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Hydrological Values Alan Walker

INTRODUCTION

In reviewing the adequacy and effectiveness of a system of buffer zones in the forest for the
protection of water values, I will first look at water as a forest value, and discuss briefly the
parameters of water quality used to assess impacts.

I will then outline the history of hydrology research in the forests of Western Australia with a
focus on the southern forests. The salient points of this research will then be outlined in
presenting recommendations for allocation of buffer zones in the future.

Finally, [ will mention some of the practical considerations in the management of activities in
the forest, particularly forest harvesting, important for optimising water quality.

1. Water as a Forest Value

Water derived from forested catchments is generally perceived to have two major
values: as a commodity for human consumption and use, and as the medium for
aquatic ecosystemns and their biota,

The commodity value of water is related to its use by rural and urban communities,
for personal, industrial and agricultural purposes. The quantity and quality of water
available for such purposes is critical. In the south west of Western Australia water is
considered to be a very important, if not the most important forest product.

The main conservation values of forest water are related to aquatic ecosystems,
namely rivers, streams, creeks and wetlands found in the forests or dependent on
forested catchments for their water supply. The importance of water for maintaining
the conservation value of the forest ecosystem itself is generally taken for granted.

Most of you will be familiar with the hydrological cycle, however I will briefly recap.
There are a number of physical and hydrological processes which determine the
quantity of water flowing from a catchment. Water enters a catchment as rain, and is
lost mostly through streamflow, or transpiration and evaporation to the atmosphere;
over an extended period, more water is Jost from forests by evapotranspiration than
streamflow. Total evapotranspiration is the sum of evaporation from the stream
surface, soil surface, intercepted water on the forest floor and forest canopy, and
evapotranspiration from plants. Stream water is largely derived from soil surface
runoff and overland flow, subsurface flow of water after rain storms, and flow of
water through the ground (base flow/groundwater flow). The water quantity of a
catchment is influenced by factors such as climate, soil type, catchment physiography,
vegetation density, amount of litter on the soil surface, and management practices
adopted in the catchment area.
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A range of water quality parameters can be assessed in the hydrological system.
These include levels of sediment, either suspended in the water column or deposited
on or in the stream bed, turbidity, salinity, dissolved nutrients, oxygen, light
availability, and organic debris. These attributes are in turn affected by factors such as
flow rates of the water (especially the proportion of base flow to storm flow),
groundwater levels and water temperature,

In south west forests, catchments are managed to optimise the quality of water
produced. CALM land on gazetted catchments and water reserves is managed by
CALM to the requirements of WAWA,

The quantity of water collected varies according to seasonal rainfall, soil storage and
natural use by forests and agricultural crops. Clearing, clearfeiling and forest thinning
operations increase water yield.

Increased salinity is regarded as the most serious threat. In low rainfall zones, clearing
for crops and pasture releases soil stored salts. Water quality in the Blackwood,
Warren, Frankland, Kent and Hay Rivers which drain the southern forests, has been
degraded in this way.

[show overhead of Southern Forest Region catchments and dams]

Hydrology Research in South West Forests

There is a sound body of information available to decision makers about the impacts
of agricultural and forest activities on water quality.

For the purpose of this paper it is proposed only to consider forest harvesting and
associated roading and regeneration activities and their impacts.

in 1973, following approval of the Environmental Impact Statement for
commencement of a woodchipping operation in the southern part of the forests,
research commenced to determine if proposed harvesting would have any impact on
the hydrology of the region. Projects undertaken included:

R identification of areas vulnerable to salinity increases;

. a paired-catchment study to provide information on surface and groundwater
hydrology;

. monitoring major rivers to identify large scale changes in water quality;

. monitoring of operational wood harvesting coupes for groundwater responses.

{show overhead of paired-catchment locations]

The results of this research has been reported in a series of Water Authority reports
and scientific papers published from 1987 to 1989 [Borg et al (1987 a b); Borg et al
(1988 a b); Borg and Stoneman (1989); Stoneman et al (1987)].

