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1. BACKGROUND

The river hydraulics of the Letaba River were undertaken by A Jordanova and A Birkhead. A
Jardanovaundertook the hydraulic studiesat EWR Sites 1, 2, 4 and 5. A Birkhead undertook the
hydraulic modeling at EWR Sites 3 and 7 (Appendix 1)

Scientists evaluating the ecol ogical water requirements (EWR) for rivers are required to quantify
the needs of the various biotic components of the system in terms of hydraulic parameters such as
flow depth, flow velocity, wetted perimeter and water surface width. The product of the
hydraulics modelling as a series of relationships between flow rate and, amongst others, flow
depth, flow velocity and wetted perimeter has been used for the ecological Reserve determination
(Rowlston et al, 2000). The procedure for generating hydraulic information for different levelsof
Reserve determination has been documented (DWAF, 1999; Birkhead, 2002). New developments
(Jordanova et al, in press) related to analysis and use of hydraulic information in the Reserve
determination studies is present in Section 1.1, Appendix A 2.

This report provides the hydraulic information used for the assessment of the ecological water
requirements for the Letaba River for the EWR sites 1, 2, 4, 5 and 6 as well asfor an additional
site located downstream of the Prieskaweir (EWR site 3) that has been selected for vegetation
purposes only.

Hydraulic information and modelling of EWR sites 3 and 7, and a brief introduction of further
developments of the role of hydraulics in flow assessments are included in Appendix A 2.

2. DATA COLLECTION

During the site selection trip EWR sites were selected. At each site, the study team located the
number of cross-sections required for the Reserve determination. Temporary bench marks were
installed, discharges were measured, and water surface slopes were surveyed. Temporary bench
marks and survey of water slopes at each EWR site were performed by surveyors from the
Geomatics Directorate of the DWAF. Water slope data collected was supposed to be part of the
survey reports. One month later the same surveyors and their teams surveyed the selected
cross-sections, and hard and electronic copies of the reports were received. However, the data
related to water slopes surveyed during the site selection trip were not included in the reports.
After numerous requests over aperiod of more than one year to obtain these data, the datafor the
two Kruger Park sites and Prieska (EWR 6, EWR 7 and EWR 3) is still outstanding. Generally,
the collection of the hydraulic data during the site selection trip is the responsibility of the
hydraulic engineer involved, and if any hydraulic data is collected by anyone else it is the
responsibility of the hydraulic engineer to ensure the quality and reliability of the data. In this
study, A Jordanovais fully responsible for outstanding data.

Information of the coordinates (Cape datum LO 25°) and elevation of the fixed stations at the
EWR sitesaregivenin Table 1. Cross-sectional profiles of selected EWR sites are presented in
Figures 1 to 10.
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Table 1. Coordinates of fixed survey stations at the EWR sites
River Siteno. | Coordinate system | Station | Remark | Y-Coord X-Coord |Z-Coord (m)
(m) (m)
Al IPC 96609.81| 2646233.89 823.27
GrestLetaba | 1 |CPedaumbosl o= IPC 96610.00| 2646205.00 822.00
Loca CS(GPS) A3 IPC 96598.10| 2646194.69 822.21
_ Cape datum Lo 31 LE1 IPC 65045.14| 2642825.14 502.79
Letsitele 2 LE2 IPC 65037.64| 2642815.96 502.84
Loca CS(GPS) LE3 IPC 65013.00| 2642789.00 503.00
PR 1 IPC 28665.27 | 2615671.41 401.63
Great Letaba 3 CapedatumLo3l |PR2 IPC 28628.54| 2615646.96 402.24
PR3 IPC 28584.06| 2615625.61 401.71
LR1 IPC -9904.00| 2619132.36 502.75
Locdl CS(GPS) LR2 IPC -10082.69| 2619278.29 502.15
Great Letaba 4 Cape datum Lo 31 LR3 IPC -10106.34| 2619300.62 502.90
LR4 IPC -10157.00| 2619310.00 500.00
Loca CS(GPS) LR5 IPC -10158.35| 2619352.12 510.16
Cape datum Lo 31 KL 1 IPC 51798.86| 2571977.86 487.48
KL 2 IPC 51748.16| 2572008.08 486.22
Klein Letaba 5 KL 3 IPC 51690.00| 2572057.00 489.00
Locda CS (GPS) KL 4 IPC 51648.25| 2572100.79 488.79
KL 5 IPC 51598.20| 2572127.13 488.03
IPC -41472.538 | 2628117.97 258.120
DW 1 IP -41449.679 6 251.041
A 2627961.48
4
DW 2 IPC -41546.686 | 2628115.62 258.199
Letaba 6 Harbeeshoek94 B IP -41522.533 6 250.996
datum Lo 31 2627950.83
5
DW 3 IPC -41585.249 | 2628116.57 257.783
C IP -41560.045 5 250.781
2627945.31
7
Cs: Coordinate System
IPC: Iron Peg in Concrete
IP: Iron Peg

The stage-discharge data collected at the EWR sites together with the dates when the data

were collected are provided in Table 2.

Table 2: Hydraulic data collected at EWR Sites

e | s | ome | Ot [ W ey
13/08/03 0.264 0.34
Great Letaba 1 02/09/03 0.310 0.43
23/03/04 2.200 0.73
16/09/03 0.080] 024 017
. 23/03/04 6.225| 086 0.85

Letsitele 2

24/04/04 2560|  0.64 0.61
20/05/04 0.850| 044 0.37
. 16/09/03 0.01 0.37
Greet Letaba 3 23/03/04 42.63 2,61
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wve [ stero | ome | DhRAE [ Meclomiy®
13/08/03 0.141 0.16% 1.16
Grect Leteb 4 23/03/04 110.800| 1.665% 3.29
a 24/04/04 3.720 0.48 1.53
29/05/04 0.653 0.27 1.25
13/08/03 0.06 0.56 0.26 0.20
02/09/03 0.025 0.52 0.22 0.16
Klein Letaba 5 23/03/04 42.00 1.47 111 1.06
24/04/04 0.955 0.83 0.48 0.42
29/05/04 0.270 0.79 0.44 0.38
13/08/03 0.15 0.13%] 0.39"
23/03/04 85.00 0.93%| 1.37°
Letaba 6 R p
24/04/04 6.80 0.43%| 0.82
29/05/04 1.95 0.27%| 0.68"
R: Riffle
P Pool
a active channel

3. MODELLING

Flow resistancein natural channelsisgenerally afunction of stage, particularly at low flowswhere
the flow depth is of the same order of magnitude asthe size of the roughness elements congtituting
the bed (Birkhead et al., 1997; Broadhurst et a., 1997). With increased discharge, the local
hydraulic controls become inundated, resulting in a tendency towards uniform water surface
gradients and asymptotic resi stance coefficient values (Birkhead et al., 2002). The observed rating
data at the EWR sites were extended using the Manning’'s n resistance relationship and the
regional bed slope (Table 3) obtained from topographical map. The values of Manning’'s n
resistance coefficients required for extending of the observed rating data were estimated using
experience and existing resistance coefficients given in the literature (Barnes, 1967; Hicks and
Mason, 1991 and Chow, 1959). The measured and modelled stage-discharge data are given in
Table 4.

A general depth-discharge power relationship for open channel flow (Birkhead and James, 1998)
isgiven by

y=aQ +c equation 1

where y is the maximum flow depth (m), Q is the discharge rate (m%s), and a, b and ¢ are
regression coefficients.

Continuous rating functions of the form given by equation 1 have been fitted to the measured and
modelled data, and these are plotted in Figure 11 to Figure 20. The rating relationship coefficients
inequation 1 for FWR sitesaregivenin Table5. Modelled hydraulic datafor the cross-sections at
the IFR sitesare listed in Table 6 to 16.
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Table 3: Regional channel slope
River Site no. Channel slope
Great Letaba 1 0.0318
Letsitele 2 0.0014
Great Letaba 3 0.0020
Great Letaba 4 0.0012
Klein Letaba 5 0.0016
Letaba 6 0.0013
Table 4: Hydraulic data used to extend the measured rating data
River Siteno erss— Disd;arge Manning's | Max. flow Energy | Ave. velocity
' section (m°/s) resistance, n | depth,y (m) | slope, S v (m/s)
0.26 0.34 0.25
0.34 0.43 0.22
0.79 0.15 0.50| 0.0230 0.40
Great Letaba L 2 2.20 0.10 0.73|  0.0200 0.64
25.00 0.13 2.00| 0.0200 0.97
300.00° 0.18 500/ 0.0318 1.84
0.08 0.24| 0.0108 0.05
0.85 0.438| 0.0100 0.21
. 2.56 0.13 0.64| 0.0080 0.33
Letstele 2 1 6.225 0.05 0.86| 0.0014 0.50
13.00 0.06 1.35| 0.0014 0.55
500.00° 0.06 7.74|  0.0014 1.67
0.08 0.17| 0.0108 0.11
0.85 0.373|  0.0100 0.22
. 2.56 0.15 0.61| 0.0080 0.31
Letstele 2 2 6.225 0.06 0.85| 0.0014 0.47
13.00 0.06 1.35| 0.0014 0.56
500.00° 0.06 7.82| 0.0014 1.64
0.01 0.37
Great Letaba 3 2 42.60 2.54 0.24
2800.00° 0.045 7.09 0.002 2.74
0.141 0.16%| 0.39 0.46%| 0.09
0.653 0.27%| 050 0.72%| 0.16
3.720 0.037%| 0.48%| 0.71 0.025°| 1.61%| 0.38
Great Letaba 4 L 1750 0.032 092| 00022| 1.90°| o071
110.80 0.031 1.90| 0.0018 1.07
4400.007 0.023 8.00| 0.0012 4.40
0.141
0.653
Great Letaba 4 4 3.720
110.80 0.044 3.28| 0.0011 0.87
4400.00" 0.028 10.00| 0.0012 3.43
0.025 0.52| 0.00025 0.02
0.060 0.56| 0.00025 0.03
0.270 0.79| 0.00030 0.06
Klein Letaba 5 2 0.955 0.83| 0.00030 0.07
42.00 0.039 1.47| 0.00090 0.55
500.00 0.035 3.20| 0.00130 1.42
2000.00° 0.030 490| 0.00160 2.99
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. ' Cross- Discharge | Manning's | Max. flow Energy | Ave. velocity
River Siteno. section (m®/s) resistance, n | depth,y (m) | slope, S v (m/s)
0.025 0.22| 0.00025 0.02
0.060 0.26| 0.00025 0.03
0.270 0.44| 0.00030 0.07
Klein Letaba 5 4 0.955 0.48| 0.00030 0.08
42.00 0.039 1.11| 0.00090 0.57
500.00 0.037 2.79| 0.00130 1.48
2000.00" 0.030 453| 0.00160 2.99
0.025 0.16| 0.00025 0.02
0.060 0.20| 0.00025 0.02
0.270 0.38| 0.00030 0.05
Klein Letaba 5 5 0.955 0.42| 0.00030 0.06
42.00 0.044 1.06| 0.00090 0.43
500.00 0.040 2.72| 0.00130 1.44
2000.007 0.032 453| 0.00160 2.86
0.15 0.13%| 0.39
1.95 0.27%| 0.68
6.80 0.43%| 0.82
Letaba 6 2 85.00 0.93%| 1.37 1.16% 0.95
550.00 0.033 2.90| 0.0013 1.47
7000.007 0.032 8.43| 0.0013 3.60
Italic — modelled
F — Flood estimated by DWAF
a— active channel
Table 5: Regression coefficientsin equation 1
) ] Cross Discharge Rating coefficients
River Siteno. section Q (m3s) 2 b -
Great Letaba 1 2 all 0.577 0.377 0.000
. 0<QE£29 0.478 0.278 0.000
Letsitele 2 ! 29<Q 0.386 0481  0.000
. 0<QE£25 0.418 0.363 0.000
Letsitele 2 2 25<Q 0.372 0490|  0.000
Great Letaba 3* 2 all 1.081 0.235 0.000
0<Q£175 0.316% 0.551| 0.359% 0.181 0.000
Grezt L etaba 4 ! 175<Q 03 0392 0000
0<Q£85 0.266 0.453 1.043
Great L etaba 4 4 85<Q 0.780 0303|  0.000
. 0<QE£420 0.870 0.140 0.000
KleinLetaba S 2 420<Q 0.459 0312 0000
: 0<QE£47.0 0.506 0.216 0.000
KleinLetaba 5 4 470<Q 0.285 0.365|  0.000
: 0<Q£55.0 0.435 0.250 0.000
Klein Letaba S S 55.0<Q 0.260 0.376|  0.000
0<Q£820 0.231% 0.574| 0.313% 0.197 0.000
Lonely Bull 6 2 82.0< Q£ 500 0.064% 0.608% 0.000
82.0<Q 0.228 0.407 0.000

a— active channel




L etaba Catchment Reserve Determination Specialist Report: River Hydraulics 6

4, RESULTS

41 CROSS-SECTIONAL PROFILES
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Figurel: Cross-sectional profilefor EWR Site 1 cross-section 2 (Riffle) on the Great L etaba
River.
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Figure 2: Cross-sectional profile for EWR Site 2 cross-section 1 (Run) on the Letsitele
River.
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Figure 3: Cross-sectional profile for EWR Site 2 cross-section 2 (Riffle) on the Letsitele
River.
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Figure4: Cross-sectional profilefor EWR Site 3downstream of Prieskawelr cross-section 2
(Rapid) on the Great Letaba River.
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Figure5: Cross-sectional profilefor EWR Site4 cross-section 1 (Riffle) on the Great L etaba
River.
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Figure 6. Cross-sectional profile for EWR Site 4 cross-section 4 (Rapid) on the Great
L etaba River.
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Figure7: Cross-sectional profilefor EWR Site5 cross-section 2 on theKlein LetabaRiver.
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Figure8: Cross-sectional profilefor EWR Site 5 cross-section 4 on theKlein L etaba River
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Figure9: Cross-sectional profilefor EWR Site5 cross-section 5on theKlein LetabaRiver.
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Figure 10: Cross-sectional profilefor EWR Site 6 cross-section 2 on the Letaba River.

42 RATING DATA AND FUNCTIONS
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Figure1l: Measured and modelled rating data and functionsfor the cr oss-sectional profiles
at EWR Site 1 cross-section 2 on the Great L etaba River.
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Figure 12: Measured and modelled rating data and function for the cross-sectional profiles
at EWR Site 2 cross section 1 on the Letsitele River.
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Figure 13: Measured and modelled rating data and function for the cross-sectional profiles
at EWR Site 2 cross section 2 on the Letsitele River.
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Figure 14: Measured and modelled rating data and function for the cross-sectional profiles
at EWR Site 3* cross section 3 on the Great L etaba River.
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Figure 15: Measured and modelled rating data and function for the cross-sectional profiles
at EWR Site 4 cross section 1 on the Great L etaba River.




L etaba Catchment Reserve Determination Specialist Report: River Hydraulics 13

(m)

8 /

'g B Measured
= 6 O Modelled
=] /E/ A Flood
% .
% 4 Regression
= /./
)

0 ‘ ‘ : :

0.01 0.1 1 10 100 1000 10000

Discharge (m?/s)

Figure 16: M easured and modelled rating data and function for the cross-sectional profiles
at EWR Site 4 cross section 4 on the Great L etaba River.
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Figure17: Measured and modelled rating data and function for the cross-sectional profiles
at EWR Site 5 cross section 2 on the Klein L etaba River.
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Figure 18: Measured and modelled ratingdata and function for the cross-sectional profiles
at EWR Site 5 cross section 4 on the Klein L etaba River.
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Figure 19: M easured and modelled rating data and function for the cross-sectional profiles
at EWR Site 5 cross section 5 on the Klein L etaba River.
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Figure 20: M easured and modelled rating data and function for the cross-sectional profiles
at EWR Site 6 cross section 2 on the L etaba River.
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4.3

TABULATED MODELLED HYDRAULIC DATA

Table 6: Tabulated hydraulic data for EWR Site 1 cross-section 2 on the Great Letaba

River

Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.02 0.00 0.01 0.01 0.70 0.71 0.02
0.04 0.00 0.02 0.03 157 1.59 0.03
0.06 0.00 0.03 0.07 2.17 2.22 0.04
0.08 0.01 0.05 0.11 2.47 2.54 0.05
0.10 0.01 0.06 0.17 2.69 2.80 0.06
0.12 0.02 0.08 0.22 2.90 3.04 0.07
0.14 0.02 0.09 0.28 3.11 3.28 0.08
0.16 0.03 0.11 0.34 3.17 3.38 0.10
0.18 0.05 0.13 0.41 3.23 3.49 0.11
0.20 0.06 0.14 0.47 3.29 3.59 0.13
0.22 0.08 0.16 0.54 3.35 3.69 0.14
0.24 0.10 0.17 0.61 3.57 3.96 0.16
0.26 0.12 0.17 0.68 3.94 4.38 0.18
0.28 0.15 0.18 0.77 4.24 474 0.19
0.30 0.18 0.19 0.85 4.49 5.05 0.21
0.32 0.21 0.20 0.95 474 5.36 0.22
0.34 0.25 0.21 1.04 498 5.67 0.24
0.36 0.29 0.22 1.15 5.23 5.98 0.25
0.38 0.33 0.23 1.25 5.43 6.25 0.26
0.40 0.38 0.24 1.36 5.60 6.47 0.28
0.42 0.43 0.26 1.48 5.76 6.68 0.29
0.44 0.49 0.26 1.59 6.11 7.08 0.31
0.46 0.55 0.26 1.72 6.49 7.50 0.32
0.48 0.61 0.27 1.85 6.74 7.79 0.33
0.50 0.68 0.28 1.99 6.98 8.07 0.34
0.52 0.76 0.30 2.13 7.22 8.36 0.36
0.54 0.84 0.31 2.28 7.46 8.65 0.37
0.56 0.92 0.32 2.43 7.71 8.93 0.38
0.58 1.01 0.33 2.59 7.92 9.19 0.39
0.60 1.11 0.34 2.75 8.20 9.50 0.40
0.62 1.21 0.34 291 8.47 9.82 0.42
0.64 1.32 0.35 3.09 8.74 10.11 0.43
0.66 1.43 0.36 3.26 8.98 10.38 0.44
0.68 155 0.37 3.45 9.23 10.64 0.45
0.70 1.67 0.39 3.63 9.34 10.79 0.46
0.72 1.80 0.40 3.82 9.46 10.93 0.47
0.74 1.93 0.42 401 9.57 11.08 0.48
0.76 2.08 0.43 4.20 9.69 11.22 0.49
0.78 2.22 0.45 4.40 9.80 11.37 0.51
0.80 2.38 0.46 459 9.92 11.51 0.52
0.82 2.54 0.48 479 10.04 11.66 0.53
0.84 2.71 0.49 5.00 10.15 11.81 0.54
0.86 2.88 0.50 5.20 10.49 12.17 0.55
0.88 3.06 0.48 542 11.24 12.95 0.56
0.90 3.25 0.46 5.66 12.21 13.94 0.57
0.92 3.44 0.47 5.90 12.47 14.23 0.58
0.94 3.64 0.48 6.16 12.73 1451 0.59
0.96 3.85 0.49 6.41 13.00 14.80 0.60
0.98 4.07 0.50 6.68 13.26 15.08 0.61
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Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
1.00 4.29 0.51 6.94 13.52 15.37 0.62
1.02 453 0.52 7.22 13.78 15.65 0.63
1.04 476 0.53 7.49 14.05 15.93 0.64
1.06 5.01 0.54 7.78 14.31 16.22 0.64
1.08 5.26 0.55 8.07 14.57 16.50 0.65
1.10 5.53 0.56 8.36 14.83 16.79 0.66
1.12 5.80 0.57 8.66 15.07 17.02 0.67
1.14 6.08 0.59 8.96 15.30 17.26 0.68
1.16 6.36 0.60 9.27 15.53 17.49 0.69
1.18 6.66 0.61 9.58 15.76 17.73 0.69
1.20 6.96 0.62 9.90 15.93 17.91 0.70
1.22 7.27 0.63] 10.22 16.11 18.08 0.71
1.24 7.59 0.65| 10.55 16.28 18.26 0.72
1.26 7.92 0.66| 10.87 16.45 18.44 0.73
1.28 8.26 0.67, 11.20 16.62 18.61 0.74
1.30 8.60 0.69] 1154 16.79 18.79 0.75
1.32 8.96 0.70, 11.88 16.97 18.97 0.75
1.34 9.32 0.71 1222 17.14 19.14 0.76
1.36 9.70 0.73] 12.56 17.31 19.32 0.77
1.38 10.08 0.74) 1291 17.48 19.50 0.78
1.40 10.47 0.75/ 13.26 17.65 19.67 0.79
1.42 10.87 0.76| 1361 17.82 19.85 0.80
1.44 11.28 0.78] 1397 18.00 20.02 0.81
1.46 11.70 0.79] 1433 18.17 20.20 0.82
1.48 12.13 0.80, 14.70 18.34 20.38 0.83
1.50 12.57 0.81] 15.07 18.51 20.55 0.83
1.52 13.02 0.83] 1544 18.68 20.73 0.84
1.54 13.48 0.84) 15.82 18.82 20.87 0.85
1.56 13.95 0.85| 16.19 18.98 21.04 0.86
1.58 14.42 0.87| 16.57 19.14 21.21 0.87
1.60 14.91 0.88| 16.96 19.30 21.39 0.88
1.62 15.41 0.89] 17.35 19.46 21.56 0.89
1.64 15.92 090, 17.74 19.62 21.73 0.90
1.66 16.44 0.92] 18.13 19.78 21.90 0.91
1.68 16.97 0.93] 18.53 19.94 22.07 0.92
1.70 17.51 0.94| 18.93 20.10 22.24 0.93
1.72 18.06 0.95 19.33 20.26 22.41 0.93
1.74 18.62 0.94) 19.74 20.96 23.11 0.94
1.76 19.20 091, 20.17 22.19 24.36 0.95
1.78 19.78 0.92] 20.62 22.49 24.68 0.96
1.80 20.37 0.93] 21.07 22.77 24.98 0.97
1.82 20.98 0.93] 21.53 23.05 25.27 0.97
1.84 21.59 0.94| 21.99 23.32 25.56 0.98
1.86 22.22 0.95| 22.46 23.60 25.86 0.99
1.88 22.86 0.96] 2294 23.88 26.15 1.00
1.90 23.51 0.97] 2342 24.15 26.45 1.00
1.92 24.17 0.98] 23.90 24.43 26.74 1.01
1.94 24.84 0.99] 24.40 24.71 27.03 1.02
1.96 25.53 1.00] 24.89 24.99 27.33 1.03
1.98 26.22 1.01] 25.40 25.26 27.62 1.03
2.00 26.93 1.01] 25.90 25.54 27.92 1.04
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Table 7: Tabulated hydraulic data for EWR Site 2 cross-section 1 on the Letsitele River

Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
0.02 0.00 0.01 0.06 4.32 4.32 0.00
0.04 0.00 0.03 0.15 494 494 0.00
0.06 0.00 0.05 0.25 5.56 5.56 0.00
0.08 0.00 0.06 0.37 6.17 6.18 0.00
0.10 0.00 0.07 0.50 6.79 6.80 0.01
0.12 0.01 0.09 0.64 7.26 7.27 0.01
0.14 0.01 0.10 0.79 7.56 7.58 0.02
0.16 0.02 0.12 0.94 7.87 7.89 0.02
0.18 0.03 0.13 1.10 8.18 8.20 0.03
0.20 0.04 0.15 1.27 8.49 8.51 0.03
0.22 0.06 0.16 1.44 8.79 8.82 0.04
0.24 0.08 0.18 1.62 9.21 9.24 0.05
0.26 0.11 0.19 1.81 9.76 9.81 0.06
0.28 0.15 0.20 2.01 10.32 10.38 0.07
0.30 0.19 0.20 2.23 10.88 10.95 0.08
0.32 0.24 0.21 2.45 11.44 11.53 0.10
0.34 0.29 0.22 2.68 11.96 12.07 0.11
0.36 0.36 0.24 2.93 12.45 12.58 0.12
0.38 0.44 0.25 3.18 12.95 13.09 0.14
0.40 0.53 0.26 3.45 13.44 13.60 0.15
0.42 0.63 0.27 3.72 13.93 14.11 0.17
0.44 0.74 0.28 4.00 14.42 14.62 0.19
0.46 0.87 0.29 4.30 14.91 15.14 0.20
0.48 1.01 0.27 461 17.00 17.25 0.22
0.50 1.17 0.26 497 18.92 19.19 0.24
0.52 1.35 0.28 5.36 19.17 19.46 0.25
0.54 1.54 0.30 5.74 19.42 19.73 0.27
0.56 1.76 0.31 6.13 19.67 19.99 0.29
0.58 2.00 0.33 6.53 19.92 20.26 0.31
0.60 2.26 0.34 6.93 20.16 20.53 0.33
0.62 2.54 0.36 7.33 20.41 20.80 0.35
0.64 2.86 0.37 7.75 20.66 21.07 0.37
0.66 3.05 0.39 8.16 20.91 21.34 0.37
0.68 3.24 0.41 8.58 21.15 21.61 0.38
0.70 3.45 0.42 9.01 21.40 21.88 0.38
0.72 3.65 0.44 9.44 21.65 22.15 0.39
0.74 3.87 0.45 9.87 21.79 22.31 0.39
0.76 4.09 0.47, 1031 21.83 22.36 0.40
0.78 431 0.49| 10.75 21.87 22.42 0.40
0.80 4.55 0.51] 11.18 21.90 22.47 0.41
0.82 479 0.53] 11.62 21.94 22.53 0.41
0.84 5.03 0.55| 12.06 21.98 22.58 0.42
0.86 5.28 0.57] 1250 22.01 22.64 0.42
0.88 5.54 059 1294 22.05 22.69 0.43
0.90 5.81 0.61| 13.38 22.09 22.75 0.43
0.92 6.08 0.62] 1382 22.12 22.80 0.44
0.94 6.36 0.64) 14.27 22.16 22.85 0.45
0.96 6.64 0.66 14.71 22.20 22.91 0.45
0.98 6.93 0.68| 15.16 22.23 22.96 0.46
1.00 7.23 0.70, 15.60 22.27 23.02 0.46
1.02 7.53 0.72| 16.05 22.31 23.07 0.47
1.04 7.84 0.74) 16.49 22.34 23.13 0.48
1.06 8.16 0.76| 16.94 22.38 23.18 0.48
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Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
1.08 8.48 0.78] 17.39 22.42 23.24 0.49
1.10 8.81 0.79] 1784 22.45 23.29 0.49
1.12 9.15 0.81] 18.29 22.49 23.34 0.50
1.14 9.49 0.83] 1874 22.53 23.40 0.51
1.16 9.84 0.85] 19.19 22.56 23.45 0.51
1.18 10.20 0.87] 19.64 22.60 23.51 0.52
1.20 10.56 0.89| 20.09 22.64 23.56 0.53
1.22 10.93 091 20.54 22.67 23.62 0.53
1.24 11.31 0.92] 21.00 22.76 23.72 0.54
1.26 11.69 0.94| 2145 22.90 23.87 0.54
1.28 12.08 0.95 2191 23.04 24.02 0.55
1.30 12.47 0.97] 22.38 23.18 24.18 0.56
1.32 12.87 0.98] 2284 23.33 24.33 0.56
1.34 13.28 0.99] 2331 23.47 24.48 0.57
1.36 13.70 1.01) 23.78 23.61 24.63 0.58
1.38 14.12 1.02| 24.25 23.75 24.78 0.58
1.40 14.55 1.04f 24.73 23.89 24.94 0.59
1.42 14.98 1.05| 25.21 24.03 25.09 0.59
1.44 15.43 1.06| 25.69 24.17 25.24 0.60
1.46 15.87 1.08/ 26.18 24.31 25.39 0.61
1.48 16.33 1.09| 26.66 24.45 25.55 0.61
1.50 16.79 1.10] 27.15 24.59 25.70 0.62
1.52 17.26 1.12| 27.65 24.73 25.85 0.62
1.54 17.73 1.13| 28.14 24.87 26.00 0.63
1.56 18.22 1.14| 28.64 25.02 26.15 0.64
1.58 18.71 1.16/ 29.14 25.16 26.31 0.64
1.60 19.20 1.17| 29.65 25.30 26.46 0.65
1.62 19.70 1.19| 30.16 25.44 26.61 0.65
1.64 20.21 1.20| 30.67 25.52 26.71 0.66
1.66 20.73 1.22| 31.18 25.56 26.76 0.66
1.68 21.25 1.24| 31.69 25.59 26.81 0.67
1.70 21.78 1.26/ 32.20 25.62 26.86 0.68
1.72 22.31 1.28/ 3271 25.65 26.91 0.68
1.74 22.86 1.29] 33.23 25.68 26.97 0.69
1.76 23.41 1.31] 33.74 25.71 27.02 0.69
1.78 23.96 1.33] 34.25 25.74 27.07 0.70
1.80 24.53 1.35| 34.77 25.78 27.12 0.71
1.82 25.10 1.37] 35.29 25.81 27.17 0.71
1.84 25.67 1.39] 35.80 25.84 27.22 0.72
1.86 26.26 1.40| 36.32 25.87 27.27 0.72
1.88 26.85 142 36.84 25.90 27.32 0.73
1.90 27.44 1.44| 37.36 25.93 27.37 0.73
1.92 28.05 1.46| 37.87 25.97 27.42 0.74
1.94 28.66 1.48| 38.39 26.00 27.48 0.75
1.96 29.27 150 38.91 26.03 27.53 0.75
1.98 29.90 151 39.44 26.06 27.58 0.76
2.00 30.53 153 39.96 26.09 27.63 0.76
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Table 8: Tabulated hydraulic data for EWR Site 2cr oss-section 2 on the L etsitele River

Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m°s) (m) (m?) (m) (m) (m/s)
0.02 0.00 0.01 0.01 0.98 1.00 0.03
0.04 0.00 0.02 0.04 212 2.16 0.04
0.06 0.00 0.02 0.04 212 2.16 0.13
0.08 0.01 0.04 0.17 4.28 4.36 0.06
0.10 0.02 0.05 0.26 4.96 5.07 0.07
0.12 0.03 0.07 0.37 5.62 5.75 0.09
0.14 0.05 0.07 0.49 6.53 6.68 0.10
0.16 0.07 0.08 0.63 7.55 7.72 0.11
0.18 0.10 0.09 0.79 8.79 8.98 0.12
0.20 0.13 0.10 0.98 10.25 10.46 0.13
0.22 0.17 0.10 1.20 11.71 11.93 0.14
0.24 0.22 0.11 1.45 13.17 1341 0.15
0.26 0.27 0.12 1.73 14.63 14.88 0.16
0.28 0.33 0.11 2.08 18.40 18.66 0.16
0.30 0.40 0.13 245 18.47 18.75 0.16
0.32 0.48 0.15 2.82 18.54 18.83 0.17
0.34 0.57 0.17 3.19 18.61 18.91 0.18
0.36 0.66 0.19 3.56 18.68 19.00 0.19
0.38 0.77 0.21 3.93 18.75 19.08 0.20
0.40 0.89 0.23 4.31 18.82 19.16 0.21
0.42 1.01 0.25 4.69 18.89 19.25 0.22
0.44 1.15 0.27 5.07 18.96 19.33 0.23
0.46 1.30 0.29 5.45 19.03 19.42 0.24
0.48 1.47 0.31 5.83 19.10 19.50 0.25
0.50 1.64 0.32 6.21 19.17 19.58 0.26
0.52 1.83 0.34 6.59 19.24 19.67 0.28
0.54 2.03 0.36 6.98 19.31 19.75 0.29
0.56 2.24 0.38 7.37 19.38 19.83 0.30
0.58 247 0.40 7.75 19.45 19.92 0.32
0.60 2.66 0.42 8.14 19.52 20.00 0.33
0.62 2.84 0.44 8.53 19.59 20.08 0.33
0.64 3.03 0.45 8.93 19.66 20.17 0.34
0.66 3.23 0.47 9.32 19.72 20.25 0.35
0.68 3.43 0.49 9.72 19.79 20.33 0.35
0.70 3.64 051 1011 19.84 20.40 0.36
0.72 3.85 053] 1051 19.86 20.45 0.37
0.74 4.07 055 10.91 19.88 20.49 0.37
0.76 4.30 057 11.30 19.90 20.54 0.38
0.78 4.54 059 11.70 19.93 20.58 0.39
0.80 4.78 0.61] 12.10 19.95 20.63 0.39
0.82 5.02 0.63] 1250 19.97 20.67 0.40
0.84 5.28 0.65| 12.90 19.99 20.72 041
0.86 5.54 0.66| 13.30 20.01 20.77 0.42
0.88 5.80 0.68] 13.70 20.03 20.81 0.42
0.90 6.07 0.70 14.10 20.05 20.86 043
0.92 6.35 0.72| 1450 20.07 20.90 0.44
0.94 6.64 0.74] 14.90 20.10 20.95 0.45
0.96 6.93 0.76| 1531 20.12 20.99 0.45
0.98 7.23 0.78] 15.71 20.14 21.04 0.46
1.00 7.53 0.80] 16.11 20.16 21.08 0.47
1.02 7.84 0.82| 16.52 20.18 21.13 0.47
1.04 8.16 0.84| 16.92 20.20 21.18 0.48
1.06 8.48 086 17.32 20.22 21.22 0.49
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Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
1.08 8.81 0.88] 17.73 20.25 21.27 0.50
1.10 9.15 0.89] 18.13 20.27 21.31 0.50
1.12 9.49 091, 1854 20.29 21.36 0.51
1.14 9.84 0.93] 1894 20.31 21.40 0.52
1.16 10.20 0.95 19.35 20.33 21.45 0.53
1.18 10.56 0.97 19.76 20.35 21.50 0.53
1.20 10.93 0.99] 20.17 20.37 21.54 0.54
1.22 11.30 1.01] 20.57 20.39 21.59 0.55
1.24 11.68 1.03] 20.98 20.42 21.63 0.56
1.26 12.07 1.05| 21.39 20.44 21.68 0.56
1.28 12.47 1.06/ 21.80 20.61 21.89 0.57
1.30 12.87 1.06] 2221 20.95 22.26 0.58
1.32 13.27 1.06] 22.64 21.28 22.63 0.59
1.34 13.69 1.07] 23.07 21.61 22.99 0.59
1.36 14.11 1.07] 23.50 21.95 23.36 0.60
1.38 1453 1.09] 23.94 21.97 23.41 0.61
1.40 14.97 1.11] 24.38 22.00 23.46 0.61
1.42 15.41 1.13| 24.82 22.02 23.51 0.62
1.44 15.85 1.15| 25.26 22.05 23.55 0.63
1.46 16.31 1.16/ 25.70 22.07 23.60 0.63
1.48 16.76 1.18| 26.14 22.10 23.65 0.64
1.50 17.23 1.20| 26.59 22.12 23.70 0.65
1.52 17.70 1.22| 27.03 22.15 23.74 0.65
1.54 18.18 1.24| 27.47 22.17 23.79 0.66
1.56 18.67 1.26| 27.92 22.20 23.84 0.67
1.58 19.16 1.28| 28.36 22.22 23.89 0.68
1.60 19.66 1.29| 28.80 22.25 23.93 0.68
1.62 20.16 1.31] 29.25 22.27 23.98 0.69
1.64 20.67 1.33] 29.70 22.30 24.03 0.70
1.66 21.19 1.35| 30.14 22.33 24.07 0.70
1.68 21.71 1.37] 30.59 22.35 24.12 0.71
1.70 22.24 1.39| 31.04 22.40 24.19 0.72
1.72 22.78 140 31.49 22.48 24.28 0.72
1.74 23.33 142 31.94 22.56 24.37 0.73
1.76 23.88 1.43| 32.39 22.63 24.46 0.74
1.78 24.43 145 32.84 22.71 24.55 0.74
1.80 25.00 1.46| 33.30 22.79 24.64 0.75
1.82 25.57 1.48| 33.75 22.86 24.74 0.76
1.84 26.14 149 3421 22.94 24.83 0.76
1.86 26.73 151 34.67 23.02 24.92 0.77
1.88 27.32 1.52| 35.13 23.08 24.99 0.78
1.90 27.91 1.54| 35.59 23.12 25.05 0.78
1.92 28.52 1.56| 36.06 23.16 25.11 0.79
1.94 29.13 157 36.52 23.20 25.17 0.80
1.96 29.74 1.59| 36.98 23.24 25.22 0.80
1.98 30.36 1.61] 37.45 23.29 25.28 0.81
2.00 30.99 163 37.92 23.33 25.34 0.82
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Table 9: Tabulated hydraulic data for EWR Site 3 cross-section 2 on the Great L etaba

River.

Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
0.20 0.00 0.09 0.66 7.20 7.35 0.00
0.30 0.00 0.12 1.59 13.21 13.50 0.00
0.40 0.01 0.12 1.59 13.21 13.50 0.01
0.50 0.04 0.19 6.02 31.44 32.10 0.01
0.60 0.08 0.25 9.59 38.35 39.17 0.01
0.70 0.16 0.25 9.59 38.35 39.17 0.02
0.80 0.28 0.36| 18.68 51.23 52.32 0.01
0.90 0.46 0.45| 23.89 53.31 54.61 0.02
1.00 0.72 0.45| 23.89 53.31 54.61 0.03
1.10 1.08 0.54| 35.86 66.64 68.55 0.03
1.20 1.56 0.62| 42.66 68.78 70.91 0.04
1.30 2.19 0.70| 49.63 70.97 73.36 0.04
1.40 3.01 0.70| 49.63 70.97 73.36 0.06
1.50 4.04 0.70| 49.63 70.97 73.36 0.08
1.60 5.32 0.70| 49.63 70.97 73.36 0.11
1.70 6.88 0.70| 49.63 70.97 73.36 0.14
1.80 8.78 0.99] 91.73 92.37 97.23 0.10
1.90 11.06 1.06| 101.14 95.61 100.54 0.11
2.00 13.76 1.13| 110.82 98.03 102.99 0.12
2.10 16.93 1.18| 120.76| 102.24 107.24 0.14
2.20 20.65 1.23| 131.17| 106.30 111.39 0.16
2.30 24.95 1.28| 142.03] 110.98 116.15 0.18
2.40 29.91 1.32| 153.37| 115.80 121.05 0.20
2.50 35.60 1.37| 165.14| 120.20 125.53 0.22
2.60 42.07 1.40| 17750, 126.92 132.34 0.24
2.70 49.41 1.43| 190.53| 133.63 139.15 0.26
2.80 57.69 1.46| 204.22| 139.93 145.54 0.28
2.90 67.00 1.50| 218.49| 145.61 151.29 0.31
3.00 77.41 1.56| 233.27| 149.26 155.01 0.33
3.10 89.01 1.63| 248.36] 152.61 158.39 0.36
3.20 101.91 1.69| 263.79] 156.09 161.91 0.39
3.30 116.18 1.75| 279.57| 159.58 165.43 0.42
3.40 131.94 1.81| 295.70| 162.93 168.82 0.45
3.50 149.29 1.88| 312.15| 165.97 171.90 0.48
3.60 168.32 1.93| 328.97| 170.73 176.69 0.51
3.70 189.17 1.97| 346.30| 175.69 181.70 0.55
3.80 211.93 1.93| 364.60] 188.91 194.94 0.58
3.90 236.73 2.01| 383.57| 190.59 196.65 0.62
4.00 263.70 2.09| 402.71| 192.28 198.36 0.65
410 292.95 2.18| 422.03| 193.97 200.07 0.69
4.20 324.63 2.26| 44151 195.66 201.78 0.74
4.30 358.87 2.33| 461.16| 197.53 203.67 0.78
4.40 395.80 2.41| 481.03] 199.83 205.98 0.82
450 435.57 248 501.13| 201.92 208.09 0.87
4.60 478.33 257, 521.38 203.19 209.37 0.92
470 524.23 2.65| 541.76| 204.46 210.66 0.97
4.80 573.43 2.73| 562.27| 205.72 211.94 1.02
4.90 626.09 2.82| 58291 206.99 213.23 1.07
5.00 682.37 290, 603.67| 208.26 21451 1.13
5.10 742.44 298| 624.56| 209.53 215.80 1.19
5.20 806.48 3.06| 645.58| 210.79 217.08 1.25
5.30 874.66 3.14| 666.72| 212.06 218.37 1.31
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Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m°s) (m) (m?) (m) (m) (m/s)
5.40 947.17 3.23| 687.99] 213.33 219.65 1.38
550, 1024.20 3.31] 709.38] 214.59 220.94 1.44
560 1105.92 3.39] 730.91 215.86 222.22 1.51
5.70] 119255 347 75256| 217.13 223.51 1.58
5.80] 1284.28 3.55| 774.33] 218.40 224.79 1.66
590 138131 3.62| 796.23] 219.66 226.08 1.73
6.00] 1483.85 3.70| 818.26] 220.93 227.36 1.81
6.10] 1592.13 3.78| 840.42 222.20 228.65 1.89
6.20] 1706.34 3.86| 862.70] 223.46 229.93 1.98
6.30] 1826.73 3.94| 885.11 224.73 231.22 2.06
6.40 1953.51 4.02] 907.65| 226.00 232.50 2.15
6.50, 2086.91 4.09] 930.31] 227.27 233.79 2.24
6.60 2227.18 4.17] 953.10] 228.53 235.07 2.34
6.70] 2374.55 4.25| 976.02] 229.80 236.36 243
6.80] 2529.28 4.32] 999.06] 231.07 237.64 253
6.90 2691.60 4.40| 1022.23] 232.33 238.93 2.63
7.00] 2861.77 4.48| 1045.53] 233.60 240.21 2.74

Table 10: Tabulated depth and velocity data for EWR Site 4 cross-section 1 on the Great

Letaba River.

Discharge| Flow depth | Av. velocity | Flow depth® | Av. Velocity”
(m%s) (m) (m/s) (m) (m/s)
0.01 0.24 0.02 0.06 0.11
0.02 0.26 0.03 0.07 0.14
0.02 0.28 0.03 0.08 0.16
0.03 0.30 0.04 0.09 0.19
0.05 0.32 0.05 0.11 0.25
0.07 0.34 0.06 0.12 0.28
0.10 0.36 0.06 0.14 0.35
0.13 0.38 0.09 0.15 0.43
0.17 0.40 0.09 0.17 0.49
0.22 0.42 0.10 0.18 0.47
0.29 0.44 0.11 0.20 0.53
0.37 0.46 0.13 0.22 0.59
0.47 0.48 0.14 0.24 0.66
0.58 0.50 0.16 0.26 0.72
0.73 0.52 0.18 0.28 0.79
0.89 0.54 0.19 0.30 0.85
1.09 0.56 0.21 0.33 0.96
1.33 0.58 0.23 0.35 1.02
1.60 0.60 0.25 0.37 1.09
1.92 0.62 0.27 0.40 1.20
2.29 0.64 0.30 0.43 1.31
2.71 0.66 0.32 0.45 1.38
3.20 0.68 0.34 0.48 1.48
3.75 0.70 0.37 0.51 1.57
4.38 0.72 0.39 0.54 1.66
5.10 0.74 0.41 0.57 1.73
5.91 0.76 0.44 0.60 1.79
6.82 0.78 0.46 0.63 1.83
7.85 0.80 0.48 0.66 1.85
8.99 0.82 0.51 0.70 1.86
10.27 0.84 0.54 0.73 1.86
11.70 0.86 0.58 0.76 1.85
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A — Active channel

Discharge| Flow depth | Av. velocity | Flow depth® | Av. Velocity®
(m®/s) (m) (m/s) (m) (m/s)
13.29 0.88 0.61 0.80 1.86
15.04 0.90 0.65 0.84 1.87
17.44 0.92 0.71 0.88 1.90
18.42 0.94 0.71 0.90 1.92
19.44 0.96 0.71 0.92 1.94
20.49 0.98 0.72 0.93 1.95
21.57 1.00 0.72 0.95 1.98
22.69 1.02 0.72 0.97 2.00
23.84 1.04 0.72 0.99 2.03
25.03 1.06 0.73 1.00 2.04
26.25 1.08 0.73 1.02 2.07
27.51 1.10 0.74 1.04 2.10
28.80 1.12 0.74 1.06 2.13
30.13 1.14 0.75 1.07 2.14
31.50 1.16 0.75 1.09 2.17
32.90 1.18 0.76 1.11 2.21
34.35 1.20 0.76 1.12 2.22

Table 11: Tabulated hydraulic data for EWR Site 4 cross-section 1 on the Great L etaba

River.
Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
1.22 35.82 0.57| 46.63 81.90 82.87 0.77
1.24 37.34 0.59| 48.27 82.08 83.06 0.77
1.26 38.90 0.61] 49.91 82.25 83.24 0.78
1.28 40.49 0.63] 51.56 82.43 83.42 0.79
1.30 42.13 0.64) 53.21 82.61 83.60 0.79
1.32 43.80 0.66| 54.87 82.69 83.70 0.80
1.34 4551 0.68| 56.52 82.78 83.80 0.81
1.36 47.26 0.70, 58.18 82.87 83.90 0.81
1.38 49.06 0.72| 59.83 82.96 84.00 0.82
1.40 50.89 0.74) 61.49 83.04 84.10 0.83
1.42 52.77 0.76| 63.16 83.13 84.20 0.84
1.44 54.68 0.78] 64.82 83.22 84.30 0.84
1.46 56.64 0.80| 66.49 83.30 84.40 0.85
1.48 58.64 0.82| 68.15 83.39 84.50 0.86
1.50 60.69 0.84| 69.82 83.48 84.60 0.87
1.52 62.77 0.86] 71.49 83.57 84.70 0.88
1.54 64.90 0.87| 73.16 83.65 84.80 0.89
1.56 67.07 0.89] 74.84 83.74 84.90 0.90
1.58 69.29 0.91] 76.51 83.83 85.00 0.91
1.60 71.55 0.93] 78.19 83.92 85.10 0.92
1.62 73.85 0.95| 79.87 84.00 85.20 0.92
1.64 76.20 0.97| 81.55 84.09 85.30 0.93
1.66 78.59 0.99| 83.23 84.18 85.40 0.94
1.68 81.03 101 84.92 84.26 85.50 0.95
1.70 83.51 1.03| 86.60 84.35 85.60 0.96
1.72 86.04 1.05| 88.29 84.44 85.70 0.97
1.74 88.62 1.06| 89.98 84.53 85.80 0.98
1.76 91.24 1.08/ 91.67 84.61 85.90 1.00
1.78 93.91 1.10] 93.37 84.70 86.00 1.01
1.80 96.62 1.12| 95.06 84.79 86.10 1.02
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Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
1.82 99.39 1.14| 96.76 84.87 86.20 1.03
1.84 102.20 1.16| 98.46 84.96 86.30 1.04
1.86 105.05 1.18| 100.16 85.05 86.40 1.05
1.88 107.96 1.20| 101.86 85.14 86.49 1.06
1.90 110.91 1.22| 103.56 85.22 86.59 1.07
1.92 113.92 1.23| 105.27 85.31 86.69 1.08
1.94 116.97 1.25| 106.97 85.37 86.77 1.09
1.96 120.07 1.25| 108.69 86.81 88.21 1.10
1.98 123.22 1.25| 110.45 88.24 89.66 1.12
2.00 126.42 1.26| 112.22 89.03 90.46 1.13

Table 12: Tabulated hydraulic data for EWR Site 4 cross-section 4 on the Great L etaba

River.

Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
1.06 0.00 0.79] 11.96 15.13 15.85 0.00
1.08 0.01 0.81 12.26 15.20 15.94 0.00
1.10 0.03 0.82] 1257 15.27 16.02 0.00
1.12 0.07 0.84) 12.87 15.34 16.11 0.01
1.14 0.11 0.86) 13.18 15.41 16.20 0.01
1.16 0.16 0.87 1349 15.48 16.29 0.01
1.18 0.23 0.89] 13.80 15.55 16.37 0.02
1.20 0.31 0.90, 1411 15.62 16.46 0.02
1.22 0.41 0.92| 1443 15.69 16.55 0.03
1.24 0.52 0.94) 1474 15.76 16.63 0.04
1.26 0.64 0.95| 15.06 15.84 16.72 0.04
1.28 0.78 0.94/ 15.38 16.41 17.31 0.05
1.30 0.93 0.93] 1571 16.97 17.90 0.06
1.32 1.10 0.92] 16.06 17.54 18.49 0.07
1.34 1.28 091 1641 18.11 19.08 0.08
1.36 1.48 0.90, 16.78 18.67 19.67 0.09
1.38 1.69 0.89] 17.16 19.24 20.26 0.10
1.40 1.92 0.89] 17.55 19.80 20.84 0.11
1.42 2.17 0.88] 17.95 20.37 21.43 0.12
1.44 2.43 0.86) 18.37 21.30 22.39 0.13
1.46 2.71 0.85] 18381 22.23 23.34 0.14
1.48 3.00 0.83] 19.26 23.17 24.30 0.16
1.50 331 0.82] 19.73 24.10 25.25 0.17
1.52 3.64 0.81] 20.22 25.03 26.21 0.18
1.54 3.99 0.76| 20.75 27.16 28.37 0.19
1.56 4.35 0.73] 2131 29.29 30.53 0.20
1.58 473 0.70, 21.92 31.42 32.69 0.22
1.60 5.13 0.69] 22.56 32.84 34.14 0.23
1.62 5.54 0.69| 23.23 33.55 34.88 0.24
1.64 5.98 0.70, 2391 34.26 35.62 0.25
1.66 6.43 0.70] 24.60 34.96 36.36 0.26
1.68 6.90 0.71] 25.30 35.67 37.09 0.27
1.70 7.38 0.72| 26.02 36.28 37.73 0.28
1.72 7.89 0.73] 26.75 36.78 38.26 0.29
1.74 8.41 0.74) 27.49 37.28 38.79 0.31
1.76 8.96 0.75| 28.25 37.78 39.33 0.32
1.78 9.52 0.76] 29.01 38.29 39.86 0.33
1.80 10.10 0.77) 29.78 38.79 40.39 0.34
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Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
1.82 10.69 0.78| 30.56 39.29 40.92 0.35
1.84 11.31 0.79] 31.35 39.79 41.45 0.36
1.86 11.95 0.80, 32.15 40.29 41.99 0.37
1.88 12.60 0.81] 32.96 40.80 42.52 0.38
1.90 13.28 0.82| 33.78 41.30 43.05 0.39
1.92 13.97 0.83] 34.61 41.80 43.58 0.40
1.94 14.68 0.84) 3545 42.30 4412 0.41
1.96 15.42 0.85] 36.30 42.80 4465 0.42
1.98 16.17 0.86| 37.17 43.31 45,18 0.44
2.00 16.94 0.87] 38.04 43.81 4571 0.45
2.02 17.73 0.88] 38.92 44 31 46.24 0.46
2.04 18.54 0.89] 39.81 4481 46.78 0.47
2.06 19.37 0.90, 40.71 4531 47.31 0.48
2.08 20.22 091 4162 45.81 47.84 0.49
2.10 21.09 0.92] 4254 46.32 48.37 0.50
2.12 21.99 0.93] 4347 46.82 48.91 0.51
2.14 22.90 0.94| 4442 47.32 49.44 0.52
2.16 23.83 0.95| 4537 47.79 49.94 0.53
2.18 24.78 0.96/] 46.33 48.27 50.44 0.53
2.20 25.75 0.97] 47.30 48.74 50.95 0.54
2.22 26.75 0.98] 48.28 49.21 51.45 0.55
2.24 27.76 0.99| 49.27 49.68 51.95 0.56
2.26 28.79 1.00f 50.26 50.16 52.46 0.57
2.28 29.85 1.01) 51.27 50.63 52.96 0.58
2.30 30.92 1.02| 52.29 51.10 53.46 0.59
2.32 32.02 1.03] 53.32 51.57 53.96 0.60
2.34 33.14 1.04f 54.35 52.05 54.47 0.61
2.36 34.28 1.05| 55.40 52.52 54.97 0.62
2.38 35.44 107 56.45 52.99 55.47 0.63
2.40 36.62 1.08/ 57.52 53.47 55.98 0.64
2.42 37.82 1.09| 58.59 53.94 56.48 0.65
2.44 39.04 1.10| 59.67 54.41 56.98 0.65
2.46 40.29 1.11] 60.77 54.88 57.48 0.66
2.48 41.55 1.12| 61.87 55.36 57.99 0.67
2.50 42.84 113 62.98 55.83 58.49 0.68
2.52 4415 1.14| 64.10 56.30 58.99 0.69
2.54 45.48 1.15| 65.23 56.77 59.50 0.70
2.56 46.83 1.16| 66.37 57.25 60.00 0.71
2.58 48.21 1.17| 67.52 57.72 60.50 0.71
2.60 49.60 0.99| 68.79 69.18 72.00 0.72
2.62 51.02 0.99| 70.19 70.96 73.81 0.73
2.64 52.46 0.98 71.63 72.74 75.61 0.73
2.66 53.92 0.98 73.10 74.52 77.42 0.74
2.68 55.40 1.00] 74.59 74.61 77.55 0.74
2.70 56.91 1.02| 76.08 74.71 77.68 0.75
2.72 58.44 1.03] 77.59 75.68 78.68 0.75
2.74 59.99 1.03] 79.11 76.65 79.69 0.76
2.76 61.56 1.04| 80.65 77.62 80.69 0.76
2.78 63.15 1.05| 8222 78.59 81.70 0.77
2.80 64.77 1.05| 83.80 79.56 82.70 0.77
2.82 66.41 1.06| 85.40 80.52 83.71 0.78
2.84 68.07 1.07| 87.02 81.49 84.71 0.78
2.86 69.75 1.08| 88.66 82.46 85.71 0.79
2.88 71.46 1.08/ 90.32 83.43 86.72 0.79
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Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
2.90 73.19 1.09| 92.00 84.40 87.72 0.80
2.92 74.94 1.10] 93.69 85.49 88.84 0.80
2.94 76.71 1.10] 95.41 86.35 89.73 0.80
2.96 78.51 1.11] 97.15 87.21 90.62 0.81
2.98 80.33 1.12| 98.90 88.07 91.51 0.81
3.00 82.17 1.13| 100.67 88.93 92.40 0.82

Table 13: Tabulated hydraulic data for EWR Site 5 cross-section 2 on the Klein Letaba

River.

Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
0.40 0.00 0.17 0.65 3.80 4.02 0.01
0.42 0.01 0.18 0.73 4.07 431 0.01
0.44 0.01 0.19 0.82 4.33 4.59 0.01
0.46 0.01 0.20 0.91 4.60 4.87 0.01
0.48 0.01 0.21 1.00 4.86 5.16 0.01
0.50 0.02 0.21 1.10 5.13 5.44 0.02
0.52 0.03 0.22 1.21 5.39 572 0.02
0.54 0.03 0.21 132 6.15 6.51 0.03
0.56 0.04 0.21 1.45 6.91 7.29 0.03
0.58 0.06 0.21 1.60 7.67 8.08 0.03
0.60 0.07 0.18 1.77 9.71 10.14 0.04
0.62 0.09 0.19 1.97 10.53 11.00 0.05
0.64 0.11 0.09 2.33 24.84 25.34 0.05
0.66 0.14 0.10 2.87 29.09 29.62 0.05
0.68 0.17 0.10 3.49 33.33 33.91 0.05
0.70 0.21 0.11 4.20 37.58 38.19 0.05
0.72 0.26 0.10 5.09 51.21 51.85 0.05
0.74 0.31 0.12 6.13 52.59 53.28 0.05
0.76 0.38 0.13 7.19 53.97 54.70 0.05
0.78 0.46 0.15 8.28 55.35 56.12 0.06
0.80 0.55 0.17 9.41 56.73 57.55 0.06
0.82 0.66 0.18| 10.55 57.67 58.53 0.06
0.84 0.78 0.19] 11.76 63.15 64.05 0.07
0.86 0.92 0.19| 13.08 68.62 69.56 0.07
0.88 1.09 0.20 1450 74.10 75.08 0.07
0.90 1.27 0.21) 16.00 74.97 75.99 0.08
0.92 1.49 0.23] 17.50 75.84 76.89 0.09
0.94 1.74 0.25| 19.03 76.71 77.80 0.09
0.96 2.02 0.26| 20.59 79.83 80.93 0.10
0.98 2.34 0.27) 2221 81.53 82.67 0.11
1.00 2.70 0.29] 23.86 83.24 84.40 0.11
1.02 3.11 0.30, 25.54 84.95 86.14 0.12
1.04 3.58 031 27.25 86.66 87.87 0.13
1.06 4.10 0.33] 29.00 88.37 89.61 0.14
1.08 4.69 0.34) 30.79 90.27 91.54 0.15
1.10 5.34 0.35| 32.62 92.37 93.68 0.16
1.12 6.08 0.37| 34.48 94.47 95.81 0.18
1.14 6.89 0.38| 36.39 96.57 97.94 0.19
1.16 7.81 0.39] 38.35 98.67 100.08 0.20
1.18 8.82 0.40, 40.34| 100.75 102.19 0.22
1.20 9.94 0.41, 4238 103.38 104.85 0.23
1.22 11.19 0.42] 4448 106.09 107.60 0.25
1.24 12.57 0.43] 46.63| 108.80 110.34 0.27
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Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
1.26 14.09 0.44) 4883 11151 113.09 0.29
1.28 15.77 0.45/ 51.09| 114.22 115.84 0.31
1.30 17.62 0.46| 5340 116.79 118.44 0.33
1.32 19.64 0.47) 55.76| 119.35 121.03 0.35
1.34 21.87 0.47) 55.76| 119.35 121.03 0.39
1.36 24.31 0.49) 60.64| 124.39 126.16 0.40
1.38 26.99 0.50, 63.14| 126.28 128.09 0.43
1.40 29.91 0.51] 65.69| 128.16 130.02 0.46
1.42 33.10 0.53] 68.27 129.93 131.82 0.48
1.44 36.57 0.54/ 70.89| 132.28 134.21 0.52
1.46 40.36 0.55| 73.56| 134.48 136.45 0.55
1.48 42.62 0.56| 76.26] 135.90 137.91 0.56
1.50 44.50 0.58| 79.00] 137.31 139.37 0.56
1.52 46.43 0.59] 81.76] 138.43 140.53 0.57
1.54 48.41 0.61) 8453 139.23 141.39 0.57
1.56 50.46 0.62| 87.33] 140.04 142.24 0.58
1.58 52.56 0.64| 90.13| 140.85 143.10 0.58
1.60 54.72 0.66| 92.96| 141.66 143.95 0.59
1.62 56.95 0.67| 95.80| 142.46 144.80 0.59
1.64 59.23 0.69| 98.66| 143.27 145.66 0.60
1.66 61.58 0.70, 101.53| 144.08 146.51 0.61
1.68 63.99 0.72| 104.42| 144.89 147.37 0.61
1.70 66.46 0.74) 107.33| 145.69 148.22 0.62
1.72 69.00 0.75/ 110.25| 146.50 149.08 0.63
1.74 71.60 0.77) 113.19| 147.31 149.93 0.63
1.76 74.27 0.79| 116.14| 147.90 150.56 0.64
1.78 77.01 0.80| 119.10[ 148.46 151.17 0.65
1.80 79.82 0.82] 122.08| 149.03 151.78 0.65
1.82 82.70 0.84| 125.06| 149.60 152.39 0.66
1.84 85.65 0.85| 128.06| 150.16 153.00 0.67
1.86 88.67 0.87| 131.07| 150.73 153.61 0.68
1.88 91.76 0.89] 134.09| 151.29 154.22 0.68
1.90 94.92 0.90, 137.12| 151.86 154.83 0.69
1.92 98.16 0.92| 140.16| 152.43 155.44 0.70
1.94 101.48 0.94| 143.22| 152.99 156.05 0.71
1.96 104.87 0.95| 146.28| 153.56 156.66 0.72
1.98 108.34 0.97| 149.36| 154.15 157.29 0.73
2.00 111.89 0.99| 152.45| 154.76 157.94 0.73

Table 14: Tabulated hydraulic data for EWR Site 5 cross-section 4 on the Klein Letaba

River.

Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m°s) (m) (m?) (m) (m) (m/s)
0.02 0.00 0.01 0.01 0.70 0.70 0.00
0.04 0.00 0.02 0.03 1.40 1.40 0.00
0.06 0.00 0.03 0.06 2.10 2.10 0.00
0.08 0.00 0.04 0.11 2.80 2.80 0.00
0.10 0.00 0.05 0.18 3.50 3.50 0.00
0.12 0.00 0.06 0.25 4.20 4.20 0.01
0.14 0.00 0.06 0.35 5.34 5.35 0.01
0.16 0.00 0.07 0.47 6.49 6.50 0.01
0.18 0.01 0.08 0.61 7.64 7.65 0.01
0.20 0.01 0.09 0.77 8.78 8.79 0.02
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Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
0.22 0.02 0.10 0.96 9.93 9.94 0.02
0.24 0.03 0.09 1.18 12.44 12.46 0.03
0.26 0.05 0.10 1.46 15.26 15.28 0.03
0.28 0.06 0.10 1.79 18.07 18.10 0.04
0.30 0.09 0.10 1.79 18.07 18.10 0.05
0.32 0.12 0.10 2.63 25.06 25.09 0.05
0.34 0.16 0.11 3.18 29.57 29.62 0.05
0.36 0.21 0.11 3.81 33.94 34.00 0.05
0.38 0.26 0.12 4.54 38.31 38.38 0.06
0.40 0.34 0.12 5.35 43.87 43.94 0.06
0.42 0.42 0.12 6.30 50.62 50.70 0.07
0.44 0.52 0.13 7.38 57.37 57.45 0.07
0.46 0.64 0.13 8.63 67.94 68.04 0.07
0.48 0.78 0.13| 10.09 78.51 78.62 0.08
0.50 0.95 0.14| 11.75 85.08 85.20 0.08
0.52 1.13 0.15| 1348 87.64 87.76 0.08
0.54 1.35 0.17) 1524 88.69 88.82 0.09
0.56 1.60 0.19] 17.02 89.73 89.88 0.09
0.58 1.88 0.21| 18.83 90.78 90.93 0.10
0.60 2.20 0.22| 20.66 91.83 91.99 0.11
0.62 2.57 0.24) 22.50 92.88 93.05 0.11
0.64 2.97 0.26| 24.37 93.93 94.11 0.12
0.66 3.43 0.28| 26.26 94.74 94.93 0.13
0.68 3.94 0.29| 28.16 95.56 95.76 0.14
0.70 451 0.31] 30.08 96.38 96.58 0.15
0.72 5.13 0.33] 32.02 97.20 97.41 0.16
0.74 5.83 0.35| 33.97 98.01 98.24 0.17
0.76 6.60 0.36] 35.94 98.83 99.06 0.18
0.78 7.44 0.38| 37.92 99.65 99.89 0.20
0.80 8.37 0.40| 39.92| 100.62 100.87 0.21
0.82 9.39 041 4195 101.76 102.01 0.22
0.84 10.50 0.43| 4399 102.89 103.15 0.24
0.86 11.71 0.44) 46.06| 104.14 104.41 0.25
0.88 13.02 0.46| 48.16| 105.50 105.77 0.27
0.90 14.45 0.47) 50.28| 106.86 107.14 0.29
0.92 16.00 0.48, 52.43| 108.22 108.50 0.31
0.94 17.68 0.50] 54.61| 109.58 109.87 0.32
0.96 19.50 0.51| 56.81| 110.67 110.95 0.34
0.98 21.45 0.53] 59.04| 111.72 112.02 0.36
1.00 23.56 0.54) 6128 112.78 113.08 0.38
1.02 25.83 0.56| 6355 113.84 114.14 0.41
1.04 28.26 0.57| 65.84| 114.89 115.21 0.43
1.06 30.87 0.59| 68.15| 115.95 116.27 0.45
1.08 33.67 0.60, 70.48| 117.00 117.33 0.48
1.10 36.66 0.62| 72.83| 118.06 118.40 0.50
1.12 39.86 0.63] 75.20| 119.12 119.46 0.53
1.14 43.27 0.65| 7759 120.17 120.52 0.56
1.16 46.79 0.66| 80.00 121.23 121.59 0.58
1.18 49.04 0.67| 8244 122.29 122.65 0.59
1.20 51.35 0.69] 8490 123.34 123.71 0.60
1.22 53.73 0.70, 87.37| 124.17 124.55 0.61
1.24 56.17 0.72] 89.86| 125.00 125.39 0.63
1.26 58.69 0.73] 9237 125.83 126.22 0.64
1.28 61.28 0.75] 9490 126.66 127.06 0.65
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Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
1.30 63.94 0.76| 97.44| 127.49 127.90 0.66
1.32 66.67 0.78/ 100.00[ 128.32 128.74 0.67
1.34 69.47 0.79| 10257 129.15 129.58 0.68
1.36 72.35 0.81) 105.16| 129.99 130.41 0.69
1.38 75.30 0.82| 107.77 130.82 131.25 0.70
1.40 78.33 0.84/ 110.39| 131.65 132.09 0.71
1.42 81.43 0.85| 113.04| 132.48 132.93 0.72
1.44 84.61 0.87| 115.69| 133.31 133.76 0.73
1.46 87.87 0.88| 118.37| 134.14 134.60 0.74
1.48 91.21 0.90, 121.06| 134.97 135.44 0.75
1.50 94.63 0.91, 12377 135.80 136.28 0.76
1.52 98.12 0.93] 126.49| 136.63 137.12 0.78
1.54 101.70 0.94| 129.23| 137.46 137.95 0.79
1.56 105.36 0.95| 131.99| 138.29 138.79 0.80
1.58 109.10 0.97| 134.76| 139.12 139.63 0.81
1.60 112.93 0.98| 137.55| 139.95 140.47 0.82
1.62 116.84 1.00| 140.36| 140.78 141.30 0.83
1.64 120.83 1.01] 143.19| 14161 142.14 0.84
1.66 12491 1.03| 146.03| 142.44 142.98 0.86
1.68 129.08 1.04| 148.88| 143.27 143.82 0.87
1.70 133.33 1.05| 151.77| 144.99 145.55 0.88
1.72 137.68 1.05| 154.68| 146.72 147.28 0.89
1.74 142.11 1.06| 157.63| 148.44 149.01 0.90
1.76 146.63 1.07| 160.62| 150.17 150.74 0.91
1.78 151.24 1.08| 163.64| 151.89 152.47 0.92
1.80 155.94 1.09| 166.70| 153.61 154.20 0.94
1.82 160.73 1.09| 169.79] 155.34 155.93 0.95
1.84 165.62 1.10| 172.91| 157.06 157.66 0.96
1.86 170.60 1.11| 176.07| 158.96 159.57 0.97
1.88 175.67 1.11] 179.27| 161.03 161.65 0.98
1.90 180.84 1.12| 18251 163.11 163.72 0.99
1.92 186.10 1.12| 185.79| 165.18 165.80 1.00
1.94 191.46 1.14| 189.10| 165.92 166.55 1.01
1.96 196.91 1.15| 192.43| 166.66 167.29 1.02
1.98 202.47 1.17| 195.77| 167.40 168.04 1.03
2.00 208.12 1.18| 199.13| 168.14 168.78 1.05

Table 15: Tabulated hydraulic data for EWR Site 5 cross-section 5 on the Klein Letaba

River.

Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m%/s) (m) (m?) (m) (m) (m/s)
0.02 0.00 0.01 0.00 0.30 0.30 0.00
0.04 0.00 0.02 0.01 0.60 0.61 0.01
0.06 0.00 0.02 0.03 1.81 1.82 0.01
0.08 0.00 0.02 0.09 3.92 3.93 0.01
0.10 0.00 0.03 0.19 6.03 6.05 0.01
0.12 0.01 0.04 0.33 7.97 7.99 0.02
0.14 0.01 0.02 0.51 20.41 20.44 0.02
0.16 0.02 0.04 0.94 23.25 23.28 0.02
0.18 0.03 0.05 1.44 26.12 26.16 0.02
0.20 0.04 0.07 1.99 28.99 29.03 0.02
0.22 0.07 0.06 2.76 43.33 43.38 0.02
0.24 0.09 0.08 3.68 48.72 48.77 0.03
0.26 0.13 0.09 470 54.11 54.16 0.03
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Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
0.28 0.17 0.10 5.82 57.79 57.85 0.03
0.30 0.23 0.11 7.02 61.48 61.54 0.03
0.32 0.29 0.13 8.28 65.17 65.23 0.04
0.34 0.37 0.14 9.62 68.86 68.92 0.04
0.36 0.47 0.15, 11.04 72.27 72.34 0.04
0.38 0.58 0.17| 12.50 73.75 73.82 0.05
0.40 0.71 0.19] 1399 75.22 75.31 0.05
0.42 0.87 0.20 15.50 76.70 76.79 0.06
0.44 1.05 0.22| 17.05 78.18 78.28 0.06
0.46 1.25 0.23| 18.63 80.18 80.28 0.07
0.48 1.48 0.25| 20.26 82.69 82.81 0.07
0.50 1.75 0.26] 21.93 83.96 84.09 0.08
0.52 2.04 0.28] 23.62 85.24 85.38 0.09
0.54 2.37 0.29] 2534 86.51 86.67 0.09
0.56 2.75 0.30, 27.10 90.07 90.24 0.10
0.58 3.16 0.31] 28.93 92.73 92.92 0.11
0.60 3.62 0.32| 30.81 95.40 95.60 0.12
0.62 413 0.33] 32.75 98.07 98.28 0.13
0.64 4.69 0.34) 34.74| 100.80 101.03 0.13
0.66 5.30 0.36| 36.78| 103.60 103.84 0.14
0.68 5.97 0.37| 38.88/ 106.40 106.65 0.15
0.70 6.71 0.38] 41.03] 108.22 108.48 0.16
0.72 7.51 0.40, 43.21| 109.07 109.34 0.17
0.74 8.37 0.41) 4539 109.92 110.20 0.18
0.76 9.32 0.43| 4760 110.76 111.06 0.20
0.78 10.34 0.45/ 49.83| 111.68 111.99 0.21
0.80 11.44 0.46| 5207 112.43 112.75 0.22
0.82 12.63 0.48, 54.32| 113.18 113.50 0.23
0.84 13.90 0.50] 56.59| 113.93 114.25 0.25
0.86 15.28 0.51) 5888 114.68 115.01 0.26
0.88 16.75 0.53] 61.18| 115.42 115.76 0.27
0.90 18.32 0.55| 6350 116.40 116.75 0.29
0.92 20.01 0.56| 65.84| 117.62 117.97 0.30
0.94 21.80 0.57| 6820 118.84 119.19 0.32
0.96 23.72 0.59| 70.59| 120.05 120.41 0.34
0.98 25.76 0.60, 73.01| 121.27 121.63 0.35
1.00 27.93 0.62| 75.44| 122.48 122.85 0.37
1.02 30.23 0.63] 77.90 123.70 124.07 0.39
1.04 32.67 0.64) 80.39| 124.92 125.29 0.41
1.06 35.26 0.66| 8290 126.13 126.50 0.43
1.08 38.00 0.67| 85.44| 127.35 127.72 0.44
1.10 40.89 0.69| 87.99| 128.35 128.73 0.46
1.12 43.95 0.70 90.57| 129.35 129.74 0.49
1.14 47.17 0.71) 9317 130.36 130.75 0.51
1.16 50.57 0.73| 95.78| 131.36 131.76 0.53
1.18 55.56 0.74) 9842 13237 132.77 0.56
1.20 58.10 0.76] 101.08/ 133.33 133.75 0.57
1.22 60.71 0.77) 103.75| 134.30 134.72 0.59
1.24 63.39 0.79| 106.45| 135.27 135.69 0.60
1.26 66.14 0.80| 109.17 136.23 136.67 0.61
1.28 68.96 0.82] 111.90[ 137.20 137.64 0.62
1.30 71.86 0.83] 114.65| 138.17 138.61 0.63
1.32 74.84 0.84| 117.43| 139.13 139.58 0.64
1.34 77.88 0.86| 120.22| 140.10 140.56 0.65
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Flow depth | Discharge | Av. flow depth [ Area | Width | Perimeter | Av. velocity
(m) (m/s) (m) (m?) (m) (m) (m/s)
1.36 81.01 0.87| 123.03| 141.07 141.53 0.66
1.38 84.21 0.89] 125.86| 142.03 142.50 0.67
1.40 87.49 0.90, 128.71| 143.00 143.48 0.68
1.42 90.85 0.91, 13158 143.97 144.45 0.69
1.44 94.29 0.93| 134.47| 144.93 145.42 0.70
1.46 97.81 0.94| 137.38| 145.90 146.40 0.71
1.48 101.41 0.95| 140.31| 147.32 147.83 0.72
1.50 105.09 0.96| 143.27| 149.20 149.71 0.73
1.52 108.85 0.97| 146.28| 151.08 151.60 0.74
1.54 112.70 0.98| 149.32| 152.97 153.49 0.75
1.56 116.63 0.98| 152.39| 154.85 155.37 0.77
1.58 120.64 0.99| 155,51 156.73 157.26 0.78
1.60 124.74 1.00| 158.66| 158.61 159.15 0.79
1.62 128.92 1.01| 161.85| 160.49 161.04 0.80
1.64 133.20 1.02| 165.08] 162.37 162.92 0.81
1.66 137.55 1.02| 168.35| 164.25 164.81 0.82
1.68 142.00 1.03| 171.65| 166.13 166.70 0.83
1.70 146.53 1.05| 174.98| 166.30 166.87 0.84
1.72 151.16 1.07| 178.31| 166.46 167.04 0.85
1.74 155.87 1.09| 181.64| 166.63 167.21 0.86
1.76 160.67 1.11| 184.97| 166.79 167.38 0.87
1.78 165.57 1.13| 188.31| 166.96 167.55 0.88
1.80 170.56 1.14| 191.65| 167.43 168.03 0.89
1.82 175.64 1.16| 195.01| 168.21 168.81 0.90
1.84 180.81 1.17( 198.38| 169.00 169.60 0.91
1.86 186.08 1.19| 201.77| 169.78 170.39 0.92
1.88 191.44 1.20| 205.17| 170.56 171.17 0.93
1.90 196.90 1.22| 208.59| 171.34 171.96 0.94
1.92 202.45 1.23| 212.02| 172.13 172.74 0.95
1.94 208.10 1.25| 215.47| 17291 173.53 0.97
1.96 213.85 1.26| 218.94| 173.69 174.32 0.98
1.98 219.69 1.27| 222.42| 174.47 175.10 0.99
2.00 225.63 1.29| 225.92| 175.26 175.89 1.00

Table 16: Tabulated hydraulic data for EWR Site 6 cross-section 2 on the L etaba River.

Discharge| Flow depth | Av. flow depth| Area | Width |Perimeter | Av. velocity | Flow depth® |Av. Velocity”
(m*s) (m) (m) (m?) (m) (m) (m/s) (m) (m/s)
0.01 0.22 0.17| 185 1112 11.21 0.00 0.05 0.03
0.01 0.24 0.18) 2.07/ 1133 11.42 0.01 0.06 0.04
0.02 0.26 0.20| 230 1154 11.64 0.01 0.07 0.05
0.03 0.28 0.22| 254 1174 11.85 0.01 0.07 0.05
0.04 0.30 0.23| 277 1195 12.07 0.01 0.08 0.06
0.05 0.32 0.25| 3.01 12.16 12.28 0.02 0.09 0.08
0.07 0.34 0.26| 326/ 12.36 12.50 0.02 0.10 0.09
0.09 0.36 0.28) 351 1257 12.71 0.03 0.11 0.11
0.12 0.38 0.28) 3.77| 1356 13.71 0.03 0.12 0.12
0.16 0.40 0.26| 4.06] 15.64 15.80 0.04 0.13 0.14
0.20 0.42 0.25| 439 17.80 17.97 0.05 0.14 0.15
0.26 0.44 0.25| 4.77] 19.29 19.47 0.05 0.15 0.16
0.32 0.46 0.26| 516/ 20.21 20.40 0.06 0.16 0.19
0.40 0.48 0.26| 557 2114 21.33 0.07 0.17 0.21
0.49 0.50 0.27| 6.01 2191 22.11 0.08 0.19 0.25
0.60 0.52 029 645 22.60 22.81 0.09 0.20 0.27
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Discharge| Flow depth |Av. flow depth| Area | Width |Perimeter | Av. velocity | Flow depth® |Av. Velocity”
(m*s) (m) (m) (m?) (m) (m) (m/s) (m) (m/s)

0.73 0.54 028 6.92| 2463 24.84 0.11 0.21 0.29
0.88 0.56 0.29| 743 2582 26.05 0.12 0.22 0.32
1.05 0.58 0.26| 7.99] 3112 31.35 0.13 0.23 0.34
1.25 0.60 0.24| 867 3552 35.76 0.14 0.25 0.39
1.48 0.62 0.25| 939 36.89 37.13 0.16 0.26 0.42
1.73 0.64 0.27| 10.14| 38.25 38.50 0.17 0.27 0.44
2.03 0.66 0.27| 10.92] 39.96 40.23 0.19 0.29 0.49
2.36 0.68 0.28| 11.74] 42.03 42.31 0.20 0.30 0.52
2.73 0.70 0.28| 12.61 45.17 45.45 0.22 0.32 0.58
3.15 0.72 0.28| 1355/ 48.31 48.60 0.23 0.33 0.61
3.62 0.74 0.28| 1454 5145 51.75 0.25 0.35 0.67
4.15 0.76 0.29| 15.60] 54.59 54.89 0.27 0.36 0.70
4.73 0.78 0.29| 16.73] 57.73 58.04 0.28 0.38 0.76
5.38 0.80 0.29| 17.92] 6175 62.07 0.30 0.39 0.79
6.10 0.82 0.29| 19.20| 67.16 67.49 0.32 0.41 0.85
6.89 0.84 0.26| 20.66| 78.14 78.48 0.33 0.42 0.89
7.77 0.86 0.27| 2228 81.95 82.30 0.35 0.44 0.96
8.73 0.88 0.28| 2396/ 86.50 86.87 0.36 0.46 1.02
9.78 0.90 0.29| 25.69] 87.28 87.68 0.38 0.47 1.06
10.94 0.92 0.31| 2745/ 88.05 88.48 0.40 0.49 1.13
12.20 0.94 0.33| 29.22| 88.68 89.13 0.42 0.51 1.20
13.57 0.96 0.35| 30.99] 89.25 89.72 0.44 0.52 1.24
15.07 0.98 0.37| 3279 89.82 90.31 0.46 0.54 1.31
16.70 1.00 0.38| 3459 90.51 91.03 0.48 0.56 1.38
18.46 1.02 040 3641 9121 91.75 0.51 0.58 1.45
20.38 1.04 0.42| 3824 91.90 92.47 0.53 0.59 1.49
22.44 1.06 0.43| 40.08) 92.60 93.19 0.56 0.61 1.56
24.68 1.08 0.45| 41.94) 93.30 93.92 0.59 0.63 1.64
27.09 1.10 0.47| 4381 94.00 94.64 0.62 0.65 1.72
29.68 1.12 0.48| 4570 94.70 95.36 0.65 0.67 1.79
32.47 1.14 0.50| 47.60] 95.39 96.08 0.68 0.69 1.87
35.47 1.16 0.52| 4952 96.09 96.81 0.72 0.71 1.94
38.68 1.18 0.53| 51.44| 96.79 97.53 0.75 0.73 2.01
42.13 1.20 0.55| 53.39] 97.61 98.37 0.79 0.75 2.09
45.82 1.22 0.56| 55.35 98.65 99.43 0.83 0.77 2.23
49.76 1.24 0.57| 57.34 99.88 100.67 0.87 0.79 2.30
53.97 1.26 0.59| 59.35| 101.11 101.92 0.91 0.81 2.30
58.46 1.28 0.60| 61.38) 102.34/ 103.17 0.95 0.83 2.37
63.25 1.30 0.61| 63.44| 103.99 104.84 1.00 0.85 2.43
68.34 1.32 0.62| 65.54/ 106.34/ 107.20 1.04 0.87 2.50
73.76 1.34 0.62| 67.69] 108.69 109.55 1.09 0.89 2.37
79.53 1.36 0.63] 69.89| 111.04/ 111.91 1.14 0.91 2.63

4.4 HABITAT TYPE ABUNDANCE ASSESSMENTS AND VELOCITY

DISTRIBUTION INFORMATION

A method of using standard hydraulic information asthe basisfor quantifying habitat typesfor fish
is described in the methodology (Section 1.1, Appendix A 2). The method was still in astage of
development when thefirst specialist meeting took place. Therefore only theresults of EWR Site
6 that were analysed during the second specialist meeting are provided (Table 17). Velocity
distribution information using the distribution model of Lamouroux et al (1995) is provided in
Table 18 to 24.
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Table 17: Ratings of habitat type abundance for EWR Site 6 on the L etaba River.
. Ecologist assessment Hydraulic ratin . .
Dlscf;arge g(on-site) y(caquIated) 9 Final rating
(m7s) SS | sD | FS | FD | sS | sD | Fs | FD | ss | sD | FSs | FD
0.15 5 2 1 of 50 | 00 | 36 | 36 | 5 1 1 0
0.26 4 2 2 of 50 [ 50 [ 50 | 50| 4 1 2 0
0.60 4 3 3 2l 50 [ 15 [ 50 [ oo | 4 3 3 0
1.95 4 3 4 2l 50 [ 33|38 | 50| 4 3 4 1
6.10 4 4 4 4 50 [ 33 |16 | 16| 4 4 4 4
6.83 4 5 4 5 50 [ 36 | 18] 18| 4 5 4 5

Table 18: Velocity distributionsfor EWR Site 1 cross-section 2 (Riffle).

