ strength.

QGrain Size, Shaj and Specific Gravity. Determines
force needed for dislodgement and transport.

’Or&entaﬁon. - Determines effectiveness of climatic forces.
Degree of Slope. ~ Affects energy of flow. )

VEGETATIVE AND
NON-VEGETATIVE

Length of Siope. - Affects quantity or depth of flow,
Depth and velocity affect turbulence. Both velocity

\ and turbulence markedly affect erosion and transport.

’

Vegetative. - Grasses, legumes, vines, shrubs and treea
give protection of land surface in proportion of
interception of raindrops by cancpy and retardation
of flow erosion through decreasing velocity of runoff,
increasing soil porosity, and increasing soil moisture

\ holding capacity (transpiration).

( Non-vegetative. - Open surfaces result in a minimum of
surface protection and therefore maxiemum splash erosion,
reduced infiltration, increased runoff, and maximum

-erosion. A paved surface affords maximum surface
protection with zero erosion and highly efficient
L runcff and transport characteristics.

pT
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Solution load is dominantly removed from the catchment by groynd

. water, During the passage of ground water through the spil, salts pass
into solution and a?e removed from the catchment. Congcentration of the
1§ad depends most heavily on the relative contributions of ground water

and surface run-off to stream flow. The greater the importance of ground
water then generally the greater the amount of solution load. As the mogt
common stream flows arevlow flows when there is no surface run~off and the
stream ié fed soiely by ground water, solution load is high for much of the
time; 'Surface run-off moves relatively directly to streams ahd is little
affected by the conditionsiof the soil surface. When surfage runvoff
occurs after precipitation then the solution lpad is diluted and tends to
decreasg with increasing Qisgharge. . However the exact relationship
between dissolved material concentration and discharge is not known,

The amount of material transported by the stream iﬂ'gqlutiop tends t§ be
evened out and this form of transport is very regular,

The concentration of the solution load in the ground water is
related to a series of variables. Gorham1 states that the five principal
environmental factors are climate, geolqu, topography, bibta and time.

All five interact to determine the ionic.concentration and'compoéition of
precipitation, soil and stream waters. Waters which are acidic are
capable of increased corrosion. Water passing through areas with decaying

vegetation such as sWamps obtain a large supply of organic acids which aid

™ ? Ny Y — o 0 ut )

1. Gorham, E., 1961 "Factors influencing the supply of major ions to
inland waters, with special reference to the atmosphere", Bull. Geog,
Soc. Am., 72, p. 795-840.
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in the remqval of material in solution. Organisms both in the stream and
the catchment alter the nature of the solution load by removing certain
ions duringltheir life cycle and releasing them, often in a different form.

A féqfor which has a complex relationship with the solution load is
precipitation. It has already been stated that periods of prec;p;tatiqn
result in surface run-off and thﬁs a dilution of the solutiqn load occurs.
Tﬁe chemical compositibn of precipitation is also of majpr importance bpt
is generally much more difficult to assess and analyse. Livingstone1
listéa the variation in the chemistry of rainwater falling on the catcﬁment'
as one of the two most imbortant determinants of the soiution load. The
role'of ppecipitation in the chemical composition:of rivers has been
discussed ip severai récent grticles, ﬁotabiy by Dduglasz.anq Carrpllz, and
sevefal studies have made allowances for the solutes contributed by‘precipit—
ation. As some of the sblution material being removed by the stfeam was
originally brought into the catchment by precipitation it does not consfitute
depudation of the catchment s0 must be subtracted from the solution load.
Such allowances have been made by Heémbree and Rainwateru i@ their study in

the United States.

—
T Livingston, D.A.,"Chemical composition of R;vers and Lakes', US Geol,
Surv. Prof. Paper 440G, 1963.

2 Douglas, I.,'"Intensity and periodicity in denudation processes with
: special reference to the rempval of material in solution by rivers™,
Zeits. fur Geom. 8, 1964, pp. 453-73.

3. Carroll, D.,'Rainwater as a chemical agent of geologjc processes' -
A review, US Geol. Surv. Water Supply Paper, 1535G.

L, . Hembree, J.H., and Rainwater, F.H.,'Chemical degradation, Wind River
' Rangd', Wyoming., US Geol. Surv. Water Supply Paper, 1535E, 1961.
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Further studie§ question whether the total solption contribution
of precipitation should be deducted from the stream sqlutiqn load.

("iox;ham1 points out that while much of the airbourne salt falling on
_céasta} éatchments is derived from the ocean this decreases rapidly

inland. Inland areas derive their airbofrne salts largely from dust

which hés»been made available by weathering so when added to the rivers
this dust  forms part of the deﬁudatién process. A complete under-
stgndingrof.the resourceslof supply of ions is required before the
iﬁp@ftance oflions derived from preciﬁitation can be assessed meaniﬁgfully.

As well as adding salts to the cétchmeﬁt; the ions in the precipit-
'.afioﬁ élso'éffect the-corroéive~action on rocks, Acid aerosols result in
iain becoming a:dilute acid solution which increases corrosion. It has
beeﬁ féﬁnd howeVer that precipitation acquires the chemical characteristics
of the catchmeﬁt envifonment and the acidity of precipitation is more
commonly relafed to the catchment envirohment than outside factors.

Earlier studies have shown that the concentration and composition of
thé solution loads of small catchments is variable due to varying catchment
environ@ents. Variability in most of the factors howeyer tends to decrease
with increasing basin size so that the chemical content of large rivers is
often similar. The common anions are bicarbonate, sulphate and chloride
while calcium and sodium are the important cations with thege fiye ions

‘making up 90 per cent or more of the chemical content of most rivers.

' 1, Gorham, E., op. cit.
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Despite the relative neglect in many sediment studies, it has been
»shown that fhe removal of material in solution by rivers is important in
.the deg:adation of the land surface, Livingstone1 has estimated that
3,905 million metric tons of soluble material is carried from the earths
surfgce,annually by running water, with many streams carrying more

dissolved matter than solid.particles.
WASH_LOAD

Bécauée.of fhe difficulty of making the physical distinction.
betwéén'suspehsion énd bed loads,._Ein'stéin2 proposed the term wash load.
The wash loéd i;_the material which can be carried most easily in large
quantities by the stream, that is the finer pa;t of the load. It includeﬁ
the‘solution load and the major part of the suspension load excluding the
larger particles which fluctuate between the suspension load and bed load.
The techniques used to measure the wash load afe the same as those for
'suspension load, and the wash load can be further analysed for solution
and suspension loads.

As the wésh load can beltran5ported by the stream through almost
the full range of discharges, potential for removél is often greater than
the supply of sediment, and the wash load is usually poorly represented in

the stream bed. If upstream sources are depleted, a full supply of

1. Livingstone. D.A., op. cit.

2. Einstein, H.A., op. cit.
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sediment is not availéble to maintain absolute capacity. Therefore the
movement of wash load through a reach is not affected by the transport
capacity of the reach and without taking direg¢t readings it is not
.§pssib1e to pfedict the rate of wash load transport.

Clearly the rate of wash load movemen£ is related to the supply
of materia;'foxfhe stream rather ihan the stream variables. Thé rate
of supply‘is a function of the catchment variables as set out in Figﬁre'5.
Also thé:sppply of sediment to a particular stream is generally very |
variébié, dependiné on thé conditions prevailjing. Changes in'any of the
catchment vériables are.likely to result in chéhges‘iq'se@iment’supply; Usually
~wash load concentrations'areAhigher on the rising stage of the hydrograph
than on the falling_sﬁage1. Seasonal variations in catchment conditions
can also qffgct the supply of sediment fo the stream.

It is the wash loadehich is.consideréd in this studyvand it has
been further analysed to find solution and suspension loads. Wash load,
according to Einsteina, constitutes the predominant bulk of the sediment
loaqVWith between 80 and 90 per cent of the total load. Wash lqad, being
closely.reiated to thé-catchment variables, bears a close relationship to
catéhment erodibility, the assessment of which is the aim of this study.

" Bed loéd however is almost completely independent of the catchment and is
qore‘closely related to the stream variables so can be disregarded in
analysing catchment_erodibility. The methqu used to determine the wash

1bad and the solution and suspension load comppnents are set out in Chapter 3.

T Pemm——

14 Leopold, L.B., and Maddock, T.,"The hydraulic geometry of stream
channels and some physiographic implications",US Geol. Surwv. Prof.
Paper 252, Washington, 1953.

2.  Einstein H.A., op. cit.
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CHAPTER 2

THE STUDY AREAS

_ PREVIOUS STUDIES
1. . The World

A large number pf.sediment studies hage been carried out in
ﬁhe United States, mainly under the auspices of thé United States
Ageologiéél Survey. 5 This body has a widespread network of Sediment
sampling stétions for which relatively long periods of record are
- évailaple. The majority of the studies éxamine specific c;tchments
And”only énalyse the variables which are of importance in those
:cat¢hments so they have only limited application outgide the area
studied. 4Two‘studies which hHave examined the majority 6f catchment
- parameters for specific catchments gre those ﬁy Maner1 and Lustiga.
A pumber oprapers.has e#amined the importance of land use in

determining sediment yields for specific catchments., Some of the

f

1. Maner, S.B., "Factors affecting sediment delivery rates in the
Red Hills Physiographic area." Am. Geophys. Union Trans., 39,
1968, pp. 669-75.

2. Lustig, L.K., "Sediment yield of Castaic watershed western Los
Angeles County, Calif." US Geol. Surv, Prof. Paper L22F. 1965,
25p.
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most important of these are those by»Jones1, Striffler2 and Ursic5 all
of which‘gave consideration to mans role in altering sediment yieids.
‘Other studies have covered a much wider area and the relatiqn-
'shipé derived have much wider application. Schumm examined the
relatiéﬁship of sediment'yield to the relief df the gatchment angau
aha,in a léfer ahd more widely knéwn study with Langbein related
sediment yield to mean annual precipitations. An analysis of storm-
period vériableé.affecting stream sediment transport was Carried éut
by Guy6; Probably the éreatest contribution to fluvial denudgtién
studies has'ﬁeen made by Anderson who carried out maﬂy of the eérly

studies. ‘His 1949 paper7 outlines a simple equation for determining
: 1

sedﬂnﬁnt yieldé for'catchmfhts where no sedimfnt samples have been

1. . Jones, ‘B.L., "Sedimentation and land use in Corey Creek and

Elk Basins, Penn., 1954-60." US Geol. Surv. open file report
1964, 112p.

2. Striffler, W.D., "Sediment, streamflow and land use relationship
' in northern Lower Michigan.'" US Forest Service research paper
LS16, 1964, 12p.
3. Ursic, S,J., "Sediment yields from small watershéds under various
land uses and forest covers.'" US Dept. Ag, Misc. Pub. 970,
pp. 47-52.
L, - Schumm, S.A., "The relation of drainage basin relief to sediment

loss." Pub. No. 36 de 1l'Assoc., Internal d'Hydrolegic, Vol. 1,
1954, pp. 216-9,

Se Langbein, W.B. and Schumm, S.A., "Yield of sediment in relation to
mean annual precipitation." Am. Geophys. Union Trans. Vol. 39,
1958, pp. 1076-84. -
6. Guy, H.P., "An analysis of some storm-period variables affecting
- stream sediment transport." US Geol. Surv. Prof. Paper, 462E,
1964, ,
‘7.  Anderson, H,W., "Flood frequencies and sedimentation from forest

watersheds." Trans. Am. Geophys. Uniqn, Vol. 30, 1949, pp. 567-86.
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‘taken, Aided by the large amount of sediment data available,
ffAndérson carried out several studies examining the influence qf

.5stpeamflow, topography, soil and land use on sediment yield using.

pult;ple‘regression1. In a later'studya_a similar analysis ig'mgde .":

but a wider range of-oatchmént parameters is included §gghgas 5011,
gslope:and catchment;éreé, -In this paper he suggests that such a

stud& Should'inolude aé many different catchments as possiblé ahd;'

. “by carrylng out an analysis of co—varlance, catchments can be

;otgrouped so: glVlng a good method of estlmatlng sediment loss for :
.-unmeasured catchments. ‘ A similar analysis wa? carried -out w1th

: Andre_1g Northern Cah_for_niaj and in a recent paper Anderson nevieWo::
 thefrosearoﬁ oafried ouf between 1963 and 1967 on sediment yields“;:
v‘Slmllar work to. that done in the United States has begen carrled

out in Sweden by a_number of workers notably by Hjulstrom- and Sundborg6

™ T L ” o ———

e Anderson, H W., "Suspended sediment discharge as related to

-stream-flow, topography, spil and land use."  Trang. Ant.
Geophys. Union, Vol. 35, No, 2, 1954, pp. 268-C1.
2. "f'Apderson,.H,W.,;"Relating sediment yield to watershed
~ variables." Trans. Am. GeOphys° Union, Vol 38, No. 6,
. 1957, pp. 921-2h, |
'}; "Andre, J R. and Anderson, H.W., "Variation of soil erod;blllty
d with geology, geographlc zones, evaluation and vegntatlon type
in the Northern Californian Wildlands." Jy Geophjg, Res.,
Vol. 66 No. 10, 1961, pp. 5351-8.
S, Anderson, H.W., "Erosion and Sedimentation.'  Trums, Am.
} ,Geophys. Union, Vol. 48, HNo. 2, 1967, pp, 697-700,
Se . HJulstrom, F., "Studies of the morphologlcql activity of
o rivers as 1llustrated by the kiver Fyris." Bull. Cccl.

InSt-”Of Univ. Upa&la oweden, XXV, 9,55’ EpP-. 8:1—:;5.

'6} Sundborg,.A., "The River Klaralven, a study of fluvial }
: processes." ' Geografiska Annaler, 38, 1956, pp. 127-316,
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Qho has develoeea—a‘81mple}and accurate method of measuripg steam
'sedlment, and Axelsson1. -Studies of the rest of the worldea:e
: 11m1tede1th'only a few-localised studies such as thbse car?ied-dat f
by. Douglas in, Slngapore and Malay61a2 and. hls analysls qf the solution
.load of the Rlver Thamesj.v. |
Several studles have been carrled out of. denudatlon rates pn'

'ﬂ({ia world or contlnental scale. B These have generally beeq made py
vif‘uslng the avallable sed;ment 1oad data and estimatlng losaps from u"fuf':1

' those areas where no samples have been taken." Calculatlons of

v_denudatlon in. the Unlted States have been made by Judson and thter .j_f-‘-'

5

wDurum, He1del and Tlson have made an estlmatlop of world so}utxon

~:_loads,:f The maaor studles of world denudatlon have been yevgiwed

. ”“-u*f'A‘w-' T ;.7‘ T : AR B ~rw-;(?vg55>fmﬁf
B FE Axelgsoh;'v-, "The Laitaure Delta.". ' Geograf}ska Annaler,
)+9A’ " 1967’ pp. 1-127. .
- 2. .. Douglas, I., "Natural and man made erosion in the humid
' .troplcs of Australia, Malaysia and Slngapcre." Internat.

. Assoc. Scientific Hydrol., Pub. 75, 1967, pp. 17-30, .

"Eros;on of granite terrains under tropical ralniorest in"

Australia, Malaysia and Singapore." Internat. rsooc.. )
Sclentlf Hydrol. Pub., 75, 1967, pp. 31-40, '

- 3. Douglas I.. MIrtensity ond pericdieity in deﬂuﬂatlon

- processes with special reference to the remoyal of ' ,
material in solution by rivers.' Zelts, fur. Qconprph.,-,:‘,j"
8, 1964, pp.453-73. - : - L

4, “Judson, Si and thter. D,F., ”Rates of reg1onal denudatlon_'A
; in the United States.” J. ueophys.'Res’, 69’ (1u). 1964,
PP 3395-3401, o

5..©  Durum, W.H., Heidel, S.G. and Tigen, L.J., "Jorld-wide .
- . run-off of dissolved solids." Internat. Assoc. Scientif,
Hydrol. Gen. Assembly of Helsinki, Pub. No, 51\ 1960,
»pp. 618 28. S
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S by Stoddart1 who notes that estimates vary considerably becau§e qf.the

>':mﬁltiVariate[contrpls of the rate of erosion. Among the studiégr‘
'QQpiédibyAStoddart_is ﬁhat by Corbel” who studied tqtal erosjon for
- different températureZZQnes in terms of three humidity and two.re}iéfm "

-

categéries. ' Diffefent results were obtained by Fournier” who . f7

derlved an equatlon for predlctlng sediment yield when cllqate and

7~3fre11ef_qre.kpown. Hls results are supported by a study by btrakhov}fv

. 1 _whosé‘resultsfareisllghtly lower., Bath Stoddart and Dougiag feel

;that Strakhov's rates may be geclogically more ''normal'.
o | .
g Obv1ously’ out51de ‘the United States, sediment §tud1es are

isolétedland a great deal remains to be examined,  Uptil the rest of

J”ﬁ the world develqps a network of sediment sampling stations. as exl&tg

:r_}n_the Un;ted States, insufficient data will be available ;o,caprya {.

T;Qutﬂapy'lais315qale sthdie$.

- T——— . r " DAt eur i S o e s

'1' 1.>? Stbddart;-D.R., "World erosion and sedimentation," in “Water,
Earth and Man." ed. R.J. Chorley, Methuen, London, 1969,
pp. 43=64, .
2, - Corbel, J.,, "L'erosion terreste, etude quantitative, (Methbds's:*
o - techniques - resultats)', Annales de Geographic,. 37, 1964,
Pp°fh49599 ,
3. ©° Fourier, F., "Climat et erosion: la relation entre llerosion:
o du 501'parll'eau‘et les precipitations afmpsphhxlf-cu (Larlu)
by Strakhov. N. h., “Principles of Lithogenesis: .Vol. 1," .andén;
"" "5."j " Douglas, ‘I., 'Man, vegetation and the sediment yields of r1vers "_v-'

v'Nature, 215, 1967, ppe 927.
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- 2. Australia

':fen stndies of sediment sampling and associated denudatibn'
ﬁrgtestn;ve beeniqérried out in Australia and much of the.wo;kt;~.t
‘fcé}ried"ouefhas”nbt been published. Published work is limited” tp%f:.
) _fpu’x;." wonke"rs.. ” | |
The Snowy Mountalns Authorlty initiated the first sedment
' sampllng programme in 1953 to determlne the sediment loads qf some
pf the representat1ve streams in the scheme. From the work uirrleﬂ-
out. gnly one’ publlcatlon has emerged; that by Stephen$ on the
v'samphn’g technlques employed. Following the example of the Snowy |
vMOuntains Anthority,,extensive studies have been carried out';n _the
.ﬁunter River Basin b& theAHunter River Valley Research Foundati:in,
Aggin'littie'of this work has been published or released,

| Douglas2 presented a doctoral thesis at the Australian :
fﬁatlonal Unlver31ty on denudation rates and water chemlstryvof
_selected catchments in eastern Australia and from this study'several
pgpers “have been publlshed. | In his 1967 paperB. Douglas examines.
. tne influenee of,man on sediment yields through modificatign of. some .

" of the catchment variables, the most important being vegeta'tion‘. o

LT L R —— . " g g - - " [N A R R e

.- 1.0 Stephens, S.K. , "Sediment sampling in the Snowy Mountains .
"~ Area." - Snowy Mtns. Hydro-electric Authority, Cooma, NSW,

1961, ' L

" 2. 3 Douglas, I., "Denudation Rates ard ¥ater Chemistry of

" selected catchments in Eastern Australia and their

- significance for tropical Geomorphology." Unpublighed
~ Ph,D. thesis ANU, Canberra, 1966. C

"3,  Douglas, I., op. cit., 1967, pp. 925-28.
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A later paper1 deals with the solution load of catchments in tropical
nofth-east Queensland and the Ceptral and Southern Tgblelands of New
South Wales. The influence of precipitation chemistry and lithology
on solution lqaq is examined for the two areas.

Loughran has carried out ; number of studies in the New England
area of New South Wales and two studies have been published. In his
196_82 and 19693 publications he records the results pf a study of

.fivévéméll_catchments in the New England area and examines the
';nfluence of catchment lithology on the wash loéds. A further study”
examined the influence of an urban area on the wash load of a sﬁall
streaﬁ.. Loughran is currently carrying out research on the-segimpht_

yield of the Chandler River, a much larger cat¢hment in the New England

area.

1. Douglas, I,, "The effects of precipitation chemistry and
catchment area lithology on the quality of rivers water in
selected catchments in Eastern Australia.' Earth Science J.
2 (2), 1968, pp. 126-Lk,

2. Loughran, R. ,J., "The susceptibility to fluvial erosion of

' " three rock types on the New England Tableland MNSW.'" Inst.

Aust. Geographers Conference, Monash Univ., Melbourne, 196,

5. Loughran, R.J., "Fluyial Erosion in five small catchments near
Armidale NSW."  Research Series in Physical Geography Neo. 1,
Univ. New England, Armidale, NSW, 1969.

L, . Burkhardt, J., Loughran, R.J., and Warner, R.F., "Some pre11m1qary

observatlons on streamflow and wash load discharge in Dumaresq
Creek at Armidale NSW."  Research Series in Applied Geography
No. 18, Unlv. New England Armidale NSW, 1967,
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Abrahams1 has analysed drainage densities and sedimeht yields
'iﬁ egsférﬁ Aﬁstralia. - Using the sedimen{ data colleqted by Douglgs
and Loughran and the available reservoir siltation rates, he hag
aﬁalysed the influence of annual precipitation and vegetation én_
sedimeﬁt'yieids. |
’_Sediment studies in Australia have been largely neglectéd énd
only a Sﬁall nﬁmbef of studies have been carried out, As wé}l aé'
thoseIOutlined above, a small number of studies hase been carried oyt
. by engineers but these are concerned more with stream mechanics than
catchment denudation. To the author's knowledge ne seqimsnt Studiga

have previously been carried out in Tasmania. The programme of
: ’ e
mh TR

representative catchments being instituted over the next fEW'yearg -
by the AuStralian‘Wéter Resources Council will do much to provide
basic information and a closer understanding of fluvial denudation iq

*

Australia.

THE STUDY AREA

This study is an examination of the sediment yields of three
'pmallvcatﬁhments iq southfeast Tasmania. Rates of fluwial erosion
. R '1. ' N . .
. #@re influenced by the various parameters of the catchment such as

gedlogy, vegetafion. slope, rainfall and run-off and an attempt is

—_— oy T —— - T Rt

1, Abrahams, A.D., "Drainage densities and sediment yields in
Eastern Australia." Aust. Geogr. Studies, Vol. 10, No. 1,
1972, pp. 19-42. : ‘



28.

made to aésess the importance of these, Erosion rates of the area
are also calculated and compébison is made to other Australian studies
in different environments. At the time of the study no work of this
.type hadAS¢én carried out in Tasmania and, therefore, it is hoped that
it wili provide a basis for more detailed analyses of fluvigl erosion
in the area. |

In considering fluvial erosion only that part of the sediment
-load referred to by Elnste1n1 as the "wash load" has been con51dered.
AAs 1nd1cated in Chapter 1, wash load is that part of the load whlch
can he carried 1ndependent of stream velocity and is made up qf the
splutlon load and the greater part of the suspension load. Bed load
has been ignored as it is relatively independent of the catchmgﬁt
variablgs and no adequate method has been derived for its determipatién.
As well as total wash load measurements, the solution and suspension load
components were analysed. These loads were found by carrying out a
sampling programme over a twelve month period from July 1969 te June
1970.

Two of the streams studied, Browns River and Snug Rivulet flow
into the D'Entrecasteaux Channel, while the Mountain River,‘the third
catchment studied; is a part of the Huon system, The location of
these three catchments, and their position in the drainage patfern'qf'
the area is shown in Figure 6. All are in relatjvely close proximity

to Hobart and are easily accessible gvén during periods of high flow.

ama ? T ' - - T - Y T T T ———

T1e Einstein, H.A,, op. cit.
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The catchments vary in size from 7 to 28 square miles., Sampliﬁg
points fér all catchments were at the sites of the Rivers and Waten .
'SUpply Commission's stream gauging sites, which provide‘q conginﬁous
reéord of diséharges. |

A tributary joined the Mountain Riyver slightly upstream of
the gauéiné point and,.as its catchment varied from that of the rest
of the Méuntain River, sediment readings were taken of the triputary

and the river upstrgam of it as well as at the gahging site downstream.

THE PHYSICAL ENVIRONMENT

Geology

The geology ofball three catchments fa}ls into the same system
of Permian>énd Triassic sediment which have been intruded by Juréssic
dolerité'in the form of sills and dykes. At present no geologiqal
map of the areé has been produced, but localised studies have been
carried out., A study by Rodger1 includes the Snug Rivulet area
'whi;ejthe Nountain River is considered in é paper by Matherg. The

surface géongy of Browns River has been mapped on a relative;y‘small.
iscale in ?he Geological Map of Hobarf prepared by the Department of
Mingé_(1965).- deolqgical maps of the three catchments are shown in.

Figures 14, 21 and 30.

|'”‘ - T — v T T Y T g o

1. ' Rgdger, T,H., "The Geology of the Sandfly - Oyster Coveé Areas,

Tasmania." Paper and Proc. Roy. Soc. Tasmania, Vol. 91, 1965,
PP. 109'111"’- ) '
2, Mather, R.P., "Geology of the Huon District.! Papers and Proc,

Roy. Soc. Tasmania, Vol. 80, 1955, pp. 191,202,
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The dolerite intrusions have complicated the stratigrapny
of the aréa as the sills and dykes have fractured the sediment and
only one unit remains whole. The acéompanying heat at the contacts

has also congiderably altered the character of the sediments.

Foﬁr-sedimentary groups have beep recogpised. The oldest
unpit in the areé is the ‘Malbina Siltstone and Sandstone of Permian
_gég which_outénops in limited areas at the base of the sediments
in Browns River. fVThe Risdon Sandsfone is a 20 feet thick marker .-
bed with an average grain size of 0.07mm to O.12mmj. A mqu important
Permién unif is the Ferntree Mudstone which putcrops through much of
the three catéhments. It is made up of three facies which remain
constant through‘the area. At the base is a grey mudstone comppsed
_of a. fine crystgl;ine matrix and quartz grains up to 1mm, This is
relatively reéistant and outcrop is often in cliff femces such as the
falls on the Snug Rivulet. Above this layer is a yellow §andy mudstone
with only a small percentage of crystalline matrix, It is friable and
relatively éqscepfiblé to weathering. The upper horizon ig up to 150
feét:thickvand the sedimeﬁt is very similar to the lower band, At the
igngqus cdntacts only minor alteration has occurred,

Kocklofty Sandstone and Shale is the only Triassic group out-
cropping in the area. 1t is & major group of possibly greater than
900 feet thickness and outcrops extensively in the catchments, The

base of this formation consists of variable conglomerates with sub-
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1. Rodger, T.H., op._cit. p. 1M1
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angplar and sub-rounded quartz particles up to lem in di§meter with a
sa#d'size quartz matrixq. Above this is 200 to 300 feet of massive
sandst;ne whiéh.is comﬁqnly cross-bedded and has slump structures.

