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Plate 1.  Red Hill catchment - site preparation.

Plate 2.  Road crossing above Saw Mill Creek weir.
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INSTRUMENTATION, SAMPLING AND ANALYSIS

1.  WEIRS, FLUMES AND INSTRUMENTATION

The AMG references of the Saw Mill Creek, Red Hill and Kileys Run gauging stations are 55 623110 E
6113850 S, 55 622830 E 6111520 S and 55 622270 E 6112270 S, respectively.

The smaller catchments are equipped with identical “flat-V”’ Crump weirs, 2000 mm wide in cement block
flumes (Plate 3). A rating table for these weirs is given in Appendix 1. The Saw Mill Creek catchment
has a larger broad-crested V-notch weir which is still being rated (Plate 4). Each weir has a 300 mm
diameter stilling well instrumented with a float attached to a Unidata Model 6509A shaft encoder to
measure gauge height. The instruments were installed at the smaller catchments on 17-18 June 1989. The
Saw Mill Creek instruments were installed on 6 July 1989.

Environdata FR4 tipping-bucket rain gauges are used to measure precipitation. Oneislocated ateach weir,
one at a meteorological station (AMG 55 622600 E 6112500 S) which was installed in Saw Mill Creek
catchment on 14 February 1990 and a fifth gauge is located in Red Hill catchment (AMG 55 626380E
6110180S). Unidata Model 6003 A or 6003B dataloggers wereinitially installed ateach site to collect data

from the shaft encoder and tipping-bucket rain gauge, but were replaced by Datataker DT50 instruments
in August 1997 .

2.  WATER SAMPLING

Manual water samples are taken regularly to measure baseflow quality parameters. Automatic water
samplers collect samples to monitor water quality parameters during stormflows.

A Gamet automatic water sampler (capacity 24 samples) was installed adjacent to each weir, activated by
a float switch in the flume. After triggering the samplers took twenty-four 500 mL samples, nine at 15
minute intervals and the remainder at 30 minute intervals. After 1994 the automatic samplers were
configured to be triggered by rate of stream rise.

Two manual grab samples (250 and 50 mL) are collected from each stream in plastic bottles during regular
(initially weekly, now every two or three weeks) visits to the research area. The bulk of these are taken
during baseflow conditions in the streams. The smaller samples are frozen and retained for anion analysis.

3. WATER SAMPLE ANALYSIS

Water samples are analysed for a range of physical and chemical parameters using analytical methods
described in the Standard Procedures Manual for the Chemical Analytical Laboratory (1993). Shade air
and stream water temperatures are measured manually using a calibrated thermometer at corresponding
positions at each weir. Turbidity of manual samples is measured using a Hach Model 16800 portable
turbidimeter the day the samples are taken. Total suspended sediment concentration, determined using the
membrane filtration technique utilising 0.45um filters, turbidity, specific conductivity and pH are
determined on all samples. A sub-set of samples are analysed for sodium, magnesium, calcium and
potassium using a GBC atomic absorption spectrophotometer and for chloride using the potentiometric
method (APHA 1980). Commencing in 1991 another subset of samples were collected, frozen and later
analysed for phosphate, sulphate and nitrate by ion chromatography.
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4. GROWTH MEASUREMENT - RED HILL CATCHMENT

Ten standard growth plots were established in compartments 1218 and 1219 (both 1989 age class) in the
Red Hill catchment. Stocking rates were measured at establishment and height, dbhob and basal area
recorded in 1993, 1994, 1996 and 1997.

Plate 3.  Weir and flume - Kileys Run catchment.

Plate 4. Weir - Saw Mill Creek catchment.
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5. PRELIMINARY WATER YIELD ANALYSIS - RED HILL CATCHMENT

Although no data was available prior to pine planting in Red Hill catchment, a double mass plot of
cumulative monthly Red Hill runoff versus cumulative monthly runoffin Kileys Run catchment (Figure 8)
shows good linearity up to July 1991. The first 24 months of runoff data were therefore used to develop
aregression relationship between monthly runoffin Red Hill and Kileys Run catchments. This relationship
vras then used to predict monthly runoff in Red Hill catchment to the end of 1997 from monthly Kileys Run
observations.

