CHAPTER

3

APPENDICES

Appendix 8.1 Thermal Balances

The thermal balances have a similar form as the mass balances, with the exception that
they are balanced daily and by balance period. Thermal balances were completed for

balance periods 20 to 50 inclusive (periods for which floating pan E was measured).

Balance Start End Days Balance Start End Days

1996/97
20 December 22 January 03 12 36 July 10 July 22 12
21 January 03 January 15 12 37 July 22 August 03 12
22 January 15 January 27 12 38 August 03 August 19 16
23 January 27 February 08 12 39 August 19 August 31 12
24 February 08 February 20 12 40 August 31  September 12 12
25 February 20 March 04 12 41 September 12 September 24 12
26 March 04 March 16 12 42 September 24 October 06 12
27 March 16 March 28 12 43 October 06 October 18 12
28 March 28 April 09 12 44 October 18 October 30 12
29 April 09 April 21 12 45 October 30  November 11 12
30 April 21 May 03 12 46 November 11 ~ November 23 12
31 May 03 May 15 12 47 November 23  December 05 12
32 May 15 May 27 12 48 December 05  December 17 12
33 May 27 June 16 20 49 December 17  December25 8
34 June 16 June 28 12 1997/98
35 June 28 July 10 12 50 December 25 January 03 9

There is one sheet for each balance period. As in the mass balances a 'balance day' starts

and ends at 08:00hr each morning.

Notes to Accompany Thermal Balances

Each balance sheet includes evaporation by floating Class A pan (Pan E) and in the last

column evaporation (E) computed using the thermal balance ignoring the sediment heat

flux (Qse). These two figures (as balance period totals and daily averages) appear at the

bottom of each balance sheet. The remainder of the balance components are calculated

using floating pan E. A value for the sediment heat flux (as a daily average) was

computed by setting E equal to Pan E. The sediment heat flux is also expressed as

equivalent daily evaporation. This is the error in daily evaporation (in mm) if the thermal

balance was used to determine evaporation without taking Qse into account.



Five components (Qrn, Qsd, Qtu, Qdc and Qrc) appear twice expressed as megajoules
and watts m-2. This was for computational convenience. For these components:
Heat (Mj day-!)11.574/lake surface area yields flux in W m2.

Qe, Qh and Qw are not directly measured but are determined as functions of the floating

pan evaporation as follows:
Qe = pEpanL
Qh =RQe

Qw = pCEpan(Te -Ty)

Note: resultant for Qe and Qw must be multiplied by 11.574 to yield flux in W m-2

Formula for c: 0.00418Mj kg! °C or 4.180Mj m3  (at 20°C)
Formula for L: 2.45378Mj kg! (at 20°C)
Formula for p: 998.24kg m-3 (at 20°C)
Balance Sheet Key

Component Units Details

Day & Time Date and time of the end of each 24 hour balance 'day’
Stage m Lake stage (metres above Australian Height Datum)

Area m?2 Lake area from lake stage, refer Appendix 3.8

Volume m3 Lake volume from lake stage, refer Appendix 3.8

Pan E mm Daily evaporation as measured by floating Class A pan in East Lake
R Bowen Ratio (daily average), dimensionless

T, °C Temperature of evaporated water taken to be mean surface water T
T °C Mean mid level temperature of water column

Qm M;j Heat in rain falling directly on the lake

Qsd Mj Heat in storm water

Qtu M;j Heat in top up water

Qdc M;j Heat in groundwater discharged to the lake

Qrc M;j Heat in lake water recharged to the aquifer

Qa W m2 Incoming long wave radiation

Qar W m2 Reflected long wave radiation

Qbs W m2 Long wave radiation emitted from the water

Qs W m2 Incoming short wave radiation

Qsr W m2 Reflected short wave radiation

Qm W m2 Heat in rain falling directly on the lake

Qsd W m2 Heat in storm water

Qtu W m2 Heat in top up water

Qdc W m2 Heat in groundwater discharged to the lake

Qrc W m2 Heat in lake water recharged to the aquifer

Qse W m2 Heat conducted into and out of the lake sediments

Qx W m2 Change in heat energy stored in the lake (T}, at final lake volume)
Qe W m2 Energy used for evaporation

Qh W m2 Energy conducted from the water as sensible heat

Qw W m2 Energy advected from the water body via evaporated water
p kg m3 Density of evaporated water

L M;j kg'! Latent heat of vaporisation of water

c Mj kgl °C Specific heat of water

E mm Evaporation by thermal balance ignoring Qse



Appendix 8.2 Solar Instrument Specifications

Middleton Instruments CN9 Short Wave Pyranometer

Also referred to as an 'pyrano-albedometer'. Sensitivity 10 xV W-1 m2, Output was
amplified 100x using a Carter-Scott (nil offset) 'Net Radiometer Amplifier'. Multi point
calibration from 0 to 20.07 mV peak for 1.997 volts amplifier output.

Eppley Model PIR Pyrgeometer
Also referred to as a precision infrared radiometer.

Sensitivity 4 uV W-lm?2
Linearity + 1% from 0 to 700 Wm-2

Calibration  blackbody reference

The pyrgeometer output was amplified 200x using an identical Carter-Scott amplifier.

Top point of multi point calibration was 10.14 mV in for 2.04 volts amplifier output.

Instruments were set up, calibrated and maintained by Peter Mountford, WA Department

of the Environment, Perth.

Middleton Instruments and Carter-Scott voltage amplifiers designed and manufactured by:

Carter-Scott Design

16 Wilson Avenue
Brunswick, Victoria
3056
WWww.carterscott.com.au

Model PIR Pyrgeometer designed and manufactured by:

The Eppley Laboratory Inc.
12 Sheffield Avenue

PO Box 419

Newport, Rhode Island USA
02840

www.eppleylab.com
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