The sediment is well réunded quertz with an average diameter of O.2§mm.
Moviﬁg ﬁpAthe formation it changes from sandstone to shale aﬁd the
increasing amount of shale is associated with an increase in feldspar.
Coioun ranges from brown to grey but on weathering only quartz remainé,
1eaving_é very clean sand. The thickhess of the upper member of sand-
stone and shéle is approximately 200 feet. r

The key to the structure of the area lies in the Jurassic
»ﬁolerite which occurs as a complex series of dykes and sills. 'it is.
.fine-grained within 50 feet of the hargin. The rock qoqsiqt§ of a i
© ground magglof.fe}dSPar laths in which there are ocgasional aryqtals_of
.quargz., Faulting accompanied the intrusion of the doleritq.IWhiéhvleft
the area:¢omppsed dominantly of dolerite with varying sized blocks of
sediment floating in it. In some areas faulting was complex as shown
in the mgp qf the Browns River area.

The only other outcrop is that of Quaternary fluvial métepial in
the Mountain River valley. These deposits congist of ill—sorted'semi—'
consolidated sedimentary material showing little evidence of bedding,
They are composedAmainly of rounded dolerite pebbles ang cobbles rapging

up to 4Ocm in diameter set in a matrix of sand and silt.

— ” ” g T v g ’ g T AN

1. . Mather, R.P., op. cit., p. 196.
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Climate

The area lies within the westerly wind regime and this is
refleéted in the annual averages of temperature, pressure, rainfall
and cloud cover. However, the influence of this system is never
uniform or steady, Climate is temperate marine and falls in Koppen's
Cfd élihéte; The marine influence, due to heat absorption, results in
mildef winters'and céoler summers than would normally be expécted.at this
latitude.

_Anﬁuai averége rainfall lies between 20 and 40 inches és shown. in
Figure 7 and is distributed throughout the year although thgre are diéfinct
wet and drj periodé. Maxima occur in late autumn and late spriqg.with
minima in iéte summer and late winter1. The max?ma_arg related to §mail
dyglonic pfessure centres which affect the eastern half of the state.
Rainfall increases with elevation due to the orographic influence, rising
from 25 inches at Hobart to 36 inches on Mount Wellington. There is aiso
a genefal trend for rainfall to increase westward due to thq‘inéreasing |
influence of the westerlies. Rainfall is generally light, butllbca}
pressure diéturbances can result in heavy storms and }ocalised flooding.
Relative reliability 6f annual rainfall ranges from 14% to 18% with again |
an increase in reliability to.the west (Figure 7). Snow can fall over
all the area but is generally restricted to the higher sections where it

can occur at any time. Heaviest falls occur in June and ngy when cold.

- g v - T ™ YT

1. Langford, J., "Weather and Climate", in Atlas of Tasmania, ed,
J.L. Davies, Lands and Survey Dept., Hobart, 1965, p. 9.
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Antarctic air passes over the State and Mount Wellington is snow covered
for @uchvof this time down to 3,000 feet.

Méah,temperatures in the coastal areas range from ASQF to GaoF
ﬁith 8 or 9 months above 50°,  Short hot periods can occuxr in summer
Qith temﬁeratﬁres over 1QO°F due to the inflow of hot dry air masses
-from the Australian continent, and frosts are not uncommon ip winter,

Cn the elevated areas temperatures are up to 12p to 15OF below those
in coastal iocationé and meaﬁ monthly temperatures approach freezing
point in July. OVer 100 frost cycles ?er annum have been recorded in
these 1ocati§ns.

Evaporation measured from a water surface in a sunken tank in
low lying;érgas varies from 31 to 34 ihqhes per anpumq. Evaporation
- is greatest in'coasiél locations, where winds are stropger and ﬁhére is
ample'sunshgne‘ and'degreése with elevation and alsp to the west.
Evaporation is relatively high in summer, while.in winter valués are
very low, This‘cdmbined with the seasonality of rainfgll, has a marked
effect on stream discharge, which is at a maximum in winter and oftén

there is no flow in late summer.

Togograghz

Elevation of the area ranges from slightly above sea-level to over
k000 feet. . .The catchments are typical mountain catchments with no flood

plain development and only limited flat areas which are found mainly on

1. Langford, J., op. cit.
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the upper sections of the streams where there are poorly drained plateau-
) }xke gurfaces. Valley sides are steep and rise f;om the stream channels.,
| The area falls into two of Davies's process prov1nces1, the humid
prov1nce, and the per1g1a01a1 province. Most of the area falls ipto the
humid_province’where fluvial erosion is dominant and periglacial and
aeqliaa>procesaes are relatively minor. Terraces are generally well
developed but are absent in the study area where no deposition has
' opcu#red.'->
| The periglacial province is restricted to the highest sectjons
and occurs in the Mountain River-and Browns River catchments. ' In.this
provincéisignificant médifipation of the landforms has ocqufred as a
l.result of freezeqthaw processes during the Pleistocene. Poth frost
'_ shéftering.df rock and movement of ﬁeathered material down-slope have

: o#éhrred.f. Where doleriée has been involved,lgrgp amounts of boulde&s'

' énd élqy have resulted, with the boulders fillipg,the vgll;ys in some
instancés; These boulders are currently being reworked by stream
. adtién and are transported as bed load and noy extend  well beloﬁ the
}1§wéf'limit of fleistocene periglacial actian. The clay material

éupplies an abundant source of material for stream trqngpprt,
Soils

At present no detailed soils maps of the area have been cgmpiled,b

and published material on this area is limited to‘a generalised description
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To . ‘Davies, J.L., "Landforms" in Atlas of Tagmania, ed. J,L. Davies,
Hobart, 1965, p. 20.
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:sby Nieholls and Dimmock1. They have recognised four great goil groups
: ;ubased on the Great Soil Group Class1£1catlon of Stephens. Podzollc

v501ls are domlnant w1th two groups related to the parent materlal.»
'>1:The 1ower areas where 5111ceous sandstones occur have yellow podzollc

350115 wh1ch have greyish A horlzons and yellow mottled B horlzons and

- are strongly acid throughout. An A2 horison is usually present whlch

'-.Jemay be strongly leached. Depth of the Rroflle is usually shallgw,

1vary1ng from one to several feet. Duplex profiles are domipant w1th
Ea marked change of texture from a sandy or silty A to a clay B horizon.-

vGrey-Brown-Podzolyc soils are assocjated with dolerite parent

' 'e;.1materials;and'are found in the higher.sections of the area. Profiles are

d._duplex with a grey flne sandy lpam A horlzon and a dark yellow1sh brown o
Jvclay B horizon which passes gradually ‘into weathered dolerite at depths '
o of 2to 3 feet. ’While being moderately acjd at the surface, the pquile;
| becomes neutral or alkaline in the C horlzon, Dolerite bouiders are
dfgommpn throughout the profile. |
~ The remaining soil types are Alpine Humus sei;s, In Tasmania these
,soils'ane associated with periglacial solifluction deposits and so are found

'“in areas above 2, OOO feet, The deposits are usually eomposed of dolerite

":'fragments in a flne brown matrlx and the proflle changes l}ttle Wlth depth.

Kf éAll dep051ts are moderately to strongly acid, A variation eoccurs on the

"I'fplateau top of Mount Wellington where the Alpine Humus §oil§ are inter4

,'spensed,with moor peats in marShyﬂlocations. These are commonly 15 to 20

flnches deep and serve as water catchments and temporary storages.

N U, ——— g Laan n B 7 ? T Tyﬁ*x e Lell - e , p—

1. - Nicholls, K.D. & Dimmock, G.M., "Soils" in Atlag of Taamania, ed.
- J.L. Dav1es, Lands & Surveys Dept., Hobart, 1965, pp. 26-29.
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Vegetation

The vegetation of Tasmania has been mapped by Davies1 and
described by Jacksona. Distribution of the various types is related
to rainfall, soils and fire frequency. Sclerophyll Forest is the
dominant vegetation whilé there is a limited area of mporland vegetation
and sections of the coastal lowlands have been cleared for agricultural
purposes.

EBucalypts dominate the sélerophyll forest with most forests
consisting of a mixtufe of two species. The dominant species usually
belongs to the Ash Peppermint group of the Renantherae, with a Macran-
therous subordinate species. In this area the Ash group is represented
by ob}igua‘while the Peppermint Group is represented by ﬁasmanica,

linearis, amygdalina and coccifera. Most of the sclerophyll forest
F——— . , . - S

is of the dry type, while the wetter margins may be in the transition
1to wet sclerophyll forest. Structure is the basis of distinction between

the two types. In dry eucalypt forest, shrub layers are low and often

sparge with members of the Cqmpositae, Leguminosae, Myrtaceae, and

Epacridaceae predominating. As rainfall increases, the tall shrub layer

of acacias and tall composites increases in density until the 40" isohyet

where a transition to wet sclerophyll occurs with dense tall shrub layers

of Eomaderris, Bedfordia and Phebaljum. Gully corridors of rain forest

extend into the sclerophyll forests at altitudes of 1500 to 2000 feet.

1. Davies, J.L., "A Vegetation map of Tasmania." Geog. Rev. 5k,

1964, p. 249,

2. Jackson, W.D., "Vegetation'", in Atlas of Tasmania, ed. J.L. Davies,
Lands and Surveys Dept., Hobart, 1965, pp. 30-35.
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These corridors extend to low altitudes as fern gully communities with

Atherospermg and Olearia dominant, overlying a tree fern stratum of
Picksqnia and Gzatheal1.

The ?lafeau surfaces at eievations above 2,000 feet have'moorland
vegetation. This comprises the non-forest austral-montane vqgetation>
of Epagridaceous - Proteaceous shrubbery, coniferous shrubbéry, micro
shrupber&, fell field, sedgelaﬂd, swamp and Boga.

An important factor in the vegetation of the area is the occurrence
of periodic'firés. In many cases these have led to the developmenf of
disclimaxes, The distribution of rain forest is limited by this factqr.
A gréat deal of the area was subjected to the bushfires of February 196?
when much of.the former forest was destroyed.. The affected areas are
currently. undergoing regrowth with a dominence of saplings and shrubs.

The importance of the fires will be treated in defail at a later stege.

—— p— T Y g —r

1, Curtis, W.M., and Sommervii?z, J., "The Vegetation."  ANZAAS
Handbook. Hobart, 1949, pp. 51-7, sec. 8 & 9.

SOy
2. Jackson, W.D., op, cit., p. 32.



CHAPTER 3

METHODS AND TECHNIQUES

The study involved field measurements of stream water discharge
_and the associated wash load concentration, Laboratory analysis was
carried out to find the wash load, solution load and suspension load

concentrations for the particular discharges sampled.

STREAMFLOW MEASUREMENT

All three catchments have permanent, continuous recqrding stream
gauges installed in association’with weir controls, which are operated
by the Rivers and Waters Supply Commission of Tasmania, and these were
used as the basis for the study. The use of weir controls results in
grégter acquracﬁ due to the constant nature of the stream cross-section.-
Thése sites were also advantageous as they wére wadable at all but the
highest discharges and'adjaceht bridges allowed sampling.to be carried
out when the stage was too high to permit wading. The three gauges
were fitted with Lebpold and Stevens A35 Recorders, with the Browns River
gauge having a recording range of 9 feet, Snug Rivulet 12 feet and the
Mountéih River 9 féeﬁ. As the recording sites had not been rated above
the top df the weir, valid recordings could only be obtained up to thié
level (4.75 feet in the case of Browns River and Snug Rivulet and 1.5
feet in the Mountain River). wr

| Both Browns River and Sﬁgg Rivulet have standard V notch weirs

and have been rated by the weir formulae:
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i) for stages from O to 1.75 feet (i.e. to the

top of the V notch)

Q = 2.52H 207

ii) for stages from 1.75 to 4.75 feet (f;om the
top of the V notch to top of the weir)

Q = 2052 H + 3'33 (23025 - H2) (H2 - 1075)

Where Q is the discharge in cubic feet per
second (cusecs). H is the stage in the V notch

and H, is the height of the stage above the V

2

notch.
The rating'curve based on these formulae is shown in figure 8. At no
time during the study did the stage exceed the top of the weir so all
discharges could be calculated using this rating'curve.

The Mountain River was fitted with a rectangular weir with two
rectangular notches 7 and 10 feet wide. This gauge has been rated by
the standard formula for rectangular weirs:

3/2
Q = 3.33(L-0.2H)H

Where Q is the discharge, H the stage and L the width of the
rectangular notch,

Calculations are made substituting both 7 and 10 for L and the

two resulting values are summed to give the total discharge. The rating

curve for the Mountain River is given in Figure 9. On several occasions
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the stage of the Mountain River exceeded the top of the weir and the
discharge was calculated by mechanical methods which will be described
later. |

As none of these gauging stations has been checked by current
meter measurement, the accuracy of the rating curves cannot be determined.
Changes in approach velocity and sedimentation of the weir are the major
causes of efror. All are located on relatively straight sections of the
streams so the approach velocity should not be altered. Sedimentation
had occurred in the Browns Riyer gauge and this may result in some error,
' while behind the Mountain River gauge deposition of large rounded boulders
océurred after periods of extreme high flow. Also a number ?f tipes after
high flow, damage from flood debris had occurred to the weirs and the streams
had to be gauged by current meter. Gaps occur in the discharge record due
to the malfunction of the recording apparatus and as checks were méde ohly
. quarterly by the Rivers and Water Supply Commission, up to threg months of
.record could be lost.. As £he Commission was dominantly concerhed With low
flows it tended to neglect high flows and, when discharge exceeded'the
capacity of fhe weir, discharge was estimated; .In the authof's experience
thése estimates were usually low and so errors are introduced in periods
of high flow with the estimates up to 50% below actual discharge. This
results in an underestimation of total discharge,

In the case of the Mountaianiver further discharge figures were
reéuired where stream gauges were not available. A tributary entered
the Mountain River slightly above the gauging weir, and in order to

assess the relative contribution of the main stream and the tributary
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it was neéessary to determine the discharge pf each. This was done by
determining the cross~sectional area of the stream at the point to be
gauged.and the velocify of the water flowing past the given point.
Using this data the discharge can be calculated. The sites for these
gaugings were chasen to allow wading or gauging from ov?rhead bridges
depending on the discharge. The controls chosen were quite stable as
the stream bed consisted of bedrock and the banks were cemented bridge
supports. Stream depths were determined at one foot intervals across
the sectibﬁ. Using similar intervals the current meter was placed at
0.6 of the stream depth from the surface to obtgin the mean velocity1,
Thé more accurate measurement of the average of .2 and .8 of the éepth
could not be used in most cases because of the shallowness of the water.
fotal discharge was calculated by summing the discharge of each of the
1 foot sectiona.

The current meters used were the Ott Meter No. C1 and the Hilger
and Watts Water Current Meter SK 70. The latter was limited to a minimum
depth of 6 inches and could not record low velocities whereas the Ott could
operate down to 3.2 inches and is sensitive to low velocities.

AS stated, several times during the study the Mountain River over-
flowed the gauging Qeir and mechanical gauging was required to calculate
the amount of over weir flow. If the weir was wadab;e this excess was

calculated with a current meter using the above method. When overweir

T o ERm v g T CERIE A B 1

T Boyer, M.C., "Streamflow Measurement", Section 15, in Handbook
of Applied Hydrology, V.T. Chow {ed.), McGraw-Hill, New York,
1964,
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flow became too great, the surface velocity was calculated by using
floats over a measured distance of from 30 to 50~feet. By timing the
floats over the distance and repeating at a number of positions in the
¢ross-section the average surface velocity can be calculated. Mean
yelocity of the cross-section can then be found by multiplying the
surface veloéify by 0.8 (i.e. Mean Velocity = Surface Velocity x O,§)1.
Discharge can then be calculated by using cross-sectional area.

These discharge figures are vital to the consideration of wéter

and sediment yields of the catchments.

~ WASH-LOAD SAMPLING

Two main types of wash-load samplers have been developed wﬁich
are either depth or point integrating. ‘ Point integrating samplers
collect samples at a specific point in the cross-section over a period
of time and are used mainly to determine the distribution of sediment
Within the cfosswsection, Depth integrating samples collect an average
 sample of a particular vertical within the cross«section. This is done
by lbwering the sampler to the bottom of the stream and then raising it
to the surface at a uniform speed so that the sample is collected on
both the downward and upward journeys. All samples collected in this

study wére depth integrated.

1. Ibid.
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The sampler used in this study was based on a sampler designed
by Loughran1 who called it the UNE Sampler, and was built in the work-
shop at the University of Tasmania. The design is sRown in Figure 10.>
The sampler is made up of a one pint milk bottle fitted with a rubber
stopper. A guarter inch water intake of glass tubing was fitted into
the stopper ensuring that the intake nozzle protrudes well forward of
the sampler (4 inches) to minimise errors due to turbulence around the
bottle. A similar size air outlet was fitted into the stopper allowing
the air in the bottle to escape above the water surface, The bottle was
fitted into a wading rod which had an attacheqd stabilising fin to ensure

that the sampler was kept pointing upstream. The sample was taken by

A;pweying and raising the bottle at a constant rate until the water level
invthe bottle had almost reached the level of the air outlet.

The-requiréments for an ideal sampler have been stated by Nelson
and Benedict2 and the UNE sampler meets many of these requirements.
. It is inexpensive, rugged and simply constructed and the gample cbntainer
is easily removable and can be transported without spillage of the sample.
Sampling can be carried out to within 2 inches of the stream bed which is
élosér than fhe commonly used American Samplers., Streamlining is sufficient
to reduce drag and flume observations showed that the intake protruded
forward of any turbulence caused by the sampler and the sampler filled

. smoothly without any inrush or gulping.

1

1. Loughran, R.J., op. cit., 1969, p. 28.

2 Nelson, M.E. and Benedict, P.B., "Measuremeﬁt and Analysis of

suspended loads in streams'". Am. Soc, Civ. Eng. Trans,, 116,

1951, pp. 891-918.
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The most important requirement of a sampler is that the intake
‘velocity of the sampler should be the same as the stream velocity. If.
the stfeam velocity is greater then the stream lines diverge as they
approach the intake, but the sediment particles, beqauqe of their greater
density and inertia, change direction less readily and so enter>the
sampléf‘ppoducing én excess. Where the convgrse qqcurs and the intake
veloqityAis greater than the stream velocity, sediment particles converge
.}gss than the watef and the obseryed sediment congentration is too low.
The Sub-committee on Sedimentation1 found that sampling rates below the
éfneam véibcity produced much larger errors than those resulting from
_5am§ling-rat¢§ above normal, Also, as sediment size ihcrgases above
© 0.06mm diametep,'errors inérease markedly and with an intake velocity
of ope quarter stream velocity, sediment of Q,06mm diameter‘gave an 8%
ern&? while sediment éf Q.45mm diameter gq&g 10Q% eryor. Sundbgrgz
found that sediment of 0.05mm diameter resulted in an error of minus
20% with an intake veloéity three times the stream velocity and an error
of plu$ 160% where intake velocity was only a quanter of the velocity ¢f
the stream. With sediment of 0,05mm however the error was reduced to
" less than 1% in both cases, The coarsést sedimenf encountered during
_ppe st#dy_was of fine sil# size and was less than Q,OBmmK s0 errors due.

to gnomalies in the intake velocity will be insignificant,

T - n " " " ‘! T T Amara ™ o

. Sub-committee on Sedimentation, "Laboratory investigation of
' suspended sediment samplers'", Report No. 5, 1941,

2. " Sundborg, A., "The River Klaralven, a study of fluvial proqesses“
Geografiska Annaler 38, No. 2, 1956, p. 235.
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Field testing of the UNE sampler was carried oyt by Loughran
by uéing'it'simultaneously,with a US DH-48 Dépth Integratihg hand
aampler1. Twenty samples weré collected at varying stages and the
o UNE>samp1er gave. an average concqntration a% higher than that of the
'}wysxpﬁrﬂs sampler. Loughran felt that this higher concentratign was a

result of the UNE sampler being able to sample closer tq the bottom.
| .; In this'study, ;aboratdny tests of the sampler were carried
out in'the Gebgraﬁhy-Geo;ogy flume at the University of Tasmania to R
éx&miné the rélatiopship between stream and igtake velocities. -
1Thesevwerekdqne'using §1ean water as no facilities were availaple for.
ﬁhé flume tésting of actual sediment sampling. Three tests were‘
'tqqrried out, The'first tested the.sampler at a constant depth but
~with varying water velocitigs; the second, the influence of vafying'

depfhs with a constant water velocity; ‘and finally the'influence of

- turbqlence upstream from the sampler.

All the tests were carried out in the centre of thé'crosse
secfion of the flume to reduce any effects from the sides and bottom
and oBservation of the testing section showed that the flow was.
relatively even and uninterrupted, 1In all cases the flume was filled
, ~tq‘é depth of 32 centimetres, The‘water vglpciﬁy wag measured with
én Ott Meter No; c1. Three velocity readings were taken at the testing
pqiﬁt before the water sample was faken and three after and the average

Veldcity was calculated. It was found that fluctuations in velocity

T - - LR S St fa 0 g Al

1. Loughrén, op. cit. , 1969, p. 30,
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wefe insignificant. The water sample taken was a point-integrated
- sample. It was taken by sealing the air outlet and inserting.the
igampler to the testing point. The outlet was then opened and a
j§ample of 150 to 200ccs taken before éealipg the ajir outlet and

' stoﬁping tﬁe flow. A stopwatch was used to record the timg taken
tb obtain the sample. - The volume of the sample obtained was measured
" in g-meésuriﬁg cylinder. A small amcunt of water ¢nter;d the éample
' bottle before the qutlet was unsealed due to compression of the aif in
the hottig.by water pressure,‘but this amount wasfmeasu;ed and~takén
into account in measuring the water sample obtained. Three water
: sampleé were taken for éach reading and then averaged to m;nimise
errors. v The a&erage velocity of the intake can then be calculated
usiﬁg thé formuia |

V-8
Where V is the avérage velocity, @ the discharge
and A the cross~section area of the intake.
In the first experiment the sampler was set at a depth of 1§cm
-ﬁgnd five readings were taken with the water velocity varying from 48
to 77qms/second. It was found thgt while a streng lineér relationship
exists betﬁeeq the water velocitj énd intake velocity (Figure 11) only.
- at low velocities was theré any equality between the two. As velocity
increases so doés the discrepancy between water velogity and intake
. vglbcity. No apparent reason could be found fqn this discrepancy.

; The'differences would introduce sampling efrqrs gspecially at higher
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velocities when cparse sediment is evident. However, velocities in

\

i,#hﬁ,study streams were generally low, reaching a maximum of approXimatély

57-96QCms/éeo and as stated the sediment was very fine, so errors should pot

">be signifioaht,,.
| | The second experiment involved a constant water velogcity put
7_varying depth of the sampler; ' Again five readings were takep and it
-qus féund the waﬁer velocity in thé central vertical of the flume ﬁas-
:'.'¢§ﬁgtant with only slightly reduced velqcities within a few cenﬁimgtfes
'Q:kathé béttom, but these low velocities wene below the minjmum depth
.of the sampler. . The water velpcity in the experiment was 55cms/second.
'“An analy51s of the intake velocities showed that veloglty 1ncreased '

-:5igniflcaptly w1th depth giving a strong linear relationship (Figu:e 12).

7;“_Tpg;#ea§on,fbn the increase with depth is related to the relative positions

of the sgmpier intaké and outlet. As the outlet is above the water éUrface
: thé pressure écfing oé it will be atmospheric pre.ssureT The intake however
véslwel1 as having pressure exerted on it by the moving water will algo.hgve
v;é,cdmposite force of air pressure plus water pressure due to the deptﬁ.of
immersion; thus setting up a pressure differential other than that due to
. ;he»stream velocity; Water pressure increases with depth giving an
increasing velbcity.discrepancy.- This results in a biased sample if
the sampler is lowered and raised at a constant speed asmshe lower
qectgqns'of'the stream«will have a proportionately higher percentage of
the_sample. As sediment COncentrafion is greqtest near the strea@ bed ‘
 5fthis dquld pfoduce results significantly higher than the actual average
"éédiﬁént concentfation. ;n the final experiment enalysing the effects

qr ;urbulence no significant results were obtained.
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Figure 12

RELATIONSHIP BETWEEN SAMPLER INTAKE
VELOCITY AND DEPTH

0.3

0.2

DEPTH metres . .

0.1

%0 , . 0.2 v
“INTAKE VELOCITY metres per second



55,

It is apparent from the flume test carried out that the ﬁNE
sampler has a number of inherent faults. Because of the fine nature
of ;ne'SeQiment in this study these faults should not lead to any
significant errors in samplé collection, This is supported by
) laboratory studies by Sundborg and by Loughran's field tesﬁing with
 sed1ment conditions similar to those in this study. A great deal of
further testing is required to find the reasgon for these faults and many
improvements need to be made to the sampler itself. The problem of
'-pressure differential due to the depth of immersion could probably be
' . overcome . by placing the outlet in the stream f§c1ng downstream at the
-f'same level as the intake rather than above the water surface, In its

. btes?n; state it would be inadvisable to use the UNE sampler where.tﬁere
:are unuéually high st;eam.velocitiqs or where sediment size exceeds 0.05mm
ladigﬁéter.:

When taking samples in the fieid, two samp}es wére taken at each
sémple p01nt to minimise the chance of error, Samples were taken from
peints at a quarter, a half and three quarters the width pf the stream.
Half of each sample was taken at the mid-poipt and tne remainder at
leither a quarter or threevquarters width. The water temperature and

- pH were also taken at the time of each sample,

LABORATORY ANALYSIS OF SEDIMENT

Despite the large literature on stream sediment determipation very

~ little is written on the laboratory techniques used to analyse the samples
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' obtained. Most of the literature is concerned with the way in which
the sample is obtained and only gives brief mention to the actual

_analysis;
. WASH_LOAD

Several methods were examined for fhe calculation of -the wash
"load and most of them proved unsuitable for this study. Decanying after
éliowing fhe sample to settle and then evaporating the concentrate was
i ﬁnéuiﬁable because of the extremely fine nature of the sediment which
 ; in?@lved,either exfremely long settling periods or considepable loss of
A “sediment in the'decanting process, Processes involving quesfos.filter
 :@ats or fritted glass filters have been shown to be inadéqugtq 55 tﬁey
léither let a significant amount of the sediment through the filter or
quickly become blocked with sediment if finer filters are used.
Douglaé'in his study in Aust_ralia1 used Whatman 452 filter papers to
~separate out the suspended load. Before filtering the papers were.
ﬁashed and dried in an oven and weighed. After fiitering the papers
. were'once'again washed and dried, dessicated and then weighed and the
qohcentrétibn calculated by comparing with the weight of the original
sample. In using this method some anomalous results have been'obtainéd

' és in some cases the filter papers have been found to be lighter after

- filtering, probably due to loss of fragments of filter paper during -

1 v I ' I T R4 3 LA R e g " 7

- 1. Douglas, I., op. cit., 1966.
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filtering. Thié error is not always cqnstant, and when dealing with
“low sediment concentrations the method is unsat@sfactory. All the

.above methods find only the suspension 1oéd and further processing is
1-requ1red to determine the soluthn load and total wash load, |

The method finally decided upon was based on one developed by

'Louéhran1-wh1ch enables an accurate and relatively fast method of
oalculatiog total waéh-load. A 150ml Phillips Beaker was washed;

dried and'dessicaﬁed for at least 20 minutes and then weighed on a
Mettlef HCT Analytical baiance (accurate to O.?mg), A few drops of
f Weék soap Solution were added tovthe sediment sample to help dispepse

the clay particles. The sample was shaken well to epsure a homogeneous
lmlxture and’ approximately SOcc were drawn off and the beaker was once
agaln weighed, The bulk of the water was then boiled off and then the
remain&er-waa'evaporated in an oven, After.allowing the dry sample to
:coolfin a dessicator for ét leost 2OAminutes the beaker was again weighed
énd_the weight of the dry sediment could be determined, Total wash-load
in parts per million (ppm) can then be calculated. As two samples were
takeo at eachvstétion, by averaging the results obtaingd from these any
_érror can he reduced,' .This method has the advantagos of being relativély
‘gimple and fast as a number of samples can be processed at the same time.
Accyracy of the method is relatively good as a number of aoalyoes carried
out on the same sample géve similar results with variations of no greater
than 5% with low sediment concentrations and the efror deopeases with

";ncrqasing sediment concentration.