Lamouroux et al (1995)
Discharge | Average velocity . Frequency (%) of
m%s) mis) Max. "f'oc'ty veloity (m/s)
(m/s) =01 | =03 | =06
0.01 0.06 0.10-0.15 40/ 100[ 100
0.023 0.07 0.20-0.25 68| 100] 100
0.06 0.13 0.35-0.40 60 92| 100
0.177 0.21 0.60-0.65 41 77 98
0.264 0.25 0.70-0.75 35 68 96
0.614 0.33 0.95-1.00 24 52 88

Table 19: Ve ocity distributionsfor EWR Site 2 cross-section 1 (Run).
L amouroux et al (1995)

Discharge | Average velocity . Frequency (%) of
m%s) mis) Max. "f'oc'ty veloity (m/s)
(m/s) =01 | =03 | =06
0.032 0.03 0.05-0.10 | 100 | 100 | 100
0.087 0.05 0.10-0.15 88 | 100 | 100
0.156 0.08 0.20-0.25 67 | 100 | 100
0.820 0.20 0.55-0.60 30 | 79 | 100
1.460 0.26 0.70-0.75 2 | 62 | 97

Table 20: Velocity distributionsfor EWR Site 2 cross-section 2 (Riffle).
L amouroux et al (1995)

Discharge | Average velocity . Frequency (%) of
m%s) mis) Max. "f'oc'ty veloity (m/s)

(m/s) =01 | =03 | =06
0.032 0.09 0.20-0.25] 64| 100] 100
0.087 0.11 0.30-0.35] 52/ 97| 1000
0.156 0.14 035040 42| 95 100
0.820 0.21 0.60-0.65] 28] 76| 99
1.460 0.25 065070 23] 65 o7

Table 21: Velocity distributionsfor EWR Site 4 cross-section 1 (Riffle).

L amour oux et al (1995)

Discharge | Averagevelocity . Frequency (%) of velocity
Max.
(m¥s) (mis) ax(r;]’/eé)oc”y (m/s)
=0.1 =0.3 =0.6

0.047 0.28 0.70-0.75 20| 57 95
0.077 0.317 0.80-0.85 17 49 91
0.305 0.54 1.30-1.40 6 21 56
0.915 0.87 2.00-2.20 0 6 92
1.930 1.19 2.70-3.00 0 1 10
3.700 1.57 3.60-3.90 0 0 2

Table 22: Velocity distributionsfor EWR Site 5 cross-section 2.

| Discharge | Averagevelocity | L amour oux et al (1995)
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Table 23: Vdocit

Table 24: Veocit

(m¥s) (m/s) Max. velocity Frequency(f:]/;as)) of velocity
(m/s) =01 | =03 | =06
0.005 0.008 0.01-0.02 100 100 100
0.013 0.013 0.03-0.04 100 100 100
0.031 0.025 0.07-0.08 100 100 100
0.089 0.045 0.12-0.14 92 100 100
0.336 0.052 0.14-0.16 88 100 100
0.523 0.056 0.14-0.16 87 100 100
distributionsfor EWR Site 5 cross-section 4.
L amour oux et al (1995)
Discharge | Averagevelocity . Frequency (%) of velocit
(m¥s) (mis) Max. "/e'oc'ty ™ Cy(fn/s)) ’
(m/s) =01 | =03 | =06
0.005 0.010 0.02-0.04 100 100 100
0.013 0.017 0.04-0.05 100 100 100
0.031 0.027 0.07-0.08 100 100 100
0.089 0.049 0.14-0.15 90 100 100
0.336 0.063 0.16-0.18 83 100 100
0.523 0.071 0.20-0.22 76 100 100

distributionsfor EWR Site 6 cross-section 2 active channel (Riffle).

Discharge

Aver age velocity

L amour oux et al (1995)

Frequency (%) of velocity

(m¥s) (mis) Max(-r;]’/eé)oc'ty (m/s)
=01 [ =03 | =06
0.15 0.135 030040 39| _ 95 100
0.26 0.160 040050 33| 89 100
0.60 0.270 070080 19| 59 9
195 0.490 1.20-1.30 71 25| 63
6.10 0.850 1.80-2.10 1 71 26
6.83 0.890 2.10-2.40 1 7T 24
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5. CONFIDENCE IN THE HYDRAULIC CHARCATERISATIONS

The confidence in the characterisations of the hydraulic relationships related to measured and
recommended flowsis provided in Table 25.

Table 25: Confidence in the hydraulic characterisations

Siteno. Sitecharacter Available data Referenceto PES or recommended EC
L ow flows High flows
1 35 3 4 3

Measured flows of 0.260 and 2.200 m*/s. DWAF estimated flood (2000) of 200-300m*/s. Recommended low-flows are
in the range 0.010 to 0.614 m*s and high flowsin the range 1.2 to 94 m/s.

2 | 3 | 3 | 4 | 3

Measured flows of 0.080 and 6.225 m°/s. DWAF estimated flood (2000) of 500m*/s Recommended low-flows arein the
range 0.032 to 1.46 m/s and high flowsin the range 2.5 to 15 m’s.

4 | 25 | 3 | 4 | 2.5

Measured flow of 0.141 and 110.8 m*/s. DWAF estimated flood (2000) of 5000-5500m°/s Recommended low-flows are
in the range 0.047to 3.700 m*/s and high flows in the range 4-1000 m®/s.

5 | 2 | 25 | 253 | 253

Measured flows of 0.024 and 42.00 m*/s. DWAF estimated flood (2000) of 2050-2500m>/s Recommended low-flows
arein the range 0.005 to 0.523 m/s and high flowsin the range 8 to 480m’/s.

6 | 2 | 3 | 3 | 2

Measured flows of 0.150 and 85.00 m*/s. DWAF estimated flood (2000) of 7000m°/s Recommended low-flows arein
the range 0.150 to 6.83 m*/s and high flows in the range 5 to 300 m®/s.

Confidencerating: ~ 0=none, 1=low, 2=low/medium, 3=medium, 4=medium/high, 5=high
PES: Present Ecological State
EC: Ecologica Category
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ABBREVIATIONS AND ACRONYMS

CWE Centre for Water in the Environment
DTM Digital Terrain Model

DWAF Department of Water Affairs and Forestry
Eamd Elevation above mean sea level

EC Ecological Category

EWR Ecological Water Requirement

FSR Flow Stressor-Response

H-FS-R Habitat-Flow Stressor-Response

PES Present Ecological State

RDM Resource Directed Measures

3D Spatid  Three-dimensional Spatial model
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1. INTRODUCTION AND AIMS OF THISREPORT

Therole of hydraulics and procedure for generating hydraulic information for ecological reserve
studies have been documented for the Comprehensive and Intermediate levels of determination
(DWAF, 1999), with subsequent periodic updates (Birkhead, 2002 and Jordanovaet al, in press).
This report provides the hydraulic information (data collection and modelling) for EWR Sites 3
and 7 for the L etaba Ecological Reserve study. Theremaining four sitesare covered in Appendix
Al

A brief explanation of more recent developmentsin the analysis and use of hydraulic information
is presented first in Section 1.1.

2. METHODOLOGY

The application of holistic methods for ecological flow determination (refer to Tharme, 1996)
requires water requirements to be expressed as discharge rates (including its tempora
characteristics) through assessments of the presence of suitable habitat for certain biota at
different flows. The interface between the way in which flow requirements are assessed and
expressed isthrough the results of hydraulic measurements, analyses and modelling of sitesalong
rivers. The primary product of these hydraulic analyses are relationships between discharge and
the following determinants, which have been found over the course of numerous flow
assessments, to be the most useful: depth (maximum and average), velocity (average), wetted
perimeter, and width of the water surface. The discharge-depth (or rating) relationship is
fundamental to hydraulic analysis, and is generally derived from a combination of measured and
synthesized data (refer to Rowlston et al (2000) and Birkhead (2002) for descriptions of
procedures for deriving hydraulic information for use in ecological flow requirements (or
Reserves) in South Africa). Once the rating relationship for ariver section has been developed,
the rel ationshi ps between discharge and the other hydraulic parameters (listed above) may readily
be computed using the cross-sectional geometry, and are generally provided in tabular format
using look-up tables (see Section 4.3).

The cross-sectional profile plots and |ook-up tables comprise the “ standard hydraulic data” usedin
Reserve determinationsin South Africaat the Rapid |11, Intermediate and Comprehensive levels.
Ecologists use these standard hydraulic data with the aid of site assessments, photographs and
video exposure, to determine the quantity and quality of hydraulic habitat at different flows.
Substantial experience and interpretation are required to provide assessments of site-based and
reach-based biological habitats using cross-sectional surveys and the results of one-dimensiona
hydraulic analyses (biological habitat refersto the integration of the different components defining
habitat (eg. hydraulic, substrate and cover attributes for fish)). For this reason, a procedure has
been developed for using standard hydraulic information as the basis for quantifying hydraulic
habitat for fish (refer to Jordanovaet al (in press) for adetailed explanation of the method). The
method allows the assessment of abundance of different habitat types to be applied more
consistently in Reserve determinations.

Procedurefor assessing the habitat flow response of fish

The procedure applies the concept of hydraulic habitat types (or classes) in the determination of
ecologicd flowsfor fish using the FS-R methodology. It differsfrom the origina FS-R method
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(O'Keeffeet d, 2002; O’ Keeffe and Hughes, 2004) in that the hydraulic habitat isinterpreted in
terms of biological habitat requirements (eg. fish), and should preferably be referred to the
Habitat-Flow Stressor-Response (H-FS-R) method. It isaworking method, and will benefit from
future development and refinement by applied research and during the course of future ecological
Reserve assessments. There has been a need to further develop the role of hydraulics in flow
assessments for fish, which applies an integrated assessment of hydraulic habitat through the use
of different habitat types. These types have been defined using two basic hydraulic parameters,
depth (D) and depth-averaged velocity (V), as suggested by Kleynhans (1999). Water surface
width or perimeter is also incorporated as a scaling factor. Together with substrate and
vegetation cover information, these parameters are sufficient to broadly describe fish habitat.
Further, Kleynhans suggests that velocity and depth need only be specified coarsely, and has
proposed the following four velocity-depth classes (hydraulic habitat types), as adapted from
Oswood and Barber (1982):

Slow (<0.3 m/s) and shallow (<0.5 m): Thisincludes shallow pools and backwaters.
Slow (<0.3 m/s) and deep (>0.5m): This includes deep pools and backwaters.

Fast (>0.3 m/s) and shallow (<0.3 m): Shallow runs, rapids and rifflesfall in this class
Fast (>0.3 m/s) and deep (>0.3 m): Deep runs, rapids and riffles fall under this class.

A graphical representation of the velocity-depth domain and its division into four classes is
provided in Figure 1.

0.8

0.7
SD
0.6 |

FD
0.5

04 |

03 |
02 | SS

Depth, H (m)

FS
0.1 }

0

0 01 02 03 04 05 06 07 08 09 1

Average velocity, V (m/s)

Figurel: Kleynhans(1999) hydraulic habitat descriptionsfor fish (SS=slow and shallow,
SD=dlow and deep, FS=fast and shallow, FD=fast and deep). Thevelocity and depth axes
aretruncated for plotting purposes at 0.8 and 1.0, respectively.

Although the procedure (described below) has been devel oped within the context of the H-FS-R
ecological flow assessment methodology, it is applicable for use in other holistic flow
determination methods (eg. DRIFT — Downstream Response to Imposed Flow Transformation)
that require a quantitative assessment of habitat suitability and abundance at different flows.
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The method involves the follow three steps:

1 Rating observed habitat- type abundance

The first step in the method is the site scoring of the four habitat types defined for fish, taking
cognisance of the substrate, cover and water column features provided at the site. The presence of
these hydraulic habitat types is quantified using a relative abundance scale with associated
proportional percentage occurrence, an example of which isgivenin Table 1.

Table 1: Abundance scorings of habitat typesfor fish

Descriptor Score Occurrence (%)
None 0 0
Rare 1 0-10
Sparse 2 10-30
Moderate 3 30-60
Abundant 4 60-80
Very abundant 5 80-100

The on-site assessment is best undertaken jointly by the hydraulician and fish ecologist, since it
provides an opportunity for the specialists to develop an appreciation and understanding of
relevant influences from the related disciplines. Secondly, the hydraulician is required to collect
hydraulic data during the course of flow assessment studies, and it would be valuable to provide
habitat type abundance scorings for each of these (since they are associated with a measured
discharge rate). Although this assessment is subjective, it provides valuable information to
compliment the abundance scorings of hydraulic habitat type from more quantitative hydraulic
modelling.

2 Modelling hydraulic habitat information

Riverine biota including fish, macroinvertebrates and vegetation display strong preferences for
certain values of water depth, velocity, and bed shear stress, or combinations of these hydraulic
variables (Lamouroux, 1998). Hydraulic descriptions used by ecologists differ from traditional
hydraulic applications: river biotarespondsto setsof point hydraulic variables, whereastraditional
hydraulic engineering has been concerned with larger spatial scales (eg. flood analyses).
Modelling point hydraulic variables in river reaches at low-flows with large resistance elements
using high resolution multi-dimensional hydraulic modelling is imprecise and requires accurate
topographical information (Lamouroux, 1998). An alternative method for providing this
information isby modelling characteristic spatial-probability distributions of hydraulic parameters
to describe typica variability in hydraulic habitats. The standard hydraulic information
synthesized for a cross-section is used to represent average values for the morphological feature
(eg. rapid, riffle, pooal, etc.), and can therefore be used to estimate typica depth and velocity
distributions. Methods for predicting distributions of the two ecologically relevant hydraulic
parameters of depth and velocity are described in the following sections:

3 Predicting frequency-depth distributions

The frequency-occurrence of flow depth may be computed using surveyed cross-sectiond profiles
and associated rating function to provide measurement-based data. For a specified maximum
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depth (and related discharge), the actual depths along a cross-section are computed at equal
distance increments. Thisis preferable to using actual surveyed ordinates across the river bed,
sincethese are usually measured at changesin sope and with ahigher density of bed elevationsin
the low-flow channel (ie. not valid data for a statistical analysis). The range of depths (zero to
maximum) along cross-sections are divided into equal depth classincrements, and the frequency
of occurrence of depths|essthan and greater than the threshold values (ie. 0.3m and 0.5m used to
distingui sh between shallow and deep habitat for fast and dlow velocities, respectively). If athree-
dimensional spatial model has been set-up, frequency distributions of depth may be more
accurately determined by calculating the proportion of inundated area that is shallow or deep
(refer to Section 5).

4 Predicting probability-velocity distributions

Of the available velocity distribution models in the literature, the model of Lamouroux et al
(1995) appears to be the most robust and tested (Jordanova et al, in press). A drawback,
however, is that the model has been developed for pool-riffle sequences and not homogeneous
geomorphological features. The velocity distribution model of Lamouroux et al (1995) requires
estimates of average depth, average velocity and dominant bed roughness. The first two
parameters are avail able from the standard hydraulic (cross-sectional) information. The dominant
bed roughnessis defined as the roughness element occupying the largest fraction of the bed, which
may be determined from a visual assessment of the bed, or preferably from measured sediment
size distributions (the size occupying the largest fraction of the bed is computed from the product
of the projected sediment area and its frequency of occurrence).

5 Predicting habitat-type abundance as a function of discharge

An example of predicted frequency-depth and probability-velocity distributions for ariffle are
givenin Table 2. The maximum and average depth, average velocity, and perimeter are obtained
from the standard hydraulic analysis. The analysisisundertaken for arange of discharges (in the
low-flow range), including measured values for which site assessments and/or photographs exist
(indicated by the shaded rowsin Table 2). Experiencewith measuring velocitiesinriffleand rapid
morphologies hasindicated that the maximum valueisgenerally 2 to 3 timesthe average, and this
information has been used by ecologists during previous flow assessments. The velocity
distribution model of Lamouroux et al (1995) supports this fiel d-based experience, with maximum
estimates approximately three timesthe average (refer to Table 2), and approximately 10% of the
velocities are greater than twice the average value.

Using depth and velocity distributions (Table 2), the probability of occurrence for each habitat-
type category (expressed as a percentage) may be assessed by assuming that depth and velocity
are mutually exclusive parameters. Based on this assumption, the overall abundance of a habitat
typeiscalculated by the product of the individual frequencies or probabilities. At low flows, the
hydraulic habitat may be dominated by aparticular habitat type (generally low/shallow for riffles,
eg. in Table 2), but the corresponding river size may represent only a small proportion of the
active channel size. To account for river scale, the habitat-type probabilities are proportioned
using the relative perimeter, which is defined as the ratio of the perimeter to the value where the
active channel bed becomes inundated. The active channel perimeter may be determined by an
inflection on the perimeter-discharge plot. The abundance of hydraulic habitat typeis converted
from probability of occurrence to relative numeric values (or scores) in therange 0 to 5 using a
scoring system such asthat given in Table 1.
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Table 3 provides an example of site abundance assessments for measured discharges as well as
predictions based on the hydraulic modelling described above. It is necessary to reconcile the
observed site assessments with values determined from modelling to provide afinal assessment.
Reasons for differences include the subjectivity inherent with site observations, the use of cross-
sectional specific data to represent characteristic hydraulic habitat, and the use of areach-based
velocity distribution model. Agreement in the abundance scorings derived from the hydraulic
predictions and site eval uations needs to take cognisance of the above considerations. Measured
flows are generally accompanied by site photographs, which provide additional visual information
to verify the modelled predictions as well as the extent and suitability of cover. Hydraulic
modelling forms the basis for interpolating between assessments based on observation aswell as
extending the discharge range. The assessments should consider the range of morphologies and
hydraulic conditions (ie. both rapid/riffle and pool) to ensure that the habitat-types present are
covered by the analysis.

The abundances may also be expressed in terms of the amount of channel perimeter contributed by
each of the habitat-type classes (eg. Table 4). This has been used in the DRIFT flow
determination method to present hydraulic information.

In the H-FS-R method, a simplified habitat suitability index for a particular “target” species or
group of speciesisused to represent the habitat stressresponse index (refer to Jordanovaet al, in
press). The suitability of the habitat (velocity-depth class, substrate and cover) under known
(observed) and modelled flow conditions is scored for each of the following components:
breeding, survival and abundance, cover, health, and water quality.
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Table2: Example of modelled habitat-type frequency distributionsfor ariffle
. Habitat abundance (HA) (%) Perimeter factored HA (%)
Discharge Depth, D (m) Velocity, v (m/s) Perimeter | SS | SD | FS | FD | sS | sD | FS | FD
(m%s) Max. | Ave %<0. | %>0. | %<0. | %>0. Ave | Max %<0. | %>0. (m) V<0.3 | V<0.3 | V>0.3 | V>0.3 | V<03 | V<0.3 | V>0.3 | V>0.3
' " |5 5 3 3 ) ' 3 3 D<0.5 | D>0.5 | D<0.3 | D>0.3 | D<0.5 | D>0.5 | D<0.3 | D>0.3
0.05| 036 0.16 100 0 94 6 | 0.02 | <0.05 100 0 134 | 100 0 0 0 84 0 0 0
024 | 044 022 100 0 71 29]007| o2 100 0 151 | 100 0 0 0 94 0 0 0
044 | 048] 0.25 100 0 58 421011] 03 100 0 157 | 100 0 0 0 98 0 0 0
1.16 | 056 | 0.32 97 3 45 55] 05| o7 68 32 16.7 66 2 14 18 69 2 15 18
282 | 063] 0.34 84 16 32 68 | 0.48 14 36 64 18.9 30 6 20 44 36 7 24 51
436 | 070 ] 0.38 66 34 30 70 | 0.63 18 25 75 20.6 17 9 23 53 21 11 29 68
Table3: Rated habitat-type abundancesusing therelative scalein Table 1
Ecologists site assessment Hydraulic prediction Final assessment
Discharge | SS SD FS FD SS SD FS FD SS SD FS FD
(m%s) V<0.3 | V<03 | V>0.3 | V>0.3 | V<03 | V<0.3 | V>0.3 | V>0.3 | V<03 | V<03 | V>0.3 | V>0.3
D<0.5 | D>0.5 | D<0.3 | D>0.3 | D<05 | D>0.5 | D<0.3 | D>0.3 | D<05 | D>0.5 | D<0.3 | D>0.3
0.05 5 5 0 0 3 5 0 0
0.24 4 5 2 0 5 5 0 0 4 5 1 0
0.44 3 5 3 1 5 5 0 0 4 5 2 1
1.16 3 5 4 2 4 5 2 2 3 5 3 2
2.82 2 5 3 3 3 5 2 3 3 5 3 3
4.36 2 5 1 4 2 5 2 4 2 5 2 4
Table4: Modelled habitat-type abundances
Perimeter (m)
Discharge SS SD FS FD
(m%s) V<03 | V<03 | V>03 | V>03
D<05 | D>05 | D<0.3 | D>0.3
0.05 134 0.0 0.0 0.0
0.24 15.1 0.0 0.0 0.0
0.44 15.7 0.0 0.0 0.0
1.16 11.0 0.3 24 2.9
2.82 5.7 1.1 39 8.2
4.36 34 18 46 10.8
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Providing velocity information for assessing the habitat flow response of invertebrates

The probability-velocity distribution model of Lamouroux et al (1995) isa so applied to provide
velocity estimates for assessing habitat flow response of invertebrates. Threevelocity classesare
used: 0-0.1m/s (very slow), 0.1-0.3m/s (slow), 0.3-0.6m/s (fast) and >0.6m/s (very fast) (refer to
Jordanovaet al, in press). Table5 providesan example of thevelocity classpredictionsfor ariffle
type morphology (shaded rows represent measured flows).

Table5: Probability velocity class predictions

Discharge Velacity class (m/s)

(m*s) 001 0103 | 0306 >0.6
0.01 100 0 0 0
0.04 85 15 0 0

0.2 65 35 0 0
05 47 44 9 0
1.0 35 37 25 3
2.0 26 29 35 10
5.0 14 18 31 37
11.8 6 10 19 65
22.8 3 5 12 80

3 DATA COLLECTION

Fixed stationswereinstalled at the EWR sites by DWAF, who were responsible for undertaking
the cross-sectional and topographical surveys used for the three-dimensional spatial modelling.
The coordinates and elevation (above mean sealevel) of the fixed stations are given in Table 6.

Table6: Coordinatesof fixed survey stationsat EWR sites3 and 7 on the L etaba River

River Site no. Station Y-Coord (m) X-Coord (m) Eamsd (m)
DW1 34668.15 2616519.45 412.73
DwW2 34628.87 2616524.44 412.75
DW3 34601.06 2616523.72 412.57
Letaba 3 A 34666.83 2616503.15 410.21
B 34628.28 2616494.94 409.29
C 34597.85 2616497.60 409.63
D 34656.56 2616493.47 410.00
E 34646.16 2616492.53 408.61
Dw1 -60095.49 2634599.79 226.20
DW2 -60165.09 2634604.49 226.57
DW3 -60261.85 2634623.02 226.73
Letaba 7 A -60090.43 2634397.06 216.95
B -60158.71 2634359.30 217.03
C -60250.66 2634290.57 216.76
D -60206.39 2634353.87 217.11

The measured discharges and flow depths are provided in Table 7 together with the dates when
the datawere collected. Inaddition to the stage levelsin Table 7, water el evations between cross-
sections were surveyed for the DTM used in the 3D spatial modelling (see Section 5).
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Table7: Hydraulic data collected at EWR Sites3 and 7
. Stage amsl, z(m)
River Site no. Date D'SChi“ge Cross-section
Q (m?/s)
A B C
12/08/2004* 0.24
04/02/2004 0.95| 405.15| 404.99| 404.93
Letaba 3 24/04/2004 31 406.01| 405.91
25/04/2004 29| 40546| 405.21| 405.17
30/05/2004 1.0| 405.28| 405.04
13/08/2003" 0. 069
14/09/2003° 0.021 216.33| 216.05
02/02/2004 92| 216.88| 216.69| 216.45
Letaba 7
23/04/2004 85| 217.45| 217.35| 217.21
24/04/2004 6.8| 216.90| 216.75| 216.45
29/05/2004 20| 216.66| 21651

update fields' no stage level data supplied for site-selection by DWAF

2 Reserve training exercise

4 MODELLING

The observed rating data at the EWR sites have been extended using Manning’'s resistance
relationship. The surveyed water surface and regional (1:50 000 topographical) channel dopesare
givenin Table 8 and Table 9, and these have been used in conjunction with estimates of Manning's
resistance coefficient (Table 10) to synthesize rating data for discharges higher than those
measured. Continuous rating functions of the form given by equation 1 have been fitted to the
measured and modelled data, and these are plotted in Figure 6 and Figure 7 for EWR Sites 3 and

wherey istheflow depth (m), Q isthe discharge (m®/s), and a, b and ¢ are regression coefficients,

7, respectively.
Q=ayb+c
listed in Table 11.