Hydrological research in the northern jarrah forest has also been extensive over the
last two decades and this work was summarised by Schofield et al in 1989,
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Streamflow

The paired-catchment study in Sutton Block in the southern forest provided an
opportunity to compare sweamflow following clearfelling in a catchment with a
butfer 100 m either side of the main stream (April Road North) and a catchment with
no stream buffer (March Road).

The data shows an insignificant difference in annual streamflow between the
catchments despite the fact that 10% of the April Road catchment was retained
unlogged.

[show overhead of March Road/April Road data)

Stream Sediment Concentration

The paired-catchment studies indicated that 100 m wide stream buffers were effective

in preventing nearly all of the sediment produced as a result of clearfelling from
reaching the streams.

[show overhead of sediment data]

A further study on six experimental coupes in 1985 and 1986 showed that halving the
width of river and stream buffers had no effect on sediment concentrations, when
logging took place in summer.

Buffers less than 30m wide have been found to be effective in stopping
sedimentation in eastern Australia (Clinnick, 1985), however factors such as soil type,
slope steepness and vegetation cover are important in selecting buffer width,

Stream Salinity

The buffers kept on sweams in the April- Road North and Yerraminup south
catcchments reduced the groundwater rise in the valleys following logging. This
probably moderated the associated increase in salt discharge and stream salinity,
although it was not obvious from the data. It is significant that the largest increase in
annual flow weighted salinities (about 150 mg/1 TSS) occurred in a catchment in the
intermediate rainfall zone which did not have a stream buffer.

[show overhead of salinity data]

Since the research programme began there has been particular interest in the effect of
the new logging and regeneration strategies on water quality in the low rainfall zone
where the soil salt storage is high. However, experimental results have shown there is
no siream salinity increase in this area. This is because recharge was small and the
depth 10 groundwater was sufficiently large that groundwater (the major source of
salt) did not contribute to streamtlow following harvesting and regeneration.

In the intermediate and high rainfall zones, groundwater contributed to streamflow
before logging. Following logging in these zones, permanent groundwater levels rose
and stream salinities increased, briefly in the order of 50 to 150 mg/L, indicating an
increase in the discharge of saits from groundwater to streams. However all flow
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weighted salinities remained below 500 mg/L, the limit for high quality drinking
water. Similarly, as groundwater levels began to fall following regeneration, stream
salinities fell. It is expected that stream salinities will return to pre-logging values.
This has already occurred in several of the experimental catchments.

The Water Authority reports concluded that from a regional water resource
perspective, the salinity increases observed are minor and temporary. However, the
low flow salinities measured at greater than 1500 mg/L, if they persist for many
weeks, could cause problems with small-scale public water supply systems based on
low-volume storages. This potential problem can be overcome by appropriate design
of vegetative stream buffers.

Groundwater storage

Results from the southern forest projects showed that groundwater responses to
logging were much less in the low rainfall (less than 900 mm per annum) zone than
other zones. Stream vegetation buffers would reduce the rate of groundwater rise ahd
should be employed where salinity risk is greatest in the intermediate zone,

In Summary [show overhead]

The presence or absence or the width of buffers is unlikely to seriously alter:

. water quantity (although increase of up to 10% of rainfall may occur for 2-3
years following harvest) or peak flow rates;

. chemical or bacteriological values.

The presence or absence or the width of buffers is likely to alter:

. sediment, especially in the high rainfall zone and if harvesting is on steep
slopes, adjoining logging roads or conducted in winter (on some soils);

. salinity, especiaily in the intermediate rainfall zone;

. debris in streams, stream channels and the likelthood of algal blooms - if no

buffer is present.
Aquatlc Fauna

In their review of the impact of timber harvesting and production on streams,
Campbell and Doeg (1989), concluded that major short term impacts of timber
harvesting on the aquatic biota result from increased sediment input and the removal
of riparian vegetation. Sediment which settles on the stream bed is of more concern
than suspended sedirent, and can lead to long-term deleterious changes to fish and
invertebrate populations.