1. Loughran, R.J., op. cit., 1969.
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Significant sources of error are introduced by changes in
temperature and humldlty in the laboratory between the injtial welghlng
of the beaker end the welghlng of the dry sedlment, Because of the low
sediment concentratlon and therefore the low weight of the sedlment,
chaoges 1n welght of the beaker due to temperature changes can be
. sxgnlflcant and in a number of cases errors'of up to 25% were experienced.
-These errors were overcome by attempting to carry put the analysis when
: feoperature and humidity were relatively constant and by checking the
weight of tﬁe beaker after the dry sediment had been weighed. This was
' done by thoroughly weshiog and drying'the beaker, dessicating it for a

| short period and re-weighipg. By ayeraéing the ;wo weights‘for the.
_beaker this error‘can be reduced siénificantly, Generallylthe analysis

- provides a simple but accurate method of determining total wash-load,

SUSPENSION AND SOLUTION LOAD

As well as determining.total Wash-load an ettempt was made to
find the suspension load and soldtion'load which'made up the wash load.
Several methods were examined and most proved too costly for the present
study; The method used is essentielly that used by Sundborg1 and
'siightly modified oy Loughranz, both of whom were faced with a simiiar :

problem of low sediment concentration. Most of the methods used in the
- [

e ‘ . , B LS e
1. Sundborg, A., oE. cit., 38 (2), 1956, p. 296.
2. ﬁoughran; R,J., "Some observations on the determination of

fluvial sedlment discharge.'"  Aust. GeogY Studies, Vol. 9,
No. 1, 1971, pp. 54-60,
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United States are designed for greater concentrations and are not
adgquaté in dealing with low concentratjions, . The method involves

the use of the tofal sample collected after the amount for the wash-

: ioad'determination has been removed. As the equipment required became
évai}able only half way through the study, suspension and solution load
' analysis was only done for the last six months.

| ' A éieaﬁ dry porcelain crucible with 1id was taken and placed in
a furnace at SQOOC for 20 minutes. It was removed apd.des§ic§ted for
20 mihutes afier allowing it to cool and then was weighedvoh tﬁe Mettler
Balanqe (cornecf to O.1mg), The total sample was then weighed on a
Mettler‘PZQOO Balance (borrect to O.1gm) and filtéped through Whatman
.542.ashléssvfilters uSing a vacuum pump. If sediment conc?ntnatioﬁ

wés high the sample was filtered through a coarser ashless filter before

using the finer {42 papers as these soon became clogged, After filtering,

~ the empty sample bottle was weighed to determine the weight of the original
sample. A_pqrtion of the filtrate (approximately 50cc) was then removed
and Processed in the same manner as the wash-load sample to enable the
determination of the solution load. The filter paper containing the
éuspension load was placed in the weighted crucible which was placed in
the furnace and the paper burnt off slowly with no flame, It remained
in the furnace for 20 minutes at 800°c.  After allowing to cool, the

" crucible and residue weié dessicated for 20 minutes and weighed correct
to 0.1mg. : The filter papers are claimed to be ashless leaving a
;esidue of less than O.1mg which is not significant. Concentration of

the suspension load can then be calculated in ppm, As with the
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determination of the wash-load, significant errors could pe introduced
by temperature changes but these were overcome in a similar way by re-
weighing thé crucible and 1id after the analysis aﬁd averaging the two
ﬁeights. It was found in most cases that the value for. the wash;loéd
'qﬁtained by summing the solution and suspension ]loads was slightly
highér-than the value obtained by the direct method with approximately
a 5% disciepancy in low concentration samples but decreasing with'
increaéing sediment concentration, _No reason gan be found fof this
discrepancy. |

dﬁce values had been ohtained for the thfee components of the
_ sédiment load the vérious loadé could be egpresSed in tons per day.

This éﬁabled the plotting of a loé-log graph of wash-load in tons per
day, égainst instanténeous discharge, to give a sediment ratihg gurve.
The conversion of concentration to sediment load was done by assuming the
density of water to be 62.321 1b/cu ft. Then one cusec flﬁwing forvone
. day would yield 2404 tons of water per day, The_wasthgad in tons per
day can then be calculated by using the formuia1;

L = 240k xQ xC x 19’6

Where L is the wash load, Q@ the discharge qnd ¢ the

concentration in ppm,

Towards the end of the study seyeral aqa}ysqs were made of the
mineralogical.composition of the wash-load., This was done by colleéting a
sample of approximately 2 litres, evaporating the water off and drying the
'$eaiment in the oven. This was then subjected to X-Ray Diffraction

énalysis in the Geology Department, University of Tasmania.

rep— e ———— v ” T R R B S LR R el

1. Loughran, R,J., op. cit., 1969, p. 33.



CHAPTER 4

BROWNS RIVER

The Browns River.catchmeﬁt is located apprgximately 10 miles
southwest of Hobart with the stream>exten4ing frpm §hg Mount Wellington
. area to its_mouth at Kingston, The gaug;gg pointAis loqgted adjacent
to Summerleas Road whére the road crosses the river and is approximaﬁely
.3 ﬁiles upstream from the.mouthp The catchment area studied had an
_;area of 5 square miles and is shown in Figure 13. Map coverage is
 aygi1ap1e‘on the Hobart 1:31,680 sheet and aeriai phqfograph coverage
is aléO‘available; | |

;Relief in the area is high as the stream rises in the vieinity of
the suhmit_of‘Mount Weilington and qﬁickly falis to searlevel over a
_idiﬁﬁahce of‘8.S‘miiés. _Stream grédient varies from 1020 feet per mile
in the upper'sectiéns to 130 feet per mile around the gaug;ng'atation and
‘the feliéf rat.io1 is 0.12. In the upper sections, where bgdrqék outcroﬁ
is cohmon,'valleys are ill-definegd but in the lower aeqiions_the Stream
has heavil# dissected the area to produce deep valleys with'extrémely
~steep slopes, Deposition has occurred in a limited area adjacent to the
gaﬁging site. The étream bed and banks are composed of dolerite bedrock
in the uﬁéér sectidns while further down the stregm they change fo dolerite
bpuldegs'and brown clay material, Below the dolerite coptact there ére
occasional bedrock-bars of mudstoné while the bed often contains shéiey.

material up to -5cm in diameter.

e g — T e s

1. - Bélief ratio as defined by Schumm (1954) is the total basin
" ‘relief divided by the horizontal distance along the longest
' catchment dimension parallel to the principal draingge line.
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Figure '13‘ -
BROWNS RIVER CATCHMENT
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The geology of this catchment is rather complex with five
geological formations'outcropping in the catchment all of which have
been disturbed by extensive faulting. The area has been mapped on
the,Geologiéal-Map of Hobart'which has been reproduced in Figure 14,

No detailed information on the Geology has been published. The
oidest‘qnit is the Malbina Sandstone which outcrops in three limited
.areas at the base of the other sediments and outcrops over only 3 per
cent of the catchment area. It is a light coloured felspathic{sand-

- stone with medium grain size. Above this fqrmation is the Risdon
Sandstone which is a 20.feet thick marker bed occupying only 1 per cent
of the datchment area. This consists of at least 90 per cent well
rounded quartz while the remainder is feldspar. It is & coarse rock

" with grain size ranging from 0.5mm to 1mm.

Outcropping over 24 per cént aof the catchment is ﬁhe Ferntfee
Mudstone. Most of this formation is composed of a grey and white
mottled mudstone with some small glacial erractics of less than 3Scms
diameter which are more common towards thg base. Grain size is
relatively constant around 0.08mm, while the rock is composed of up
"to 60 per cent of a fine siliceous matrix with grains of gquartz and
felspathic material;

The Knocklofty Formations and Springs Sqn?stone, forming the
upper m@mbers of the sedimentary sequence in the catchment, occupy
éé per cent of the total area. Litholagy ;f the Knpcklofty Formation
varies from conglomerate to sandstone and siltstoné with the §andstone
being dominant. The conglomerate consgists of sub-angular quartz grains
up to 1cm in diameter set in a matrix of sand sized quartz with limited

amounts of feldspar. Above the conglomerate, the coarse sandstong
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.passes into finer sandstones interbedded with siltstones which are
easily weathered. The standstone is of a light colour, congisting
of subeangﬁlarbquartz grains with feldspar being almost absent in
the upper phases. Overlying the Knbcklofty Formation, the Springs
Sandstone consists of even grained quartz and feldspar grains with
grain size varying from 0,1 to O.3mm,
Intruded into the sediments is the Jurassic Dolerite which is

the most common rock type extending over 46 per cent of the catchment.
This is usually relatively fine grained with labraderite laths up to ‘imm
and augite crystals up to 2mm.

| No detailed studies of the vegetation of the cajchment have been
carried oﬁt and sonit was necessary to compile a vegetation map (Fjigure 15).
This was done on the basis of the amount of ground cever provided, as it is
‘this aspectAwhich is mpst.important in relation to flyvial erosion. The
map was prepared from the Lands Department aerial photographs (Derwent-~
 D'Entrecasteaux1965 Pun 6 Photos 88 and 89, Run 7 Photos 27 and 28) and
The 1967 Fire Assessment photo (Run 9 Photos 58-62 and Run 10 Photos 88-91).

Four vegetation types were recognised; sclerophyll forest ocgupying

74 per cent of the catchment area, partially cleared fonest and pasture
12 per cent,cultivated areas 3 per cent,and moorland 11 per cent. The
sqlerophyllAforest has a tree cover of greater than 50 per cent but has
large areas with a greater than 80 per cent caver. Below the tree cover
is a disqontinuous layer of saplings and shrubs with somq gragses at ground
level, Bare ground often occurs below the trees particularly on steep
slopes., The forest becomes very thick in the gullies in the higher

rainfall area around the Huon Highway. 1In some areasg the forest has
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been partially cleared and pasture has been sown. These areas are
restricted to the lower sections of the stream apd to a ribbon along
the Huon Highway. Vegetation cover here consists of a tree cover of
less than 50 per cent with a complete groupd cover aof grasses.
Moorland vegetation occurs in the highest sections of the
catchment above the treeline. It cqnsists of a cover of shrﬁbs and

The

#

grasses which are broken by rock outcrop and dolerite boulders.
cultivated areas are éktremely limited in extent. ?ovep here ;éﬁ
variable dependingion the season and also the amount of fallowing
varyingvfrom no vegetation to approximately 50 per cent.cover.

The bushfirés of February 1967 have had an effect on the
iv.egetation which was still evident during the study period.
Approximately 38 per cent of the catchment was affected mainly in
the ﬁpper sections and extending AOwh along the ridges as shown ip
Figure 15. All of the moorland vegetation was destroyed, but by the
'time of the study this had almost recovered.b In the sclerophyll
fdrest the influence was greater although only 34 per cent of the
forest was effected. Recovery is still occurring and during the study
the tree cover was less than half the pré—fire cover, There is however
a denser cover of shrubs and saplings than occurs ip the areas not

affected by the fires,

RAINFALL AND RUN-OFF

| ﬁo rainfall recording stations occur in thé catchment itself but

there are two stations in the adjacent area, The first of these is at

Ferntree approximately half a mile east of the catchment boundary on the

Huon Highway, while the other is at Kingston near the mouth of Brown's
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River and approximately 3 miles downstream from the gauging point, A
great aeal of difference occurs between the recording of the two stations
as is sﬁown in the monthly and annual figures in Table 1, The Kingston
station has an annual average of 26.92 inches while the Ferntree average
of 48.10 is almost doubl# this. The main reason for thislva;iation is
the different elevations of the two stations. The Kingston station is
almost at sea-level while the Ferntree station is at an elevation of
1120 feet is subject to a cqnsiderable_orographic influence, The upper
pért of the catchment experiences several snowfalls each winter.
Both.stationg receive a relatively equal distribution of rain
throughout the year with a slight ﬁaximum in the spring months and a
mipimum in late summer. The monthly means of the two stations vary
with Kingston having g maximum in December and a minimum in January
while Ferntree has an August maximum and June minimum., While the
monthly means gre relétively constant the nature of the rain iaries
significantly. Winter rain is associated with depressions and tends

to be of relatively low intensity, while in summer rain is associated
1

- with cohvectional storms and is of much greater intensity. For example,

at Kingston where the monthly mean rainfall for February and September

are approximately equal, February has an average of 3 Aays when rainfall

ié greater than 10 points while September has 8, | |
Rainfall for the 12 months during the study period was 51.}2 inches

at Ferntree and 31.07 inches at Kingston. Both of these figures were

considerably above average. The distribution of the rainfall gver the

12 month period also differed significantly from the means as indicated

in Table 1. Despite the above average 12 month total, monthly figures



Januafy
February
Mérch
April
May

Jﬁne
July
August
September
October
November
December

Total

69.

Table 1

Ferntree & Kingston Rainfall Data

Ferntree Kingston

Mean Study Period Mean Study Period
310 827 174 491
42k 206 193 153
368 738 212 203
375 197 239 80
398 183 214 145
299 321 248 136
432 179 22} 110
489 262 214 202
364 85 203 91
406 276 264 175
46? 1,066 240 715
478 792 268 _ 608

4,810 5,132 agégg 5,107
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were below average for 8 months at Ferntree and 9 months ét Kingston
with some months less than a quarter of the mean for that monfh. |
Rain was concentrated in November and December 1969 and January 1970
when rainfall was at least double the monthly mean., Tﬁe raingall
was further concentratea into three rainfall episodes of three to
four days duration when fainfgll intensity was very high. The
Ferntree station had above average precipitation in June which was
assqciéted with abnormally heavy snowfalls,

| Stream run-off is directly related to the rainfall of the
catchment; The Rivers and Water Supply Commission's gauging weir was
established in May 1963 and discharge records are available from this
time. Average annual discharge over‘this pefiod was B,OSQacre feet
but has varied frqm a minimﬁm 9{‘%670 acre feet in 1965 to a maximum
of 6150 feet in 1969, Because of the short period of record, monthly ~
means are strongly influencedvby values for particular years and if
there haé been a month witp abnormally heavy fainfall then the mean for
that month may be doubled. For this reagon the means obtained for this
short éeriod ére'of doubtful accuracy and value. Despite ﬁhis however
the monthly means for discharge correspond re;atively close;y to the
loﬂger term, and more accurate, raiﬁfall records. The hydrograph
shown in Figure 16 shows distinct seasonality of discharge with a maximum
in late winter and spring and a minimum in laﬁe summer and early autumn.
While this corresponds with the rainfall pattern, the variations are much
more marked as the period of maximum rainfall corresponds with the period

of minimum potential evaporation and a relatively large proportion 6f
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rainfall is removed from the catchment és run-off. In summer when
rainfall is at a minimum, potential evaporation is greatesy and so
proportionately less water is removed frpm'the catchment as run-off.
It is quite cpmﬁon for the river to cease flowing in summer.

Anpual discharge during the study period was 3,990 acre feet which 'is
30 per cent. above the annual mean. The hydrograph for the study
period varies significantly from the average hydrognaph as shown in 
Figure 16 with major variations occurring in November and Decémber
1969 and January 1970 when three floods occurred. Daily discharge'
figureé are shown in Appendix 1 and they range from 1.7 cusecs in
Qcﬁober to 180 cusecs in December which is the highest discharge ever
recordéd{

‘As stated, a strong relationship exists between.rainfall and
runéoff. This has béen examined by a nu@ber of past workers who have
used several methods of analysis. One of the best known of these is
the use of "double~mass curves' as developed by Searéy a,.nd‘H‘ardison.1
These involve the plotting of cumulative annual totals of rainfall
against discharge. The resulting graph should be linear if the
_ éatchmenf has remained constant. Any changes in slope can be a
result of éhanges in catchment parameters such as vegeﬁation, or
vchanges in rgcbrding methods or sites or can indicate errors in the

recordings of either rainfall or discharge. Two double-mass curves

1N [ T 4

1. Searcy J.K. and Hardison C.H., "DoublerMass Curves", U.S. Geol.
 Survey Water Supply Paper 1541B, 1960.
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have been plotted for the Brown's River catchment (Figure 17) one

based on the.rainfall recordings from Kingston and the other on thbse

from Ferntree. . In both cases the plot is approximately linear.

This is a gbod indication that the rainfa}l'run—off recordings for

tﬁése stations are accurate. Through the period of record the amount

of run-off has become propbrtionately greater but only to a sméll degree.
This is t6 be expected as the original vegetation is clegred and vegetation
caver reduced resglting in a decrease in interception and trgnsﬁiratidn,.
Mahy.studiés,throughout the world have noted marked changeé in double-mass
. éurves if.the vegetation is significantly changedI gspeéiﬁlly by fire.
AltKOugh 35 per cent of this catchm?nt was burnt out in February 1967 no
diétinguishablebchangeAhas occurred‘in the doubiewmass curves an§ in fadt
;:th#s is the section of the curve showing the least change, An explanation
for this;lack of influence can be found in the nature of the fire damage.
Geﬁerally the fire was restricted to the forest canopy and often the ground
‘cover was left virtually ungffected. It is the groqnd cover which has the
greatest influenée on run-off and so any impact of the fires is limited.
Also, where the ground cover was destroyed it recovered quickly and so

fhe influence on the annual total for 1967 was reduced. The fires however
do pét appear to have had any lgsting effect on thg hydrqlogy of the

catchment. a 2l

SEDIMENT DATA
o Sediment sampling at Brown's River was carried qut upstream from
the gauging weir pond except at extremely high flows, when sampling could

iny'be carried. out at the weir itself. Thirty five samples of the wash
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load and 12 samples of solﬁtion and suspensjon loads were taken during
the period of the study, and these are shown in Tables 2 and 3.
WA§H LOAD |
The wash load samples cover discharges ranging from 0.95 to

363 cusecs, with the majority of readings in the lower end of the range,
generally below 5 cusecs, There is a clear break in the range of
discharges, with readings at low flows, and extremely h;éh flows, but
very few at intermediate flows. This is a result of the nature of the
catchment which is relatively small with high relief and so during a
rainfall episode the discharge rises and falls relatively rapidly.
Those readings falling in the intermediate range are all taken on the
falling stage as discharge falls less rapidly than it rises.

| Concentration of the wash loéd ranged from 54 parts per million -
(ppm) to 403 ppm. Generally however, it was within the range of 50 to
100 ppm, with only 4 readings greater than this range. A regression
analysis was made to examine if any relationship existed, between wash
‘load concentration and instantaneous discharge. Regression was done
both numerically and on a logarithmic basis but no significant relation-
ship was found fo exist. A fufther analysis was carried out by examining
a particular run-off episode from the 15th to the 25th of March 1970.
A hydrograph and a sediment concentration curve were plotted (Figure 18)
from which it can be seen that sediment concentration reaches a peak on
the rising stage before max}mum discharge is reached. From the results
of these two analysis it is apparent that discharge is not a dominant

variable in determining sediment concentration.
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By using the concentration and instanteneous discharge figures,
wash load in tons per day can be calculated as shown on page 60.
This value is the most commonly used one in the examingtion of wash
load relationships. Using these values, the wash lcad rating curve
for Brown's: River was plotted. The rating curve is a logarithmic
regression a:nalysis of instantaneous discharge and wash leoad in tons
per day. It has been found in most fluvial studies that a strong
relationship exists between these two variables and this is suppor-
ted by this study. The relationship fo::; Brown's River is shown in
Fiéure 19 where the regression equation iss |

L = 0,157 @ <184
;vﬁere L is the wash load in tons per day'énd @ is the instantsneous
discharge. The correlation eo-=efficient was 0,97 which is signifi-
cant ét the 0.1 per cent level, The walue of 1,184 indica’ces that
wash load rises at an increasing rate relative to discharge.

Using the rating curve and the dail'y_ flow figures it is possible
to éalculate daily wash load discharges for the study period. (Appen=
dix #). From these figures it is clear that wash load discharge is
low for much of the time, with several isélated epcisodes eéntril'mu'

: t:.ng a large amount of sediment to the annual total, which is in kee-
ping with the discharge pattern. Of the annual total of 695 tonz of
sediment, épproi:imately half is contributed by four individual epi-

sodes covering a total of 15 day=.
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Table 2

BROWNS RIVER - WASH LOAD DATA

3. 5.70

Instantaneous Concentration - Wash load

Date discharge (cusecs) (ppm) (tons/day)
¥, 7.69 7.45 80 1.43
8. 7.69 9.18 82 1.81
8. 8.69 10.07 106 2.58
- 14, 8.69 755 86 1.56
25. 8.69 L. 62 92 1.02
2. 9.69 3.48 74 0.62
7. 9.69 2.96 83 0.59
17. 9.69 2.70 77 0.50
26. 9.69 2.78 65 0.4k
3.10.69 2,50 81 0,49
10,10.69° 2.91 54 0.38
26,10.69 - 0.95 77 0.18
3.11.69 bi,0 93 9.84
10.11,69 3.63 66 0.58
17.11.69 363.0 403 352,12
18.11.69 338.0 170 138,14
27.11.69 7.20 66 1.14
3.12.69 12.50 93 2.79
16.12.69 8.00 72 1.38
21.12.69 4.60 50 0.55
11. 1.70 5.70 73 1.00
23. 1.70 6.75 84 1.36
3. 2.70 2.54 80 0.51
9. 2.70 1.62 92 0.36
23, 2,70 1.79 88 0.38
2. 3.70 1.43 76 0.26
- 10. 3.70 1.43 87 0.30
15, 3.70 1.25 100 0.30
20. 3.70 56,00 304 40.93
21, 3.70 92.00 94 20.79
25. 3.70 12.20 69 2.07
2. 4,70 3.70 91 0.81
19. 4.70 2.08 79 0.40
26. 4.70 1.62 86 0.34
3.23 85 0,66
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Table 3

BROWNS RIVER - SUSPENSION AND SOLUTION LOAD DATA

Suspension Solution
Instantaneous Concentration Concentration Leoad
Date discharge  (cusecs) (ppm) (tons/day) (ppm) (tons/day)
9.2.70 1.62 5 0.018 76 0.30
23%.2.,70 1.79 5 0.020 74 0.32
2.3.70 1.43 8 0,026 79 0.28
10.3.70 - 1.43 7 0.023 84 0.28
15.3.70 1.25 - 9 0.028 105 0.32
20.3.70 56.00 130 1744 100 13.47
21.3.70 92.00 18 3.98 70 15.48
25.3.70 12,50 13 0.376 38 1.13
2.4.7Q 3.70 8 0.071 92 0.82
19.4.70 . 2.08 11 0,055 79 0.40
26.4.70 1.62 11 0.043 80 0.31
3.5.70 3.23 11 0.082 76 0.59



.' Figure 18 o
BROWNS RIVER RUN-OFF EPISODE 15th-30th MAY 1969
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- Figufe 19 A
- BROWNS RIVER SEDIMENT RATING CURVES

1000
100 1
]
10 ;
]
o .
]
S
o
a
"
[ =4
o
L
10 ;
£ ]
]
-
z -
w 4
g .
(o)
w
7]
01 .
x Wash load
e Suspension load
1 ® Solution load
.01 ———rrrr ——r—rrrr — e —rry
01 1.0 10 100 1,000

DISCHARGE in cusecs



81.

A graph-was plotted of wash load and the hydrograph for the same
run-off episode as that for wash load concentration (Figure 18), A
stronger relationship exists than with the concentration graph although
peak sediment discharge is still reached before peak stream discharge.

X-Ray diffraction analyses were carried out on two wash load sampleé
to determine their composition. One sample was taken during basal flow
and the other at a aischarge of 56 cusecs. In both casesg much of the
material was too fine for the composition to be determined and was probably
composed of clay colloids. Of the material that was identified, both

samples were found to contain quartz, montmorillonite and sodium chloride.

$USPENSION LOAD

Suspension load samples were taken for discharges ranging from 1.25
to 92 cusecs (Table 3),. These samples were taken only over g 6 month
period towards the end of the study period and as a result_the range of
discharges covered is limited. During this period theré was only one
rainfallvepisode and most readings are of basal flow with ohly several
higher readings, Because of this limitation the suspension data may not
be representétifé of the longer term characteristics of the catchment.

The concentration of suspended sediment varied from 5 to 13Oppm,
As with the wash load concentration, a regression analysis with instantaneous
discharge revealed no significant relationship.

The suspension load rating curve (Figure 19) has the equation:
L = o0.014q "8 |
and with a §orrélation co-efficient of 0.97 which is significant at the

)

0.1 per cent level. The curve lies below the wash load curve as would be
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expected while the gradient is greater than that of the wash load curve,
This indicates that the suspension load makes up an increasing proportion
of the total wash load with increasing discharge. At basal flows'the
suspension load is almost negligible while at extremely high flows it is
the most important component of the wash load.

A projection of suspension load for the study period has been made
(Appendix 1), although thé accuracy of this is questionable due to the
limited range of discharges sampled and the short period of record.