Table8: Regional 1:50 000 channel slope
River Site no. Channel slope
Letaba 3 0.0023
Letaba 7 0.0099"

Changes to 0.0014 in the downstream reach

equation 1
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Table9: Surveyed water surface slopes
River Siteno. D'SCE"’“ge Water surface slope
(m°/s)
0.95 0.0022(73)°
Letaba 3 31.1 0.0028(32)%0.0042(58)°
0.021 0.0096(5.3)";~0%0.0033(89)
2.0 0.0022%(39);0.0011(197)
Letaba 7 6.8 0.0014(287)
9.2 0.0015(39)";0.0022(34)%0.0015(311)
85 0.0013(142)*;0.0014(47)%0.0011(357)

(x) Distance over which slope surveyed (m)
Surveyed at cross-section A
2surveyed at cross-section C
3surveyed from cross-section C to upstream of section B

Table 10: Hydraulic data used to extend the measured rating data

. ' Discharge | Manning's Max. flow Stage Energy | Ave velocity
River Siteno. (m%s) resistance, n depthl, amsl,l slope, S v (m/s)
’ y (m) z(m) ’
1176 0.05 6.0 410.47 0.003
Letaba 3 4179 97| 41418
Letaba 7 3683 0.023 5.0 221.17 0.0011
Italic — modelled
'Cross-section B

2Extrapol ated rating function (equation 1 and Table 11) — compares reasonably with DWAF estimated flood peak at Letaba
Ranch (downstream) of 5000-5500m®/sin 2000. Stage level from survey of flood debris.

Table11: Regression coefficientsin equation 1

) Rating coefficients
. . Discharge . -
River Siteno. 3 Cross-section crelativeto
Q (m’/s) a b
bed sea level
A 0.405 0.380 0.28 404.74
Letaba 3 al B 0.370|  0.390 0.15 404.62
C 0.360 0.390 0.42 404.58
A 0.196 0.390 0.08 216.40
Letaba 7 al B 0.200 0.390 0.08 216.25
C 0.205 0.390 0.39 216.01

Reduces to zero depth in the active channel, which is 0.15m above the |owest cross-section elevation
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5 RESULTS

51 CROSS-SECTIONAL PROFILES
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Figure2: Cross-sectional profilefor EWR Site 3B (rapid/riffle) on the L etaba River
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Figure3: Cross-sectional profilefor EWR Site 3C (shallow pool) on the L etaba River
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Figure4: Cross-sectional profilefor EWR Site 7B (riffle) on the L etaba River
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Figure5: Cross-sectional profilefor EWR Site 7C (shallow pool) on the L etaba River
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52 RATING DATA AND FUNCTIONS
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Figure6: Measured and modelled rating dataand functionsfor the cross-sectional profiles
at EWR Site 3 on the Letaba River. Cross-sections A, B and C lie upstream of a rapid,
through ariffle, and shallow pool, respectively
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Figure7: Measured and modelled rating data and functionsfor the cross-sectional profiles
at EWR Site7 on thelL etaba River. Cross-sectionsA, B and C liethrough arun, riffle, and
shallow pool, respectively
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53 TABULATED MODELLED HYDRAULIC DATA

Table12: Tabulated hydraulic data for EWR Site 3B (rapid/riffle)

Flow depth | Discharge Av. flow depth Area | Width Perimeter Av. velocity
(m)* (m%s) (m) (m?) (m) (m) (m/s)
0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.02 0.00 0.01 0.01 0.63 0.63 0.11
0.04 0.00 0.02 0.03 1.84 1.87 0.12
0.06 0.01 0.02 0.08 3.05 3.10 0.12
0.08 0.02 0.03 0.16 4.64 473 0.13
0.10 0.03 0.05 0.25 5.16 5.30 0.14
0.12 0.06 0.06 0.36 5.67 5.85 0.15
0.14 0.08 0.08 0.48 5.90 6.13 0.17
0.16 0.12 0.10 0.60 6.09 6.38 0.19
0.18 0.16 0.12 0.72 6.20 6.54 0.22
0.20 0.21 0.13 0.85 6.30 6.71 0.24
0.22 0.26 0.15 0.97 6.43 6.89 0.27
0.24 0.33 0.16 1.10 6.71 7.22 0.30
0.26 0.40 0.17 1.24 7.18 7.73 0.33
0.28 0.49 0.18 1.39 7.83 8.43 0.35
0.30 0.58 0.18 1.56 8.57 9.20 0.37
0.32 0.69 0.20 1.73 8.70 9.35 0.40
0.34 0.81 0.22 191 8.73 9.40 0.42
0.36 0.93 0.24 2.08 8.76 9.45 0.45
0.38 1.07 0.26 2.26 8.79 9.50 0.47
0.40 1.22 0.28 2.43 8.82 9.55 0.50
0.42 1.38 0.29 2.61 8.85 9.60 0.53
0.44 1.56 0.31 2.79 8.88 9.65 0.56
0.46 1.75 0.33 2.96 8.91 9.70 0.59
0.48 1.95 0.35 3.14 8.94 9.75 0.62
0.50 2.16 0.37 3.32 8.97 9.80 0.65
0.52 2.39 0.39 3.50 9.00 9.85 0.68
0.54 2.64 0.40 3.68 9.13 10.00 0.72
0.56 2.89 0.40 3.87 9.70 10.59 0.75
0.58 3.17 0.39 4.07 10.36 11.27 0.78
0.60 3.45 0.39 4,28 10.98 11.93 0.81
0.62 3.76 0.39 451 11.54 12.52 0.83
0.64 4.08 0.40 474 11.89 12.90 0.86
0.66 441 0.41 4,98 12.08 13.12 0.89
0.68 476 0.42 5.23 12.41 13.49 0.91
0.70 5.13 0.43 5.48 12.80 13.92 0.94
0.72 551 0.44 574 13.18 14.36 0.96
0.74 5.91 0.44 6.01 13.57 14.79 0.98
0.76 6.33 0.43 6.28 14.53 15.80 1.01
0.78 6.77 0.37 6.61 17.79 19.11 1.02
0.80 7.22 0.37 6.98 19.03 20.43 1.03
0.82 7.69 0.35 7.38/ 20.88 22.39 1.04
0.84 8.19 0.33 7.82| 23.34 25.02 1.05
0.86 8.69 0.31 8.32| 26.64 28.46 1.05
0.88 9.22 0.31 8.87| 28.87 30.82 1.04
0.90 9.77 0.31 9.47| 30.58 32.67 1.03
0.92 10.34 0.32 10.09] 31.86 34.12 1.02
0.94 10.92 0.33 10.74| 32.88 35.29 1.02
0.96 11.53 0.33 11.41| 34.28 36.87 1.01
0.98 12.15 0.34| 1211 35.39 38.14 1.00
1.00 12.80 0.35 12.83| 36.68 39.59 1.00
1.02 13.47 0.37 13.57 37.18 40.25 0.99
1.04 14.15 0.38 14.32 37.71 40.93 0.99
1.06 14.86 0.39 15.09| 38.98 42.34 0.99
1.08 15.59 0.40 15.88| 39.97 43.45 0.98
1.10 16.34 0.41 16.68 40.54 44,12 0.98
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Flow depth | Discharge Av. flow depth Area | Width Perimeter Av. velocity
(m)* (m%s) (m) (m?) (m) (m) (m/s)
1.12 17.11 0.43 17.50 41.05 44,72 0.98
1.14 17.91 0.44 18.32 41.39 45,12 0.98

IActive channel

Table 13: Tabulated hydraulic data for EWR Site 3C (shallow pool)

Flow depth Discharge Av. flow depth Area Width Perimeter Av. velocity
(m) (m’/s) (m) (m?) (m) (m) (m/s)
0.42 0.00 0.19] 1.56 8.19 8.24 0.00
0.44 0.00 020 1.73 8.54 8.59 0.00
0.46 0.00 021 190 9.09 9.14 0.00
0.48 0.01 0.20 2.10 10.30 10.37 0.00
0.50 0.02 021 231 10.98 11.06 0.01
0.52 0.04 0.22| 254 11.57 11.68 0.01
0.54 0.06 0.23| 277 12.15 12.30 0.02
0.56 0.09 0.24| 3.02 12.71 12.89 0.03
0.58 0.13 0.25| 3.28 13.28 13.49 0.04
0.60 0.17 0.25| 3.56 14.24 14.49 0.05
0.62 0.22 0.26] 3.85 15.05 15.35 0.06
0.64 0.28 0.27| 4.16 15.45 15.81 0.07
0.66 0.35 0.28| 4.47 15.80 16.20 0.08
0.68 0.43 0.30] 4.79 16.05 16.50 0.09
0.70 0.52 031 511 16.25 16.76 0.10
0.72 0.63 0.33] 5.44 16.43 17.00 0.12
0.74 0.74 0.35| 5.77 16.54 17.18 0.13
0.76 0.86 0.37] 6.10 16.62 17.32 0.14
0.78 1.00 0.38] 6.43 16.82 17.59 0.16
0.80 1.15 0.39| 6.77 17.50 18.37 0.17
0.82 131 0.39] 7.13 18.46 19.46 0.18
0.84 1.48 0.38 7.51 19.62 20.75 0.20
0.86 1.67 0.38] 7.92 20.95 22.19 0.21
0.88 1.87 0.38] 8.35 22.08 23.44 0.22
0.90 2.09 0.38] 8.80 23.20 24.67 0.24
0.92 2.32 0.38] 9.28 24.70 26.28 0.25
0.94 2.57 0.38| 9.78 25.49 27.18 0.26
0.96 2.83 0.39] 10.30 26.17 27.96 0.27
0.98 3.10 0.41| 10.83 26.71 28.60 0.29
1.00 3.40 041 11.37 27.52 29.50 0.30
1.02 3.71 0.42| 11.93 28.49 30.60 0.31
1.04 4.03 0.42| 12.51 29.57 31.80 0.32
1.06 4.37 0.43| 13.11 30.59 32.96 0.33
1.08 4.73 0.43| 13.74 31.86 34.38 0.34
1.10 5.11 0.43| 14.39 33.38 36.04 0.35
1.12 5.50 0.43| 15.07 34.88 37.70 0.37
1.14 5.91 0.44| 15.78 36.28 39.27 0.37
1.16 6.34 0.44| 16.52 37.51 40.66 0.38
1.18 6.79 0.45| 17.28 38.44 41.75 0.39
1.20 7.26 0.45| 18.06 40.10 43.56 0.40
1.22 7.75 0.44| 18.89 42.54 46.14 0.41
1.24 8.25 0.44| 19.76 44.70 48.43 0.42
1.26 8.78 0.44| 20.68 46.73 50.60 0.42
1.28 9.33 0.45| 21.63 48.34 52.35 0.43
1.30 9.89 0.46| 22.60 49.43 53.58 0.44
1.32 10.48 0.46| 23.61 51.70 55.99 0.44
1.34 11.09 0.45| 24.68 54.52 58.94 0.45
1.36 11.72 0.45| 25.79 57.33 61.86 0.45
1.38 12.37 0.45| 26.97 59.87 64.53 0.46
1.40 13.04 0.46| 28.18 61.19 65.98 0.46
1.42 13.73 0.47| 29.42 63.14 68.04 0.47
1.44 14.45 0.47| 30.71 65.12 70.13 0.47
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Flow depth Discharge Av. flow depth Area Width Perimeter Av. velocity
(m) (m’/s) (m) (m?) (m) (m) (m/s)
1.46 15.18 0.48| 32.03 66.91 72.03 0.47
1.48 15.94 0.49| 33.38 68.00 73.25 0.48
1.50 16.73 0.50| 34.74 68.91 74.30 0.48
1.52 17.53 0.51| 36.14 70.17 75.68 0.49
154 18.36 0.53| 37.55 71.37 77.00 0.49
1.56 19.21 0.54| 38.99 72.43 78.18 0.49
1.58 20.09 0.55| 40.44 73.01 78.86 0.50
1.60 20.99 0.57| 41.91 73.43 79.38 0.50
1.62 21.91 0.59| 43.38 73.70 79.74 0.51
1.64 22.86 0.61| 44.86 73.97 80.10 0.51
1.66 23.84 0.62| 46.34 74.38 80.60 0.51
1.68 24.83 0.64| 47.83 74.63 80.92 0.52
1.70 25.86 0.66| 49.32 74.74 81.09 0.52
1.72 26.91 0.68| 50.82 74.84 81.26 0.53
1.74 27.98 0.70] 52.32 74.95 81.43 0.53
1.76 29.08 0.72| 53.82 75.05 81.60 0.54
1.78 30.21 0.74| 55.32 75.16 81.77 0.55
1.80 31.36 0.75| 56.83 75.27 81.94 0.55
1.82 32.54 0.77| 58.33 75.37 82.11 0.56
1.84 33.74 0.79] 59.84 75.48 82.28 0.56
1.86 34.97 0.81] 61.35 75.59 82.45 0.57
1.88 36.23 0.83| 62.86 75.69 82.62 0.58
1.90 37.52 0.85| 64.38 75.80 82.79 0.58
1.92 38.83 0.87] 65.90 75.88 82.91 0.59
1.94 40.17 0.89| 67.41 75.96 83.04 0.60
1.96 41.54 0.91] 68.93 76.04 83.16 0.60
1.98 42.94 0.93| 70.46 76.12 83.28 0.61
2.00 44.37 0.94| 71.98 76.21 83.41 0.62

Table 14: Tabulated hydraulic datafor EWR Site 7B (riffle)

Flow depth Discharge Av. flow depth Area Width Perimeter Av. velocity
(m) (m*/9) (m) (m?) (m) (m) (m/s)
0.08 0.00 0.05| 0.65 13.28 13.29 0.00
0.10 0.00 0.06] 0.93 14.58 14.58 0.00
0.12 0.02 0.08 1.23 15.90 15.90 0.01
0.14 0.05 0.09 1.56 17.25 17.25 0.03
0.16 0.10 0.10 1.92 18.59 18.59 0.05
0.18 0.17 0.12] 231 19.92 19.93 0.07
0.20 0.27 0.13] 272 21.26 21.27 0.10
0.22 0.40 0.13] 3.18 25.23 25.24 0.13
0.24 0.56 0.14| 3.69 25.82 25.84 0.15
0.26 0.76 0.16|] 4.22 26.41 26.43 0.18
0.28 1.00 0.18] 4.75 27.00 27.03 0.21
0.30 1.28 0.19] 5.30 27.59 27.63 0.24
0.32 1.60 0.21] 5.85 28.19 28.22 0.27
0.34 1.96 0.22| 6.42 28.78 28.82 0.31
0.36 2.37 0.24| 7.01 29.46 29.50 0.34
0.38 2.83 0.25 7.60 30.22 30.28 0.37
0.40 3.34 0.27] 821 30.99 31.05 0.41
0.42 3.90 0.28| 8.84 31.76 31.82 0.44
0.44 451 0.29] 9.48 32.53 32.59 0.48
0.46 5.19 0.30| 10.14 33.48 33.55 0.51
0.48 5.91 0.31] 10.83 34.62 34.71 0.55
0.50 6.70 0.32| 11.53 36.14 36.24 0.58
0.52 7.55 0.33| 12.27 37.66 37.78 0.62
0.54 8.46 0.32| 13.05 40.46 40.59 0.65
0.56 9.44 0.31] 13.90 45.09 45.23 0.68
0.58 10.48 0.30| 14.85 49.70 49.86 0.71
0.60 11.59 0.29| 15.89 55.26 55.43 0.73
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Flow depth Discharge Av. flow depth Area Width Perimeter Av. velocity
(m) (/) (m) (m?) (m) (m) (m/s)
0.62 12.77 0.27] 17.07 62.56 62.75 0.75
0.64 14.01 0.27| 18.36 67.18 67.39 0.76
0.66 15.33 0.28| 19.75 71.45 71.68 0.78
0.68 16.73 0.28| 21.22 75.69 75.94 0.79
0.70 18.19 0.28| 22.78 79.92 80.19 0.80
0.72 19.74 0.28| 24.44 87.50 87.79 0.81
0.74 21.36 0.26] 26.30 99.92 100.23 0.81
0.76 23.06 0.28| 28.33 102.98 103.30 0.81
0.78 24.83 0.29] 30.42 105.82 106.17 0.82
0.80 26.69 0.30] 32.56 108.03 108.39 0.82
0.82 28.64 0.32] 34.74 110.13 110.51 0.82
0.84 30.66 0.33] 36.96 112.04 112.44 0.83
0.86 32.78 0.35] 39.22 113.34 113.75 0.84
0.88 34.97 0.36] 41.49 114.19 114.62 0.84
0.90 37.26 0.38| 43.79 115.05 115.49 0.85
0.92 39.63 0.38] 46.14 120.80 121.25 0.86
0.94 42.10 0.37] 48.65 133.07 133.54 0.87
0.96 44.66 0.35| 51.53 148.35 148.84 0.87
0.98 47.30 0.36] 54.52 151.18 151.69 0.87
1.00 50.05 0.37] 57.58 154.01 154.54 0.87
1.02 52.88 0.39| 60.66 154.92 155.48 0.87
1.04 55.82 041 63.77 155.83 156.41 0.88
1.06 58.85 0.43| 66.90 156.75 157.34 0.88
1.08 61.98 0.44| 70.04 157.66 158.28 0.88
1.10 65.21 0.46] 73.20 158.57 159.21 0.89
112 68.53 0.48| 76.38 159.41 160.07 0.90
1.14 71.96 0.50| 79.58 160.30 160.97 0.90
1.16 75.50 0.51] 82.80 161.85 162.54 0.91
1.18 79.13 0.52| 86.06 164.30 165.00 0.92
1.20 82.88 0.54| 89.35 164.94 165.65 0.93
1.22 86.72 0.56| 92.66 165.58 166.30 0.94
1.24 90.68 0.58| 95.98 166.22 166.95 0.94
1.26 94.74 0.60] 99.31 166.86 167.61 0.95
1.28 98.91 0.61] 102.65 167.50 168.26 0.96
1.30 103.20 0.63] 106.01 168.11 168.88 0.97

Table 15: Tabulated hydraulic data for EWR Site 7C (shallow poal)

Flow depth Discharge Av. flow depth Area Width Perimeter Av. velocity
(m) (m*/9) (m) (m?) (m) (m) (m/s)
0.39 0.00 0.14| 227 16.38 16.48 0.00
0.41 0.00 0.15|] 261 17.84 17.95 0.00
0.43 0.02 0.16] 2.98 18.66 18.79 0.01
0.45 0.04 0.17] 3.37 20.19 20.34 0.01
0.47 0.09 0.17] 3.79 22.69 22.87 0.02
0.49 0.16 0.16|] 4.28 26.24 26.44 0.04
0.51 0.25 0.17] 4.83 28.93 29.15 0.05
0.53 0.38 0.17)] 5.44 32.22 32.47 0.07
0.55 0.53 0.17| 6.11 35.07 35.35 0.09
0.57 0.72 0.19] 6.84 36.87 37.17 0.10
0.59 0.94 0.20| 7.58 37.60 37.94 0.12
0.61 1.20 0.22| 834 38.34 38.71 0.14
0.63 1.50 0.23] 9.12 39.12 39.51 0.16
0.65 1.84 0.25| 9.91 39.95 40.36 0.19
0.67 2.22 0.26| 10.71 40.77 41.22 0.21
0.69 2.65 0.28| 11.54 41.60 42.07 0.23
0.71 3.13 0.29| 12.38 42.42 42.92 0.25
0.73 3.66 0.30] 13.24 43.61 44,13 0.28
0.75 4.24 0.32| 14.12 44.79 45.34 0.30
0.77 4.87 0.31] 15.06 48.63 49.20 0.32
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Flow depth Discharge Av. flow depth Area Width Perimeter Av. velocity
(m) (m’/s) (m) (m?) (m) (m) (m/s)
0.79 5.55 0.31] 16.07 52.46 53.06 0.35
0.81 6.29 0.30] 17.15 56.30 56.92 0.37
0.83 7.09 0.32] 18.29 57.88 58.52 0.39
0.85 7.94 0.32| 19.48 61.38 62.05 0.41
0.87 8.86 0.33] 20.73 63.26 63.95 0.43
0.89 9.84 0.34] 22.01 65.13 65.84 0.45
0.91 10.88 0.35] 23.33 67.00 67.74 0.47
0.93 11.98 0.36] 24.68 68.05 68.82 0.49
0.95 13.15 0.38] 26.05 69.24 70.03 0.50
0.97 14.39 0.38| 27.46 72.47 73.28 0.52
0.99 15.70 0.36] 28.99 79.56 80.40 0.54
1.01 17.08 0.36] 30.62 86.07 86.93 0.56
1.03 18.53 0.34| 32.43 96.34 97.24 0.57
1.05 20.05 0.34| 34.40 101.39 102.30 0.58
1.07 21.64 0.34| 36.48 106.39 107.32 0.59
1.09 2331 0.35| 38.66 110.90 111.85 0.60
111 25.06 0.36] 40.91 113.54 114.50 0.61
1.13 26.88 0.38| 43.19 114.88 115.86 0.62
1.15 28.78 0.39| 45.50 116.35 117.35 0.63
1.17 30.76 0.41| 47.84 117.58 118.60 0.64
1.19 32.83 0.42| 50.21 118.81 119.84 0.65
121 34.97 0.44| 52.59 120.04 121.08 0.66
1.23 37.20 0.45| 55.01 121.27 122.32 0.68
1.25 39.52 0.47| 57.44 122.00 123.06 0.69
1.27 41.92 0.49| 59.89 122.22 123.29 0.70
1.29 44.40 0.51| 62.33 122.44 123.52 0.71
131 46.98 0.52| 64.80 124.80 125.88 0.72
1.33 49.64 0.53| 67.32 127.15 128.25 0.74
1.35 52.39 0.54| 69.90 130.08 131.19 0.75
1.37 55.24 0.55| 72.53 133.01 134.13 0.76
1.39 58.17 0.55| 75.22 135.94 137.07 0.77
141 61.20 0.56| 77.96 138.87 140.01 0.79
1.43 64.33 0.58| 80.76 140.05 141.20 0.80
1.45 67.55 0.60] 83.56 140.30 141.46 0.81
1.47 70.87 0.61| 86.37 140.56 141.73 0.82
1.49 74.28 0.63| 89.18 140.81 141.99 0.83
151 77.79 0.65| 92.00 141.07 142.26 0.85
1.53 81.40 0.67| 94.83 141.33 142.53 0.86
1.55 85.12 0.69| 97.66 141.58 142.79 0.87
157 88.93 0.71| 100.49 141.84 143.06 0.88
1.59 92.85 0.73] 103.33 142.09 143.33 0.90
1.61 96.87 0.75| 106.17 142.35 143.59 0.91
1.63 100.99 0.76| 109.02 142.61 143.86 0.93

54 HABITAT TYPE ABUNDANCE AND VELOCITY DISTRIBUTION ANALYSES

The results the habitat-type abundance assessments (fish) are provided in Table 16 and Table 17
for EWR Sites 3 and 7, respectively. The shaded rows denote scorings corresponding to

measured flows and/or photographic records.
distribution model of Lamouroux et al (1995) is provided in Table 18 and Table 19.

Velocity distribution information using the
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Table 16: Ratings of habitat type abundance for EWR Site 3

Di(srcnr;/ars)ge (orlf-csc')tlg?gigphotograg;tic) Hy(%gjacl:JlIJIIZtreaé)mg Final rating
SS SD FS FD SS SD FS FD SS SD FS FD
0.05 37 0.7 0.6 0.0 3 2 0 0
0.10 38 0.8 13 0.0 4 2 1 0
0.24 4 3 3 1 5.0 20 2.3 0.8 4 3 3 1
0.50 5.0 2.0 1.8 2.7 4 3 3 3
0.90 3 3 5 3 3 3 5 3
0.95 3 3 4.2 21 21t 4.1 3 3 5 4
3.91 4 3 5 5 5.0 38 4.1 5.0 4 3 5 5
10 5.0 5.0 5.0 5.0
IAdditional FS upstream of modelled site
Table 17: Ratings of habitat type abundance for EWR Site 7
Di(srcnr;/ars)ge (orlf-csc')tlg?gigphotograg;tic) Hy(cci:;Jacl:JlIJII(;treZt)mg Final rating
SS SD FS FD SS SD FS FD SS SD FS FD
0.021] 32 0.0 0.6 0.0 3 0 0 0
0.069 34 0.0 0.7 0.0 3 0 0 0
0.20 39 0.0 0.8 0.0 4 0 2 0
0.50 4 1 3 0 5.0 1.0 20 0.0 4 1 3 0
2.0 4 2 4 3 5.0 1.1 34 34 4 1 3 3
6.8 5 2 4 4 4.7 1.6 31 5.0 5 2 3 5
9.2 5 2 5 5 5.0 1.8 36 5.0 5 2 4 5

Table 18: Velocity distributionsfor EWR Site 3B (riffle)

L amouroux et al (1995)
Dl(srcnr;/ars)ge Avera(gr;ﬁ/\é)elouty Max. v;elocity Frequency(f;’]/;as)) of velocity
(s =0.1 =0.3 =0.6
0.05 0.15 0.45 41 92 100
0.10 0.18 0.55 37 84 100
0.24] 0.27 22 66 86
0.50 0.35 1.0 22 49 86
0.95 0.45 13 17 38 72
3.91 0.85 24 5 15 32
10.0 1.02 2.8 4 11 24

Table19: Velocity distributionsfor EWR Site 7B (riffle)

L amouroux et al (1995)
Di (srcnr;/ars) ge |Aver a(gr;ﬁ/\é)el ocity Max. v ;el ocity Frequency(ﬁ/;as)) of velocity
(s =0.1 =0.3 =0.6

0.021 0.01 <0.05 100 100 100

0.069 0.03 0.05-0.10 100 100 100

0.20 0.07, 0.20 90 100 100

0.50 0.15 0.45 46 92 100

2.00 0.31 0.9 25 50 93

6.8 0.58 16 11 19 51

9.2 0.68 18 9 14 39
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6. THREE-DIMENSIONAL SPATIAL MODELLING

The 3D spatial modelling was undertaken using RiverCAD and HEACRAS and examples of the
graphical output are provided in Sections 5.1 and 5.2 for EWR Sites 3 and 7, respectively.