Runoff change in Red Hill catchment was calculated as the difference between observed and predicted
values. These residual values were then summed on an annual basis and presented in Figure 9. Apart from
years with very low rainfall (1994 and 1997, Table 4), water yield appears to have declined progressively
with pine age. Similar trends are noted in Figure 8, with Red Hill yields moving relatively lower with
increasing pine age.

These annual runoff changes in Red Hill catchment are presented on both a catchment and scaled basis in
Table 4. Scaled values, which indicate changes within the actual pine area, are more appropriate for
comparative purposes. The trends suggest that maximum pine water use is yet to occur, and it is possible
that increasing water use will take place until the age of first thinning (around 15 years). Certainly
additional pine water use in excess of 200 mm - 250 mm annually is occurring by age nine years.

Table 4. Water yield summary.

ZE-Y_e:Ea_r- r ~_ Runoff Runoff Runoff cl _:'a:n'ge Runoff chan:g:e Pi_ne' age
L KileysRun RedHill  RedHill  in pinearea
...  Ramd

(rnm_):_'__ _(mm)_ . (mm) __ (mm} (mm')’-;-:a

1989 1100 -:{193'-' 03 ot
(patyn . : -
1991 819 21y 4 93
1992 15 . 342 9% 34
1993 93 300 a0 2@ 45
1994 :4_1'5:.“._’3"-* _54' 9 5-6

1995 1s42 | 074 1% 67
19 g5 810 29 @ 738
1997 s 1St 125 89
Mean 930 240

Sawmill Creek catchment - 832 ha (64% planted 1988-1991)

Red Hill catchment - 195 ha (78% planted 1988-1989)

Kileys Run catchment - 135 ha (pasture control)
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Runoff Double Mass Plot - Red Hill Vs Kileys Run
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Figure 9. Changes in annual runoff, Red Hill catchment
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CO-OPERATIVE RESEARCH

The Australian Water Research Advisory Council funded a Partnership Research Program between
1 March 1988 and 30 April 1991 which utilised the two smaller catchments.

of Western Australia, Alcoa of Australia and the Forestry Commission of New South Wales as partners.

The project aim was to develop a modelling capability to simulate the hydrologic effects of changing land
use from pasture to pine plantation, specifically changes in water yield. The spatial and temporal variation
in soil moisture in the catchments was utilised during the development phase of the TOPOG_YIELD
hydrological model. Testing of the heat pulse method for measurement of water use in softwood
plantations was also carried out.

|
|
|
’ The principal research institution was the CSIRO Division of Water Resources, with the Water Authority

More information on this research and list of publications is given in Appendix 2.
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CURRENT STATUS

By June 1998 the project had been running for nine years. Discharge, water quality, meteorological and
growth data have been collected over this period. Detailed reports which analyse the water quality and
water yield data during the pre-thinning period are planned. The major benefits from this program will
be realised over a complete pine rotation, and will greatly assist in modelling the impacts of pine
establishment on cleared land.
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APPENDIX 1

RATINGS TABLE FOR RED HILL AND KILEYS RUN WEIRS.

Gauge height Discharge
(metres) (cumecs)
0.005 0.00003
0.010 0.00015
0.015 0.00042
0.020 0.00087
0.025 10.00152
0.030 0.00240
0.035 0.00354
0.040 0.00494
0.045 0.00664
0.050 - 0.00866
005s 0.01101
10.060 0.01371
0.065 0.01678
0.070 0.02024
0.075 : 0.02412
0.080 0.02845
0085 0.03319
0.090 0.03853
0.095 10.04441
- 0.100 0.05081
0.110 : 0.06505
0.120 _ 0.08108
0.130 - 0.09871
0.140 0.11774
0.150 - 0.13801
0.160 . 0.16001
0.170 ; 0.18333
0.180 o 0.20800
0.190 - 0.23399
0200 026131
0250 041722
0300 0.60431
0.350 ~ 0.82281
0.400 . 107254
0450 1.35629
0.500 1.67656
0550 2.03582
0.600 2.43658
0.650 2.88132
0.700 : 3.37252
0.750 3.91268
0.800 4.50428
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APPENDIX 2

CSIRO CO-OPERATIVE RESEARCH.