Daily suspended sediment discharge is rarely above 0.5 tons/day and the
dominance of individual run-off episodes is even more marked than in the
case of total wash load. Of the annual total of 145 tons, 73 tons were
discharged in 3 run-off episocdes over a total of 12 days, while there were
three months when the discharge was less than 2 tons for the month.

The pattern of suspended sediment dischargé plotted for the wash
load over one épisodg is shown in Figure 18,

SOLUTION LOAD

Solution load samples were taken with thbse for suspénsion load and
cover a similar range of discharges with the same limitgtions on the
reliability of the results.

The concentration of solution load ranged from 38 to 105 ppm and
showed a much smaller variation than either wash lqad.or suspension load.

Even during basal flow solution concentration remains relatively high, with
a tendéncy to increase with discharge although a regression analysis
revealed no significant relationship° The readings for solution concentration

may be artificially high in higher discharges due to the inability of the



83-

filters used to collect fine clay colloids (as has already been outlined
in the diécussion of the methods used).

Thé sqlution rating curve shown in Figure 19 has the equation:

L = O°195Q0.962

and a.correlation co-efficient of 0.98 which is significant at the 0,1

per cent level. For discharges below 2.5 cusecs the theoretical solution
load is greater than total wash load. This is probably due to the use of
linear analysis. l&he gradient of the solution load curve is less than that
for wash loaa, and solution load increases at.a decreasing rate with increas-
ing discharge (unlike both wash and suspension loads).,

The predicted values for daily solution load discharge are shown in
Appendix 1. The lower variability of conéentration is reflected in daily
load. While individual run-off episodes contribute significant amounts to
the annual total of 463 tons, their dominance is not as marked as in the
case of wash and suspension loads. The pattern of solution disqharge for
the episode already considered may be seen in Figure 18, In this episode,

solution load increased and decreased more slowly than suspension load, 4

while its va;iation corresponds more closely to the variations in discharge.

DENUDATION RATES
Total wash load for the period July 1969 to June 1970 was 695 tons.
With an area of 5 squaré miles this is a rate of 148 tons/square mile.
Suspended sediment discharge for the study period Qas 145 tons which
is a rate of 31 tons/square mile, Discharge of solution material was 463

tons or a rate of 99 tons/square mile.
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SUMMARY OF RESULTS

During the periﬁd of the study, rainfall was significanfly above
the mean; The distribution of this rainfall was also atypical, with
a concentration during the months when minimum rainfall usually occurs.
This has been reflected in the run-off figurﬁs which also show an above
average iun—off and concentration in the summer months. It is tq be
expected thét these hydrologic conditions will have an influence over
the sediment load which was removed during the period. The double-mass
curve indicated a relatively constant linear relationship betwéen fa;nfall
and run-off, indicaﬁing that the recordings are accurate and there has been
no chénge in the relationship between rainfé}l and run=off over the past
6 years. It appears that the bushfires of 1967>£éve had little long
term impact on the hydrology of the catchment as no break is evideht in
the curveYthis time. This is in contrast to results obtained elsewhere
in tge worldehich have shown significant changes after fires of similar
severity. -This is a result of the limifed effect on the ground cover.

The wash load results cover a wide range of discharges and are
representative of the discharges which occur. Although there is a lack
of middle range discharges sampled, this is characteristic of streams which
_rise and fall rapidly. The concentration of wash load does not appear to
vary as widely as discharge and no significant relationship could be found
between discharge and wash_load concentration. There was a strong relation-
ship between diécharge and wash ioad however,»with a wash load rating curve
of

00157Q1'184

L
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The lack of middle range stream dlscharges accentuates the importance
of isolated eplsodes of hlgh flow to total wash load dlscharge, when a
relatively high proportlon of the total wash load is discharged.

The suspended sediment rating curve for the study period was

L - o.ongltH8

The equation however was derived from a limited range of samples as was
the solution load rating curve of:

L = O;195Q0'962

The examination of the behaviour of the yvarious loads during one
run~off episode revealed a number of different patterns. Wash load
concentration and wash load both rise rapidly reaching a maiimum well
before the occurrence of discharge peaks. .?hey also fall rapidly as

discharge declines, A similar pattern exists with the suspension load.

- The splution load curve varies significantly, gs it rgses much more

slowly and its peak occurs about the same time as peak discharge. It
also falls more s_le],.}'r° |

~ The erosion rate of the catchment for the period was found to be
148 . tons/square mile of which suspended sediment accounted fof approxs

imately 20 per cent, and solution load the remainder.,
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SNUG RIVULET

Thé Snug RiVulet catchment is located approximately 15 miles
south of Hobart with the sampling point and gauging weir located on
the Snug Falls road 1 mile from the river mouth. The catchﬁent
covers an area of 7.5 square miles as shown in Figure 20. Map
coverage is provided on the provisional 1:31,680 Hﬁonville sheet and
aerial photograph coverage is available.

Elevation ranges from 100 feet to 2300 feet above sea-level
with an average stream gradient of 440 feeﬁ per mile and a relief
ratib>of 0.11.‘ Stream gfadient is not constant, varying from 320
feet pef mile in the upper sections to 1200 feet per mile in the
central éegtion. At Snug Falls there is a vertical drop of approx-
imately 40 feet. The rivulet has heavily dissected the Snug Plains
with only remnants”of this former flat area being found.in the upper
parts of the basin above Snug Falls. On these remnants the drainage
pattern_is ill-defined and swampy sections occur. Below Snug Falls,
where dissection is greatest, the stream hés cut V shaped valleys with
steep valley sides which have a slope of up to 1 in 4, No depositional
landforms occur in the valleys. The bed of the stream is composed of
sandstone'and dolerite outcrops and more commonly of rounded dolerite
boulders ﬁp to 18 inches in diameter thié'¥he banks are coﬁposed of

dark clay matérial and interspersed dolerite boulders.
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Figure 20
SNUG RIVULET CATCHMENT
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The geology of the area has been examjined in detajl by Rodger1
and has been mapped on the~University of Ta$mania, Geolpgy Deparimeht
one inch sefies, Oyster Cove sheet; | This map was checked during the
sthdy and a slightly revised version of the cétcpment is shewn in
Figuf9v21. From this it can be seen that there are three fcrmatiéns
making ué'the catchment; The Knocklofty Sandstone and Shqlg extends
gver’42 per cent of the catchment area, the Ferntree Mudstones‘qver
33 per cént and Dolerite 25 per cent. |

In the qatchment. the Knoqklofty Sandstone and Shaie is éqmposed
dominantly of an even grained brown to cream sandstone with grains ranging
from O,1mm to 0.5mm with anAaverage grain size of O.25mm,2-all grains being
well rounded. Shéle bands make up. a-minor pért of the f¢rmati§n and
usuaily occur as resistant-bands_in>the soil. §On weathening thevSandsthe
and éhale breakdown to clay ¢ompounds with some fine qpartz pny%tals.

The Fepﬁtree mudstone is made up of two distinct facies; Tﬁe'lower
one consists of ‘a grey muQStone composed of quartz grains up tg 1mm in
diameter'set in a fine crystalline matrix which makes up 60 per cent of the
rock. This rock changes little on weathering and is commonly associated
with the steepest slopes and scarps such as those at Snﬁg Falls. . Abdve

- this facies is a horizen of yellow sandy mudatone which has a grain size
similar to the lower unit b#t with a much smaller proportien of crystalline
matrix. A$ a result,.it ié much more friable, weathers more eagily and .

is usually associated with gentler slopes. .

T AR Y V'\:.‘IW L Bel . “ v g " ww.-‘—Y - (*(“\. ':. > -
1. - Rodger, T.H., op. cit.
2.  Ibid, p. 111.
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- The doleriﬁe’range$ from fine.grained near the contacts to medium
; graiped away from the contacts. It is composed of a ground mass of
- iféldspaftlaths (usually 1abradorife) with occasional quartz grains.

‘ Around Red H1ll the dolerite is composed of a different mass ﬁo the

’ maln body. - It is a coarse grapophyre consisting dominantly of quartzo
s‘tpd'orvt\hoclos.e' ‘with some plagioclase. | '

b vv'SoilsA-a’Lre closely related to lithology in the catchmer}t:gs in
moot caséovthey consist of'pporly'developed sFils often thé»direct
weatherlng products of the underly;ng rock type.

A vegetatlon map (Figure 22) wag compiled uslng the Lands Depart—
iment aerlal photographs (Derwent-~D"' Entrecasteaux1965 Run 6 Photo 81, and
"Run 7 Photo 168) and the 1967 Forostry Flre Area photos (Area-5. Run 1
:.Photos 181-185, Run 2 Photos 120-126 and Run 3 Photos 115~119). ‘
1FYegetatlon is domlnated by sclerophyll forest which covers 75 per cent
of;the totachatchment area. The dominant species of this forest have
alfeady been discussed (pagé‘38). Tree cover within the forest varies
fromvSO_per'cent to 100 per cent put is commonly greater than 80 per oent.
Asoociated'with fho.forest are lower layers of herbac®ous plants and- saplings
with somé gréssés. Howevér on the steeper slqpos mugh of the ground below
"~ the tree‘oover io bare. The forest occurs mainly oq phe\Sloping areas. |
; 4qd”is thickest in'guliy qorpidprs along the stream course.'
in“sections of the catchment the forest has been partially or
s ?otéllylcieared resulting in two vegetation types. The firs§ is where
'oortia; clearing hos'been oorried out associated with the timber industry.
Horo.tﬁere is_é tree_cover of less than 50 rer cent (more co@mon;y'lesg

thén 10,pen cent) with a complete grass cover.  In other sections the

fe
Lot
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forest has been completely cleared and-the present vegetation cover is
'}ﬁqf graases of cultlvated crops._ Clearing has however been reatricted
":1n area w1th only 7 per cent of the catchment area partlally cleared and
7 per cent completely cleaned.

The f;nal vegetatlon type is the moorland which oceurs in the flat

areas in the upper part of the catchment and occupies 11 per cent of the

’t ;total area. ' Here trees are absent and the vegetatlon conslsts of a

f'1oo per cent cover of low shrubbery and grasseg,
| An important.factpr_in the vegetaticp' is the influenceeof the N
bushfires of ng:quy“i%? which affected 65 per cent of the catchment
v:;maipiy inithe hrgher.sectionS'(Figure 22)." In these fires a}} of.the
: moorland and 65 per cent of the foregt was affected. The moorland was
'tare-establlshed qulckly ‘and had recovered by the time the study had commenced.
'The 1nf1uence was much greater in the forest.canopy which is stlll in the
»process of re-establishment and during the study the vegetation cover was
less than the pre-flre vegetatlon cover. However the ground cover under
"the forest had completely_recovered and in most cases was more dease than .
N that in the unburnt areas. As a result any effect on the hydrology of

" the catchpient will be ‘minimal,

© RAINFALL AND RUN-OFF

A ralnfall recordlng station is located in the centre of the
catchment at Snug Plaxns (see on Flgure 20). A further statlon oceurs -

Just out51de the catchment at Snug. The rainfall recaords of these two‘
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stations have a similar distribution pattern but with the Snug station
having a much loﬁer total due mainly to the difference in altitude.

For the purpose of the study the Snug Plains station has been taken as

- representative of the catchment. The mean monthly and annual rainfall
for the Snug Plains station ére shown in Table 4, Mean annual rainfall
is 44.92 inches with a marked concentration in late winter (July average
5.75 inches) and minimum in late summer (January average 2,34 inches).
Rainfall intensity also»shows séasonality with intense summer rainfall
associated with thunderstorms, while winter rain is frontal and much
less intense. /

During the twelve months study period rainfall was4Te3Tinches which
~is significantly above the average figure. The distribution 6f this total
also varied significantly from the mean with the pattern reversed and the
maximum occurring in December and minimum in July (see Table by, Despite
the above average total, 9 months had rainfall less than their mean figure
ana so rainfall is extre@ely concentrated in the three months November,
December aﬁd Jénuary when over 31 inches of rain fell. Rainfail was
further concentrated in these months in three rainfall episodes of around
four days duration with 12 days receiving 24 per cent of the total rainfall
for the twelve months.

Closely related to the rainfall pattern is the pattern of stream
discharge. Run-off records are available for the catchment dating from
1964 when the Rivers and Water Supply Commission installed a gauging weir.
The average annual discharge for this period was 3,190 acre feet with major

variations from the mean ranging from a minimum of 1,174 feet to a maximum
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TABIE 4
SNUG RIVULET RAINFALL DATA

Mean Study Period

J 234 536
F 348 - 176
M 302 621
A 332 195
M 394 . 204
J 325 346
J 575 262
A 434 224
s 457 112
0 374 273
N 595 1024
D 324 764

Total 4492 4737
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of 6,650 acre feet. Monthly means are shown in the hydrograph in
Figurg ?3« Because gf the short period of record and the large
' vériétions‘in discharge which are experienced, the value of a mean is
dqubtful andbin most years the monthly figures have varied significantl&
from_theAmean. Bﬁt the means do show a similar pattern to those of
faihfail, with peak flow during late autumn and spring and minimum flows
_ dﬁring 1ate summer, The variations of the hydrograph are increased by
coincidence of the period of maximum rainfall with minimum evaporation
angvvice versa., This also results in a greater proportion of the total
. rainfail béiug removed as run-off rather than being lost by evapo-
transpiratioﬁa

Tétal annual discharge fqr the stu§y period was 5,079 acre feet
wﬁiéh ig well above‘thq-mean° As with rainfall, runroff was concentrated
in the three months of November, Decembér and January. As a result the
sfudyvpériod hydrograph contrasts‘#:Athe mean hydrograph as shown in
Fiéure-Z}.. Daily discharges ranged from 0.35 cusecs to 192 cusecs which
is the-highest dischapgg on record. Appendix 2 shows the daily discharges
for the twelve month period. Again a marked concentration occursvwitﬁ
several isolated episodes accounting for a relatively high preportion of
the apnual discharge.

'The relationship between rainfall and run-off was examined and'a
double mass curve was plotted for discharge and rainfall data from the
.Sﬁpg Plaihé recording station (Figure 24). The method involved has

already been outlined in the discussion of the Brown's River discharge.
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Figure 23
SNUG RIVULET HYDROGRAPHS
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Figure" 24
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This curve shows a number of changes of gradient in what should be a
linear relationship. The only change in the catchment which was of
significant magnitude to influence the rainfall/run—off relatiénship
was the déstruction of 65 per cent of the vegetation in the February
1967 bushfires. Tﬁe section of the curve which corresponds to this
period is the only section which shows any linearity. Research from
other parts of the world would suggest that such a marked change should -
be reflectéd in the &ouble-mass curve, It may be that secondary growth,
ésﬁeéiall& grasses, qpickly re-established so reducing the influence of
the firesf

It still remains to explain the varjation in the double-mass curve.
Searcy apd Hardisoﬁistate that apart from variations in catchment parameters,
bréaks in the double-mass curves can be due to either changes.in gauging
sites pr‘érrors in measurement of either rainfall qr djscharge. The
5auging gites have remained constant and so it could be possible that the
rainfall or discharge records are inconsistent. An examination can be
made to determine any errors by comparing both records with those of an
adjacent catchment with similar characteristics. This Was done by
compar;ng'rainfali‘and run-off with Browns River, once again by plotting
double-mass curves (Figures 25 and 26). - These show that a good linear
relatipnéhip exisfs between the rainfall of both catchments and suggests
that the réinfall recordings for Snug Piains are accurate. The mass-
curve for discharge deviates from a linear pattern while an earlier curve
(Figupe’17) showed a linear relationship between Browns River rainfall and

run—bff. Therefore it is possible to cohélude that inaccuracies exist in

T - i T T b e ™ T

1. . Searcy and Hardison, Op.cit., 1960.
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Figure 26
SNUG RIVULET - BROWNS RIVER DISCHARGE
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the recordings for Snug discharge, probably due to flood damage to the
weir which was often not repaired for several months. An attempt was
made to overcome these errors by manually determining discharge for
the sediment samples. Where the Rivers and Water Supply Commission

reconds have been used it must be kept in mind that errors could exist.

SEDIMENT DATA

Sediment sampling was carried out above the influence of the
gauging'weir except during high flows when samples were taken at the
weir itself. Wash load was sampled on 36 occasions while 12 samples
were taken of suspension and solution loads. The results of the

analysig of these samples are shown in Tables 5 and 6.
WASH LOAD

Discharge samples ranged from 0.30 to 442 cusecs with the most
extensive cbver in the lower range below 5 cusecs. Thére is a distincgw
break jn the coverage with reasonable coverage up to 12 cusecs aﬁd then'f;
a large gap to the upper readings of 310,414 and 442 cusecs. This is
a result of the nature of the catchment where run-off oécurs quickly
and the stage raises and falls rapidly, often within a period of several
hours, and so middle range discharges are limited in extent through time.

Wash load concentration ranged from 69 to 301 ppm although again

there is a distinct gap with the majority of readings below 120 ppm with

two readings above this at 204 and 302 ppm. Visually, there appears to
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TABLE

SNUG_RIVULET - WASH LOAD DATA

Instantaneous
Discharge (cusecs)
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TABLE 6

SNUG RIVULET - SUSPENSION AND SOLUTION LOAD DATA

Instantaneous

B Discharge Concentration Load Concentration Load
Date. (cusecs) (ppm) (tons/day) (ppm) (tons/day)
+2.70 1.06 6 0.015 107 0.27
«2.70 0.66 S 0,009 91 0.14"
.3.70 0.70 6 0.011 107 0.18
.3,70 0.46 3 0.003 108 | 0.12
«3.70° 0,30 8 0.006 133 0.10

3.70 4,40 11 0,111 88 0.94
+3.70 310.0 L2 30,93 - 93 68.64
«3,70° 12.00 9 0.256 58 . 1.69
4,70 3.50 16 0.122 83 0.69
4,70 0.95 8 0,019 101 0,23
4,70 1.10 -7 0.018 97 0.25
.5.70 4,80 11 0.127 109 1,26
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be somé relationship between instantaneous diséharge and wash load
goncentration with a general rise in ¢oncentration with iﬁcreasing
discharge. In the lower range of discharges however concentration
appeérs to reach a minimum and with lower discharges cqncentration
'ipcreases, A regression analysis, both numerical and logarithmic,
was carried out and no significant linear relationship was found to'
exist,

An examination was made of the variation of concentration oyef‘
a partiéulaf run-of f episo@e by plofting curves for discharge and
éqncentration (Figure'Z?). The period used was the 15th tolZSth March
1970. With an increase ih discharge, concentration first decreases
b#t as discharge continues to increase cqncentration reaches a peak and
kthen falls rapidly. The reasons for ﬁhis pattern will'be discussed in
a 1ater section. |

Using the instantaneous discharge and concentration figures, the
wash load can be computed in tons per day and using these values the
rating cufve for wash 1oad.can be drawn (Figure 28). - The regression
ané;ysis reveaied a strong relationship, with a correlation co-efficient
§f-0-99 which is significant at the 0.1 per cent level. The resulting
regression equation was:
L = o0.217q *%%
The,expongntial value of 1.093 indicates that wash load increases at a
slightly increasing rate as discharge increases.

Using the equation for the rating curve it is possible to compute

daily wash load for the period of study and these are shown in Appendix 2.
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. Figure 28
SNUG RIVULET SEDIMENT RATING CURVES
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From this table it is clear that for the majority of the time daily

wash load discharge is helow 5 tons/day and that a number of isolated
funfoff episodes contribute a major proportion of the total sediment
diséharge. In the annual total of 1171 tons, 553 tons were discharged .

ih three episodes extending over a total period of 17 days and on one

day 127 toms or 11 per cent of the annual total was discha;ged..

| The patterﬁ of wash load discharge was plotted for the same

episode used for wash load concentration (Figuré 27) and it can be seen

that it bears a-much closer relationship to discharge than does the

‘ Caneﬁtration pattern.

- An analysis was made of the composition of two wash load samples

by X-Ray diffraction_analysis. One sample was qf basal flow while the other
w#s taken at a discharge of 310 cusecs. While much of the material was too
fine fq be identified the larger particles were found to be compoged.of

quartz, montmorillonite and sodium chloride.

SUSPENSION LOAD

Samples of suspension load were taken for discgarges ranging from
0,3 to 310 cusecs, Because of the limited period of'sampligg only discharges
E below 1 cusec are well covered with a scattere% cover of hiéher discharges
mainly frém §ne,runroff episode. Because of this limited coverage the

accuracy of these values in relation to long term characteristics is

“doubtful.
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‘Values for concentration of the suspension load range from 3 to
ke ppﬁ. However, the values are probably artificially depressed because
'”6f'the inability to filfer out fine clay pafticles in the laboratory analysis,
this inflﬁqnce wili be more marked in the higher concentration. While there

gppears'to be a general relationship between concentration and discharge, a

iy linear regression revealed no significant relatiopship,

The rating curve for suspension load (Figure 28) was highly
_vsignifi§ant with a correlation coyefficient of 0.99 which is significant at
the 0.1 per cent level, The régression equation for the suspension load
es: | -
L = 0.067Q1°316

As witﬁ the Wash load rating curve, the suqunsion load increases
'_'éi an'incfeaéing rate with increasing discharge, = The gradient of the
éuspegaionkldad réting curve is greater than that of the wash load curve
and so fhevsuspehsiqn load increases its proportion of the wash load as
.dié;harée increases.

| While a projection of daily suspension load has limited value due

to the limitations of the original data, this has been done for the study
"periqd‘to obtain some evaluation of its importance (Appendix 2). Again
~there is a mérked concentration of suspension load discharge into a limited
numbé; of runqoff episodes, with concentration more marked than in the case
.of:wash load. The maximum daily suspehsion load was 127 tons which is
: 15'per cent of the annual total discharge of 856 tons apd in four run;off
" episodes over ﬁ? days 546 tons were discharged which is 64 per cent of the

bxtoﬁal suspension load for the twelve month period.
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As with wash load the pattern of suspension load discharge was

.piotted for the period from the 15th to the 25th of March 1970 (Figure 27).

' SOLUTION LOAD

Sampies for solution load were taken with those for suspension load
~and cover a similar range of discharges. The results are also éubject to
thg same.limitations as those outlined for the suspepsion load data,
,Cbncentrations range from 58 to 133 ppm wi§h a relatively good
..qové:age throughbut fhg whole range. As with wash load there appears
to beJa'felationship with discharge, with solution concentration increasing
with-diséhafge except in the lower ranges where a decrease in discharge
' results iﬁAan increasé in solution concentration, The feadings qu
higher discharges'may be inflated due to. the presence o{ clay particles.
The rating curve for the éolution lpad (Figure 28) has the regression

eqpationﬁl
| Lo - 0.248g0+946
with a correlatioh co-efficient of 0.995 which is significant at thg O;1
péfvcent level. With an exponential of 0.946 soigtion laad incréases at
a:decréaéing fate, as opposed to wash and suspension lgads which increase
at an.increqsing rate, As a result, while solution load makes up the
major.ﬁroportibﬁ of the wash load at lower dischgrgeg, its dominance
:decreases with increasing discharge.

| -+ Daily discharge figures for solution load during the study period
héve been combuted and are shown in Appendix 2. In the annual total of

803 tons, individual run-off episodes contribute significant amounts but
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'phgirodominancevis not as great as with suspension which is a reflection

- ".of the smallor Variation of concentrations. The sum of the anpnual

o suspension and solution loads (1659 tons) is significantly higher than

oyhe vash 1oad total of’1171 tons and is probably due to errors introduced
oy projectiﬁg suspension and solqtion loads based on limited data.

| The pattern of solutlon discharge for the individual eplsode
already consldered as shown in Figure 27. - Significant dlffergnces exist

between suspension and solution loads. The suspension load follows

’,[_‘dlscharge relatlvely closely whlle the solution concentration initially

 7']£a11s with rlslng dlscharge before rising, and ‘towards the end of the * i

'} gplsode_With-falling discharge. This pattern will be discussed in a

‘_laterfsection.

" Denudation Rates.
[ N j S

Total wash load for the study period was 1171 tons and as the

'o'qayohment,has'an area of 7.5 square miles this represents an erosion rate

R of 156 tons per square mile. Suspended sediment discharge for the period

"consldered was 856 tops giving a rate of 29 tons/year, Total solﬁtion

' dlscharge was 803 tons at a rate of 107 tons/square mile,

SUMMARY OF RESULTS

TR

As with Browns River, rainfall for the study period was considerably
apove the mean and was concentrated in summer rather than wlnter. The

»d;sqharge dlstrlbutlon showed a similar pattern with variance from the mean.
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The double-mass curve revealed no linear relationship except over the
period around the time of the 1967 bushfires. By comparison with the
relationships in the adjacent Browns Rivep catchment it is possible to
conclude that the discharge figures for Snug Rivulet are subject to

error. In 1967 bushfires have had no significant impact on the hydrology
of the catchment as is indicated by the linear nature of the double-mass
curve for this time.

A representative range of dischérges has been covered by the wash
load sampling programme again with a minimum number of middle discharge
readings because of the nature of the stream.  Wash Joad concentration
is relétively steady with only a limited range of values and there was no
significant relationship between st?eam discharge and wash ioad concentration
The wash load rating curve showed a strong relationship with the resulting
equation

1,093

L 0.217Q

The characteristic feature of the projected daily wash load figures is the
markéd dominance of isoiated discharge episodes which cohtribute a relatively
large préportion of the totél wash load.

In both suspension and solution_concentrations no relationship could
be found with stream discharge. The rating curvés however, both showed
strong relationships with a suspension load curve of

0.946

L 0.248Q

and a solution curve of

0.946

L 0.248Q""

These relationships are subject to limitations as only a limited number of

samples were taken.
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The examination of one run-off episode illustrates the rapid rise
and fall of the stream and the difficulty of'sampling middle range discharges.
In this case all three loads peak at a similar time as discharge. An
interesting pattern occurs_with_wash load concentration where it initially
falls probaﬁly dﬁe to a diluting of-sediment and as additional sediment
is éupplied to the stream by surface run-off it rises.

The erosion rate for the wash load during the twelve month period
was 1% tons/acre. Suspension and solution loads made up approximately
equal proportions of this load although their combined total is greater than

the wash load figure due to errors in the laboratory methpdo



CHAPTER 6
L

MOUNTAIN RIVER

The Mountain River catchment is located approximately 15 miles
south-west of Hobart and is a part of the Huon River systems The gauging
weir is located at Grove, adjacent to the Mountain River koad and ié
apfroximately 8 miles above the confluence with the Huon River. The
catchment extends into the south western section of the Mount Wellington
block and covers ar area of 15,5 square miles as shown leFigp;re 2§°
Just above the gauging weif a tributary enters the river which has a
catchment of slightly less than 3 square miles; The area has been
mapped in the Longley 1:31,680 sheet and air photo coverage is available.