61 EWRSITE3

Figure 8 is an example of the results from the 3D spatial modelling for EWR Site 3. The yellow
transects indicate the positions of cross-sections cut from the DTM. Transects 1, 5 and 9
correspond to Sections A, B and C (respectively), and flow is from right to left. The green
numbersindicate the positions of surveyed riparian vegetation. For ameasured discharge of 3.9
m’/s (refer to Table 7), dark and light blue hatching illustrates regions of shallow (<0.3m) and
deep (>0.3m) flow. Post-processing of inundated areas was used to compare with results of the
cross-sectional analyses described in Section 1.1.
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Figure8: Exampleof thegraphical output from the 3D spatial modelling for EWR Site 3.
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6.2 EWRSTEY

Figure 9 is an example of the results from the 3D spatial modelling for EWR Site 7. Theyellow
transects indicate the positions of cross-sections cut from the DTM. Transects 1, 5 and 8
correspond to Sections A, B and C (respectively), and flow is from right to left. The green
numbers indicate the positions of surveyed riparian vegetation, and zones have been demarcated
where appropriate. For ameasured discharge of 2.0 m’/s (refer to Table 7), dark and light blue
hatching illustrates regions of shalow (<0.3m) and deep (>0.3m) flow. The red numbering
indicates the position and stages for the highest recorded discharge of approximately 85m’/s.
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Figure9: Exampleof thegraphical output from the 3D spatial modelling for EWR Site7.
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7. CONFIDENCE IN THE HYDRAULIC CHARACTERISATIONS

The confidence in the characterisations of the hydraulic relationships are provided in Table 20.
“Site character” refersto the suitability of the site for hydraulic modelling, “available data” refers
to the range of measured rating data, and the final column refersto the confidencein the hydraulic
characterisations with reference to the ecological low and high flow recommendations.

Table 20: Confidencein the hydraulic characterisations

Siteno. Site character Available data Reference to PES or recommended EC
Low flows High flows
3 2 3 34 4

Measured flows in the range 0.42 to 31m*s. Recommended low-flows arein the range 0.001 to 0.77m*s and high
flowsin the range 6 to 220m/s.

7 4 4 4 4

Measured flowsin the range 0.021 to 85m?/s.

Confidence rating: 0=none, 1=low, 2=low/medium, 3=medium, 4=medium/high, 5
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SPECIALISTS REPORT: GEOMORPHOLOGY

This report documents the data collected for the Letaba River Comprehensive Reserve
Determination study conducted in 2003 and 2004. The methodology, particularly relating to
the potential bed material transport (PBMT) modelling aspects of the study, are discussed in
detail in section 1 of this report (IFR 1), and referred to from thereon in the sections relating
to other IFR sites. The description and delineation of macro-reaches is described in Appendix
A.

1. IFR1(APPEL)
1.1 DATA AVAILABILITY

Aerial photographic information for this site was good, with the earliest photographs being
available for 1938. Modelled hydrological data was provided for the present day and virgin
catchment conditions, and sediment transport analyses performed on these data using the
method developed by Dollar and Rowntree (2003).

1.2 REFERENCE CONDITION
1.2.1 Aerial Photographic Analysis

Aerial photographs from 1938 were used to obtain an indication of the condition of the site
prior to development in the catchment, and the subsequent aerial photographs used to assess
the ranges and rates of morphological change at the site. From previous work on
Mpumalanga lowveld rivers (Rountree et al, 2001; Rountree et al 2004) we have a good idea
of the differing rates of change in different channel patterns/types, and which pathways of
change are common versus those that are likely to be determined by flow modifications. We
additionally are able to understand much of the medium term (50-100 year) dynamics of the
lowveld rivers; particularly the effects of large flooding events (such as the 2000 event) and
the role that these events play in channel pattern changes.

The results of the aerial photographic analysis indicated that in August 1938 the site and
section in the immediate vicinity was characterised by a pool rapid channel type with some
isolated occurrences of braiding where the floodplain is wider. Vegetated instream bars were
fairly common. Extensive farming was occurring on the slopes near the river and there were
small, isolated occurrences of forestry in the catchment. By the late 1950°s channel
engineering had straightened the braided sections to a single-thread pattern and the vegetated
instream bars had been reduced. Forestry had expanded in the catchment. The quality of
aerial photography from the 1960’s was too poor for river analysis. By June 1977 the active
channel has narrowed, coincident with the development of the large upstream Ebenezer Dam.
Forestry had expanded in catchment and into the floodplain pockets of the river, and further
expansions of forestry are evident in the June 1981 aerial photographs. The aerial
photographs from July 1989 indicate that channel narrowing is continuing, with the active
channel having changed from wide, open channel to narrow, almost closed-canopy channel.
The July 1998 aerial photographs indicated that the channel has opened up slightly from 1989
condition; probably as a result of the moderate 1996 floods. By June 2002 the channel
opened up further and is no longer a closed canopy system. This has been caused by the
extreme 2000 floods. However the wide of the current active channel is still less than 50% of
the 1938 condition of the river.
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The site has maintained its pool rapid pattern, and is thus close to its reference condition.
However the width of the active channel, and thus extent of available instream habitat, is
much reduced from the historical condition.

1.2.2 Potential Bed Material Transport Modelling

Bed material was sampled at each IFR site in 2003 to provide an indication of the calibre of
bed material being transported by the system (Table 1). A step point survey of a minimum of
500 sample points was undertaken at each site. This information was then used to model the
potential bed material transport (PBMT) at each site, using a method developed by Dollar and
Rowntree (2003). All sites indicated reductions in the potential to transport sediment. A
summary of the results is presented here (Table 2), with detailed results presented in
Appendix B.

Table 1: Sediment size distribution at the IFR sites

Diameter size of Sediment Size Distribution (%)

sediment (mm) IFR 1 TFR 2 IFR 3 IFR 4 IFR S IFR 6 IFR 7
1024 0.00 0.00 0.00 0.00 0.00 0.00 0.00
512 5.00 0.00 0.40 0.00 0.00 0.00 0.00
256 33.00 0.40 1.20 0.00 0.00 0.00 0.00
128 36.00 1.60 2.00 0.80 1.00 0.00 0.10
64 13.00 35.60 6.00 4.80 1.20 1.10 3.50
32 7.00 34.40 13.80 5.80 4.00 7.90 8.30
16 1.00 5.60 4.60 4.60 4.00 9.60 5.30
8 1.00 3.20 10.80 11.20 5.40 12.60 11.80
2 2.00 5.60 6.80 15.60 8.20 6.20 6.50
1.18 1.00 1.60 8.80 11.60 9.80 4.90 6.10
0.6 1.00 3.20 13.60 19.80 24.00 5.30 6.50
0.3 0.00 5.20 20.60 18.40 20.20 20.00 26.00
0.15 0.00 2.40 4.00 6.40 14.60 8.30 11.90
0.075 0.00 0.80 7.20 0.80 5.60 16.40 11.10
0.01 0.00 0.40 0.20 0.20 2.00 7.90 3.00

Table 2: Summary of the PBMT results

Site Reduction in
PBMT
IFR 1 61 %
IFR 2 29 %
IFR 3 48 %
IFR 4 45 %
IFR 5 26 %
IFR 6 38 %
IFR 7 38 %

At IFR 1, mean daily flows of 5, 10 and 20 m’/s were associated with particularly high rates
of sediment transport (Appendix B). The reduction in the frequencies of these flows under
the present-day flow conditions has reduced the potential for sediment transport at this site by
approximately 61%. To maintain and/or improve the condition of the site, particular emphasis
should be placed on the provision of these flows.
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1.3 PES

The present state of the site is a low C category. The site is characterised by a pool rapid
channel type with floodplain terraces on the right bank. The lower terrace is less than 1m
above the low flow active channel, narrow (2-4m wide near the pool) and composed of fine
sands and silts. The upper terrace, about 2m above the active channel, is more than 15m wide
and composed of fine sands. The left bank is a steep cut bank with much bedrock influence.
The upstream pool (cross-section 1) is composed of large boulders and cobbles with gravels
and sands in the interstitial spaces. The downstream riffle (cross-section 2) has large boulders
in the approximately 8m wide active channel, with some gravels on the margin of the active
channel.

As mentioned previously, the active channel has narrowed considerably through the historic
photographic record, but the channel pattern is stable.

FLOW /NON -FLOW
PES CAUSES SOURCES RELATED
C Channel Reduced flood frequency/ | Flow related: reduced high flows
narrowing; magnitude/ duration; from upstream dam have caused
vegetation elevated base flow the active channel to narrow,
encroachment | releases; reduced sediment | allowing vegetation to encroach
transport potential and stabilise lateral bars.

14  TREND AND REASONS

The 2000 floods widened the active channel slightly, but not to a condition similar to that
prior to Ebenezer Dam. It is expected that the narrowing will continue in the coming years,
but a channel pattern change is not expected. Under present flow conditions the trajectory is
slightly negative, but within the current class.

PES TREND ll}]lss ULTING TIME REASONS

C (low C: | slight negative | Upper D ~10 years Continued narrowing

61%) of the active channel
is likely unless higher
floods are provided

1.5 ALTERNATIVE ECS

An upper “D” classification for the site is likely if the narrowing of the active channel
continues. Narrowing would accelerate if flow reduction activities increase, and this could
possibly lead to a more alluvial-influenced channel pattern if flow is further significantly
reduced. If floods are restored to the system, a higher C is possible but is it highly unlikely
that the system will change to a “B” classification due to the severe channel narrowing that
has occurred here.
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2. IFR 2 (LETSITELE)
2.1 DATA AVAILABILITY

A substantial record of aerial photographs was available from 1938 to 2002. Modelled
hydrological data was provided for the present day and virgin catchment conditions, and
sediment transport analyses performed on these data using the method developed by Dollar
and Rowntree (2003).

2.2 REFERENCE CONDITION
2.2.1 Aerial Photographic Analysis

In May 1938 the active channel was a wide, single thread channel with reeds along the edges
and occasional vegetated bars that appear to be associated with bedrock outcrops. By the late
1960’s the active channel had narrowed significantly. Vegetated instream and lateral bars
had encroached on the active channel. By June 1977 no further narrowing was evident. Crop
farming (probably irrigated) in the upstream catchment was more extensive, and had further
expanded by July 1989. No change was apparent from the July 1998 aerial photography. In
the June 2002 aerial photographs some isolated removal of vegetation, certainly related to the
2000 floods, was apparent. The bars appeared stable in this latter period.

A wide, sandy channel existed at this site in the 1930’s, but changed to a narrow, incised
channel by the 1990’s. Due to the extreme nature of the channel pattern change, we do not
anticipate a reversion to the 1930’s condition.

2.2.2 Potential Bed Material Transport

The potential for sediment transport at this site has been reduced by approximately 29%
(Table 2). The PBMT modelling identified mean daily flows of 2.7 and 15 m’/s that had,
under the virgin flow conditions, been important for sediment transport. The reduced
frequency and duration of these flows under the present-day flow conditions has negatively
impacted the potential of the site to transport sediment. The detailed results from this section
of the study can be found in Appendix B.

2.3 PES

The site is characterised by an incised pool-riffle channel pattern. It was discovered in the
last Letaba IFR project that this site is not good for high flow hydraulics (as the site
experiences backup from the Letaba), and consequently the riparian vegetation and
geomorphology specialists had low confidence at this site during the previous study. Prior to
the 2000 floods, specialists working on the previous IFR study indicated that there was a deep
pool at the site which has subsequently changed to the current incised pool-riffle pattern.

However, since the geomorphologist was required to visit the site during the site surveying
trip (in conjunction with the DWAF surveyors) it was decided to sample the site in an effort
to improve the high flow requirements for this resource unit.
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FLOW /NON -FLOW
PES CAUSES SOURCES RELATED
D/E Narrowing and | Reduced flows | Both flow related (reduced
incision of and possibly flows) and non-flow related
channel, high grazing (high grazing pressures)
channel pressure
pattern
change, loss of
vegetation
2.4 TREND AND REASONS
PES TREND lp{]l;:s ULTING TIME REASONS
D/E Slight negative | D/E 10 years Further losses of

moderate floods are
anticipated due to
recent raising of
Thabena Dam (has no
outlet for releases)

2.5 ALTERNATIVE ECS

It is possible that, with the provision of higher flows and reduced grazing pressure, some
vegetation could re-establish along the channel margins. The site could then improve from
the current D/E category to a D category.

3. IFR 3 (EILAND)

At TFR 3 two sites in close proximity were hydraulically modelled. The upstream site
(“Eiland”) was used for geomorphology, fish and invertebrate analyses. The second,
downstream site (located immediately downstream of the Prieska Weir) was used for
vegetation analyses. Due to the weir upstream trapping sediment and scouring the site,
resulting in a highly bedrock influenced state, this downstream site was not considered in the
geomorphological analysis and was therefore excluded from the aerial photography section of
the analysis. The section below thus deals only with the upstream (“Eiland”) site.

3.1 DATA AVAILABILITY

A substantial record of aerial photographs was available from 1938 to 2002. Modelled
hydrological data was provided for the present day and virgin catchment conditions, and
sediment transport analyses performed on these data using the method developed by Dollar
and Rowntree (2003).
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3.2 REFERENCE CONDITION
3.2.1 Aerial Photographic Analysis

In May 1938 the active channel was very wide (about half the width of the macro-channel
floor) with numerous small vegetated (Phragmites) in-channel bars. Extensive macro-channel
lateral bars, largely existed, covered by large areas of exposed sediment but also with small
areas of reeds and riparian shrubs. By 1954 vegetation establishment on the macro-channel
lateral bars had increased slightly. No change is evident from the aerial photographs of the
mid-1960’s.

By July 1977 vegetation encroachment on macro-channel features appears to have continued,
and dramatic increases in irrigated crop agriculture adjacent to the river occurred. The
photography from 1989 shows further increases in land under irrigation and continued
vegetation encroachment. In many places on the macro-channel floor reeds have been
replaced by trees. By July 1998 trees are the dominant vegetation type on the macro-channel
floor. The aerial photography following the 2000 floods (taken in June 2002) shows that the
active channel has been widened considerably and much of the macro-channel floor
vegetation and sedimentary bars have been removed. Exposed bedrock is prominent.

In studies on the lowveld rivers in the Kruger National Park, Carter and Rogers, (1995)
identified patterns of vegetation establishment, expansion and loss. We see these patterns at
this site, with a prolonged establishment and expansion phase set back by the vegetation loss
associated with the 2000 floods.

3.2.2 Potential Bed Material Transport Modelling

At IFR 3, mean daily flows in the ranges of 15, 70-100 and 150-200 m®/s were associated
with particularly high rates of sediment transport (Appendix B) under virgin flow conditions.
The reduction in the frequencies of these flows under the present-day flow conditions has
reduced the potential for sediment transport at this site by approximately 48%. To maintain
and/or improve the condition of the site, particular emphasis should be placed on the
provision of these flows.

33 PES

This site is located about 7km upstream of Preiska Weir, but does not experience backwater
effects from the weir. It is characterised by a bedrock pool-rapid channel type with small
gravels, cobbles and sand bars amongst the exposed bedrock. There are currently steep banks
with no benches or terraces, as the macro-channel floor has been scoured by the 2000 floods.

The causes of change at this site are related to the reduction in frequency, magnitude and
duration of moderate and large floods (which result in decreased removal and scouring of
sediment and vegetation from the bed of the macro-channel) and reduction in low flows
(which aids vegetation encroachment of the active channels). The many weirs and dams in
this section of the river have also caused enhanced sedimentation and accumulation of finer
material in some sections of the river. In some places these processes appear to have
disrupted sediment transport patterns and channel patterns.
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Also, although the dynamics of the vegetation on the macro-channel floor appear natural, the
large-scale removal of vegetation along bank tops for irrigation farming may impact bank
stability and vegetation recruitment lower down on the macro-channel banks.

FLOW /NON -FLOW
PES CAUSES SOURCES RELATED
C Vegetation Numerous Flow related: reductions in
encroachment, | weirs trap flows and sediment transport
channel sediment and | potential due to weirs and
narrowing, reduce flows; | associated water abstraction.
sediment potential bed
trapped in material
weirs transport is
reduced by
almost 50%

34 TREND AND REASONS

RESULTING
PES
D (45%)

PES
C (63%)

TREND TIME REASONS

Reduced moderate
floods very likely to
cause accelerated
vegetation
encroachment and loss
of geomorphic
dynamics

Negative 5-20 years

3.5 ALTERNATIVE ECS

The restoration of moderate floods would cause increased frequency of scouring on the
macro-channel floor and retard accelerated vegetation encroachment, leading to an improved
PES. The natural condition and dynamics of the channel form can thus be maintained with
these increased flows.

Alternatively, if further moderate and high flows are removed the channel form will lose
bedrock influence and change to a single thread, more alluvial-influenced channel pattern.
Nearby multi-channel anastomosing sections will change to relatively less diverse single
thread patterns. Riparian vegetation encroachment after the 2000 floods is likely to be
accelerated (compared to previous encroachment following 1925/33 large floods) due to
removal of moderate floods. This will accelerate channel floor sedimentation and
stabilisation. Already some changes in channel pattern in this section of the river appear
related to the disruption of sediment transport patterns as a result of numerous weirs.
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4. IFR 4 (LETABA RANCH)
4.1 DATA AVAILABILITY

Aerial photographic information for this site was good, with the earliest photographs being
available for 1938. Modelled hydrological data was provided for the present day and virgin
catchment conditions, and sediment transport analyses performed on these data using the
method developed by Dollar and Rowntree (2003).

4.2 REFERENCE CONDITION
4.2.1 Aerial Photographic Analysis

In August 1938 the site was characterised by a mixed anastomosing channel pattern with
numerous active channels separated by vegetated bars. Extensive pool features were also
present. By 1954 the instream bars had consolidated, resulting in a primarily single active
channel with riffle and pool features. The floor of the macro-channel was becoming well
vegetated. In the mid 1960’s, vegetation encroachment on the macro-channel floor was
extensive. The active channel had narrowed further to a thin, single channel with confined
pool and riffle features. However some extensive pools were still present. Following this
there appears to have been a flood, since the aerial photography from the late 1960’s shows
that some of the macro-channel floor vegetation had been removed and seasonal channels
opened up. However, there was still only a single main active channel. In July 1977 the
macro-channel floor had remained stable and highly vegetated. The now single active
channel was slightly wider than in the 1960’s; presumably as a result of the moderate flood
events in the mid 1970’s. By August 1989 vegetation encroachment and succession had
progressed at the site. On many sections of the bars, trees had replaced reeds as the dominant
vegetation type. No change from 1989 condition is evident in the July 1998 aerial
photography. Following the 2000 floods, the June 2001 aerial photography shows that most
of the trees from the margins of the active channel and much of the vegetation from the
macro-channel floor had been removed. However the macro-channel, relative to the 1938
condition, is still encroached with vegetation and the active channel more confined. Some
small sections of braiding have developed, but no anastomosing sections have reappeared. In
the June 2002 photography, herbaceous and/or reed vegetation can be seen to be re-
establishing strongly on the macro-channel floor.

The site has shown a progressive reduction in the number and extent of active channels,
progressive vegetation encroachment on the macro-channel floor and a loss of bedrock
influence as the channel patterns in the area changed from mixed anastomosing to single
thread pool-rapid.

4.2.2 Potential Bed Material Transport Modelling

At IFR 4, mean daily flows of 6, 60 and 130 m’/s were associated with particularly high rates
of sediment transport (Appendix B) under virgin flow conditions. The reduction in the
frequencies of these flows under the present-day flow conditions has reduced the potential for
sediment transport at this site by approximately 45% (compared to the MAR reduction of
about 50%). To maintain and/or improve the condition of the site, particular emphasis should
be placed on the provision of these flows.
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4.3 PES

The main cross-section (cross-section 1) is characterised by a single active channel with an
extensive, largely non-vegetated seasonal bar on the left bank. The right bank is dominated
by a high ephemeral lateral terrace. Some vegetation encroachment and loss of bedrock-
influenced channel patterns has occurred.

FLOW /NON -FLOW
PES CAUSES SOURCES RELATED
C/D Sediment Reduced flood | Flow related: reduced high
accumulation/loss | frequency/ flows have deceased
of bedrock magnitude/ sediment transport potential,
influence and duration; allowing narrowing of the
associated channel | reduced active channel and vegetation
pattern changes; sediment encroachment.
vegetation transport
encroachment potential
4.4 TREND AND REASONS
PES TREND l;gs ULTING TIME REASONS
C/D Negative D 10 years Continuing flow
reductions and
vegetation
encroachment will
continue to alter the
site.

4.5 ALTERNATIVE ECS

The restoration of the moderate floods could reverse the aggradation (sediment storage) trend
of the channel pattern, improving the ecological state to a C. These floods would scour the
macro-channel bed, preventing enhanced sediment accumulation and retarding vegetation
encroachment. This could change some channel patterns back to the more bedrock-influenced
patterns that occurred in historical times.

However, if the current conditions persist, the ecological state is likely to decrease to a D
category. Under such flow conditions, the loss of moderate floods will continue to degrade
the condition of the channel pattern and enhance sediment storage (aggradation). This trend
will become increasingly difficult to reverse.
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5. IFR 5 (KLEIN LETABA)
51 DATA AVAILABILITY

Aerial photographic information for this site was good, with the earliest photographs being
available for 1937. Modelled hydrological data was provided for the present day and virgin
catchment conditions, and sediment transport analyses performed on these data using the
method developed by Dollar and Rowntree (2003).

5.2 REFERENCE CONDITION
5.2.1 Aerial Photographic Analysis

The aerial photographic record shows that in 1937 the site was characterised by a
meandering/braided active channel flowing across sandy macro-channel. No vegetation
occurred on the macro-channel floor. This condition persisted through 1951, 1971 and 1977.
However, in July 1989, trees and other vegetation are observed for the first time to be
established on the macro-channel floor; particularly along edges of active channels. The
reach still exhibits a braided pattern. This encroachment of vegetation on to the macro-
channel floor coincides with the completion of the nearby Middle Letaba dam, which has no
release capacities. Following the 2000 floods, the June 2001 aerial photographs show that
almost all vegetation has been removed from the macro-channel floor. The
meandering/braided pattern of the active channel still persists within the sandy macro-
channel.

The site was very stable from the beginning of the photographic record (1937) until the last
aerial photograph (1977) before the completion of the Middle Letaba Dam. However,
thereafter rapid, extensive vegetation encroachment of the macro-channel floor occurred.
Although this has been reversed by the 2000 floods, it is almost certain to follow that pattern
of change again in the coming years.

5.2.2 Potential Bed Material Transport Modelling

At TFR 5, mean daily flows of 14, 70 and 500 m’/s were associated with particularly high
rates of sediment transport (Appendix B) under virgin flow conditions. The reduction in the
frequencies of these flows under the present-day flow conditions has reduced the potential for
sediment transport at this site by approximately 26%. To maintain and/or improve the
condition of the site, particular emphasis should be placed on the provision of these flows.

5.3 PES

The site has terraces on the right- and left-hand banks, a sandy active channel and seasonal
mid-channel bar composed of sand, armoured by gravels and cobbles. The area is heavily
grazed by cattle.

This reach of the river is largely unmodified, being exposed to limited direct human changes.
Some sand mining occurs at the site and in other isolated places in the reach, but the effects
are small-scale and isolated. As mentioned above, the Middle Letaba Dam appears to be
promoting rapid vegetation encroachment on to the macro-channel floor because of the
reduced flows and floods downstream of this impoundment. These effects are widespread.
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FLOW / NON -FLOW
PES CAUSES SOURCES RELATED
C Vegetation Reduced base- | All flow related.
encroachment, | and flood-
associated flows due
stabilisation of | primarily to
sediment and the Middle
of the active Letaba dam,
channel. which does
not release any
water
downstream.
5.4 TREND AND REASONS
PES TREND llfll;:ss ULTING TIME REASONS
C Negative D 10-20 years Sediment supply is

still high, but
sediment transport
potential much
reduced. Additionally,
continued vegetation
encroachment is likely
and will further
stabilise sediments in
the river.

5.5 ALTERNATIVE ECS

If the current flow patterns are maintained, the trajectory of change is negative and we would
expect to drop a class in the 10-20 year time frame. Continued reduced middle and high
flows, due to decreased flow from the effects of Middle Letaba Dam, will result in more rapid
vegetation encroachment on the macro-channel floor. This will continue and stabilise
sediments, causing aggradation of the bed. This could possibly lead to subsurface low flows
as the elevation of the sandy bed increases.

However, the current negative trajectory of change could be reversed by the provision of
moderate and high flow events. This would prevent excessive sedimentation of the system
and maintain vegetation on the terraces and keep encroachment on to the macro-channel floor
in check.
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6. IFR 6 (LONELY BULL)
6.1 DATA AVAILABILITY

Aerial photographic information for this site was good, with the earliest photographs being
available for 1942. Modelled hydrological data was provided for the present day and virgin
catchment conditions, and sediment transport analyses performed on these data using the
method developed by Dollar and Rowntree (2003).

6.2 REFERENCE CONDITION
6.2.1 Aerial Photographic Analysis

In May 1942 the reach was characterised by a braided/meandering channel pattern with large
sandy mid-channel bars and an anastomosing section downstream. Active-channel margins
are well-vegetated (reeds) but sand dominated the macro-channel floor. By the mid-1960’s,
narrowing of the active channel and some loss of macro-channel floor vegetation had
occurred. The anastomosing section downstream had been reduced to a single-thread section.
In the early 1970’s the macro-channel had been scoured — some vegetation was removed and
active channels widened and the anastomosing section downstream was reactivated. In June
1977 there was no vegetation on the macro-channel floor. Instead wide, sandy bars and
active channel/distributaries meandered over the width of the macro-channel floor.
Vegetation and sediment had been scoured from the downstream anastomosing section.

Vegetation had re-established on the macro-channel floor and on most bars by 1989. The
active channel width’s had decreased and the downstream anastomosing section had filled
with sediment (and thus changed from a bedrock to mixed anastomosing channel pattern).
As with previous sites, the 2000 floods scoured the macro-channel floor, leaving it sandy and
unstable. The active channels were wide and the downstream anastomosing section had been
scoured back to a bedrock anastomosing pattern again.

6.2.2 Potential Bed Material Transport Modelling

At IFR 6, mean daily flows of 20, 80, 200 and 2000 m’/s were associated with particularly
high rates of sediment transport (Appendix B) under virgin flow conditions. The reduction in
the frequencies of these flows under the present-day flow conditions has reduced the potential
for sediment transport at this site by approximately 38%. To maintain and/or improve the
condition of the site, particular emphasis should be placed on the provision of these flows.