The provision of a network of strearn buffers which prevent or minimize changes to
sediment and salinity levels and protect streamside vegetation is clearly the most
effective way to minimize impacts on aquatic biota.

Recommendations for Redistribution of Buifer Zones [show overhead]
The preferred distribution of buffers to reduce the impacts stated above is:

3.1  To reduce the width but increase the length of sweam zones protected.
Research suggests that a width of 30-50 m is adequate for this purpose.
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32 The zone of least priority is the low rainfall zone.
Other factors which need to be considered are:

3.3  The understorey vegetation provides the primary protective function in
reducing stream sedimentation. Some trees could be removed from buffers
without increasing the risk of sedimentation provided that the understorey was
not removed.

3.4  The location and construction of stream crossings can markedly influence
water quality, especially sediment concentration,

3.5 The influence of road construction and drainage is significant. Logging under
“sloppy" soil conditions also must be minimised.

3.6 Itisdifficult to keep all buffers unburnt and it may be desirable to either plan
to burn some (limited research indicates that this does not affect water quality)
or construct stream crossings in advance of burning.

3.7 During harvesting it is possible to implement measures that will significantly
reduce the risk of sedimentation. These include the timing and method of
scrub rolling, the type and method of snigging, the timing of regeneration
burning as well as the proper use of erosion control measures such as cross
drains or snig tracks.

3.8 Some drilling may be necessary in the intermediate rainfall zone to determine
depth to water table.

[show overheads of redistribution of stream
zones, according to stream order, for four forest
blocks]
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SOUTHERN FOREST REGION
CATCHMENTS AND DAMS

CATCHMENT CLASSIFICATIONS
Surface ¢achmonis 3nd ground waler management 21323 In the 30ulh was? of [ha Stale have boan
ciassified as follows Dy Ihe Walar Authoddty for managemon Puiposes Restiiciioas on recrastion
we Indicatod
LALLM ESTANL Yype ta Pubic Waler Suppey Aroa
Type Th  Groundwaler Asea
Typs 1¢  water Réserve
Typa 2a Active CAlCNMeEnt 3rea - JOmestic supply
M Small diversion dam. Accoss is only peamitied, IE &t 211, along pen oads, marked wilk
trals, dosignated plcnic azeas, bul nol (0 Ihe walec ared
an Larga dam. Pedoaliian access within 2 km hom the walet aros bs only pecmitted akong
opan 108ds. Marked walk fraidy and 81 designated picnic araas. Pedestrian sccess Dbayond
2 km is unresincted
Type 20 Aclive calchmen! aren-—lmigatkon. AGGass is peimitiad [o ali of the caichment, the wator
arox, and to 1ta dam wall,
Type 2¢  Activa calchmant acez-— domastic and igal:on, All are currcatly a3 tor 2a {1) large dams
Type 3 Wator rcserve. Polontial water ie30urce that has bean pazetted
Typa 4 Importani potenlisl surace water catchment koa {nol grrestec)
Oitac Nol classsfied

Mo, CATCHMENT TYPE NG, CAYCHMENT YYPE
T UPPER BARLEE SROOK 3 17 DENMAAR RVER Zafs}
2 FLY BROOK “ 18 MITCHELL FIVER 4

3 CAREY BROOW 4 2T WALPOLE RIVER 2adn}
4 PEMBEATON 2adu) 22 SLEEMAN RIVER 4

5 DONMNELLY RIVER 3 23 OUICKUP BROGK 4

& FOUR MEE BROOK 24 24 SCOTSOALE 8ROOK 2ai1)
7 LEFRQY BAROOK 2a 25 KORDABE RIVER EAST 4

B AN P 2a() 26 KOHGABUP FIVER WEST 4

§  WLGARUP RIVER 3 27 COLLEA RIVER 4

10 WAAREN FUVER 3 28 BUTLERS CREEX Zap)
11 DOMBAKER BROOK 4 29 LOWER SHANNON 4

12 GARDNECR RVER EAST 4 30 GARDMCA AIVER WES! 4

13 UPPEA SHANNON RIVER 4 31 NORTHCLFFE WS Zaf}
14 OEEP FIVER a 32 BIG BROOK 24
13 BOw AIVER 4 33 PHLLIPS CREEK 2ag))
16 KENT AVER L]