The relief of the catchment is high, falling 3,000 feet over a
distance of approximately 2 miles and the relief ratio is 0. 10. Stream
gradient.varies markedly from 130 to 676 feet pef mile. The upper sections
of the catchment consist of relatively gently sloping periglacial block fields
with steéper sections associated with rock outcrop. In this area drainage
is often ill-defined. The stréam then falls rapidly in deep V shaped
valleys to the lower section where a well defined flood plain has developed
ﬁhich is up to 0.5 miles wide in the vicinity of the gauging weir. The
tributary drains an area of much more subdued relief in the order of 200 to
300 feet where slopes are gentler aﬁd valleys are broader than in the upper
section of the main river. The bed of the river is composed mainly of
rounded dolerite boulders with some rock bars, while the bannks consist of
dolerite boulders set in a matrix of finé.clay. In the tributary the

dolerite boulders are virtually absent.
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Figure_ 29
MOUNTAIN RIVER CATCHMENT
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The geology of the area has been described by Mather1 but no
detailed géological map has been compiled. A map of the grea was drawn
(Figure 30) using information gained from field measurement and the
interpretation of aerial photographs. The map was based on relatively
scant information and its accuracy is doubtful, but as the geology of the
catchment is relatively simple, it gives a reasonable representation of
the extent of the individual units. The catchment is made up of three
units; Knocklofty Sandstone and Shale, Jurassic Doleritg and Quaternary
Ailuvium. Dolerite is the dominant rock type occupying 85 per cent of the
catchment area while the sandstone extends over 11 per cent gnd alluvium
L4 per cent. ' The tributary catchment has a greater proportion of sandstone
which extends over 18 per cent of the area while the remaining 82 per cent
¢consists of dolerite,

The Knocklofty Sandstone consists dominantly of a light coloured,
even grained sandstone of sub-angular to sub—rouﬁded quartz fragments with
the diameter ranging from 0.1 to 0.3 mmo2 Shaley bands occur within the
sandstone which have primary muscovite and graphite. The shale is much
less resistant to weathering and as a result is often obscured, Isolated
bands of conglomerate also occur with sub-angular quartz fragmentslzp to
lem in diameter set in a matrix of sand sized quartz.

The dolerite occurs as intrusive masses in the Triassic sediments
and in this area overlies the Triassic sediments. Its lithoiogy is similar
to that already described containing labrqgdorite laths up to 1mm and augite

3

crystals up to 2 mm”.

1. Mather, R.P., op. cit.
2. Ibid., p. 196.
'3, Ibid., p. 199.
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Figure 30
MOUNTAIN RIVER GEOLOGY:
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A rélatively well developed flood plain occurs in the lower part
of the Mountain River catchment which is composed of Quaternary alluvial
material. These deposits are semi-consolidated consisting of ill-sorted
quartz and dolerite bebbles and cobbles set in a matrix of sand, silt gnd
clay. The dolerite cobbles range up to 4Ocm in diameter while the quartz
pebbles are much smaller.

As the vegetation had not been mapped in detail it was necessary
to compile a'vegetation map., This was done based on the amount of.cover
afforded and is shown in Figure 31, The map was compiled from the Lands
Department aerial photographs (Hobart 1969 Run 6 Photos 187-189, Run 7
Photos 106-108 and Run 8 Photos 28-32). Four vegetation types were
recognised; sclerophyll forest occupying 52 per cent of the catchment area,
moorlgnd 35 per cent, partially cleared forest 5 per cent, and cultivated
areas'8 per cent.

The sclerophyll forest consists of a tree cover providing from
.80 per cent to 100 éer cent canopy cover. Associated with it are lower
layers of herbaceous plants and saplings with-scattered grasses. Bare
. ground is found beneath the forest in steeper areas. The forest is
restricted mainly to the middle section of the catchment in the dissected
area where the stream falls from the higher block and is densest along the
steep valleys.

In some areas the vegetation has been partially cleared for grazing
purpeses resulting in a tree cover of less than 50 per cent associated
with a complete grass cover. This has taken place on the slobes of thes

lower section of the catchment., On the flood plain the former vegetation
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Figure 31
MOUNTAIN RIVER VEGETATION
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has been completely removed to be replaced by either improved paéture_
or fruit trees. Ground cover here varies from O £o 100 per cent ranging
from bare fallow'to a complete pasture cover. .
The moorland vegetation consists of shrubs and grasses which
provide up to 50 per cent gfound cover, This cover is broken by rock
outcrop and the dolerite boulders of the blockfields. Moorland is
.restricted to the higher areas in the upper sections of the catchment.
The Mogntain River catchment was affected by the 1967 bushfires
and approxiﬁately 70vper cent of the catchment was burnt. All the
moorland vegetation was destroyed but the majority of this pad recovered
by the time of the study. Approximately 60 per cent of the sclerophyll
forest was also involvéd and the vegetation had still not completely

recovered, although the lower layers were denser than in the unaffected

areas.

RAINFALL AND RUN-OFF

There are no rainfall recording stations in the catchment and the
nearest station is at Grove, several miles downstream from the gaugihg weir.
This station is several thousand feet below the highest part of the catchment
and so ifs rainfall is probably lower than that of much of the catchment as
it is not subject to any strong orographic in}‘luence° The mean annual and -
monthly rainfall figures are shown in Table 7. The annual average is 30.67
inches which is spread throughout the year. Seasonality is not greaf, but

there is a drier period from January to March with a minimum of 1.53 inches
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TABLE 7

GROVE RAINFALL DATA

Mean StudV Period

January | 292 ’ | 141
April ‘ 311 21k
September . 265 143
October | 276 | 130
November . 269 | 562
December - 262 b2s
January 153 | 578

~ February | 200 _ ‘ 130
March 156 ' 28
April 31k 12
May | 31 . - 18
June 258 . 2k
Total - | 3,067 - 2,858
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~ in January. for.the rémaindef of the year rainfall is fairiy evenly
'.diétributed, ranging from a minimum of 2.58 inches to the maximum_of
3;11+" inches in April. »
| During the twelve months of the study rainfall was 28.58 inéhes,
whiqh'is approximately 2 inches below the annual mean, The distribution
of the rainfall as shown_in Table 7 was very atypical with marked
concentrations in November and December 1969 and January 1970 when over
15 inéhes fell, constituting 55 per cent of the twelve month total.
 .The wettest month was January yet this month has the lowest mean rainfall,
. Rainfall for the remaining 9 months was below average with a minimum of
"'O.ég inches in March 1970 which is only 20 per cent of the mean figure for
this month. In the three wet months, rainfall was further concentrated
into four main episodes covering a total of 1} days. These'1§ déys
account for over~40 per cent of the rainfali for the 12 month.peri_od°
Run~off records for the Mountain River are only available from May
j968'when the‘ﬁivers and Water Supply Commissions gauge was installed and
‘50 only two complete years of record are available. Discharge for these
two years was 21,750 acre feet in 1969 and 30,646 acre feet in 1970,
Obviously no mean figure wil; be significant until a much longer record
has been obtained. During the period of the record, mpnthly.discharges
have varied markedly, raﬁging from 489 to 7,729 acre feet. For the
ﬁwelve months before the study was undertaken, when rainfall followed a
similar péttern to fhat of the mean figure, the discharge pattern is one
" of minimum flows in late summer with higher flows during the remainder

pf the year.
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Discharge during the study period was 23,438 acre feet. This was
Eanentréted dﬁrihg summer, following the pattern of rainfall. = Although
no mean figures are available thls is probably an atypical distribution.
'The hydrographs for the study perlod and the preceding 12 months have been
plotted in Flgure 32. |

‘Daily discharges for the perlod are shown in Appendix 3 and range
from 7 6 to 1&3 checs which was the highest discharge recorded from the
| cqmmencement of gauging. From the figures for daily discharge it can be
ééénvfhat mafked.concentpations of discharge occur with isclated run-off
episodes cdntributing a relatively large proportion of dischangé, althmggh
the c§ncéntrafions are not so marked as those in the other two streams.

».Thé contributién of the tributary to the total stream discharge could
-not be defermi@ed‘because of the lack of discharge readings. Similarly a
:_éiﬁcharge rating curve could not be plotted.

Because of the shért period of discharge necord, normal double-mass
curves could not be plotted to analyse the relationship between rainfall and
vrupeoff. In an attempt tq overcoﬁe this problem doubleqmass curves were
plotted based on monthly rather than annual figures. No linear relationship
could be found however, This is probably due to changes in the rainfall-
';ﬁpjpff relationship due to seasonal changes in vegetation cover and evapo-
ﬁféﬁsﬁiration, There could also be some errors iq the discharge recordings
. a8 dubing the study period the gauging weir sufflered severe flood damage
- which résulted in errors in recording. It was therefore imﬁossible to

' examine the hydrologic impact, if any, of the 1967 bushfires.
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Figure 32
MOUNTAIN RIVER HYDROGRAPHS
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SEDIMENT DATA

Sampling-was Qarfied out above the influence of the gauging weir
"and jﬁst below the entry poiﬁt of the tributary into the major river.
Several samples were also taken of the tributary and the river above the
tributary at the bridges adjacent to the gauging weir. Thirty three
samﬁleskof the‘wash load and 12 sampleé of the suspension and solution .
loads were taken froﬁ the river (Tables 8 and 9)., Six wash load samples
and 3 solution and suspension samples were taken from the tributary, and
from the river ébove the tributary 4 and 3 samples were taken respectively

- (Table 10),

MOUNTAIN RIVER BELOW THE TRIBUTARY

(i) ~ Wash Load
| Samﬁling was carried 6ut at discharges ranging from 6.2 to

approximately 1500 cusecs with good coverage up to 30 cusec$ and. scattered
samples above fhis.

Wash load concentration ranged from 55 to 826 ppm with the majority
of the sémples having a concentration of less than'100 ppm. While there
appears to be some-relationéhip between concentration aﬁd discharge a
linéapvregression analysis revealed no significant correlation. Consideration
was givenvto the pattern of wash load concentration over a particular run-off
episode from the 15th to the 25th of March 1970 (the results are shown in
Fiéure 33). Concentration rises répidly and peaks before discharge then
falls rapidly while,discharge continues to rise, quickly returning to a

"normal"™ level while discharge decreages relatively slowly.
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TABLE 8
_t

MOUNTAIN RIVER - WASH LOAD DATA

3. 5.70

. Instantaneous Concentration Wash Load
Date ¢ discharge (cuseécs) (ppm) (tons/day)
8, 8.69 36.5 86 755

14, 8.69 32.2 61 4,68

25, 8.69 16.4 66 2.59
7. 9.69 4.2 59 2,02

17. 9,69 16.4 61 2.41

26. 9.69 15.2 68 2.49
3.10.69 1.8 6Q 1.70

10.10.69 11.8 75 2.13

172.10.69 9.6 71 1.63

26,10.69 8.2 75 1,47
3.11,69 32.2 92 7.07

10.11.69 12.4 61 1.82

14,11.69 10.7 74 1,89

17.11.69 " ‘84.0 321 64.82

18.11.69 128.0 131 - 0.31

27.11.69 24,5 61 3.59
3,12.69 28.0 61 L.

16.12.69 81.0 61 11,88

21.12.69 30.3 55 4.01

11. 1.70 031.4 68 513

23. 1,70 21.3 73 3.74
9. 2.70 8.9 91 1.94

23. 2.70 10.8 63 1.64
2. 3.70 9.4 68 1.54 -

- 10. 3.70 7.2 67 1.16

15. 3.70 6.2 69 1.02

20. 3.70 147.0 826 291.9

21. 3.70 1,500 180 647

25. 3.70 66.0 83 13.11
2, 4.70 245 Bl 4,95

19, 4.70 8.2 83 1.68

26, 4.70 742 68 1.17

42,0 58 5.85
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TABLE 9

MOUNTAIN RIVER - SUSPENSION & SOLUTION LOAD DATA

Solution
Concentration Load

(ppm) (tons/day)

Suspension
Concentration Load
(ppm) (tons/day)

Instantaneous
discharge (cusecs)

8.9 8 0.16 72 1.53
10.8 5 0.13 61 1.58
9.4 6 Q.12 69 1.55
7.2 6 0.10 65 1.12
6.2 7 0.10 68 1.01
147.0 563 - 197,8 125 44,0
1,500 99 356 - 67 2k2.5
66. 30 4,78 52 8.17
2k.5 12 0.71 82 4,80
8.2 9. 0.7 79 1.58
7.2 7. 0.12 77 1.38
L2 9 0.86 6.86 .

78
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TABLE 10

MOUNTAIN RIVER TRIBUTARY = WASH LOAD DATA

. Date. Q : Wash Load Conc Wash Load (tons/day)
14.w1.69 3.45 58 | | 0.48
\21, 3.70 126 ' 229 . - 69.36
2, k70 3.2 107 0.8

3. 5.70 -8 | 71 | 1.38

MOUNTAIN RIVER ABOVE TRIBUTARY - WASH LOAD DATA

Date : Q -~ Wash Load Conc Wash Load (tons/day)
14,11.69 7.88 62 ' 1.16
21. 3.70 1375 . 308 1020

2. 4,70 20 87 4,19
3. 5.70 36 - 58 5.04



cusecs

DISCHARGE

128,

Figure 33
MOUNTAIN RIVER RUN- OFF EPISODE 15th- 30th MAY 1969
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Wash load in tons/day was computed from the concentration figures
and a.fating curve determined (figure 34). The regression eqﬁation of
the rating curvé was
| L = 0,085 27
and the correlation coefficient of the relationship was 0.89 which is
_significant at the 1 per cent level. With an exponential of 1.27, wash
1oad'incréases at anincfeasing rate with a rise in discharge,

The rating curve equation was then used to compute the daily wash
load discharge fér the twelve month period of the study and the results
are shown in Appendix 3. Daily wash load is spread relativély evenly
throughout the twelve months with no marked dominance of individual episodes
and values generally-lie between 1 and 10 tqn§/¢ay. queral episodes 6c¢ur
which have discharges above this raﬁge however, and these contributé
éignificahtly.to'the'annual total. The maximuym daily discharge is 46 tons
which is 2.7'per cent of the annual total, but several days occur when wash
load is near this maximum.

| As with the wash load concentration a plot was made for the period
15th to the 25th March 1970 (Figure 33). Wash load disqhérge shows a much
closer correlation tao streém discharge than does the concenfrétion with a less
rapid'riée and fall than with concentration.

'An X-Réy diffraction analysis was made to_dgtermine the composition
of two wash load samples,'oﬁe of basal flow and the gecond at a discharge
of.1u7-cuseq§; | While much of the materialvconsisted of clay colloid |
particles.too fine to be analysed, both sampies wéne found to contain quartz,

montmorillonite and sodium chloride.
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(ii) Suspension Load

| | Suspension load samples were taken for discharges ranging from

,:6°2 to approximately 1509 cusecs with the majority of samples from

discharges of less than 10 cusecs and only scattered coverage of discharges

aboyg this figure'(Table 9). As with the other two catchments, the length

of'recbrd is onl& three moﬁths and so the accuracy of the values is doubtful.
 ' Suspension 1qad‘conCentration_ranged from 5 to 563-§pm.' Regression

apglysis_reveaied no significant relationship between concentration and

a _insténtaneous discharge.

The suspension load rating qurvé (Figure 34) showed a highly -
sighificant relati&nship with a correlation co-efficient of 0;96 which is
sigﬁificaﬁt to the 0.1 pef.cent level. The résulting equation for the
_fatiné curve was |

L = O.OOL+Q1°699

The gradieﬁt of the éuspension load rating cufve is significantly greater
than that of washvloéd so while suspension load is insignificant at low"
diécharges it rapidly becomes dominant with increasing discharge.

;Projectedldaiiy suspenéion load discharges are shown in Appendix 3 .
however it:must be remembered that they are based on relatively scant
information. Daily‘suépension discharge is below 1 ton/day for the
majority of the period while the maximum daily dischange‘ié 16,98 tqns.
It is likely that the suspension load during higher discharges is ar£ificiallj
lpw becausé of the inability to separate clay colloids from the solution load,'
'-gh&.the limitaﬁions of using mean daily discharges for computing sediment load
while'during a particular day discharge could‘be much highér forklimitgd

periods.
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Again the pattern of suspension load was plotted over the period

15th to 25th of March 1970 (Figure 33).

(iii) Solption Load

| The same range of discharges as those for suspension load were "
_ Sampled for solution load and the results are subject to the same limitations..

Concentrations range from 52 to 125 ppm with all values but one below

82 ppm. :There appears to be some relationship with instantaneous discharge.
"$oiﬁti6n’¢oncehtrétion rises as discharge increases except in low flow where
there is a tendency for solutiop load-to increase with a decrease in discharge.
A regression analysis revealed that there was no significant linear relation-
ship. |

| .'The‘solution‘rating curve is_shoWn in Figure 34 and was found to have
the equatioﬁ |

- 'L = 0.3100-868

Thea'associéted corrglatidn co-efficient was.0.992 which was significant at
o the 0.1 per cent‘level. The gradient of the curve is much less than that of
beither wash ér éusﬁension loads and so while solution load is dominanf at low
floﬁs_its’relative impprtange'decreases with incxeésing discharge. Again at
 f1oﬁ flows, theoretical solution load ;s greater than total wash logd,
-probably due to laboratory errors already outlined,

| Daily solution discharge figures were computed and are shown in
Appendix 3. Daily solution load is below 5 tons/day for the mgjority of
.thé time while several episodes have 1oa&s up to 23 tons/day. The dominance -
of individual epiéodes is not marked, the maximum valye only constituting -

1.4 per cent of the annual total.
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The pattérn of solution load was plotted for the individual
~ episode already plotted for the other two loads (Figure 33). The
pattern resulting appears close to that for suspension load.

(iv) . Denudation Rates

Total wash load for the period of the study was 2,170 tons and as
lthe catchment has an area of 15.5 square miles this results in an erbsion
”rétg of 140 tons/square mile.

' With a-suspended.sediment.discharge of 4?3 tons for the period the
resulting érosion rate was 31 tons/square miie while solution discharge was

1,905_tons giving an erosion rate of 129 tons square mile.

* MOUNTAIN RIVER TRIBUTARY | -

Four readings were téken of wash load for‘the tributary Qith three
suspension and solution load samples covering.discharges ranging from 3.2
.'to 126 cusecs. The results are shown in Table 10, The smali number of
éamﬁles severely restricts the value of the results but they.were obtainea
xtg gﬁin some idea of the relétive contributjon of the tributary to the
‘main stream.

Wash load concentrations vary from 62 to 229 PPN, The wash load
rating curve (Figure 34) has the equation:

| L = 0.214Q"%
.with a correlation éoeefficient of 0.97. The gradient of this curve is
very similar to that of the wash load for the river. The constant is
gfeater however and therefore the sediment load of the tributary for a

given discharge is greater than that of the main river for the same discharge.
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Discharge of the tributary makes up only a small propgrtion of total stream
discharge and so while its relative contribution is greater, its absolute
'ucqntributiqn is only smali. | A
While_thereAare insyfficient readings of solution and suspension

loads to enable a significant analysis, a general jimpression can be
obtained.. 'Solﬁtion load pf the tributary appears similar to that of the
, mgin Stream-while suspension load is significantly greater especially in
;highér dischérges.

» X~Ray Difffaction analysis of one of the samples indicated that the
 -sediment ﬁaé composed of quartz, montmorillonite and s&dium chloride.
’The proportion of quartz was less than the main stream while there was

apprdximately the same amounts of clay and salt.

MOUNTAIN RIVER ABOVE THE TRIBUTARY

Four samples were taken of wagh load and three samples of solution

and suspension load covering discharges ranging fromi7,9 to 1,375 cusecs.

| Wash load concentrations vary from 58 to 308 ppm. and the resulting
rating curve haé the equation:

L = O,O85Q1'27

which was found to be significant at the 1 per cent level with a correlation
éo—efficient‘of 0.99. This curve is very similar to that of the stream
be;ow the tfibutary as would be expected because of the small absolute
contribution of the tributary. While no rating curve was calculated for
suspensibniand'solution loads because of the limited number of readings, it

-appears that they are similar to those of the stream below_the tributary.
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" SUMMARY OF RESULTS

The rainfall during the study period was slightly below average
but again'distfibution varied significantly from the mean, with strgng
céncenﬁrations during summer when the minimum usually occurs, A similar
pattern exists with discharge but no mean values are available for
lchparisoh because of.thg short period of recora, Also; no double-mass .
curQes could be plotted so the accuracy of the records and the effect of
. the 1967 fires cannot be examined; |

A wide range of discharges was sampled for wash }oa@ with again a
lack 6f middle rangé discharges., No correlation was found between wash
,loéd concentration and stream discharge but a strong correlation exists in
'the'wa§h ldad rating curve with the equation
' L . 0.085Q1'27O
The suspended sédiment réting curve for the period was

| 1 = o.004Q"6%
while the solution rating curve was
L = O.195420.962
In the lower range of discharges theoretical sqQlution load e#ceeds total
wash_l¢ad dué to errors involved in the laboratory analysis.

In the'analysis of a run-off episode all the loads peak at a similar
tiﬁe as dischafge. Wash load concentrations reach a mayximum earlier however
and then'fall wifh increasing discharge, This was also the case with the

concentration of'solution and suspension loads which are not shown in the

graph.
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The wash load erosion rate over the twelve months was 140 tons/square
mile of which slightly over 20 per cent was made up of suspended load and
the remainder of solution load.
The Mountain River tributary was sampled on several occasions covering
a very limited range of discharges. The wash load rating curve showed
. signifiqant relationship however with the following equation
L = o0.214q *%9
Insufficient readings were taken to calculate suspension and solﬁtion rating
curves but it appears that while solution is similar to that of the main
stream, suspension load is significantly greater,
A similar number and range of samples were taken of the main stream
above the confluence with the tributa,i*y° The wash load rating curve had
the equation |
L = .O85Q1'27
-whichvis exactly the same as that for the stream below the confluence.
It appears-that the tributary supplies a relativeiy greater proportion of
the wash load due mainly to a’greater suspended sediment discharge. Because
of the small size of the tributary its absolute impact-is not great and its
greater sediment discharge is not large enough to affect the rating curve

of the stream below its confluence.



CHAPTER 7

DISCUSSION. OF RESULTS

. H
i

The environmén% of the three catchments i%Ain mqhy ways similar.
The lithological and vegetation units in all catéhments are similar,
varying only in tﬂe proportions.of the various uﬁits in. each catchment.
The relief of the catchments are significantly différent with rélief in
the Mountain River catchment being approximateiy three times thatlof
Snug Rivulet. Because of the varyiné size of the catchments however.
the stream gradients are comparable, as are the slopes, so the energy

potential per unit area is similar in all cases.

RAINFALLJAND;RUN—QEE

The rainfall redeivéd during the tweive months of the ‘study
vdiffered from the mean in all catchments. Both the Browns River
and Snng'Rivulet catchments had totals which were well above average,
while that of the Mountain River'catéhment was slighfly below average.
The mean distribution for the réinfall of all catchments éhows a
maximum in late winter and early spring and a minimum in late summer
and early autumn. Rainfall during the study was very atypical with a
marked'concentration in‘November, December and January, the period
vwhen minima usually ocpﬁf.

This pattern of rainfall is reflected in the stream discharge.
Total discharge is above the mean of Snug Rivulet and Browns River,

In the case of the Mountain River, insufficient record is available

to calculate a méaningful mean but the discharge for the period is the

-~
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‘highést recdrded. Dis¢hérge in all the streams was concentrated in
the summer months, the period‘when minimum flows usualiy Qccur, This
atypical rainfall pattern and hydrograph will probably have some effect
on the sedimént which ié supplied to the streams and trgnspprted by them.
This will be due to diffefences in evapo-transpiration and vegetation
cover from that which normally éccuré during the period of maximum
rainfall.-

The daily disgharge figures revealed a similar'runvpff pattefn '
in allnéases. The: characteristic featﬁrqs are the 1oPg periods of low
or basal flow with the dominance of individual episodes of run-off, which
cover only a short time span, but account for a nelativel&zlarge proportioﬁ
of the total run-off. As.the catchments stﬁdieq aré relatively small.
and relief is higﬁ, run-off occurs rapidly after rainfall with the stége
risipg steeply. The decrease in runroff also occurs rapidly after
fainfall has ceased with the falling stage often falling as rapidly asA
it rose, which is chafacteristic of gmall mountain streams. In many
cases the stream cén rise ahd fall in a matter of hours. These features
‘can be seen in the hydrographs of a particular run-off episode for each
of the streams shown in Figure 18, 27 and 33.

Double-mass curves could only be plotted for Brown's River and
Snug Rivulét. The Brown;s Rivér curve showed a strong linear relation-
ship which illustrétes‘that the rainfall and'§£r§am discharge figures are
relatively accurate and that the water budget of the stream has not changed
significantly.‘ No lineér relationship occurred in the Snug Rivﬁlet curve
and by comparison with Browns River it appéars that this is due to errors
in the discﬁarée readings for Snug'Rivulet° Insufficient record was
available to allow the plotting of a double-mass curve for the Mountgin

River.
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The bushfires of 1967 have apparently had little impact on the
| hydrology of the catchments. If. any hydrologic change had occurred a
break in slope would be evident in the mass curves at this time but no
such breakes have occurred. This could be related to the extent of the
fires and the vegetation types involved. Not all of the catchments .
were burnt with the Snug catchment which was the most seriously affected
having 65% of the total area burnt, Much of thé‘area which was burnt had
a cover of moorland vegetation which recovered relatively quickly so any
change would only be short term and would not be réflected in the annual
figures ﬁsed in the mas§ﬁéurve§;

| In the fores# areas fire damage was.restrictqd mainly tp»the tree
cénopy and the ground cover was}less affectgd.. On the destrﬁction of the
canopy, rapid growth of the ground layers qccurred.tesulting in'a.denser
gfound cover than £hat which existed before the fires, As the ground
cover is the dominant vegetational control of.rqn-qff the increase in
&ehsity would tend to feduce run-off. Therefore despite a majdr change

in vegetation the hydrologic impact ié very minor.'