The Partnership Research Project No. P87/09, titled Distributed Catchment Model Predicting the Effects
of Land Use Changes, contributed to the modelling of hydrologic response by landscapes to changes in
catchment vegetation. '

Data from this project contributed to the development of TOPOG_YIELD, a fully transient, distributed
parameter hydrologic model to simulate the hydrologic response of landscapes to changes in vegetation
(Vertessy et al. 1993).

Heat pulse studies

Heat pulse studies were conducted by DrRob Vertessy and Dr Tom Hatton in 1988 to refine methodology
used to measure water use by pine trees. These studies were carried out were carried out on relatively
mature trees in the nearby Buccleuch State Forest.

Partnership installations - Red Hill catchment

] A temporary prefabricated flume was installed by Dr E. O’Loughlin of CSIRO in the week
commencing 11th July 1988 to gather data on discharge before the permanent flumes were erected.
(It was installed using hand tools with minimal disturbance to the site). It was removed at the time
the permanent flume and weir were installed. Data from these caichments was used in the
development of the TOPOG_YIELD model (Vertessy et al. 1998).

] Twenty neutron moisture meter access tubes were installed in 1988 and used to monitor variations
in soil moisture content through vertical profiles and across toposequences on a fortnightly basis.
The data were used to check the accuracy of the soil moisture accounting modules in TOPOG_YIELD.

. A network of twenty continuously recording piezomeiers were installed to validate predictions of
deep and shallow aquifer dynamics.

Publications arising from co-operative research

The CSIRO have published the following reports arising from studies conducted using the research
catchments.

Durham, I.H. and Hatton, T.J. (1989). A powerful heat pulse logger system for estimating water use by
trees. Hydrology and Water Resources Symposium, Christchurch, New Zealand, 1989.

Hatton, T.J., Catchpole, E.A. and Vertessy, R.A. (1990). Integration of point measures of sapflow velocity
to estimate plant water use. Tree Physiology 6: 201-209.

Hatton, T.J. and Vertessy, R.A. (1989). Variability of sapflow in a Pinus radiata plantation and the robust
estimation of transpiration. Hydrology and Water Resources Symposium, Christchurch, New
Zealand. 23-30 November, 1989.

Hatton, T.J. and Vertessy, R.A. (1990). Transpiration of plantation Pinus radiata estimated by the heat
pulse method and the Bowen ratio. Hydrological Processes 4: 289-298.
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Vertessy, R. (1992). Development of a distributed catchment hydrological model to predict the effects of
landuse change. Final Reportto Land and WaterResourcesResearch and Development Corporation,
Project Reference CWA4. May 1992. 21 pp.

Vertessy, R.A., Hatton, T.J, O’ Shaughnessy, P.J. and Jayasuriya, M.D.A. (1993). Predicting water yield
from a mountain ash forest catchment using a terrain analysis based catchment model. J. Hydrol.
150: 665-700.

Vertessy, R.A., Hatton, T.J. and Wilson, C.J. (1989). ACCH/WAWA/ALCOA/FCNSW Partnership
Project. Mid-term Report. October 1989. 27 pp.

Vertessy, R.A., Rodwell, M. and Brophy, J. (1989). Installation and calibration of neutron moisture meter
access tubes at the Tumut experimental site. Australian Centre for Catchment Hydrology, Technical
Note 1/89. March 1989. 13 pp.
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