From: CAM Regienal Maragemen Plan (1387)
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Figure 2

Mean annual rainfall in the research area, (Data from Loh and King 1678.)




Annual Streamtiow {mm)

300 y = 7.10 4 1.16x
& data points
- R'= 0.968
Q
& 200
=
[T
"o
-]
=
100
0 L 1 3 | 1 L £
G 100 200 300 -
April Road North

observed predicted

flow at flow at absolute relative

March Road March Road difference difference
year {mm) {mm) (mm} {%)
1982 61 55 4] 11
1983 231 199 32 16
1984 290 346 -56 -16
1985 149 1490 g ]
1986 98 85 13 15

mean = 0.4
Figure 7

~nnual streamtlow at March Road (stream area logged) in relation to annual
streamflow at April Road North (stream area not logged, ) (The regression is
sased on the data from 1978 to 1981 inclusive. )

From Bom eral (1987)



50 Logging

A
e e

tion [mg/L]
‘~.’
/
/
/

/ \ ‘Aarcn Roag (no butter

Lew:n South (no puffen

fiow-weighted mean annual

stream sediment concentra

A
gt Wy - - FerE s P L
Apnl Road Nortn ipuliery and
Yerraminnup South {buffer)
! } 1 | ] ) l

1980 1981 1982 1983 1984 1985 1986 1987

year
Figure ¢

Changes in flow-weighted mean annual stream sediment concentration
foliowing logging

From Sog 2t =l (\287)



Table 4 ,
Annual tlow-weighted salinities of streams draining experimental

catchments before and after logging

Mean
Coupe/ Annual Year of Mean TS$§ Maximum TSS  TSS In
Catchment Raintail Logging  Before Logging After Logging 1985
(mm) (mg/L) (mg/L) {mg/L)
PROJECT 4 N ‘
Crowea 1380 1977 142 192.{1979) 153
Poole 1310 1977 102 186 (1979) 163
itffley 1200 1977 352 432 (1979) 307
Mooralup 880 1977 no data 142 (1980) no-flow
PROJECT 2
Lewin Scuih 1220 1982 29 182 (1988) . 182
March Roaa 1070 1982 153 314 (1985) 314
April Roag
Narth 1070 1982 161 140 (1985) 11
Yerraminnup
South 850 1982 133 114 (1985} 114
Notes (1)

/alues are the Toal Soluble Salts (TSS) concentration determined as the sum of major
12Ns Jissalved in the water sample. The annual flow welgnted mean ;s effectively tha
concentration cernved by ne annual mass of solute giscnarged via the stream is divided
ov ine annual valume of water dischargec via the stream.

From Bog ot o (1287)
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Changes in flow-weighted mean annual stream salinity in the four cut-over

research catchments due 1o logging.
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Stream / STI
Order Codes

NNNNNN e -2
S - 2nd
3rd
4th o—s——a  Block Boundary

CALM/LIB july 91

Possible Distribution of Riparian Zones for JANE Block



PROCEEDINGS OF A SEMINAR

A REVIEW OF ROAD, RIVER AND STREAM ZONES
IN SOUTH WEST FORESTS

Held at Manjimup
Tuesday, 9 July 1991

SPONSORED BY

4

4

LANDS AND FOREST .
——C{ORMTSITON —

LANDS AND FOREST COMMISSION

Address for correspondence:

Department of Conservation and Land Management
PO Box 104

COMO WA 6152