SEDIM_ENT LOADS

WASH LOAD

Ih all catchments wash load samples were taken over a wide range of
discharges. There wés a dominance of samples in the lower discharge
range because of the-limited occurrence of high flows, and the inherent
probiems’of obtaining samples before the stream has fallen again. This
could lead to a degree of inaccuracy in the projection of sediment loads

i-because of the reliance on a limited numbe{ of sampleF, which may be
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ét&picél and so may not be representative of the lqhger term
characteristics of the catchment. This problem could not be
overcome because of the lihited time available for the study.
'~ The wash load concentration covered a limited range of

values with several exceptions. Concentration tends to be relatively
constant rising appreciably only during periods of extremely high flow
when a rapid increase in concentration occurs. In all cases no linear
relationship existed between wash load concentration and instantaneous
discharge, This suggests that the'concentration of wash load is
independent of discharge, and by implication, stream velocity. This
is in kééping with Einstein's definitionkqf wash ioad as that part of

tbe load which will be transported by-thé stream independent of velocity
éﬁd diséharge. Wash load is solely dependent on the catchment parameters
which have been outlined in Figure 7 and is completely indeﬁendent of the
channel. The stream can §niy transport the amoynt of wash load which is
supplied to if by the catchment. This is made particularly clear in the
catchments in this stud&'where theAbed and banks of the sgréams are made
up of bedrock, dolerite boulders, or gravel and no wash lgad material is
evident, Obviqusly all the wash load material in transport must be
defived from the catchment rather than the channel,

In the examination of actual wash load rather than wash load
concentration, a strong relationship exists in all catchments between
waéh load and inétantanequs discharge. This is the sediment rating curve
which hés been.used in almost all sediment studies to examine §ediment
loads. It has already been stated however, that wash loasd concentration

is independent of stream discharge and dependent on catchment parameters
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outside the channel. It appears anomélqus that such a strong relation-
ship can exisf when wash loadAis iﬁdependent of discharge,

It is possible that the apparent relationship illustrated by the.
wash load rating curve is an artificial pne. ~Wash load is determined
by thelfwo variables, instantaneous discharge and wash load concentration,
using the equation |

L = ahouxQ:;Cx1o‘6

in which each of the variables is of equal jmportance in the equation.

The non-relatiqnship between concentration and discharge is
counteracted in the conversion to wash load by multiplying by discharge.
- It is quite possible thét the resulting relationship is one between
discﬁarge and discharge rather than discharge and wash load. = For
example, if wash load concentration remained constant over a range of
discharges, then wash load would increase with discharge and a perfect
corfelatidp would exist despite the fact'that the relative amount of
sediment had remained constant. In this case a}though an apparent
‘relationghip occurs the real relationship is between discharge and
discharge and not sediment and discharge.

As the dependent variable is derived from the independent one,
then obviously a strong relationship must result which is however én
artificial one. This could explain the consistently high correlation
co-efficients which usually result from sediment rating curves. It
could aiso explain the exponentials of the curve which usually are
close to unity. Any variation from unity is related to conceﬁtration,
'ana so the exponential is a crude index of relative erodibility. As
the correlation has been so strong it has only'ranely been questioned |

and has been used as the major method of examining sediment loads,
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A further factor is the relationship between stream discharge and
rainfall. It has already been outlined that rainfall is the dominant
factor controlling stream discharge. Rainfall is also an important
catchment parameter which must be important in determining the supply
of wash load to the stream. The suspension load component of the wash
load is derived from soil erosion and is transported through the catch-
ment to the channel by surfacé run~off which occurs only during, and
immediately after rainfall. It is possible then that the relationship
in the rating curve is an indirect one between rainfall and wash load
through the medium of the dependent discharge.

As wash load concentration has been shown to be independent of
discharge, the wash load rating curve is not really a valid tool for
compafing the relative erodibility of catéhments except by use of the
exponential value and the slope of the curve. It appears to be a
rather artificial simpiification of what is a complex relationship
involving a large number of variables with no dominant variable, as is
suggested by the rating curve. A more satisfactory method needs to be
derived to enable a more realistic appraisal of the role of the variations
of catchment paramefers in detérmining wash load.

The wash load rating curve does remain however, as a valuable tool
in determining absolute sediment values. The strong correlation allows
a high degree of accuracy in the prediction of absolute sediment amounts
for a given period. In this case the absolute amount of sediment is
related to discharge as well as concentration, as shown in the equation
for determining daily wash load. In many studies it is these absolute
values which are important and the relative sediment amounts are of no
‘interest. It is on the:basis of these that erosion rates can be

calculated,
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The wash load rating curves show a strong relationship which is
significant at the 0.1% level in all cases. The resulting regression

equations are:

Brown's River L = 0.157 Q1°184
Snug Rivulet L = 0.217 Q9
Mountain River L = 0.085 Q1°270

In all cases wash load increases at an inéreasing rate with increasing
discharge, as all have exponential values of greater thaﬁ one.
Significant differences occur between the curves as is indicated in
Figure 35, The Snug Rivulet curve has the lowest exponential value
and so increases at a slower rate than the other two. It has however
the highest constant value and so wash load at low discharges is greater
than that of the other two. Brown's River with the middle value for
both the exponential and the constant lies between the other two curves
excebt in the range 40 to 100 cusecs when it is greater. The rating
curve for the Mountain River is lower in the lower range of discharges
but because of its larger exponential it becomes dominant when discharge
is greater than 100 cusecs. The wash load rating curve of the Mountain
River Tributary with the equation

| L = 0.214 @27
has also been drawn in Figure 35. With a high constant and exponential
wash load in the tributary is greater than that of the other three streams
for all but the lowest discharges.

While the wash load rating curve has been shown to be a poor
indicator of the_influencg of catchmgnt parameters it can provide a rough
index of the relative erodibility of catchmeﬂts. This is indicated by
the varying gradients and positions of the individual curves. As no

other more satisfactory method could be found, this technique was used to
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gain some iﬂsight into the importance of the various catchment parameters.
Because éf the limited nature of the study with only three catchments, it
'ﬁis impossible to carry out any detailed analysis such as that carriéd by
Andérson? where data was évailéble'for a large number of catchments and
multiple regression was possible. The analysis is further limited by the
fgct that no homogenqous catchments could be found and the environments
- of all three catchments are similér, varying oniy in the proportions of
the partiéulaf units. |

. Variations between catchments were found fqr-four main variables;
rainfall, lithology, vegetation and qatchmenf size. The rainfall of the
three'cafchmehts ranged from 28.58 inches for the Mountain River, to 51.32
inches fof Browns River with the rainfall for Snug Rivulet being 47,37
inchés. This pattern does not appear to be reflected in wash load rating
curves except in that the Mountain River curve is geperally be;gﬁ that of
the dther two wetter catchments. The Mountain River Tributary however,
with a similar rainfall pattérn as the Mountain River has a wash load
.which is.greater than that of either Brown's River or Snug Rivulet which
tends to rule out rainfall, This pattern is reflected in the denudation'
rates of the three catchments which are similar despite rainfall differences.
From this very superfiéial and qualitative examination it appears that
rainfall is not important in explaining the differences in thg rating cur&es,

The geology of the catchments is made up of the same three'fock types

with variations in the proportion of the area which is occupied by each unit.
The only exception is the Mountain River catghment’which has some Quaternary
alluvium. The Brown's River catchment consists of sandstone, which extends

over 30% of the area, mudstone 24% and dolerite 46%. In the Snug Rivulet
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‘catchment, sandstone covers 42% of the area, mudstone 33% and dolerite
25%, while in thelMduntain River catchments the proportions are sandstone
11%, dolerite 85% and alluvium 4%,

A broad relationship can be found with an apparent correlation
between the proportion of sandstone and mudstohe and the wash load. The
Mountain River with a low propértion of these two lithologies (11% of the
total area of the catchment) has a wash load rating curve below that of
Broﬁns' River the catchment of which consists of 54% sandstone apd mudstone.
The Browns River curve lies below the Snug Rivulet curve and:the Snug
: Rivule£ catchment is 75% sandstone and mudstone. As the sandstone is
relatively resistant to erosion while the mudstone is much more susceptible,
it is likely that this increase in wash load is more closely related to the
proportion of hudstone and this is suggested by the actual figures for the
three catchments given above. This pattern is also reflected in the erosion
rates with the Snug Catchment having the highest erosion rate of 156 tons/
squafe mile ranging through Brown's River with 148 tons/square mile ﬁo a
minimum in the Mountain River of 140 tons/équare mile. While a relation-
ship-does éppear to exist, the lack of information, particularly due to
the limited number of catchments, does not allow detailed analysis and if
further information was available it might be found that the apparent
relapionship is not walid.

As with geology, the vegetation of fhé three catchments is made up
.of the same basic units varying only in the prOportion of each. The
'Bfown‘s River catchment has 74% of its area covered by sclerophyll forest,
TQ%vis cleared forest and 12% moorland vegetation. In the Snug Rivulet
catchment the proportions are 75%, 14% and 11% respectively and in the

Mountain River 52%, 13% and 35%. The Browns River and Snug Catchments
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have almost the same proportion of each type while in the Mountain River
there is ;ess'forest and more moorland. The tributary to the Mountain
River has novmoorland vegetation and consisfs solely of forest and
cultivated areas.
This geﬁeral pattern is’refelcted in the wash load rating curves
wheré'the wash load increases with increasing proportion of forest.
In the forest areas much of the ground has no vegetation cover although
there is an overhead tree cover. Therefore the forest areas are much
more susceptible‘tb erosion by surface run-off resulting in a greater
Qash load. There is no apparent relationship between vegetation cover
and the denudation rates.
| The final variable which differed between the catchments is
catchment area with Browns River have an area 4,7 square miles, Snug
Rivulet 7.5 square miles, the Mountain River 15.5 square miles and its
.priﬁutary approximately 3 square miles, No consistent relationship is
apparent although the size of the catchment could expléin‘the iow values
for the Mountain River wash load, Als§ it could explain the difference
befween the wash loads of the Mountéin River and its tributary which is
much smallgr and has a higher wash load.
| As stated any examination of the importance of the catchment
pgrametérs and thei; influence on wash load can oqu be made on a
qualitative level due to the limi@ed amount of information and is of
necessity superficial. While a relationship was apparent between wash
load and geology and vegetation the importance of these cannot be appraised.
The relationship is a complex one and it is impossible to separate out any
.particular variable with confidence. It does appear however that in this
. study geology and vegetation are major determinants of the relative

erodibility of the catchments studied.
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Suspension Load

As the laboratory equipment reqﬁired to separate suspension and
solution loads became avai}able £owards the end of the study, only a
limited number of samples could be taken. | Also only one rainféll
episode occurred, and 80 the range of discharges sampled is limited to
low flbwé with only one or two higher readings. Because of these
limitations it is possible that the resulting rating curves are not an
accurate répresentation of the long term characteristics of the catchments.
A furt'her limitation results from the inability of the ]’.aborat'ory' equipment
to separate theAfine clay colloids of the suspension load from the solution
load. This results in an over-estimation of the solution load at the
expense of the suspénsion load. This error becomes more marked with
increasing discharge as a greater proportion of clay colloids are supplied
to the stream; Allowing for these errors howevér, a generél impression
of the behaviour of the suspension load cah be gained.

Suspension load concentration covered a limited range of values
‘because of the dominance of 1ow_flows during the sampling period with
several higher values associated with the faiﬁfall episode. As with
_wash load no significant relationship was found between discharge and
suspension'load concentration, It did appear however that concentration
remained relatively constant while there w;s no surface run-off and rose
rapidly when ény surface run-off occurred.

vStrong linear relationships were fodnd‘in the suspension load rating
curves which were all significant at the 0.1% level, The resulting

equations were:
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Brown's River L = 0.014 Q1.4481
Snug Rivulet L = 0.017 Q1.3163 )
Mountain River L = o0.004 q'+69%9

In all cases the constant is less than that for the wash 1oa& and suspension
ioad makes up only a minor part of the total wash load during low flows.

The value.of the exponentials are greater than tﬁose of the wash load and so
the importancevof the suspension load increases with disghérgg. This
increase is probably more marked than is evident in these curves because of
fhe clay colloids which could not be separated from the solytion load.

The resulting pattern of suspension load discharge is one of long periods

of extremely low sediment discharge with isolated periods of high discharge
associated with rainfall and run-off episodes. The dominance of these
;;dividual episodes is even more marked tha# is the case with total wash
load. o

Differences occur between the suspengion load rating cufves of the
three Catchménts as is shown ip Figure 36, The general pattern is that the
curves are somewhat similar with the suspension load of Brown's River slightly
greater than that'of Snug Rivulet, The Mountain River Curve is below the
other two in the low discharge range but has a greater gradient and as a
result in the higher discharges, suspension loéd.is greater., The relation-
ship betwéén the three is similar to that of the wash load rating curves.

In the lower stream discharges, suspension load is greatest where
there ié a greatervproportion of mudstone. During the low flows, suspension
load is dérived from the channel and this tends to suggest that a.greater
amount of mudstone is available in the banks and bed. This wasg evident

in the field, where althoygh all three streams had only a small amount of

wash load material in the bed and banks, a greater proportion was evident
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in'Brown's River>and Snug Rivulet the two catchments with mudstone present.
At higher discharges suspension load is greater in the catchments with a
high dolerite content. During high flows surface run-off is important and
suspension load is derived mainly from the catchment rather than the channel.
Therefere it appears that in the catchment a greater proportion of dolerite
is available for.removal as suspension load. In this study the dolerite
is in the form of periglacial solifluction material with an abundance of fine
clay particles which are easily transported in suspension. The mudstone and
sandstone however are not as readily available and so in the higher range of
discharges where surface run-off is important suspension load is greater
from dolerite areas.

-While these differences exist between the suspengion load rating
. curves, they tend to be balanced out in the erosion r?tes where no
significant differences occur. The suspended sediment erosion rates for
the three catch@ents are: Brown's River 30 tons/square mi}e, Snug Rivulet
29 tqns/square mile, and Mountain River 31 ﬁops/square mile, It must be
vremembered that these erosion rates are artificially depressed due to the
‘loss of clay'particles to the solution load‘in the laboratory analysis,

In summary; while it is recognised that the suspension load determined
is somewhat artificial, it does give some insight z¥>the pattern of this
load. Any errors produced will be constant for the three catchments and
80 é valid comparison between catchment)is éoss@ble. This revealed that
during low flows suspended load is greeter for mudstone areas while during
high flows when surface run-off is occurring suspended load is greater from

dolerite areas,
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SOLUTION LOAD

.The solution load results were taken over the same period as those
for suspended load and are subject to the same limitations. The errors
intrqduced by the inability to separate out the fine clay colloids which
have already been outlined lead'to an over éstimation of solution load.
This error inéreases with increasing discharge when a greater amount of
colloids is carried,

ancentration of solution load is relatively constant with a general
tendency to rise with dischargq. At low flows however the trend is reversed
and concentration risgs with decreasing discharge, This is to be expécted
as the solution load is derived mainly from ground-water discharge and tﬁe
1mportance,of.this type of discharge increases with deqneasipg stfeam
dischgrge. "The rise in solutipn load with ipcreasing stream discharge in
the higher ranges is thought to be due in large degree to the increasing
proportion of clay colloids which are really ?art of the suspension load.
While these general patterns were evident, n§ statistically significant
relationship could be found between solution load concentration and stregm
discharge.

As with total -wash ioad and suspension load, the solution rating
curve showed a stfcng linear relatiopship between §plution load and discharge°
All the regression equations were significant at the 0.1% level. The rating

curves for the three streams were:

Brown's River L = 0.195 Q0q9615
Snug Rivulet . L = 0.248'Qo'9h58
0.8683

Mountain River L = 0.,310Q"
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The‘constants of all three curves are high but the exponential values are
all less than one.b So, while the solution load makes up a significant
proportion of the total wash load at low discharges, its impoftance
’doqfeases with increasing discharge. The décrease is probably more marked
than is shown due to the increasing proportion of clay colloids which

remain in fhe solution load., 'The resulting pattern of daily solution load
_discharge is much more regular than the pattern for wash loéd and suépensién
lood. The.periods of high flow do not dominate the pattern as is.the case -
with the other two loads.

The solutioh load rating ourves of the threg streams show‘significant
difforences (Figure 37). The pattern is the reverse of that which was
e#ident for the suspension load. The solution load of the Mountain River

>is éreater than that of the other two streams in all but the highest
diochgrges where the Brown's River load is greater. In the case of Snug
Rivolet its‘solutiogéfg.less than the other two gtreams in all but the
lowest discharges when it exceeds that of Brown's River.

As with suspension. load these variations appear to be relotedvto the
geplogy of the catchments. The Mounoain River has a high proportion of
dolerite which appears to be removed in solution tp a greater extent than
the other lithologies. Snug Rivulet has a low proportion of dolerite but a
high proportion of sandstone and mudstone, which do oot appear to be as
susceptible to solution as doierite} and so the §olutionvload is lower.
These differences are not necessarily wholly related to solution load; it
is poSsible that differences in the-colloid content could explain. the
difforences. This is prooably true to a certain extent as the dolerite
yields a relatively high proportion of fine clay material, while the grain
size of the sandstone and mudstone precludes the production of large amounts

of colloids,.
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It is evident from the study that solution load is relafively
constant with changing discharges and is relatively more important at
iow flows tﬁan it is at higher flows. Solution load is apparently
g:eater from dolerite areas than sandstone or mudstone areas althdugh this
v can bebexplained to some extent by the greafervpropontion of colloids

yielded from dolerite areas.

COMPARISON WITH OTHER STUDIES

Any comparison with studies carried out elsewhere is difficult
because of the ﬁ}oblems of varying sediment sample collection methods and
mefhods §f laboratory analysis. . It has already been seen that the errors
resulting from the differing laboratory methods are not fully known, but
it is clear that these errors do vary significantly. In much of the
published work-the'mefhods used for sampling and laheratory analysis are
not outlined, wﬁich further 1iﬁits any valid comparison. Where varying
‘methods are qsed, any comparison is of limited value as differences which
gccur may be more closely related to differences in methqds rather than
§ediment characteristics. Even in Australia, where the number of studies
is extremely iimited, there is no uniformity in the methods used in analyzing
samples althoggh'mqst use the United States Geological Survey DH-48 sediment
sampler to obtain the samples. In any comparison being made then it musf
bq.rémembered that these variations do exist. |

In the large volume of literature on sediment studies very few studies
have examined if any relationship exists between sediment concentration and

stream discharge. Guy has made such an examination by plotting graphs of
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daily water and sediment discharge for a particular storm eventq. This
revealed a relationship between the two variables similar to that obtained
in this study (Figures 18, 27 and 33). In Guy's study however peak sediment
and stream diécharge occur simultaneously while in the Tasmaniap streams
sediment conéentration reached a peak before discharge except in énug Rivulet
when the peaks occurred simultaneously. As in each case only one isolated
epispde_is considered, it is difficult to draw any signifi¢a£t conclusions
from the differences.

The wash load concéntration figures can be directlj compared with
studi?s.carriéd out by Loughna;l2 and qukhardt5 ip the New England area of
iNew Souﬁh_Wales as the same collection and laboratory techniqués have been
ysed, Iﬁ his study of five streams of similar sjize to tpqaq of this study,

Loughran found concentrations rangiqg from 38 to 270 ppm which is a similar
‘range to that in this study. Burkhardt's figures tended to be higher with an
'avérage concéntration of 405 ppm which is probably’ due to increased erosion
és§ociated with the urban development of Armidale. This conflicts with the
regsults obtained by Langbein and Sbhummu, in the United States, who found
that concentration decreased with increasing precipitation (Figure 38), 1In
ﬁhe Australian results annual rainfall ranged from 30 to 140 inches while
aedimght concentration remained relatively constant. Although little

informaﬁion aboﬁt the catchments is given in Langbein and Schumm's study,

T oo g ot g ™ T - T g T T

1, ' Guy H.P. An Analysis of some storm-period variables affécting
stream sediment transport. USGS Prof. Paper 462E, 1964, p. E1k4,

2, Loughran R.J. op. cit.
_3, . Burchardt Jo ’Opp Cito
4., ° Langbein W.B. and Schumm S.A. "Yield of Sediment in Relation to

Mean Annual Precipitation'. Am. Geogphys Union Trans, Vol, 39,
1958, pp. 1076-84, o
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they d§ outline changes in vegetation density with marked increases in
depsify with increasing precipitation. In the Australian studies no
similar quantitative analysis of vegetation has been made, but the
vegetation in all cases is sclerophyll forest with little change in
vegetation density as rainfall increases, _Th}s factor is probably the
pain cause of the differing patterns, In Laﬁgbeip angd Sﬁhumm's study
the increésing vegetation density provides greater protection from
erosion and outweighs the influence of ingreasing precipitation.

In the Austrélian studies where vegetationbdensity remains relatively
qonstaﬁt no extra protection is provided and sediment concentration
rehgins relatively constant.

A large nﬁmber of studies has been done to find wash load,
normally using the sediment rating curve as the tool for analysis.

The results obtained in these studies are similar to those of the present‘
study with'avvery strong linear relationship on a lggarithmic scale with
associated high correlations. ‘The slope of the curves is usually
approaching unity as occurs in the Tasmanian_streams,

Probably the most usefulAmethod of comparing wash loads from
diffq;ent areas is by comparing the denudation rates. The results
obtained in Australia are shown in Table 11, ' Abrahams1, in a recent
study of Eastern Australia, has collected results of siltation rateé in
a number of reservoirs which‘arevshown in Table 12. The denudation rates
found in this study lie between those of Loughran and those of Douglas and

Burkhardt. They also fall in the range of results listed by Abrahams.

e i " T g T r

Te Abrahams A.D. op. cit., p.37.
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: v Figure 38
VARIATION OF SEDIMENT CONCENTRATION
WITH ANNUAL PRECIPITATION
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TABLE 11

Australian Denudation Rates

Catchment

Little Styx
Serpentine
Bullock Creek

Bramina Creek
Sherlock

Queanbeyan
Queanbeyan
Queanbeyan
Strike~a~Light Creek
Brindabella Creek

Dumaresq Creek

Brown's
Snug Rivulet
Mountain

Area

LRV N

Wash Load (tons/milez/year)

455
419

55

76
56
ko
26
21
20
15

26

148 |
156
140
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TABLE 12

 SILTATION DATA F

Reservoir
NSY _
Wyangala (Lachlan R)
Burrenjuck (Murrumbidgee R)
Hume (Murray R)
Cunninghanm Ck (near Yass)
Guthega: (Snowy R)
Stephens Ck (near Broken Hill)
Umbesumberka: Ck (near Broken Hill)

A.C.T,

Cotter (Cotter R)
Lake Burley Griffin

" Victoria

Eildon (Goulburn R)
Glenmaggie (Macalister R)
Cairn Curran (Loddon R)
Melton (Werribee R)

Pykes Ck (Werribee R)

OR_SOME SOUTH-EAST AUSTRALIAN RBSERVOIRS

Catchment Area
km®

8300
12950
15300

818

93
513
422

482
1865

3885
1890
1593
953
124

Rate of
giltation
m3/km2/year

T9.47
40,75
41,93
66,22:
19.87
i32.44
269.99

32960
14.26

54,51
37.18
22,92
17,16
48,81
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The major differences between the streams considered is that of rainfall

and run-off, with Douglas' and Burkhardt's studies being done in aréés |
wifh average annual rainfalls of around 20 to 40 inches, while in Loughran's
study the annual rainfall was 90 to 140 inches. Rainfall in this study ranged
frbm 30 to 50 inches. An analysis was done to examine if a relationship
exists between_the denudation rates of these studies and their respective
anﬁualvrainfalls. A rééression analysis was done on ?otp an érithme;ic

and logarithmic scale, and gpile both analyses were significant, the most
siénificant reéults were obtained from the arithmetic analysis. | The
'_reéulting distribution pattern is shown in Figure 39. The correlation
co;efficient was 0.96 which is significant at the>1% level. Similar
resﬁlts were obtained by Abrahams.

These results differ significantly from those of Lgngbein and Schumm1-
who carried out a similar analysis in the United States of America. .The
resﬁlts'bf their study are shown in Figure 40. Denudation rates increase
to a maximum at 12 inches of rainfall per annuﬁ and then E depreaselwith
increasing precipitation. In the case of the Australian studies, denudation
rates increase with increasing precipitation throughout the range giving a
linear pattern, This difference is similar to that of sediment concentration
where variations in vegetation cover result in markeq differences in erodibility.
The Australian vegetation, which ié relatively constant, provides less protection
in the higher rainfall afeas than is the case in the United States.b As a |

result denudation rates increase with rainfall in the Australian studies,

while they decrease in the American study.

1. Langbein & Schumm, op cit.
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Aéart from the three Australian studies considered above, little
work has been done on the denudation carried out by Australian streams.
The only additional figures which have been published are on a continental
basis based not only on stream measurements but more heavily on basin
sedimentation. Notable among these studies is that of Strakho§1:Who
estimated average Australian denudation as 111 tons/square mile which is
the lowest of any of the continents of the earth.

Comparison of the results obtained with those from overseas,
notably the United States, is difficult as most of these studies have
concentrated on suspended sediment load rather than wash load. The
results of the wash load studies ére shown in Table 13. ﬁost of'the values
are well above those of this study although some cover a similar range.
- The catchments are all much larger than those of this sQudy so any worth-
'while comparison cannot be made. A

A large amount of literature haé been published on the suspension
loads carried by streams, the majority of which relates to streams in the
United States, As yet howéver, no information has been published on
Australian streams. .Douglas was concerned with total load and solution
load and gave little attention to suspension load. Both Loughran and
Burkhardt éoncentrated solely on wash load and made no attempt to separate
the suspension and solution load components. In a current siudy, Loughran
has separated the two loads using a similar method to that in this study, |

but as yet the results have not been published,

1. Strakhpv,wop cit.



Catchment

Little Colorado
Canadian'R
Colorado
Bighorn
Green
Colarado
Iowa
Mississippi
Sacremento
Flint
Juniata

Delaware
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TABLE 13

American Denudation Rates

Area

8,100
19,445
30,600
15,900
40,600
24,100

3,721

1,140 x 10
27,000

2,900

3,354

6,780

Wash Load (pons/mile?/yr.)

199
336
105
1Mk
530
808
510
357
190
183
265
270
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A comparison can be made with the results obtained ih the United
States although again the problem of lack of information on the catchment
characteristics limits the value of such an analysis. Any comparison is
further hindered by the under-estimation of suspension load in this study
due to the inadequacies of the laboratory analysis wh}qh have already been
outlined.

The_concentrations of suépension load are similar to those obtained
by Anderson1 which ranged from 5 to 200 ppm in two strgams. These streams
were significantly larger than those of this study with the smallest having
a catghment aréa of 98 square miles. The majority of studies have shown
suspension load concentrationé of between 200 and L0oo ppm, This ié probably
due to the higher erosion rates which exist in America, |

A comparison of erosion rates shows that the §uspenqioﬁ load of the
streams_in this study is much lowér than those of streams of similar size
in the United Siates (Tablé,14), “Also the sﬁépension load comprises.a
'muéh 1owér pfoportion of the total load. In this study the éuspension load
comprises only approximafely 20% of the total iqad while in the American
streams listed it is never less than 36% and_is commonly greater than 60%.
However, Dole and Stabler2 in an early fegional gtudy of North America
claimed thaf'in the North Atlantic region suspended load made up onlj 23%

of total load.

Te Anderson H.W., op cit, 1954,

2. Dole R.B. & Stabler. Denudation. US Geol Surv Water Supply Paper
234, 1909. 3



Anderson

Collier

O}ive

NN N

167.

TABLE 14

" Suspended Sediment-Denudatign Rates

Catchment

Wilson
Elk Creek
Elk Creek
Caloépooya
Marys
Coast Fork
Coyote
Long Tom

Black Earth Creek

Mount Vernon Creek
- Yellowstone :
. Dell Creek

Brownes
Snug
Mountain

Area

56
133

98
155
69
100
100

Susp. Load (tons/milea/yr.)

372
15
140
233
122
71
79
79

71

96
236

15

31
29
3
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While it is possible that the suspensipn loads of the Tasmanian
streams could be low, they have been artificially lowered by the inability
of theffi;ter papers to trap clay cqlloids. In the dolerite areas clay
_miperals afe the dpminant weathering produgt remov?d by the streams and
these could make up a significant proportion of the suséeﬁsion 1oad.but
have Seen measured as solution load. The amount of glay colloids could
not be determined aé they were foo fine to be detected even by X-Ray
diffraction analysié. Thgrefore the réal-suspension lbad of the
Tasmanian streams cannot be célculated.

- Comparisons of solution loads are also of limited value because of
the aftificial exaggerétion of their imqutance. ungla$1 in his study
of Eastern Aﬁétralian rivers found solution load cencentrations ranging
from 19 to 101 ppm in streams with varying catchment characteristics.
,The.@ajority of his streams have coﬁcentratiqns of 50 to 69 ppm which
'csrreépona fo Livingstone's2 estimate for Aﬁétralia'of 59 ppm, again the
lowest of any of the continents. These results are lower than those of
- this studj Which‘are generally above 80 ppm,' While this is partly due to
-the laboratory errors it is possible that solution concentration is greater
in the Tasmanian streams particularly in the dolerite catchments.

Little'iﬁformation hés been pﬁblished on the erosion rates

associated with solution loads as most studies are concerped with water

fqﬁality and so are reliant on concentration. Langbein and Dawdy3 related
- T LA AN N R A R
1. . Douglas I., op cit., 1968.
2. Livingstone D.A. Chemical compositipon of rivers and lakes.
"~ US Geol. Surv. Prof. Papers 4406, 1964,

3. Langbein W.B. & Dawdy D.R. Occurrence of dissolved solids in
E surface waters in the United States. US Geol, Surv. Prof. Papers
501-D, 1965, p. D115-117. ‘
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.$6luti§n load fo mean annual rainfall in a study of Amerjican streams,

‘ The~;eshlts.of their study afe shown in Table 15, They found thatbwith
increasing annual rainfall, solution concentration decreased and . the
‘solution load e;oéion rate increased (Figure 41). Insufficient informatién
'iébavailable.tO'find if this relationship is valid in Australia. The

. solﬁfion loéd erosion rates of this study cbrne§p9nd to thqse of Langbein
'1and Dawdy for é similar rainfall, however the splution conCentratiqﬁ is

éigpificantly higher.
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TABLE 15

Dissolved Solids in Surface Water of the U.S,
. r._';.' ) S ! T o

Range in ‘mean ‘annual run-off Median Conc (ppm) Median Lead (tons/milea)

0- 0.25 , 720 10
0.26 - 0.50 , 950 : 25
) 0.51'; 1.00 , 630 33
1,01 - 1,80 - 460 50
1.81 = 3.00 . 460 77
3,01 - 6,00 360 123
6.01 - 8.00 235 115
8.01 - 11,0 wo 99
1.1 = 15,0 90 | 88
15.1 - 18,0 : 110 132
18,1 - 22.0 _ 100 140
22,1 - 25.0 108 : 180

25.1 - 80.8 57 136
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CHAPTER 8
CONCLUSIONS

The 1imited:§copelof the study with only three str?éms and a
.tributary'sfudiéd for a period of twelve months restrigts the cohclusions
which ;an be drawn. Further limitations are imposed by the shoft period
of analysis of suspension and solution loads. Also, rainfall and ru#-off
bvafied signifi¢ant1y from the average pattern and as a resylt the sedimént
-ioads calculated may not be indicative of longer term trends in the stwéams.
pesﬁite this limitation however, a number of conclusions can be drawn.

A sﬁudy of the literature and an appraisal of this study indiéates
agnumber of major problems still exist in the collectign and;anélysis of
sediment samples. While most studies are baﬁgd on the sampling methods
»ouflined by the United States Inter-~Agency on Waten Regources1.there is
no'standardisétion of thé laboratory techniques used in analysing the
sediment samples. In the majority pf publications pf the results of
. sediment studies the techniques of labofatory analysis are not outlined.
In a pilot study at the cqmmencemenf 6f this project a variety of
techniques were examined yielding a wide range of pesults. Therefore no
valid comparison of results can be carried out ynless a standardised
- method is used or at least some allowance made for the varjing results of
vdifferent methods.

The method used in this study was one déveloped by Sundborg2 and

3

_réfined by Loughran® which proved satisfactory in beoth their studies as

e — ety
1. Inter-Agency Committee on Water Resources, 1963, op cit.
2. Sundborg, A. 1956, op cit.

-3, Loughran, R.J. - 1971. op cit.
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"the suspension load was coarser than the filter pore size, A

problem arpse in this study in the separation of suspgnsion and

' solutiohAloéds, The filter paperé retain all the suspension load

except for material of colloidal size. The results obtained suggest

nthgt'significaht ambﬁnts of .colloidal material are carrigd by the

sfréams ébnéidered, resulting in artificial results for suspension

and solﬁtion loads. A possible solutién to this problem lies in a

'techniqué which was not known to the author at the timg this study -

,:waéicaffied 9ut, This method has been outlined by Qoug;as1 and |

involves the use of polymer filters.which have a finen grain size and

tﬁérefore ifap some of the colloids, Their pore size is controlled

. however, sq_thé'sediment size which will pass thoqgh is kndwn.~
Réihféll'and Run-off were cbqsiderably aboyé.avgrage for Brown's

,éﬁd Snug Rivulet during the study, while the Mountain River had slightly

'bélow average rainfall. In all the catchments the ;ainfall was atypically

distributed with marked concentrations in summer, the period when minimums

‘usually occur. These twq factors would have an influence on sediment

.loads and the results obtained are probably not representative of the

long term characteristi¢s of the streams. Any: prediction of erosion

rates outside the pefiod studied then are of 1imited value and are

sﬁbjeqt to error.

—— - T . S B P I ey

e Dduglas, I, Comments on the aetermination of fluvial sedimént
discharge. Aust. Geog. Studies. Vol. 9, No. 2, 1971,
pp. 172-6. o o




174,

The wash load concentrations of the study were gimilar to those
obtained in other Australian studies. This contrasts with the results
of Langbein and Schumm1 who found in the United States that concentration
 >d§§réa§¢d_with increasing rainfall. The consistency of the Australian
sgéncenfrééion resulté through changing rainfall regimea is thought to be
related to the'uniformity of the Australian vegetati?n, In the United
Sfatés study, vegetation density increases with rainfall and this reduces
the'coﬁceﬂtrAtion of sediment.

»Ah examination of the relationship between wash load concentration
and'streaﬁ diséharge revealed that concentration is independent as no
$ignificant relationship could be found in any of the stre§ms sﬁudied,
This ié to.be'expected as Einstein defines wash load as that paif of the
load which-is'independenp of stream discharge and veloqity, "An examin-
ation.of the»pattern of sediment concentration through one storm episode
~ also showed thg'cbncentration is independent of discharge as it peaks

earlier than the discharge reaches a maximum and then falls rapidly while

3
1

sffeam diséharge continues to rise.
The daily wash load discharge figures show the marked importance
of individual storm episodes where up to 20% of the annual sediment load
was carried in a single episode_of three to four days duration. On the
- other hand! theze are long periods when wash load discharge is minimal.
This is characteristic bf_most streams but is more marked in this study
because of the nature of the catchments Where streams fise and fall

‘rapidly.

e g v g - - - ™ - \ MR = RERLEELEABNANCE ) DN g -

1.  Langbein and Schumm, 1958. op cit.
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A number of general relatibnships can be recognised between
sediment'yield and the various catchment parameters, The wash load
ténds to be gfeater from sandstone and shale areas than from correspond-
ving dolerite areas. This is reflected in both ﬁhe ratigg curves and
erosion ratesf A Similar relationship exiéts with vqgetation where

thé wash load increases with increasing prOpéftion of forest. The
.fqrestvﬁreas, while having a relatively thick tree cover, have a high
propoftign of bare ground which is susceptible ?p qnosipn acéounting

for the higher wash load. No further relationships could be fdund with
any ofl;t.he_ other variables, |

'The:wash load erosion rates are consistent with those obtained
‘elsewhere in Australia, falliﬁg in the middle of the range of the
Apstraiian erosion rates caléulated. As with other Australian studieé '
.thé erosiohirates are significantly lower than those optained in the
- United States. An analysis of the Australian results related to

'annual rainfall yielded a Strong relationship w}th erosion rates
| increasing with rainfall. This contrasté wifh tbe results of Langbein
and Schumm1 which ' showed erosion rates reached a yaximum at approximately
12 inches and then.depreased with increasing'rajnfall, These diffgrences
are associated with the uhiformity of the Australian vegefation where no
ﬂextra protection is afforéed with increasing rainfall and as a result
‘erosion increases. In Langbein and Schumm's study howeéer tﬁere ié a
marked increase in vegetation density with inqneaqing rainfall and this

‘more than compensates for the increased potential erosion.

,“r,‘,] LB AN S IR T A T g -

1. Langbein and Schumm, 1958,
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The suSpension:load results are sigﬁificantly lower
}thén:those 6btainqd;3h other studies, This is due mainly~ﬁd~tﬁ§jg:;
{inability of the lébdratory analysis to separgte colloidal material
from the solution load. Similarly the solution load results are
much higher.fhan ﬁhose obtained elsewhere. It is ppssiﬁle however
tﬁét’these differences are not solely due to labonatory errors aﬁd
.the streamskhafe a_higher proportion of their load transported in
solution, The most sign;ficanf_fact is the high proportion of thev
 ”fotal load which is trﬁnsﬁorted either in sélutibn or colloidal

- suspension. From 65 to 80 per cent of the total load of the streams

o is trahgported in this way. Even during periqds of extremely high

flow, 501ﬁtion load and colloids make up the majpn part of the total
 Load with:tﬁe suSpensién load never being coarser than silt size,
~ The suspeﬁsion load was insiénificant during perioeds of low flow,
.“but increased in importance as discharge inpreased? while solution :
’load was doﬁinant during low flows and its proportion degreasgd with
indréasing discharge. As a result, the daily disqhqrgé figures for
suspension load show a marked dominance of indiv%dua} storm episodgs
‘witb negligible suspensiqn load transport during low flows, This
" trend is more marked than in the case of wash lpad, With solution

" load however, these individual episodes are less dominant and
sediment dischérge is more evenly spread throughout the year.

Of the éatchient variables which influence sediment yields

a relationship could only be found with geology. Suspgngion lqad |

- was much greater from sandstone and shale areas while "'solution load"
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was more important from the delerite areas. The sandstone and shale
cpnsiéting of quartz fragments set in a matrix are relatively stable
._chemically and so yield a greater proportion of suspension material.
The weathering products of the delerite however are dolerite
bQulders,.which are tranSported as bed load, or fine clay minerals
and salfs which are transported either in solution or colloidal
u{suSpension énd so were measured as solution locad. Very l;ttle
:_suSpension material is supplied from the dolerite areas,

- This study is extremely limited in scope and so its
_'q§#clusions ére of limited value. It is howevéf, the first study
6f'sédiﬁent yields which has been carried out in Tasmania despite
the lafge amount of dam construction which has been ¢arried out,
The cohditions which apply in the three catchments studies are
representative of much of south-eastern Tasmania and in fact for
imuch of the eastern section of the state. Therefqrg it does give
some indication of sediment yields and erosion rates for a largei
éreag It is hoped that this study will provide a hasis for more:

| detailed and widespread 'studies. Certainly with the establishment
of the representative basin network, more information will become

available for future studies.



SUPPLEIERT

Some additionasl explanations and minor corrections are included
in this supplement folloving the suggestions roceived from theo tuo exa-

miners for which the author acknowvledges his gratitude.

Throughout the thesis the %orm “solution load conccntration" is
used to refer to the concentration of dissolved material per unit volume
of water, This could be confusing and probably & better term is "solute

concentration",

In this study, rainfall of the catchment is taken from single
recording stations and this can lead %o a false impression as all three
‘catchments have considerable relief and precipitation vaeries due to the
orographic influence; This is most marked im the case of'the Hountein
River vhere the weather station is outside the catchment. This prohlem
could be overcome by projecting isohyets, but this is made difficult in
this area because of the limited number of rainfall recording stations,
Also, the stations are all located in the populatied arcas at lov elevations
80 there are no reliebdble figures for the higher sections of the catchments.
Because of this lack of data no attempt was made to project more detsiled

isohyets,

Page 9

The term “"stream variables® refers to those varilables vhich
operate sclely within the channel, for exanmple, diachargé end stream

velocity, "Catchment variables" are those that operate outoide the
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channel but within the catchment.

The bed load of the three streams is of Pleistocene peri-glacial
origin and is thereocfore derived from a former geomorphic system. Although
it was derived from the rocks of the catchment, the catchment variables
are no longer active in its transport vhich is dependent on the stream

variables.

Page 13, line 10

Vhile it is difficult to quantify the source of suspension load
it was apparent in this study that the majority of the suspension load was
derived from the catchmgnt rather than the channel. The banks and beds of
all the strcams wore conposed of either bgdrock or large dolerite blocks
which made up the bed load and thereofore the finer material must have been

eroded from outside the channel,

The term "solution load" here is misleading as it is the solution
concentration which decreases. As stated by Douglas (1964) concentration
decreases arithmetically while discharge increases logarithmically which
mesns that the solution load (the product of discharge and concentration)
increases, but at a slower rate as shown on the sediment rating curves for

the three streams (pages 80, 106 and 130).
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Pages 162 and 163

It nust be noted that the scale of the graphs in Figures 39 and
40 differ and the Australian curve does not include the bottom half of
the precipitation range shown in the American results. While the Austra-
lian curve within the studied range is linear, this does not exclude the

possibility of a polynomial curve with peaks outside the range.,

It should be noted that the wash load rating curves an Figure
35 (Page 144) are all close together and there is considerable overlap
between the three point patterns, Testing the difference between regre-
ssion co~efficients and the distance between regression lines (Chakravarti
I.M., et. al., Handbook of Methods of Applied Statistics, Wiley, 1967,
p. 365) failed to identify significant differences between the rating
curves, Testing of the the suspension load curves (Pigure 36, Page 150)
and solution load curves (Figure 36, Page 154) also revealed no statisti-
cally significant differences. Therefore, any discussion of the influence

of the various catchment parameters is of limited value.
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DISCHARGE IN CUSECS
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APPENDIX T

BROWNS RIVER
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WASH LOAD IN TONS

JULY AUG SEPT ocT NOV DEC JAN - FEB MARCH APRIL MAY JUNE
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1.006 1.627 0.532 0e294 04509 26,105 4e8179 0e294 0.254 0e421 0399 lo654
06957 1467 0.509 0e294 0e554 9.872 4,188 0e254 0.254 0.378 0e¢336 Be072
0.811 14259 04532 06294 0e646 54327 56911 1259 0.908 04378 04399 96519
0,763 1.208 - 0.509 0e294 24572 3.850 24833 1259 244873 0399  0.554 4.879
0.787 lel32 04554 0e294 06254 24630 1,208 1.081 18.861 0e399 04532 24920

00763 14106 0577 04254 - 242817 2630 . 1,106 0.763 13,880 0.399 04509 3.636
0e763 1.081 04,600 0e254 le311 2,063 04957 0e532 6,108 04399 04509 50102

O.716 0957 = 0,623 0.254 Be819 1.734 0.811 Oe443 3e546 0.399 0e421 44127
0.716 04957 0,623 Ge214 60438 1520 UeT63 0.399 24400 0,378 0.378 24429
0.669 1.006 0,600 04234 44500 1,259 0.716 0.336 1520 0.336 06336 1.980
0.646 0.982 0.577 0.214 24400 1.285 0,811 0,294 1,363 0.623 06315 1.520
0,600 0.908 0.554 0.214 1.960 1167 0,811 0e315 1259 0.646 0e294 le234 .
0,600 0.908 0.532 04214 1627 1,006 0,692 0.378 1,132 06577 0294 14132
06623 1,627 0,532 06195 l1e654 04957 0,532 04399 1,031 04532 0e294 1031
0.646 1.285 04509 0.195 24630 0.859 06399 0.294 0.908 0.487 0e294 04957
0.669 0957 0.532 0.176 24429 0.692 0.554 0.294 0.811 0.509 0.294 0.883
0.600 06957 0.509 3.850 24119 0,763 04465 0000 0,908 0.692 06315 0.787
0,600 0l.811 0,000 64819 04000 0,577 04465 ° 06000 Cl.811 0,000 04378 0,623
TOTAL 42611 42463 16,31 23428 83,55 189.23 110.98 12.97 84,05 15456 13,20 61,41

ANNUAL TOTAL 695.26

98l



SUSPENSION LOAD IN TONS

JULY AUG SEPT oCcT NOV DEC JAN FEB MARCH APRIL MAY JUNE
1.182 0.069 0.097 0,053 0.891 0.393 0,079 0.053 0.030 0.104 0.065 0.044
00499 0.072 - 0,082 04053 24925 0,499 0.120 04041 0,025 0,086 0.062 0.038
04365 04326 0,075 04047 1.928 0e555 0.512 0.044 0,025 0.082 " 0e062 0065
0e274 0.555 0,065 0.050 0.891 0.354 T.268 0.038 0.025 0.082 0.069 Oe148
0.633 06321 0,062 0.053 0.393 00284 2,925 0.035 0,025 0,075 0.069 0.140
0.499 0.234 0.069 0.059 0e264- 0,284 24450 04035 0.025 0.069 04069 0.104
06326 0.211 0,062 0,089 0.206 04249 le524 0,033 0,025 0,065 06065 0,086
04300 00310 0.056 0.072 0e157 0,201 0.891 0.033 0,023 0.062 04053 0.069
04206 . 04326 0,047 = 0,072 0.132 O.161 0.493 0.030 0,023 0,062 0050 0.062
O.183 0326 06047 0.069 04097 0,136 0e354 0.030 0,023 0.062 06047 0.086
Oel48 0.310 04044 0062 0.082 0.136 04254 0.030 0,023 04056 0e044 0,069
0e140 0.215 0.047 04062 0.069 8.861 0,439 0.030 0.023 0.053 0.038 0.062
0.140 0e197 . 0059 0e044 04065 254822 leb46 0.030 0.023 0.053 04038 0.086
0.136 De244 0.062 0.030 04059 T.268 0935 - 0.030- 04025 0,047 0e044 0e249
Gel128 0es215 0.059 04030 04065 24214 0776 Ve025 0.025 0.041 0.035 l.836
00104 Oesl179 0,062 04030 0.079 1,041 1.182 0e179 0.120 0,041 0.044 2117
0.097 0.170 0.059 0.030 0e427 0,700 00481 0el179 64851 0,044 0.065 0.935
0.100 O0el57 0,065 . 0030 0.025 0,439 0.170 0.148 4884 0.044 - 04062 0.499
0,097 0e152 0,069 0,025 0.370 04439 0.152 0.097 3,357 0,044 0.059 0.653
0,097 0.148 0.072 0.025 0.187 0,326 0.128 0.062 16231 0.044 04059 0.988
0.089 00128 0,075 0.025 l.928 0,264 0.104 0.050 0.633 0.044 0.047 0.762
0.089 0.128 0,075 0.020 le312 0.225 0,097 0e044 0,393 0.041 04041 0e39Y
0.082 Oel36 0,072 0.023 0e847 0.179 0.089 0.035 0.225 0,035 04035 0.310
0.079 0e132 0.069 0020 - 04393 0.183 0,104 0.030 0e197 0,075 04033 0.225

0,072 0,120 0,065 0.020 04310 0,163 0.104 04033 00179 06079 0030 OelT74
0e072 06120 0.062 0.020 04244 0.136 0,086 0e041 0,157 0.069 04030 0.157

0,075 De244 0,062 0.018 0.249 0.128 0,062 0e044 00140 0.062 0.030 0e140
0,079 00183 ‘06059 0.018 0e439 0.112 0e044 0030 00120 0,056 0030 Del128
0,082 D.128 0,062 0«0l6 0¢399 0,086 0,065 0.030 0.104. 0.059 04030 Oell6
0,072 0.128 0,059 0,700 04337 0,097 0,053 0.000 0,120 . 0,086 0.033 0,100
0.072 0.104 0.000 1.928 0.000 0.069 0.053 0000 0.104 0.000 0.041 0.075
TOTAL 652 6e29 1.92 3.80 15.77 52400 23464 l1.52 19.18 le82 . . 1,48 10,92

ANNUAL TOTAL 144486

Lel



SOLUTION LDAL IN TONS

JULY. AUG
34537 0.551
24014 0.569
l1e640 le5¢6
le361 26159
20351 | 1,309
2.014 16229
l1e526 1el46
lo446 le4 11
Lel29 leb26
1.06% 16526
Ue911 let 7
UeRT lelb¢
UeBT7 1,096
0.860 16262
0.826 1e162
0,724 1,029
0,689 04995
0,707 Ne944
0,689 0,928
Ve689 04911
U655 0826
DebSH 0eB26
Deb2l 04860
Je603 De843
Ue569 Ve 792
Ue569 Ne?92
1eH8B6H ] e206¢
veb03 Le)45
(e621 HeBcb
CeB5Y V828
UeD0Y e 74

TOUTAL 312453 33,80

AlNUAL TUILAL

SEPT

0.689
0e621
0.586
Ve534

.0.516

0.551
Oeb16
0.482
0e429
0.429
0.411
06429
0.499
04516
0,499
04516
Ve499
Ve534
04551
Ue569
0e586
04586
Ue569
04551
06534
0,516
UeD1lbL
)e499
Ced99
Ue000

15475

oCT

Vebb64
Oeab4
00429
0446

. Ue4b4

04499
0e655
06569
0.569
0.551
Ve516
0.516
04411
04322
04322
04322
Le322
0e.32¢
Ue286
Ue286
Ue286
Ge250
Oe268

(6250 -

Ue250
Je250
Ve3¢
Vel 3¢
Uell3
cedll
44868

14435

465,416

NQV
24940
64391
443868
24940
le722
le328
ls129
0e944
Oe843
0.689
OOQZl
0551
0534
04499
0e534
04603
led2u
0.286
leb657
le062
44868
3.786
Zet845
lef22
lea?7
1e2062
le279
Letib2
lel38
Le559
06000

54435

DEC

1,722
2'01"
24159
1,608
1,394
1,394
1,279
1,112
0.961
0,860
0.860

13,185

264517

11,584
54328
34255
2.511
14852
1,852
1.526
1,328

l1e196

l.029
1,045
0.968
04860
C.826
0758
0.638
0,089
04551

92.86

JAN

0.603
06792
24046
11.584
64391
Se694
4,175
20940
1.998
1.608
14295
1852
44391
3,034
24686
3.537
16965
0.995
0.928
U826
O0e724
0.689
04655
0e724
Oe724
0.638
Oe516
Getll
vebS3a
Oe«b4
Oe4b64

6584

FEB

0e464
0393
Oeall
06376
0.358
0.358
0.340
04340
00322
0e322
0.322
06322
04322
0.322
0e286
14029
1.029
0.911
0.689
0e516
Uelab
Oe4ll
0e358
0.322
0e340
04393
Oeall
Ne322
0e322
0.000
00006

12,76

MARCH

0e6322
Ue286
0286
0,286
0.286
0.286
04286
0.268
0.268
0,268
04268
0.268
0.2068
0,286
0,286
06792
11,145
8,935
64994
3,630
ie351
16722
le196
1,096
1,029
De944
VeBT77
0792
Oe724
06792
0e724

47.96

APRIL

0,724
0.638
0,621
0,621
04586

0,551

0,534
0.516
0.516
04516
0,482
0s464
0e464
0,429
0+393
0,393
Oe4l1

De4ll

Ol4l11
O0l.411
Oe411
04393
0,358
0.586
0,603
0.551
0.516
Oeuti?
Ue %99
0,638
0001}

15413

MAY

0e534
0e516
0516
Ne551
06551
0e551
0e534
Deb64
0.446
06429
Cecll
06376
06376
0e411
0358
Oeé4ll
0e534
0.516
04499
04499
0e429
06393
0e358
06340
06322
06322
06322
06322
06322
Ne340
Ne393

13,35

JUNE

0e41l1l
0e376
0e534
0.911
0,877
De724
0.638
0.551
0.516
04638
04551
0e516
0.638
1,279
46715
56175
3,034
24014
24399
3.145
24654
1.738
lea77

- 1e196

1.012
0e944
0.877
UeB26
0.775
0.707
0.586

42,43



DISCHARGE IN CUSECS

APPENDIX 2

SNUG RIVULET ~

JULY AUG _ _SEPT ocT OV DEC . _JAN____FEB . MARCH _ APRIL
17,600 4.500 6.900 1,800 25,100 14,000 74500 1,400 0,700 3,800
124400 9.460 54900 1700 50,000 9,000 74400 1400 04700 3,500

9,700 23,800 50800 14600 144800 9,000 7,000 14300 0,700 3,200
10.800 21.500 6.000 2.100 10.500 11,000 7,000 1.250 04600 3,000
17,600  10.500 5,000 2,200 7800 11,000 64800 1,200 0,600 2,700
10.300 9.100 54800 3,200 6.530 23,000 64700 14140 0,600 2.500

8,400 8600 40200 4,000 = 5,000 35,000 6,200 1,100 0,500 2,200

7.200 13.800 3,600 24300 44000 22.000 5.900 1.080 0.500 "1.900

64000 144800 = 3,200 2,000 34500 13,000 54500 1,060 44,500 1,700

54500 22.800 3,000 1.800 2.800 9,000 5,200 1.000 44500 1,500
44800 14,800 3.100 1,500 24500 9,000 5,000 16000 04460 1,400

4600 10,800 7,700 1.500 2.300 745,000 4,800 0.980 0,420 1.250
44500 12,800 10,600 1.400 2,100 135,000 44600 0.980 04400 1.100

3.800 20.800 11.950 ° 14400 1.900 7 1.650 4,200 0.900 043860 1,050 ~
34300 104300 10,840 14300 2,600 75,000 3,900 00880 04300 1,050

3,100 84300 94500 1.200 4,000 42,000 3,600 0.840 0,300 1.000
541700 64900 7,800 1,100 34,200 25,000 3,400 0.800 04300 1.000

€.300 64000 7 €,600 ’1.100‘ 41,000 15,000 " T73.,100 047507 77707300 0,980

54100 64500 54300 1200 192,000 21,000 2,900 0,710 0.350 04950

4,200 54500 4,600 ‘“TIBHU‘“ 98,000 21,000  Z.800 0,690 44000 0.9%50

34790 44400 44000 1.000 48.000 23 000 24600 0670 3104000 0.930
5,000 4,000 3.500 < T0.900 726,000 14,000 = 2,500 0.660 ~225,000° 0.930
< 54600 3,800 3,300 0+800 10,000 11 000 24300 0e650 0.950 0,930
© 5,100 3,300 73,0060 U.8007TH,000 ~ 9,000 2,000 0.6507 0,420 T 04950 °

3.800 3.200 24700 0.800 64000 11,000 24000 0650 12.000 0,980

3,600 ° 2.900 2.600 0.700 5,000 14,000 1,900 0,660 0,100 1.100

3.500 34100 3,000 0,700 4,000 11,000 1.800 0.680 84000 1.100

34300 284000 24300 04700 9.000 9,000 146007 04700 ~ 7,000 1,500

24800 38,750 2.100 3,000 9.000 8,000 1,600 04000 . 54500 1.500

2,700 11,500 2,000 4550 0 114600 T TTBL000 T 1.55077 7 04000 TEL7007 IV7007 T

24300 Bs700 0,000 94400 0e«000 8,000 1.500 0.000 44100 0.000

MAY

1.700
44600
4.800
4500

44200
5000

64200

5;500

5.000
44800
44500
44200
44000
3,700

- 34500

44600
64500
7.000
7.200
64800
6+500
64300
60200
64050
64000
6000
5900
5e800
64800

64900

7.000

73.700
132,200
864700
544600
45,200
584300
484100

37.800°

284600
224800
17600
14.800
12.800
10500
94790
9.230
84690
84560
8.400

84,400

0.000

681



wWASE LA TN TONS

JULY AJUG | SEPT ocT . NOV . DEC . JAN FEB_ . MARCH = APRIL MAY JUNE
44991 lel24 14793 0e4l3 74357 3,886 1,964 04313 04147 0.934 0.388 l1.821
3,403 2.514 14511 Ue388 15.629 2,397 1.935 0.313 0e147 0.854 lel51 1e623
2.602 64942 le483 Ue363 44130 24397 1,821 0.289 0,167 0,774 1.206 24719
24926 66212 1,539 0,488 24837 2.985 1.821 0277 0el24 0,721 lel26 15.903
4991 2837  1.261 04514 = 2,050 24985 1765 04265 O0el24 =~ 04643 14042 bs624
2,778 24426 1.483 0o 774 1.688 6,687 1.736 0.250 0.124 0.591 16261 - 24719
24223 24281 - 1,042 06988 1,261 10,582 1,595 06241 0.102 0,514 1595 2,281

N 1,878 3,825 0.880 0,539 0.988 64370 1,511 0.236 0,102 0.438 14399 2.021
1.539 44130 Oe 774 04463 04854 3.584 14399 0.231 lel24 0.388 1.261 1.878
1,399 66624 0.721 Oe4l3 0.669 24397 1,316 0.217 lel24 0.338 1.206 24719
1,206 40130 0.748 04338 00591 | 20397 _le.261 04217 ~ 0,093 0,313 1el24 23.887
l.151 24926 2.021 0.338 04539 13,929 1,206 0.212 0,084 0.277 1.042 454248
lel24 3.523 24867 04313, 0,488 46,297 1151 0e212 0,080 0e241 0.988 284529
Le934 54991 3,268 Ge313 0438 0.37% 1,042 0.193 0,071 04229 0,907 17.208
1,800 2.718 24938 Ve289 O0e617 244348 0.961 04189 0,058 Ce229 0e854 13.997
Ue7648 2e194 24543 0.265 04988 12,917 0.880 0.179 0.058 0.217 le151 18,487
1455 1,793 2,050 Ce24l 104318 7,325 0,827 0.170 0.058 0,217 14680 14,981
24194 le539 1.708 0265 12.581 44191 0,748 0.158 0V.058 0.212° 1e821 - 11.%11
1,288 1,680 14344 0e265% 634044 64054 0,695 0.149 0,069 0.205 14878 Be4B6
L.042 1e399 1.151 0e217 32,619 6,054 0,669 0.145 0.988 0,205 1.765% 6eb24
Ve931 1,096 0.988 Ue2l7 laogal 6,687 0.617 0el40 1l4,.88% 0.200 1680 44991
1.261 0.9&8 0.854 0.193 Teb4b 3,886 ~ 0,591 O0.138 80,928 0.200 16623 44130
Lotz ? 06934 14800 0el70 24690 2.985% 0,539 0e135 0,205 0,200 14595 3,523
1.2R8 0800 0.721 0170 20108 7 T 24397 TTT0.463 7 0.13% 1 6,084 0,205 16553 2.837
0.934 0.774 04643 ‘04170 14539 24985 04463 0e135 3,283 0.212 1.539 ~  2.628
0.8R0 04695 04617 0el147 ~ 14261 3.886 0,438 0.138 0.018 0.241 14539 2464
0e854 De748 0.721 Uela7? 0.988 - 2.985 0.413 0el42 2,108 04241 1e511 24307
0+800 84292 0.539 Oela? 24397 24397 04363  0Qela7 1.821 0.338 1.483 242170
04669 11.828 0.488 0721 24397 2.108 0.363. 0,000 1.399 0.338 1e765 2.223
0643 | 3,134 Uet63 le137 2.985 < 2.108 0.350 0,000 1.178 0.388° 1.793 24223
UeH39 24310 06000 24514 0.000 2.108 ° 04338 0.000 1.015 0.000 1821 0,000

IUTAL 50490 Gy el ! 39,96 13,92 203464 202469 31.24 5.57 211,81 11.10 42,74 258.87

ANNUAL TUTAL 117091

061



SUSPENSIGN LuAD

TOTAL

JuLY

Del6l
Vet
V.338
04390
0,741

0.366

0,280
0,229
0,180
Ve1560
U134
Del2f
Jel23
0,099
J.082
Ue0TH
U.168
0.276
0.145
0,112
0,098
04141
Uelb4
Oe165
0,099
0.092
v.088
Ues082
0.066
Gs063
0.051

6e3de

IN TORS
AUG

0Dell3
De3¢5
14103
0e965
00376
0311
0.289
04538
0590
1.042
0.590
04390
UetB7
DeId3
0‘366
D276
0e216
0.180
0200
0.160
0.120
0. 105
0099
04082
06079
0.069
0e075
1366
20095
De423

06293

14445

ANNUAL TOTAL

SePT

0e216
O.176
OelT2
0.180

Del8l

0,172
0.112
0,092
0,079
0,072
0,075
0.250
04380
D645
0e392
0.329
0e254
0e204
0,153
0.127
04105
0.0886
0,082
0,072
0,063
04060
0.072
0,051
0,045
0e042
0.000

4470

oCT

04037
0e034
04032
Ge045
04048
0.079
0.105
Us051
04,042
0.037
0,029
Ue029
0,026
04026
UeU24
0,022
UeQ1l9
U022
Ue022
0,017
Ce017
0,015
Le013
04013
04013
06011
Oe011
0,011
0,072
Oell25
06325

1.37

21708

406171

36.08

JAN FEB MARCH
0e241 04026 0,011
0,237 0.026 0,011
0.220 0e024 0,011 "
Ve220 0.023 0.009
0,212 0e022 0,009
0,208 04020 0.009
0.188 0,019 0,007
0,176 0.019 0,007
0,160 Ue0186 0.123
0,149 0,017 0.123
Ualé4l 0,017 0.0006
D.134 0017 0,005
0,127 VeULT 0.005
VD112 04,015 0,004

. 0.102 De014 0,003
00092 UeGla 0.003
0085 0.013 0,003
0,075 0,012 0.003
0,069 0.011 0004
0,066 0.010 0.105
04060 04010 324346
0,057 0,010 21,214
0,051 0.010 0.016
Ue042 0.010 0.005
0.042 04010 De448
0,040 04010 0,001
0,037 0.010 0.263
0.032 0e011 06220
0.032 0.000 0.160
0.030 0000 0.130
Vel29 0000 0,109

3447 0.43 55,38

16l



SOLUTION LOAD IN TONS

JULY _ AUG SEPT . OCT DEC _ JAN FEB MARCH APRIL MAY  JUNE

34736 1,029 14541 04432 3,009 1.668 0a341 0,177 0,877 0.410 1e562

2,683 2,065 1,329 0,410 1,981 1,647 0e341 0,177 0.811 1.050 letl4

v 46971 ~le308 04387 1,981 14562 0.318 04177 0.745 1.093 2.210

2.354 44515 14350 04500 2,396 1,562 04306 0,153 0,701 1.029 10.183

3,736 20292 ° 14136 04523 24396 14520 04295 04153 04635 04964 o773

2,251 2.002 1.308 0,745 4,813 1.499 0.281 0.153 0.590 le136 2,210

1,856 1,898 0,964 0,920 7,159 1,393 0271  0.129 0.523 1.393 1.898

1,604 24969 0,833 04545 4,614 1,329 0.267 0,129 0,455 le244 1,710

S 14350 3,172 0,745 00478 24806 1,244 06262 14029 = 0,410  1.136 le604
le244 4,173 0,701 04432 1,981 1.179 0e248 1,029 0.364 1.093 24210

1.093 34172 06723 04364 1.981 1,136 0e248 0,119 0.341 14029 144478

1.050 2.354 1.710 0.364 9,079 1,093 0e243 0.109 04306 04966 254160
. _1.029 24765 2,313 0e341 25.664 1,050 0e243 04104 0,271 0.920 164882
0.877 44376 24591 0.341 0.398 0,964 "~ 04224 0.094 ‘0,260 0.855 10.902

) 0767 24251 24363 04318 14,719 04898 04220 0.079 0,260 0.811 9.118
0,723 1.835 2.085 0295 ~ 84,506 0,833 0.210 0,079 0.248 1.050 11.599

1,286 14541 1.731 0.271 54207 04789 0,201 0079 0248 1e456 9,670

1,835 1,350 " 1.478 0.295 3,212 77 70L.7237 7 70189 T 0,079 0.243 14562 7.699

1,158 14456 1,201 04295 4,416 0.679 0.179 0,092 0.236 1e604 5914

70,964 1,244 1,050 0.248 4,416 0.657 06115 04920 0,236 14520 44773

. 0.874 1,007 0,920 0.248 4,813 0,612 0.170 564335 0.232 l.456 3,736
T 1.1367 7 0,920 0.811 0.224 3,009 0590 0.167 41,605 0,232 letlé 3,172
o 14265 04877 0,767 04201 2.396 0.545 0165 04236 0.232 14393 24765
1,158 0,767 0,701 0.201 1.981 0,478 04165 0.109 0.236 1e361 24292

0.877 0e745 04635 04201 24396 0.478 0el65 24601 0,243 1350 24146

0.833 0e679 0.612 04177 3,009 04455 0.167 0.028 0,271 . 1350 24029

U.811 04723 0,701 el 77 24396 0e432 0e172 1.773 04271 1329 1,917

0767 SeT97 0.545 0,177 1.981 0.387 0e177 1,562 0.364 1.308 1.890

04657 7882 0.500 0.701 1.773 0.387 04000 Le244 0.364 1.520  1.856

0.635 2.498 6.478 1.039 1,773 06375 04000 1,072 0.410 1.541 i.856

Ue545 1.919 0.000 24065 1,773 0e364 0000 04942 0,000 14562 0,000

I0TAL 43,28 15484 35,13 13,91 129,93 138,03 28,53 6.4l 112,57 11.61 37.90 169,63

ANNUAL TOTAL 802478

261



DISCHARGE IN CUSECS

JuLY

444,200
31,000
25,400
284100
28,200
29.600
26,400
24,4300
22,600
20,000
19,400
18,100
17,500
164300
15,400
14,800
17,800
14,200
14,800
14,200
14,800
14,200
13,900
13,400
13,900
13,900
15,700
15,100
14,200

13,700

13,200

AUG

12,500
14,700
57400
49,300
31,800
24,700
22,000
31.800
254400
25,000
29,600
35.200
29,600
30,300
254400
24,300
22.000
20,000
22,000
20.000
18,400
17.560
17,200
164300
164300
15,700
14,800
15,400
24,4300
20,000
17,200

SEPT

15,700
14,800
14,800
14,500
13,900
16,600
16,000
14,800
14,200
13,700
13,700

©17.800

15.700
164600
15,400
14,200
14,500
16.000
17,200
21.600
21,300
18,400
16,900
15,700
154400
15.100
15,400
14,800
14,200
12,800

0.000

ocT

12,500

12.000
12,000
12,800

- 124300

14,500
14,500
12,800
124500
12,000
11,700

114400 .

11,200
10,600
10,400
9.900
9900
9,400
9,400
9.600
9,400
8,900
8,600
84400
84100
7900
7,600
84100
12,000
164,300
18,600

NOV

244300
614300
33,300
234000

19.400

17.800
164600
15.400
144500
13,100
12.300
11.700
11,200
10,600
10,900
12,000
844000
128,000
92,000

864000 -

66,000
45,200
35,500
29,600

284500 |

22,600
22,600
49.200
35,200
31.400

0.000

APPENDIX 3

MOUNTAIN RIVER

DEC

29,600
27,800
28,200

24,4300

22,300
22,300

22,300

22,300
21,000
19,100
17,500
164900
21,000
131,000
128,000
81,000
60,000
45,800
38,700
33,600
30,300
27,400
24,700
24,300
244300
24,300
22,600
19,700
17,800
16,000
15,100

JAN

15,100
21,000
110,000
89,000
87,500
784000
62,200
47,100
39,800
33,300
31,400
72,000

86,000

76,000
51,700
41,000
35,200
30,300
27,400
26,700
25,100
23,700
21,300
19,400
18,100
17,200
16,300
15,400
14,800
15,100
13,400

FEB

11,700

11400

11,700
11.200
11.200
10,900
10,400

9.900

9600

9600

9.900

9.900
35,200
41,000
31.800
21,000
17.500
15,400
14,500
13.400
13,100
13,400
13,400
12,300
12,000
12,000
12,000
11.600

0,000

0,000

0.000

MARCH

11,400
10,600
10,100
10,100
9,400
9,100
84900
8.900
9.100
9,400
9,100
84900
8,100
8.400
84900
9.100
84900
8,600
14,800
143,000
108,000
95,000

764000

59,900
48,300
43,800
41,800
414800
39,000
37,800
35,900

APRIL

34,000
32,500
31,800
29.900
39.600
28,200
27,800
27,400
26,700
25,700
25,000
244000
23,300
22.600
22,300
22,000
21,000
21,000
21,000
21,000
20,700
21,300
21,300
20,700
20,700
21.000
39,000
35.200
29,600
27,100

0,000

MAY

24,700
25,000
31,400
294200
27400
274800
274800
30,700
33,300
32,500

264700

25400
244,000
23.000

224300

214600
21,300

234300

27.400
27400
294600
27.800
25,400

‘24,000

224300
21.600
21,300
204700
20,000

224000

22700

JUNE

23,300
224300
294600
44,600
39,000
32,200
284500
26,400
25,000
304300
754500
100.000
84,000
664000
514300
68,000
604400
49,200
43,000
37.800
354200
32,500
30,700
28,900

'27.800

26,700
26,000
26000
25.000
29,200

0,000

¢61



WASH LOAD IN .TONS

TOTAL

JULY

10,458
64,666
50176
54885 -
5.911
6,286
o436
4,893
44463
3.821
3,676
3,367
34226
24941
2,742
24607
3,296
24474
24607
2.474
24607
24474
2,408
2,298
2,408
24408
2.810
24675
24474
24364
24255

115,59 -

AUG

24104
24585
14,638
12.014
6.885
4,996
44313
6885
Se176
54073
60286
7.833
64286
6e476"
5176
4893
44313
3.821
44313
3.821
3,438
3.226
3,155 -
24947
24947
24810
2607
26742
4,893
3.821
3.155

153,63

ANNUAL TOTAL

SEPT ocrT
24810 24104
2,607 " 1.998
24607 1998
20540 20168
2,408 - 24061
3,016 24540 -
2.879 24540
2,607 24168
24474 2,104
24364 1.998
2364 1935
3.296 le872
2.810 1.830
3,016 1,707
24742 1,666
26474 1,565
24540 1e565
2.879 1,465
3,155 14465
4e214 1,505
44140 le465
34438 le367
3,086 1309
2.810 1,270
24742 1,213
24675 lo175
2742 1.119
24607 16213
24474 1,998
2,168 20947
0,000 3.485%
84,69 56,82
2169.82

NOV

4,893
15,842
7.300
40563
3.676
3.296
3,016
26742
2,540
2.233
2.061
1.935
1,830
1,707
1,768
1.998
23,632
404341
264525
244349
174399
10.760
7.918
64286
5.991
44463
be463
11.983
7.833
6775
04000

260,12

DEC

64286
5,805
50911
4,893
4,388
4,388
4,388
4,388
4,066
3,604
3,226
3,086
4,066

41,546

40,341

22,566

15.416

10,941
8.835
7.384
64476
54699
4.996
44893
4,893
4,893
4,463
3,749
3.296
2.879
2,675

254,43

JAN

2,675
4,066
33,280
254432
24,889
21,510
16,137
11,337
94155
7.300
647175
19,432
244349
20,812
12,761
9.507
T7.833
6,476
54699
5515
5,099
4e740
44140
3,676
3,367
3.155
2.947
2e742
2,607
2.675
24298

312,39

FEB

1935
1.872
1.935
1.830
1.830
14768
le666
1,565
1,505
1.505
14565
14565
Te833
9507
6.885
44066
3,226
26742
24540
24298
2,233
24298
2298
24061

le998

1.998
l1.998
l1.914
0,000
0.000
0,000

76444

MARCH

1,872
1,707
1,605
1.605
‘1;465
1,406
la367
1,367
1,406
1.465
le406
1,367
1,213
1,270
1,367
1,406
16367
1.309
24,607
46,436
32,514
27628
20,812

15,384 .

11,705
10,338
9.743
Fe743
84922
84575
8,031

238,41

APRIL

Te496
7.078

- 64885

64367
9,096
5.911
5.805
54699
54515
54254
5.073
4.817
4,639
bebb3
4,388
4e313
44066
44,066
44066
44066
3,992
40140
4e140
3,992
3,992
4,066
8.922
7,833

6,286 ...

54620
0,000

162,04

" MAY

46996
54073
66775
60179
5699
5805
54805
64584
7300
7.078
54515
Sel176
4e817
4,563
44388
4e214
4¢140

C 40639

5699
50699
64286
54805
56176
44817
4,388
4,214
44140
3.992
3.821.
4e313
4.488

161,58

JUNE

© 44639

4,388
64286
104579
84922
64995
5.991
5.436
5,073
64476
20639
29.487
23,632
17.399
12,636
18,071
15.547
11,983
10,099
84575
7.833
70078
6e584
6,098
5.805
5,515
5332
5332
5,073
6e179
0,000

293,68

161



SUSPENSION LOAD 1IN TONS .

TOTAL

JULY

24310
1.264
04901
1,070
1,077
14169
0.962
0.836
0,739
0,601
04570
0,507
0,479
Ue424
U.385
04360
0,493
0,336
0,360
04336
0,360
04336
04324
04304
0.324
0,324
0.398
0,373
0.336
Os316
Ue296

18,87

AUG

0.270
04356
3,622
24781

14320

0860
0.706
14320
04901
0.877
1,169
1l.569
1,169
1s216
0,901
0.836
0.706
0,601
0.706
00601
06521
0479
04465
0e.424
De424
0.398
04360
0.385
0.836
De465

27.85

ANNUAL TOTAL

SEPT

0.398
04360 -
0,360
0.348
04324
0.438
04411
0.360
04336
0,316
0.316
0,493

0,398

0.438
0,385
0,336
04348
0,411
0,465
0,684
0,668
0,521
04451
0.398
0.38%
0,373
0.385
0,360
0.336
0,281
0.000

12,08

ocT

0,270
0.252
Ve252
0,281
0,263
0.348
0.348
0.281
0,270
0.252
0.242
0.231
0.224
0l.204
0,198
0.182
0.182
0.167
U167
0,173
0el167
Oel52
Oel43
0,138
0.129
0,124
O.116
0.129
04252
Oe424
0.531

7.09

472492

NOV

0.836
44026
11“28
Oe761
04570
064493
0.438
0,385
0e348
0.293
04263
0e242
0.224
0204
0e214
0.252
64876
14,065
8.026
Tel57
44565
2399
1.592
1.169
1,096
0,739
04739
2771
14569
16292
0.000

65.03

DEC

14169
1,051
1,077
0,836
0,722
0.722
0.722
0.722
0.652
0.555
0.479
0.451
0,652

14,630

14,065
64,464
3.882
2,454
1,843
1,450
1,216
1,025
0.860
0.836
0.836
0.836
0,739
0.585
0.493
0,411
0.373

62,81

JAN

0,373
0,652
10,872

T.586

7.370
64063
4,127
2,573
1,933
1,428
1,292
5,292
7.157
5,801
3,015
2,033
1,569
1,216
1,025
0,981
0,883
0,801
0.668
0.570
0,507
0,465
0.424

0,385
06360
0,373
0,304

78410

FEB

0.242
Ue231
0e242
0e224
0.224
Oe2l4
0.198
0s182
Oel73
06173
0.182
O.182
1,569
24033
1.320
0.652
0s479
0.385
0.348
0,304
06293
0304
0.304
0,263
04252
04252
06252
0.238
0000
0,000
0.000

11,71

MARCH

0,231
06204
0,188
0,188
0,167
0,158
0.152
0,152
0.158
0,167
0,158
0.152
0.129
0.138
0.152
0.158
0.152
0,143
- 04360
16,978
10,539
84475
5,801
3,871
24686
2,275
2,101
2,101
1.867
1,771
1,622

63,439

APRIL

le479
1370
1.320
1.189
1.917
1,077
1.051
1,025
0,981
0,919
0.877
0.819

" 0.778

0.739
0,722
0,706

04652

0,652
04652
0,652
0.637
0.668
0.668
0.637
06637
0.652
1867
1,569
1.169
1.006
0.000

29.09

MAY

0,860
0.877
1292
lela?2
1,025
1.051
1.051
le244
le428
1370
0,981
0,901
0.819
0.761
06722
0.684%
0668
0e778
1,025
1,025
lel69
1051
0,901
00819
0722
0.684
0.668
0637

© 0e601-

0,706
0e745

28441

JUNE

0,778
0,722
14169
24346
1867
14349
1.096
0.962
0.877
l1.216
54736
9.247
6,876
44565
24975

4,802

3,926
2,771
24204
1.771
1569
1,370
le244
1,122
1,051
0.981
0,938
0,938
0.877
lela2
0,000

68,49

G61



SOLUTION LOAD IN TONS

TOTAL

JuLy

8,319
6114
54163
5.614
56631
5,873
5.318
44949
Geb47
44179
44070
3.832
3,721
3,499
34330
362117
3,777
3,104
3,217
3.104
3,217
3.104
3,047
24951
3,047
3.047
3.387
3.274
3.104
3,009
2,913

124,76

AUG

2.778
3.198
10,470
94147
66251
5,019
44539
64251
56143
5.072
5873
60827
5.873
50994
Sel43
44949
44539
44179
44539
4,179
3.887
3,721
3.666

. 34499

3.499
3.387
3,217
3330
44949
44179
3.666

150,96

ANNUAL TOTAL

SEPT ocT
3.387 2778
3,217 20682
3.217 24682
3.161 2.836
3.047 26740
34555 3,161
3,443 3,161
34217 24836
3.104 24778
3.009 20682
3,009 24623
3,777 24565
3,387 24526
3,555 20408
3,330 24368
3.104 24269
3,161 24269
30,443 24169
34666 20169
44,468 24209
G414 20169
3.887 2069
3,610 2,008
3.387 14967
3,330 1.906
3.274 1.865
3.330 1.80¢
3,217 1,906
3.104 24682
24836 3,499
0,000 34924
101,64 77,71

1904481

NOV

44949
11.051
64506
4,718
44070
3,177
34555
3.330
30161
2894
24740
24623
24526
24408
24467
20682
14,528
15,722
14,828
11,783
8,482
64877
5873

5.683 .

4e647
“4eb47
9130
64827
60182
0,000

199,61

DEC

5.873
5562
5,631
4,949

“ 44593

44593
4,593
40,593
44360
44015
3,721
3,610
44360

121,369

20,944
14,077
10,847
84580
Te4l3
6,557
50994
5."92
5,019
44949
44949
4,949
4,647
bel24
3,777
3,443
3,274

200,85

JAN

3,274
44360
l8.361
15,276
15,052
13,623
11,192
8,791
7.595
6,506
60182
12,708
14,828
13,319
94532
7.794.
64827
5.994
54492
5,370
5,090
44842
4e4l4
4,070
3.832
3,666
3,499
3,330
3,217
3,274
2,951

234426

FEB

24623
24565
24623
24526
24526
24467
24368
20269
24209
24209
24269
24269

7.794
64251
44360
3,721
34330
3,161
24951
24894
2951
2.951
24740
24682

20682

2.682
24604
0,000
0,000
0.000

89,50

MARCH

2,565
24408
2,309
2,309
24169
2,109
2,069
2.069
2,109
24169
2.109
2,069
1.906
1,967
2,069
24109
2,069
2,008
3,217
23,059
18,071
13,319
10,832
84985
84254
74926
74926
Te462
7,263
64945

178,02

APRIL

64624
6370
6.251
5925
74562
5,631
5.562
54492
5370
5,195
5072
4.896
4,771
4e647
44593
44539
44360

44360 -

44360
44360
4,305
4.414
beblé
4,305
4,305
4.360
Te462
6,827
5.873
5,440
0,000

157,64 .

MAY

54019
5072
60182
5804
56492
5562
5.562
6062
64506
66370
5370
Seld3
44896
4e718
44593
44468
4ebl4
44771
54492

5492 .

5873
5562
Sela3
44896
44593
4,468
44146
44305

4¢179

44539
beb64

159,62

JUNE

4771
44593
5.873
8.385
Te462
6,319
5.683
5318
5.072
54994
13.243
16,903
14,528
11,783
94468
12,093
10,910
9,130
8e.123
74263
6.827
64370
64062
5753
50562
54370
5248
562648
5,072
54804
0,000

230,23

961