6.3 PES

The site is located inside the Kruger National Park and is characterised by a wide macro-
channel with two active channels. Bedrock outcrops occur on the MC floor and terraces on
the right bank. Moderate flows have been reduced at this site, but not as much as at other
sites upstream that are closer to large dams. At the broad scale, the dynamics of vegetation
change appear to be largely natural. Enhanced sedimentation has caused some channel
pattern changes, but many of these have been reversed by the 2000 floods.

The causes of change are related to the reduction in frequency, magnitude and duration of
moderate and large floods (which result in decreased removal and scouring of sediment from
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the bed of the macro-channel) and severe reduction in low flows and increase in zero flow
periods (which inhibits marginal vegetation establishment and therefore prevents active
channel stabilisation).

FLOW /NON -FLOW
PES CAUSES SOURCES RELATED
C (high C) Enhanced Reduced Flow related: caused by
sedimentation, | moderate & | reduced flows due the effects
channel high of dams and weirs upstream.
pattern flows/floods
changes coupled with
continuing
high sediment
loads.

6.4 TREND AND REASONS

The trajectory of change, under current conditions, is stable. The site was scoured by the
2000 floods, but similar changes are evident throughout the aerial photographic record.
Subsequent channel stabilisation and increasing diversity of instream morphology (deepening
of active channels etc) is to be expected as part of the natural readjustment following the
2000 floods.

PES TREND PR]IEES ULTING TIME REASONS
C (high C) Stable C (high C) 10-20 years The aerial photo
analysis does not
suggest negative long
term trends in channel

pattern change.

6.5 ALTERNATIVE ECS

If adequate low flows in the Kruger National Park section of the Letaba River were to be
restored, it is likely that this section of river’s geomorphological ecostatus could be improved
from a “C” to a “B” class. At IFR sites 6 and 7, low (dry season base flows) flows of 0.4-0.5
m’/s would allow stable riparian vegetation (specifically reeds) to develop along the active
channel margins. The stable fringe vegetation would stabilise the active channel/s, and thus
promote scouring of these active channels during elevated flows in the wet season. Without a
stable fringe vegetation, the active channels would infill with sediment during elevated flows
and possibly migrate frequently over the macro-channel floor, further retarding the
development of deep sections or stable riparian fringe vegetation.

However, if further moderate and high flows are removed from the flow regime the channel
form will continue to increase alluvial influence as more sediment becomes stored on the
macro-channel floor. A loss of bedrock and cobble riffles would be expected. The
downstream multi-channel anastomosing section would change to relatively less diverse
single thread pattern and ecostatus would drop to a D in the long (20 year) term.




Letaba Catchment Reserve Determination Specialist Report: Geomorphology 14

7. IFR 7 (LETABA BRIDGE)
7.1 DATA AVAILABILITY

Aerial photographic information for this site was good, with the earliest photographs being
available for 1942. Modelled hydrological data was provided for the present day and virgin
catchment conditions, and sediment transport analyses performed on these data using the
method developed by Dollar and Rowntree (2003).

7.2  REFERENCE CONDITION
7.2.1 Aerial Photographic Analysis

In May 1942 the reach was characterised by a single thread active channel meandering across
a sandy macro-channel floor with reeds in some places along the active channel margins. No
changes from this condition were evident in the subsequent 1960’s or 1970’s aerial
photographs. By 1977 some braiding was developing, but otherwise no changes were
evident. The dam downstream of Letaba Restcamp has been commissioned. The 1989 aerial
photographs indicate no changes at the site. Following the 2000 floods, the active channel
has eroded into the outer bed of the macro-channel, removing terraces and the associated
trees and reed vegetation thereon and extensive braiding now occurs downstream.

Overall the site appears very stable from the aerial photographic record, but due to it’s highly
alluvial nature, increases in sediment storage would be difficult to detect from aerial
photographs.

7.2.2 Potential Bed Material Transport Modelling

At IFR 7, mean daily flows of 22, 90, 220 and 2500 m’/s were associated with particularly
high rates of sediment transport (Appendix B) under virgin flow conditions. The reduction in
the frequencies of these flows under the present-day flow conditions has reduced the potential
for sediment transport at this site by approximately 38%. To maintain and/or improve the
condition of the site, particular emphasis should be placed on the provision of these flows.

7.3 PES

The macro-channel floor at the site is dominated by sand and gravel, with some vegetation at
the active channel margins. The small single active channel is on the extreme left of the
macro-channel floor.

As with the nearby IFR site 6, the causes of change at this site are related to the reduction in
frequency, magnitude and duration of moderate and large floods (which result in decreased
removal and scouring of sediment from the bed of the macro-channel) and severe reduction in
low flows and increase in zero flow periods.

The moderate flows have been reduced, but not as much as at other sites upstream. The
dynamics of vegetation change appear natural, and few channel pattern changes are evident
from the aerial photographic record until the occurrence of the 2000 floods. A terrace and
associated trees have been eroded during this extreme flood, but these changes are not
considered unnatural.
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FLOW / NON -FLOW

PES CAUSES SOURCES RELATED

C (high C) Reduced Reduced Flow related: caused by
potential bed | moderate & | reduced flows due the effects
material high of dams and weirs upstream.
transport flows/floods

likely to have | coupled with
resulted in bed | continuing
aggradation. high sediment
loads.

7.4 TREND AND REASONS

The trajectory of change, under current conditions, is stable. The site was scoured by the
2000 floods, but prior to this the site was very stable and no adjustments to altered flow
regimes are evident. Active channel stabilisation and increasing diversity of instream
morphology (deepening of active channels etc) is to be expected as part of the natural
readjustment following the 2000 floods.

PES TREND Ilfgs ULTING TIME REASONS

C (high C) Stable C (high C) 10-20 years The channel type will
not adjust to further
sediment storage
increases.

7.5 ALTERNATIVE ECS

A change up to a “B” class for geomorphology is possible if significant restoration of lower
flows occurred. This would promote promote the development of a stabilised active channel
and associated marginal vegetation, especially reeds. This would allow scouring of the active
channel during higher flows (rather than sediment redistribution and infilling if the channel
was unconfined/unstable). This would allow for increased instream morphological diversity
(refer to section 6.5 for a full motivation and detailed explanation).

The continued removal of moderate floods and increased low flow/no flow periods would
degrade the site to a lower C, as this would prevent the development of a stabilised active
channel and associated marginal vegetation. This would cause sediment redistribution and
channel infilling to occur during the occasional high flows as the active channels would not
be able to confine even moderate flows. This would decrease morphological diversity and
result in a wide, shallow, sandy active channel. Continued removal of moderate floods will
also inhibit bench/terrace reformation and their stabilisation by vegetation.
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APPENDIX A
GEOMORPHOLOGICAL MACRO-REACH DELINEATION
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The aim of the macro-reach analysis is to subdivide the longitudinal profile into
morphologically uniform reaches. Channel gradient has been shown to be well correlated
with many channel properties including channel pattern, channel type, bed material and reach
type (Rowntree, 2000). Changes in gradient down a longitudinal profile usually mark
morphological changes and thus provide the basis for the delineation of macro-reaches.
These breaks are usually due to changes in lithology, but can also be as a result of tectonic
activity or the upstream migration of knick points (Dollar, 1998). Macro-reaches were
delineated on the basis of significant breaks in the longitudinal profile. The macro-reaches
were then classified using the system of Wadeson (1999).

Six macro-reaches were identified along the (Groot) Letaba main stem channel. Macro-
reaches 1, 4 and 5 were further sub-divided in to two sub-categories (a and b) due to major
slope differences and/or tributary junctions. A further 2 macro-reaches were identified in the
Klein Letaba.

CHARACTERISTICS OF THE GROOT LETABA MACRO-REACHES

Six macro-reaches were identified on the Letaba mainstem channel, which were further
subdivided into 9 units.

Macro-reach 1: Macro-reaches 1(a) and 1(b) represent the extreme upper reaches of the river
as they flow over and off of the upper escarpment (Fig. 1). These reaches are
generally characterised by the Pietersberg group (schists and amphibolites)
from the Swazian period. Macro-reach 1(a) is found above 1500 masl and is
only 9kms long with an average slope of 0.0138. Macro-reach 1(b) found
between 1500-1300 metres above sea level (masl) and is 39kms long and
relatively steep (average slope 0.0051). The main channel is still small and
represents a small section of the catchment. The catchment is heavily
afforested in this region.

Macro-reach 2: This short (16km) macro-reach is representative of the river as it flows down
the steep escarpment (Fig. 1) between 1300 and 800 masl. The average slope
is 0.0318 in this macro-reach. Its granite geology is exposed in the bed of the
river, resulting in the creation of steep bedrock gorges typified by bedrock
rapids, pools and occasional small waterfalls. The confined gorge opens out
into a slightly wider valley where boulders and cobbles begin to dominate the
bed and bedrock pool/rapid and later pool/riffle becomes the dominate channel
patterns. Small floodplain pockets begin to occur as well as occasional
instream depositional bars which are not found further upstream.

IFR 1 (Appel) is located in this macro-reach. The site, a pool/riffle sequence
dominated by boulders and cobbles, is fairly typical of the macro-reach.
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Figure 1: Longitudinal profile of the mainstem Letaba River showing the macro-reach boundaries.

Macro-reach 3: This macro-reach is found between 800 and 600 masl. It is 36kms long and

much flatter than macro-reach 2, but is dominated by the Tzaneen (formerly
Fanie Botha) Dam. Both macro-reaches 2 and 3 flow over Vaalian Group
granites. Long pools with isolated bedrock rapids/riffle outcrops and an
almost continuous floodplain occur upstream of the Tzaneen Dam. The area is
highly afforested. Downstream of the dam the channel pattern is pool/riffle
with occasional small bedrock anastomosing sections. Bedrock influence in
the channel is high. However, at the lower end of the macro-reach, more
alluvial-influenced channel patterns begin to occur due to the influence of the
Yamorna Weir.

Macro-reach 4: This macro-reach is found between 600 and 340 masl. The macro-reach,

which is dominated by Swazian gneiss geology, was subdivided into two sub-
units. Macro-reach 4(a), although only 9kms long, is much steeper than 4(b).
Macro-reach 4(a) is found between 600 and 540 masl. Here the channel
pattern changes to a more alluvial-influenced mixed pool/rapid channel type.
Bedrock influence remains high in the active channel, but instream
depositional features, such as bedrock core bars, as well as lateral deposits of
sediment, are more common. Both these features and the macro-channel banks
are well-vegetated.

Macro-reach 4(b) is 98kms long and much flatter (0.0020) than 4(b). The
macro-reach maintains a strong in-channel bedrock influence and mixed
pool/rapid and bedrock anastomosing channel patterns are common. Further

450
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downstream, as more sediment is introduced from lowveld tributaries, the
more alluvial channel patterns of braiding and alluvial single thread occur.
Some sandy lateral bar deposits also begin to appear, but the general absence
of braid bars (and other instream sand bars) may be caused by the retention of
bed sediments in the numerous dams and weirs in this section of the river and
adjoining tributaries.

The IFR site located at Prieska Weir is in this macro-reach. The site is more
confined than is typical for this macro-reach, but the bedrock influence on the
macro-channel bed is typical of the macro-reach. The site is thus fairly typical
of the macro-reach.

Macro-reach 5: Macro-reach 5 is much flatter than upstream. This macro-reach was divided
into two subunits due to the influence of the Klein Letaba confluence in this
macro-reach. Macro-reach 5(a) represents the river below 540 masl until the
confluence with the Klein Letaba 37kms downstream. Again, Swazian Gneiss
is the dominant geology here. Extensive sections of the mixed braided channel
type, separated by occasional pool-rapid sections associated with large
bedrock (dyke) outcrops, are typical of this subunit. The confluence with the
Molototsi provides a locally high sediment load to the main channel, but this
soon reverts back to the sandy braided sections interspersed with bedrock
pool-rapid sections seen upstream. The valley is unconfined, the macro-
channel quite shallow and both the macro-channel and active channels are
wide.

Although there is almost no change in slope between Macro-reach 5(a) and
5(b), the channel pattern is altered by the high sediment inputs from the Klein
Letaba. Macro-reach 5(b) extended for 90kms from the confluence with the
Klein Letaba until 180 masl. This macro-reach represents most of the Letaba
River within the Kruger National Park.

Swazian Gneiss, with ultramafic schist and gabbro intrustions, is initially the
geology over which the river flows. However in the middle of this macro-
reach the river flows through quaternary sediments which overly Letaba
formation basalts.

More alluvial-influenced channel patterns, such as alluvial anastomosing and
alluvial single thread, become the dominant patterns in this macro-reach.
However there are still some small, uncommon, bedrock-influenced
anastomosing and pool-rapid sections. The macro-channel floor here tends to
be wide and sandy with a small misfit active channel flowing within it.

Two IFR sites (Lonely Bull and Letaba Bridge) are found in the long macro-
reach 5 (b). Both these sites can be considered to be typical of the macro-
reach.

Macro-reach 6: This is a short (9km long), steep (slope 0.0044) macro-reach, which
represents the section of river which flows over the Letaba formation granites
at the western edge of the Kruger National Park before its confluence with the
Olifants River near the Mozambique border. Here the river has incised into
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the underlying bedrock, creating a steep, confined, highly bedrock-influenced
section of river.

CHARACTERISTICS OF THE KLEIN LETABA MACRO-REACHES

The Klein Letaba was divided into two macro-reaches (Fig.2) based on slope characteristics.
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Figure 2: Longitudinal profile of the Klein Letaba River showing the macro-reach boundary.

Macro-reach KL 1: Macro-reach 1 represents that section of the river from the lower
escarpment down to 560 masl. This is the steeper (slope 0.0096), smaller (66
kms long) of the two macro-reaches.

Macro-reach KL 2: This macro-reach represents that section of the river from 560 masl
downstream until the confluence with the Groot Letaba. The semi-arid nature
of the extensive catchment, which is dominated by Gneiss, results in a high
sediment production. This is delivered to the tributaries and, due to the low
slope of the area, stored in them and in the main stem of the Klein Letaba.
The channel is therefore dominated by extensive alluvial sections with
occasional bedrock outcrops causing local controls. The IFR site (Klein
Letaba) located here is typical of the macro-reach.
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Table 1: Summary of the macro-reach characteristics

Macro- | Altitude | Length | Average
reach (masl) (km’s) slope Channel characteristics
(based on slope after Wadeson,
1999)
la above |9 0.0138 Mountain stream (0.01-0.1)
1500
1b 1500- |39 0.0051 Foothills (cobble bed) (0.005-
1300 0.01)
2 1300- | 16 0.0318 | Rejuvenated Bedrock Fall (0.01-
800 0.5*
3 800-600 | 36 0.0055 | Rejuvenated Foothills (0.001-
0.01)*
4a 600-540 | 6 0.0094 Rejuvenated Foothills (0.001-
0.01)*
4b 540-340 | 98 0.0020 | Rejuvenated Foothills (0.001-
0.01)*
Sa 340-297 | 37 0.0012 | Rejuvenated Foothills (0.001-
0.01)*
5b 297-180 | 90 0.0013 Rejuvenated Foothills (0.001-
0.01)*
6 180-140 |9 0.0044 | Gorge
KL 1 above | 66 0.0096 Rejuvenated Foothills  (0.001-
560 0.01)*
KL 3 560-297 | 163 0.0016 | Rejuvenated Foothills (0.001-
0.01)*

* zones associated with rejuvenated river profiles
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APPENDIX B
POTENTIAL BED MATERIAL TRANSPORT MODELLING
RESULTS
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INTRODUCTION

Conventional wisdom has it that river systems experience periods of metastability or quasi-
stability interrupted by periods of rapid change. Over geological time, morphological
adjustments are either due to tectonic activity or climate change. During modern time, it is
the observed discharge of water and sediment that determine channel form in alluvial
systems. Where a change in sediment transport capacity or discharge occurs, the channel
boundary will adjust its geometry in sympathy with the imposed change. This is of
significance as the channel boundary provides the physical habitat for riverine biota.

The theoretical position taken in this report is that two sets of discharges are significant in
maintaining channel form; a set of effective discharges in the 5-0.1% range on the 1-day daily
flow duration curve, and larger ‘re-set’ flood events such as the flood events of 2000. The
theoretical basis for these assumptions is presented in Dollar & Rowntree (2003). These sets
of discharges are identified using the methodologies developed by Dollar & Rowntree (2003)
and have been used in various reserve determination studies in South Africa including the
Thukela, Elands, Waterval and Inkomati studies.

METHODS

To determine channel forming discharge and sediment-maintenance flushing flows the
following methods were applied. Simulated present-day and virgin daily flow data for each of
the sites was obtained from the hydrologist. Although there are some problems with
simulated daily data over- and under-estimating the low and high flows respectively, the
observed flow records at many sites were extremely short and, due to the rapid and extensive
development of water resources in the catchment, are unlikely to represent current flow
conditions.

The flow data were used to generate 1-day daily flow duration curves. These were divided
into flow classes. The geometric mean was taken to represent each flow class. Table 1 lists
the flow classes and geometric mean discharges for the present-day and virgin flow
conditions at each IFR site.

Table 1: Geometric means of the flow classes for virgin (V) and present-day (PD) flow
conditions.
Geometric Mean Q (m%/s)
IFR 1 IFR 2 IFR 3 IFR 4 IFR 5 IFR 6 IFR7

V PO V PD V PD V PD V PD v PD v PD
0.01 535 425 1353 1275 4323 3723 5319 4756 5564 468.6 1017.5 908.0 1100.6 908.0
010 385 289 70.2 649 2878 230.3 3396 2909 2198 161.1 554.0 473.2 585.9 473.2
0.20 329 243 56.3 512 2280 183.5 2657 2220 139.3 98.5 440.8 366.1 463.9 366.1
0.30 296 215 47.7 432 2021 1593 236.8 188.1 105.2 70.5 376.5 303.0 395.0 303.0
040 272 198 41.7 379 181.7 1436 2132 169.3 84.2 54.5 3376 2643 352.8 264.3
050 255 185 37.5 339 166.8 1286 1958 153.9 68.6 44.6 303.9 239.2 319.4 239.2
0.60 241 175 34.3 31.0 1557 117.1 1804 140.2 59.2 371 2752 22041 2912 220.1
0.70 229 167 31.8 28.7 1458 108.9 166.7 129.7 52.5 30.9 2548 2024 267.8 202.4
0.80 220 159 29.7 266 1369 101.7 156.0 1215 46.1 26.7 239.0 186.1 248.0 186.1
090 212 151 27.9 249 1291 952 147.0 115.0 40.8 23.7 2229 1737 2295 1737
1.00 18.0 125 21.8 194 1012 722 1158 87.2 27.3 14.6 169.8 128.2 1745 128.2
2.00 14.0 8.6 15.5 13.5 71.2 47.7 80.9 571 15.6 7.2 114.5 825 118.7 82.5

% time
exceeded
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3.00 114 6.0 12.2 10.5 55.6 34.9 62.8 41.7 11.0 4.5 87.2 59.6 90.5 59.6
4.00 9.4 4.5 10.0 8.5 451 26.3 50.8 31.6 8.5 3.2 70.3 44.4 723 44.4
5.00 7.9 3.5 8.4 7.0 37.9 20.4 42.4 24.6 7.0 25 58.3 34.3 60.0 343
6.00 6.7 2.9 7.3 5.9 32.7 16.4 36.3 19.8 5.8 2.0 49.7 26.9 51.0 26.9
7.00 5.8 23 6.4 5.1 28.6 13.5 31.7 16.2 5.0 1.7 43.0 21.6 44.0 216
8.00 52 1.8 5.7 4.5 25.5 1.3 28.0 13.6 4.4 1.4 37.3 17.7 38.2 17.7
9.00 4.7 1.5 5.2 4.0 23.0 9.5 25.2 1.4 3.8 1.2 32.8 14.7 33.6 14.7
10.00 3.2 0.9 3.7 27 16.1 5.2 17.4 6.1 23 0.7 21.9 7.4 22.3 7.4
20.00 1.9 0.5 24 1.6 9.8 23 10.4 2.6 1.2 0.3 12.7 2.9 12.8 29

30.00 14 0.4 1.9 1.1 7.2 1.2 75 1.4 0.7 0.2 9.1 1.5 9.1 1.5
40.00 1.2 0.3 1.5 0.8 5.6 0.7 5.9 0.8 0.5 0.1 7.0 0.8 71 0.8
50.00 1.0 0.3 1.2 0.6 4.6 0.4 4.8 0.4 0.3 0.1 5.7 0.4 5.7 0.4
60.00 0.9 0.3 1.0 0.4 3.7 0.2 3.9 0.2 0.2 0.1 4.6 0.2 4.6 0.2
70.00 0.8 0.2 0.8 0.3 29 0.1 3.1 0.1 0.1 0.0 3.6 0.1 3.6 0.1
80.00 0.7 0.2 0.6 0.1 21 0.0 22 0.0 0.1 0.0 27 0.0 27 0.0
90.00 0.0 0.0 0.0 0.0 0.6 0.0 0.6 0.0 0.0 0.0 0.7 0.0 0.7 0.0

The geometric means of the flow classes were used in conjunction with the hydraulic data
and cross-sections so that parameters such as width, depth, hydraulic radius, slope, perimeter
and so on could be calculated. This information and the bed material data was used together
with Yang’s (Yang, 1973) total load equations to determine the effective discharge (the
discharge that over a long period of time transports the most bed material). This modelling
technique assumes:

1) The bed material sampled at each IFR site is representative of the supply of bed
material to the channel (hence potential bed material load as opposed to bed load).

2)  Bed material sampling can be averaged for the whole IFR site and used to represent
each cross-section.

3)  The supply of bed material to each IFR site is based on the existing bed material and its
size distribution, and is available for transport at all discharges.

4)  Average conditions can be used.

A full, detailed description of the technique can be found in Dollar & Rowntree (2003).

RESULTS
IFR 1 (Appel)

At IFR 1, mean daily flows of approximately 5, 10 and 20 m’/s were associated with
particularly high rates of sediment transport under virgin flow conditions (Figure 1a). The
reduction in the frequencies of these flows under the present-day flow conditions (Figure 1b)
has reduced the potential for sediment transport at this site by approximately 61%. To
maintain and/or improve the condition of the site, particular emphasis should be placed on the
provision of these flows.
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% bed material transported
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Figure 1a: Potential bed material transport (Yang) for IFR 1 under virgin flow
conditions
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Figure 1b: Potential bed material transport (Yang) for IFR 1 under present-day flow
conditions
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IFR 2 (Letsitele)

The potential for sediment transport at this site has been reduced by approximately 29%. The
PBMT modelling identified mean daily flows of approximately 2.7 and 15 m’/s that had,
under the virgin flow conditions (Figure 2a), been important for sediment transport. The
reduced frequency and duration of these flows under the present-day flow conditions (Figure
2b) has negatively impacted the potential of the site to transport sediment.

o
o

<)
o
Stream power (W /m*2)

% bed material transported

+ 50

Flow class (cumecs)

O Bed material transported @ Unit stream power

Figure 2a: Potential bed material transport (Yang) for IFR 2 under virgin flow
conditions




Letaba Catchment Reserve Determination Specialist Report: Geomorphology 28

Stream power (W /m*2)

% bed material transported

Flow class (cumecs)

O Bed material transported B Unit stream power

Figure 2b: Potential bed material transport (Yang) for IFR 2 under present-day flow
conditions

IFR 3 (Eiland)

At IFR 3, mean daily flows in the ranges of 15, 70-100 and 150-200 m’/s were associated
with particularly high rates of sediment transport under virgin flow conditions (Figure 3a).
The reduction in the frequencies of these flows under the present-day flow conditions (Figure
3b) has reduced the potential for sediment transport at this site by approximately 48%. To
maintain and/or improve the condition of the site, particular emphasis should be placed on the
provision of these flows.
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Figure 3a: Potential bed material transport (Yang) for IFR 3 under virgin flow
conditions
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Figure 3b: Potential bed material transport (Yang) for IFR 3 under present-day flow
conditions
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IFR 4 (Letaba Ranch)

At TFR 4, mean daily flows of approximately 6, 60 and 130 m’/s were associated with
particularly high rates of sediment transport under virgin flow conditions (Figure 4a). The
reduction in the frequencies of these flows under the present-day flow conditions (Figure 4b)
has reduced the potential for sediment transport at this site by approximately 45%. To
maintain and/or improve the condition of the site, particular emphasis should be placed on the
provision of these flows.
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Figure 4a: Potential bed material transport (Yang) for IFR 4 under virgin flow
conditions
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Figure 4b: Potential bed material transport (Yang) for IFR 4 under present-day flow
conditions

IFR 5 (Klein Letaba)

At IFR 5, mean daily flows of approximately 14, 70 and 500 m’/s were associated with
particularly high rates of sediment transport under virgin flow conditions (Figure 5a). The
reduction in the frequencies of these flows under the present-day flow conditions (Figure 5b)
has reduced the potential for sediment transport at this site by approximately 26%. To
maintain and/or improve the condition of the site, particular emphasis should be placed on the
provision of these flows.
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Figure Sa: Potential bed material transport (Yang) for IFR 5 under virgin flow
conditions
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Figure 5b: Potential bed material transport (Yang) for IFR 5 under present-day flow
conditions
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IFR 6 (Lonely Bull)

At IFR 6, mean daily flows of approximately 20, 80, 200 and 2000 m*/s were associated with
particularly high rates of sediment transport under virgin flow conditions (Figure 6a). The
reduction in the frequencies of these flows under the present-day flow conditions (Figure 6b)
has reduced the potential for sediment transport at this site by approximately 38%. To
maintain and/or improve the condition of the site, particular emphasis should be placed on the
provision of these flows.
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Figure 6a: Potential bed material transport (Yang) for IFR 6 under virgin flow
conditions
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Figure 6b: Potential bed material transport (Yang) for IFR 6 under present-day flow
conditions

IFR 7 (Letaba Bridge)

At IFR 7, mean daily flows of approximately 22, 90, 220 and 2500 m’/s were associated with
particularly high rates of sediment transport under virgin flow conditions (Figure 7a). The
reduction in the frequencies of these flows under the present-day flow conditions (Figure 7b)
has reduced the potential for sediment transport at this site by approximately 38%. To
maintain and/or improve the condition of the site, particular emphasis should be placed on the
provision of these flows.
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Figure 7a: Potential bed material transport (Yang) for IFR 7 under virgin flow
conditions
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Figure 7b: Potential bed material transport (Yang) for IFR 7 under present-day flow
conditions
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APPENDIX C
TABLES OF PRESENT ECOLOGICAL STATE (PES) AND
POSSIBLE TRAJECTORIES (“UP” AND “DOWN”
SCENARIOS, WHERE APPLICABLE) OF CHANGE
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IFR 1: PES

SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | VY cighed (event | CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1.0 100.00 2. 0. . 4. .00
SUPPLY 0 00.0 5 53 3.95 00 5.0
RIPARIAN VEGETATION 3.00 40.00 0.50 0.21 0.32 1.00 2.00
CHANNEL PATTERN & 026
MORPHOLOGY 2.00 50.00 2.00 ' 1.58 0.00 5.00
TOTALS 190.00 2.50 1.00 5.84
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 61.00
HABITAT DRIVER CATEGORY C PES
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IFR 1: DOWN TRAJECTORY

SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | VY ¢ighed (event | CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1.00 100.00 2.5 0. . 4.0 .00
SUPPLY 0.0 53 3.95 0 5.0
RIPARIAN VEGETATION 3.00 40.00 0.50 0.21 0.32 1.00 2.00
CHANNEL PATTERN & 026
MORPHOLOGY 2.00 50.00 2.00 ' 1.58 0.00 5.00
TOTALS 190.00 2.50 1.00 5.84
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 61.00
HABITAT DRIVER CATEGORY C PES
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IFR 2: PES
SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | VY eighed (event | CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
. 60.0 1 2 .78 . .00
SUPPLY 3.00 0.00 0.26 0.7 3.00 3.0
RIPARIAN VEGETATION 2.00 70.00 3.00 0.30 2.74 2.00 3.00
CHANNEL PATTERN & 0.43
MORPHOLOGY 1.00 100.00 4.00 ) 5.22 3.50 4.00
TOTALS 230.00 7.00 1.00 8.74
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 41.00 PES
HABITAT DRIVER CATEGORY D D/E
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IFR 2: UP TRAJECTORY

SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | “Y¢ighed (event | CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
.00 .00 1 .26 0. .0 .0
SUPPLY 3.0 60.0 0 78 3.00 3.00
RIPARIAN VEGETATION 2.00 70.00 2.50 0.30 2.28 2.00 3.00
CHANNEL PATTERN & 043
MORPHOLOGY 1.00 100.00 3.00 ) 3.91 3.50 4.00
TOTALS 230.00 5.50 1.00 6.98
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 53.00
HABITAT DRIVER CATEGORY D
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IFR 3: PES

Eiland/Prieska Upstream

SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | " cighed (event CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1. 100.0 0.48 4.2 .0 .
SUPPLY 00 0.00 3 9 3.00 3.00
RIPARIAN VEGETATION 3.00 50.00 0.50 0.24 0.36 1.00 3.00
CHANNEL PATTERN & 0.29
MORPHOLOGY 2.00 60.00 1.00 ' 0.86 0.00 4.00
TOTALS 210.00 1.50 1.00 5.50
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 63.00
HABITAT DRIVER CATEGORY C
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IFR 3: UP TRAJECTORY

SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | VY cighed (event | CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1.0 100.0 1. 4 2.14 . .00
SUPPLY 0 0.00 5 0.48 3.00 3.0
RIPARIAN VEGETATION 3.00 50.00 0.50 0.24 0.36 1.00 3.00
CHANNEL PATTERN & 029
MORPHOLOGY 2.00 60.00 0.80 ' 0.69 0.00 4.00
TOTALS 210.00 1.30 1.00 3.19
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 78.00
HABITAT DRIVER CATEGORY C B/C
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IFR 3: DOWN TRAJECTORY

Eiland/Prieska Upstream

SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | " cighed (event CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1. 100.0 . 4 . . .
SUPPLY 00 0.00 3.5 0.48 5.00 3.00 3.00
RIPARIAN VEGETATION 3.00 50.00 2.00 0.24 1.43 1.00 3.00
CHANNEL PATTERN & 0.29
MORPHOLOGY 2.00 60.00 2.00 ' 1.71 0.00 4.00
TOTALS 210.00 4.00 1.00 8.14
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 45.00
HABITAT DRIVER CATEGORY D
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IFR 4: PES
SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | “Y¢ighed (event | CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1.00 100.0 2.4 .56 4. 4.0 .0
SUPPLY 0 0.00 0.5 00 0 5.00
RIPARIAN VEGETATION 2.00 50.00 1.50 0.28 1.25 3.00 2.00
CHANNEL PATTERN & 017
MORPHOLOGY 3.00 30.00 1.20 ) 0.60 4.00 5.00
TOTALS 180.00 5.10 1.00 5.85
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 61.00 (PES)
HABITAT DRIVER CATEGORY C C/D
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IFR 4: UP TRAJECTORY

HABITAT DRIVER CATEGORY

SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | “Y¢ighed (event | CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1.00 100.0 2 .56 . 4.00 .0
SUPPLY 0 0.00 0.5 3.33 5.00
RIPARIAN VEGETATION 2.00 50.00 1.50 0.28 1.25 3.00 2.00
CHANNEL PATTERN & 017
MORPHOLOGY 3.00 30.00 0.40 ) 0.20 4.00 5.00
TOTALS 180.00 3.90 1.00 4.78
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 68.00
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IFR 4: DOWN TRAJECTORY

HABITAT DRIVER CATEGORY

SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | “Y¢ighed (event | CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1.00 100.0 2 .56 . 4.0 .0
SUPPLY 0 0.00 3 0.5 5.33 0 5.00
RIPARIAN VEGETATION 2.00 50.00 1.50 0.28 1.25 3.00 2.00
CHANNEL PATTERN & 017
MORPHOLOGY 3.00 30.00 2.00 ) 1.00 4.00 5.00
TOTALS 180.00 6.70 1.00 7.58
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 49.00
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IFR 5: PES
SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | " ¢ighed (event | CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT 1.00 100.00 2.8 0.48 4.00 4.00 5.00
SUPPLY
RIPARIAN VEGETATION 2.00 70.00 1.50 0.33 1.50 4.00 3.50
CHANNEL PATTERN & 019
MORPHOLOGY 3.00 40.00 0.00 : 0.00 1.00 2.00
TOTALS 210.00 4.30 1.00 5.50
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 63.00 | PES
HABITAT DRIVER CATEGORY C




Letaba Catchment Reserve Determination Specialist Report: Geomorphology

49

IFR 5: UP TRJECTORY

SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | “Y¢ighed (event | CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1.00 100.0 2.2 A48 .14 4.0 .0
SUPPLY 0 0.00 0 3 0 5.00
RIPARIAN VEGETATION 2.00 70.00 1.20 0.33 1.20 4.00 3.50
CHANNEL PATTERN & 0.19
MORPHOLOGY 3.00 40.00 0.00 ) 0.00 1.00 2.00
TOTALS 210.00 3.40 1.00 4.34
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 71.00
HABITAT DRIVER CATEGORY C
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IFR 5: DOWN TRAJECTORY

SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | " ¢ighed (event | CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT 1.00 100.00 3 0.48 4.29 4.00 5.00
SUPPLY
RIPARIAN VEGETATION 2.00 70.00 2.50 0.33 2.50 4.00 3.50
CHANNEL PATTERN & 019
MORPHOLOGY 3.00 40.00 0.00 : 0.00 1.00 2.00
TOTALS 210.00 5.50 1.00 6.79
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 54.00
HABITAT DRIVER CATEGORY D
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IFR 6: PES
Lonely Bull
SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | " cighed (event CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1. 100.0 2 0.4 2. .0 .
SUPPLY 00 0.00 3 55 3.00 3.00
RIPARIAN VEGETATION 2.50 65.00 0.50 0.28 0.41 1.00 3.00
CHANNEL PATTERN & 030
MORPHOLOGY 2.00 70.00 0.50 ) 0.45 0.00 4.00
TOTALS 235.00 1.00 1.00 3.41
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 77.00
HABITAT DRIVER CATEGORY C
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IFR 6: UP TRAJECTORY

Lonely Bull
SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | " cighed (event CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1. 100.0 1. 4 1.91 . .
SUPPLY 00 0.00 5 0.43 9 3.00 3.00
RIPARIAN VEGETATION 2.50 65.00 0.50 0.28 0.41 1.00 3.00
CHANNEL PATTERN & 030
MORPHOLOGY 2.00 70.00 0.30 ) 0.27 0.00 4.00
TOTALS 235.00 0.80 1.00 2.60
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 82.00
HABITAT DRIVER CATEGORY B
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IFR 6: DOWN TRAJECTORY

Lonely Bull
SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | " cighed (event CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1. 100.0 . 4 4.4 . .
SUPPLY 00 0.00 35 0.43 7 3.00 3.00
RIPARIAN VEGETATION 2.50 65.00 1.00 0.28 0.83 1.00 3.00
CHANNEL PATTERN & 030
MORPHOLOGY 2.00 70.00 2.00 ) 1.79 2.00 3.00
TOTALS 235.00 3.00 1.00 7.09
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 52.00
HABITAT DRIVER CATEGORY D
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IFR 7: PES
Letaba Bridge
SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | " cighed (event CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1. 100.0 2 0.42 2. .0 .
SUPPLY 00 0.00 50 3.00 3.00
RIPARIAN VEGETATION 2.50 65.00 0.50 0.27 0.41 1.00 3.00
CHANNEL PATTERN & 031
MORPHOLOGY 2.00 75.00 0.50 ) 0.47 0.00 4.00
TOTALS 240.00 1.00 1.00 3.38
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 77.00
HABITAT DRIVER CATEGORY C
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IFR 7: UP TRAJECTORY

Letaba Bridge
SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | YYcighed (event CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1. 100.0 1.2 42 1. . .
SUPPLY 00 0.00 0 50 3.00 3.00
RIPARIAN VEGETATION 2.50 65.00 0.40 0.27 0.33 1.00 3.00
CHANNEL PATTERN & 031
MORPHOLOGY 2.00 75.00 0.50 ' 0.47 0.00 4.00
TOTALS 240.00 0.90 1.00 2.29
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 84.00
HABITAT DRIVER CATEGORY B
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IFR 7: DOWN TRAJECTORY

Letaba Bridge
SCORING GUIDELINES
GEOMORPHOLOGY DRIVERS
Flow-related
COMPONENTS RANK | % Weight | RATING | WEIGHT | " cighed (event CONFIDENCE
score hydrology;high
flows, floods)
EVENT HYDROLOGY & SEDIMENT
1. 100.0 0.42 . .0 .
SUPPLY 00 0.00 3 3.75 3.00 3.00
RIPARIAN VEGETATION 2.50 65.00 3.00 0.27 2.44 1.00 3.00
CHANNEL PATTERN & 031
MORPHOLOGY 2.00 75.00 0.50 ) 0.47 0.00 4.00
TOTALS 240.00 3.50 1.00 6.66
Driver status:(%): >89=A; 80-89=B;
60-79=C; 40-59=D; 20-39=E; <20=F 55.00
HABITAT DRIVER CATEGORY D
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APPENDIX D:
SEDIMENT CHARACTERISATION DATA FROM THE IFR SITES
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IFR 1

Date

collected: 2/9/2003

X section 1 (upstream pool) X section 2 (riffle)

Diameter (mm) % distribution Diameter (mm) % distribution
2048 0 2048 0
1024 0 1024 0

512 5 512 5
256 11 256 33
128 38 128 36
64 7 64 13
32 0 32 7
16 1 16 1
8 0 8 1
2 5 2 2
1.18 10 1.18 1
0.6 14 0.6 1
0.3 7 0.3 0
0.15 2 0.15 0
0.075 0 0.075 0
0.01 0 0.01 0
100 100
IFR 2
Date collected: 4/9/2003
Riffle XS
Diameter (mm) % distribution
2048 0.00
1024 0.00
512 0.00
256 0.40
128 1.60
64 35.60
32 34.40
16 5.60
8 3.20
2 5.60
1.18 1.60
0.6 3.20
0.3 5.20
0.15 2.40
0.075 0.80
0.01 0.40
100.00
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IFR 3
Date collected: | 16-09-03
Diameter (mm) % distribution
2048 0
1024 0.4
512 1.2
256 2
128 6
64 13.8
32 4.6
16 10.8
8 6.8
2 8.8
1.18 13.6
0.6 20.6
0.3 4
0.15 7.2
0.075 0.2
0.01 0
100
IFR 4
Date collected: | 17-09-03
Riffle XS
Diameter (mm) % distribution
2048 0.00
1024 0.00
512 0.00
256 0.00
128 0.80
64 4.80
32 5.80
16 4.60
8 11.20
2 15.60
1.18 11.60
0.6 19.80
0.3 18.40
0.15 6.40
0.075 0.80
0.01 0.20
100.00
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IFR 5
Date
collected: 3/9/2003
Diameter (mm) % distribution
2048 0.00
1024 0.00
512 0.00
256 0.00
128 1.00
64 1.20
32 4.00
16 4.00
8 5.40
2 8.20
1.18 9.80
0.6 24.00
0.3 20.20
0.15 14.60
0.075 5.60
0.01 2.00
100.00
IFR 6
Date
collected: 18-09-2003
Diameter (mm) % distribution
2048 0.00
1024 0.00
512 0.00
256 0.00
128 1.06
64 7.87
32 9.57
16 12.55
8 6.17
2 4.89
1.18 5.32
0.6 20.00
0.3 8.30
0.15 16.38
0.075 7.87
0.01 0.00
100
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IFR 7
Date
collected: 18-09-2003
Diameter (mm) % distribution
2048 0.00
1024 0.00
512 0.00
256 0.12
128 3.50
64 8.25
32 5.25
16 11.75
8 6.50
2 6.13
1.18 6.50
0.6 26.00
0.3 11.88
0.15 11.13
0.075 3.00
0.01 0.00
100
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APPENDIX E:
RESULTS FROM THE WORKSHOPS: TABLES OF FLOOD
RECOMMENDATIONS AND MOTIVATIONS
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IFR 1

FLOOD CLASS 1

Recommended EC:

Alternative EC:

[Fish ; Inverts ; Rip veg; Geomorph: C

Fish ; Inverts ; Rip veg; Geomorph: D

Function/s (what does Description (what is the
Com. . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Recommended EC: Alternative EC:
FLOOD CLASS II
Fish ; Inverts ; Rip veg; Geomorph: C Fish ; Inverts ; Rip veg; Geomorph: D
. Description (what is the
Com. Func'tmn/s (what does flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
(Geomorph Maintain present bed
form and sediment
transport characteristics.
This flow duration class
(10-20% representing
the 3-5.9 m3/s dlscharge 10% of the o )
range) was responsible . To maintain sediment transport Reduced - L
. Daily Flow . R <~ |TO maintain some of the historical
for 12% of the total Velocity (stream power). Any . patterns; specifically the flushing from the “C .
Duration sediment transport patterns.
bedload transport. In Curve and transport of fines. class.
particular it was
important for the
flushing and transport of
sands.
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FLOOD CLASS III

Recommended EC:

Alternative EC:

Fish ; Inverts ; Rip veg; Geomorph: C

|Fish ; Inverts ; Rip veg; Geomorph: D

Com.

Function/s (what does
it have to do)

Description (what is the
flood characteristic that
does that)

Season

No of events

Freq

Reasoning

No of events

Freq

Reasoning

(Geomorph

Maintain present bed
form and sediment
transport characteristics.
This portion (around
5%) of the flow duration
curve was responsible
for more than 10% of the
total bedload transport.
In particular it was
important for the
flushing and transport of
sands

Velocity (stream power).

Any

To maintain sediment transport
patterns; specifically the flushing
and transport of fines.

—

fines.

To maintain some of the potential for
sediment transport to flush and transport
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FLOOD CLASS IV

Recommended EC:

Alternative EC:

Fish ; Inverts ; Rip veg; Geomorph: C

|Fish ; Inverts ; Rip veg; Geomorph: D

Com.

Function/s (what does
it have to do)

Description (what is the
flood characteristic that
does that)

Season

No of events

Freq

Reasoning

No of events

Freq

Reasoning

(Geomorph.

Maintain present bed
form and sediment
transport characteristics.
This flow duration class
(1-2% representing the
18-32 m3/s discharge
range) was responsible
for 11% of the total
bedload transport. In
particular it was
important for the
activation and transport
of gravels.

Velocity (stream power)

Any

Annual

To maintain sediment transport
patterns; specifically the activation

and overturning of gravels.

1: 2 year
return
interval

To maintain some of the historical
sediment transport potential.
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IFR 2

Recommended EC: Alternative EC:
FLOOD CLASS I

Fish ; Inverts ; Rip veg; Geomorph: D/E |Fish ; Inverts ; Rip veg; Geomorph: D

Description (what is the
flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
does that)

Function/s (what does

Com. it have to do)

(Geomorph Maintain present bed
form and sediment
transport characteristics.
This flow duration class
(10-20% representing o o
the 1.7-4 m3/s discharge ]l)(lﬁ) o}flt:\:/ To maintain sediment transport ]l)(lﬁ) 0}1;1%1\:/ To maintain sediment transport patterns;
range) is responsible for |Velocity (stream power).  |Any Duraﬁion patterns; specifically the flushing Dur;ion specifically the flushing and transport of
about 10% of the total Curve and transport of fines. Curve fines.

bedload transport. In

particular it was
important for the
flushing and transport of
sands.

Recommended EC: Alternative EC:
FLOOD CLASS II1

Fish ; Inverts ; Rip veg; Geomorph: D/E |Fish ; Inverts ; Rip veg; Geomorph: D

Description (what is the
flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
does that)

Function/s (what does
it have to do)

Geom. Maintain present bed
form and sediment
transport characteristics.
This flow duration class
(1-5% representing the
7.5-20.8 m3/s discharge
range) was responsible To maintain potential for sand 1: 2 year To maintain the potential for sand
for about 27% of the Velocity (stream power) Any 1 Annual transport and activate some of the |1 return transport and activate some of the
total bedload transport. gravels. interval gravels

In particular these flows
should activate some of
the gravels on the bed
and are responsible for
about 27% of the sand
transport.
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IFR 3

FLOOD CLASS 1

Recommended EC: C/D

Alternative EC: D

[Fish ; Inverts ; Rip veg; Geomorph: C

Fish ; Inverts ; Rip veg; Geomorph: D

'was important for the
flushing and transport of
sands.

and transport of fines.

Function/s (what does Description (what is the
Com. . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Recommended EC: Alternative EC:
FLOOD CLASS II
Fish ; Inverts ; Rip veg; Geomorph: C Fish ; Inverts ; Rip veg; Geomorph: D
. Description (what is the
Com. Func'tmn/s (what does flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Geomorph Maintain present bed
form and sediment
transport characteristics.
This flow duration class
(10-20%) was
responsible for about
10% of the total bedload To maintain sediment transport To maintain some of the historical
transport. In particular it |Velocity (stream power). Any 3* patterns; specifically the flushing

sediment transport patterns.
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Recommended EC: Alternative EC:
FLOOD CLASS III
[Fish ; Inverts ; Rip veg; Geomorph: C Fish ; Inverts ; Rip veg; Geomorph: D
Function/s (what does Description (what is the
Com. . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Geom. The maintenance of

moderate floods is
important in this section
:/0 p rfvt?n; narrowing and To maintain sediment transport To maintain sediment transport patterns;

cgetatio . Velocity (stream power) Any 1 Annual patterns; specifically the activation ||1 Annual specifically the activation and
encroachment. This flow and overturning of gravels overturning of gravels
duration class (1-5%) is gote ’ gote ’
important also for
activating the gravel
beds.

Recommended EC: Alternative EC:
FLOOD CLASS 1V
Fish ; Inverts ; Rip veg; Geomorph: C Fish ; Inverts ; Rip veg; Geomorph: D
Function/s (what does Description (what is the
Com. . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Geom. These large floods are
doing the bulk of the Transport fines, activate gravels .
. . . ;i . Transport fines, activate gravels and
sediment transport in . 1:2 yr return [and retard further vegetation 1: 3 yr return| .
. Velocity (stream power) Any 1 . 1 . retard further vegetation encroachment
this system, as well as interval encroachment and channel interval .
. X and channel narrowing.

preventing channel narrowing.
narrowing.

* Geomorphologist requested more of these events, but the hydrologist said that the observed records suggest that only 3 events (of 3 day
duration) occur per annum.
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Recommended EC: C

10% of the total bedload
transport. In particular it
was important for the
flushing and transport of
sands.

FLOOD CLASS 1
Fish ; Inverts ; Rip veg; Geomorph: C
. Description (what is the
Com, Func.tlon/s (What does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Recommended EC:
FLOOD CLASS II
Fish ; Inverts ; Rip veg; Geomorph: C
. Description (what is the
Com. Func.tmn/s (what does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
(Geomorph Maintain present bed
form and sediment
transport characteristics.
This flow duration class
(10-20%) was To maintain sediment transport
responsible for about Velocity (stream power). Any patterns; specifically the flushing

and transport of fines.
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Recommended EC:
FLOOD CLASS III
[Fish ; Inverts ; Rip veg; Geomorph: C
. Description (what is the
Com. Func.tlon/s (what does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Geom. The maintenance of
moderate floods is
important in this section
::;Ig) :;?2; narrowing and To maintain sediment transport
encroachment. This flow Velocity (stream power) Any 1 Annual ssztf;n‘jes; tiiici:rlltzc:)aélyr;l:/ee lasctlvatlon
duration class (1-5%) is EotE '
important also for
activating the gravel
beds.
Recommended EC:
FLOOD CLASS 1V
[Fish ; Inverts ; Rip veg; Geomorph: C
. Description (what is the
Com. Func.tlon/s (what does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Geom. These large floods are

doing the bulk of the Transport fines, activate gravels
sediment transport in Velocity (stream power) An 1 1:2 yr return [and retard further vegetation
this system, as well as ¥ P y interval encroachment and channel
preventing channel narrowing.
narrowing.
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IFR 4

Recommended EC: Alternative EC:
FLOOD CLASS I
[Fish ; Inverts ; Rip veg; Geomorph: C/D Fish ; Inverts ; Rip veg; Geomorph: C
Function/s (what does Description (what is the
Com, . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Maintain present bed
form and sediment
Geomor P |transport characteristics.
h This flow duration class
- 0, 1 > 0,
(10-20% representing 10% of the o ) Close to 15%
the 6-14.7 m3/s To maintain sediment transport of the s . .
discharge range) was (annual) atterns; specifically the flushin (annual) To maintain and improve the potential
g & o Velocity (stream power).  [Any Daily Flow P > SP Y ng . for the flushing and transport of fines
responsible for 13% of . and transport of fines and activation| Daily Flow L
Duration . and activation of gravels.
the total bedload of gravels. Duration
. Curve
transport. It is important Curve
for the flushing and
transport of fines and the
activation and transport
of about 30% of gravels.
Recommended EC: Alternative EC:
FLOOD CLASS IIT
[Fish ; Inverts ; Rip veg; Geomorph: C/D Fish ; Inverts ; Rip veg; Geomorph: C
Function/s (what does Description (what is the
Com, . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Geom. Maintain present bed Velocity (stream power).
form and sediment The stage of the upper end
transport charagterlstlcs. of this flow duration class To maintain sediment transport To maintain sediment transport patterns;
This flow duration class [(1.9m) also corresponds ) ) L . S
o ) . patterns; specifically the activation specifically the activation and
(1-5% representing the |with a bench. These floods |Any 1 Annual . Annual . .
. . and overturning of gravels and overturning of gravels and flushing and
29-107 m3/s discharge |might be related to the .
. . flushing and transport of fines. transport of fines.
range) was responsible |construction and
for about 23% of the maintenance of this instream
total bedload transport. |feature.
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for the flushing and
transport of fines and the
activation and transport
of about 30% of gravels.

Recommended EC: Alternative EC:
FLOOD CLASS IV
[Fish ; Inverts ; Rip veg; Geomorph: C/D Fish ; Inverts ; Rip veg; Geomorph: C
Function/s (what does Description (what is the
Com, . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
(Geom. Maintain present bed ~ [Velocity (stream power). These large ﬂc_)ws should overtop These large flows should overtop the
. the terraces (discharges presented .
form and sediment The stage of the upper end . terraces (discharges presented here
L X . here represent daily means, but we .
transport characteristics. |of this flow duration class represent daily means, but we would
. . 'would expect the peaks to be .
This flow duration class [(3.9 m) also corresponds . . expect the peaks to be higher) and flush
. . 1:10 year  |higher) and flush sediment from the| 1:10 year . f .
(0.1-0.01% representing |with the large macro- . . sediment from the system which will
. |Any 1 return system which will have been 1 return .
the 445-713 m3/s channel terrace feature. This . . . have been deposited by the seasonal
. L interval deposited by the seasonal lowveld interval . . L
discharge range) was flow class is likely to be . . L lowveld tributaries. This will prevent
- . tributaries. This will prevent . .
responsible for about  |related to the maintenance xcessive ageradation and loss of excessive aggradation and loss of
18% of the total bedload |of this terrace and cage bedrock influence on the macro-channel
. . bedrock influence on the macro-
transport. associated vegetation. floor.
channel floor.
Recommended EC:
FLOOD CLASS 1
Fish ; Inverts ; Rip veg; Geomorph: D
. Description (what is the
Com. Func.tlon/s (what does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)

(Geomorph Maintain present bed
form and sediment
transport characteristics.
This flow duration class
(10-20% representing Close to
the 6-14.7 m3/s 10% of the |To maintain some of the sediment
discharge range) was . (annual) transport patterns forthe flushing
responsible for 13% of Velocity (stream power). |Any Daily Flow |and transport of fines and activation|
the total bedload Duration of gravels.
transport. It is important Curve
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discharge range) was
responsible for about
18% of the total bedload
transport.

flow class is likely to be
related to the maintenance
of this terrace and
associated vegetation.

Recommended EC:
FLOOD CLASS III
Fish ; Inverts ; Rip veg; Geomorph: D
. Description (what is the
Com Func.tlon/s (what does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Geom. Maintain present bed Velocity (stream power).
form and sediment The stage of the upper end
transport characteristics. |of this flow duration class - .
. . To maintain some of the sediment
This flow duration class |(1.9m) also corresponds .
. . transport patterns for the activation
(1-5% representing the |[with a bench. These floods |Any 1 Annual .
. . and overturning of gravels and
29-107 m3/s discharge |might be related to the .
. . flushing and transport of fines.
range) was responsible |construction and
for about 23% of the maintenance of this instream
total bedload transport. |feature.
Recommended EC:
FLOOD CLASS IV
Fish ; Inverts ; Rip veg; Geomorph: D
. Description (what is the
Com Func.tlon/s (what does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
(Geom. Maintain present bed Velocity (stream power). These large ﬂ(?ws should overtop
. the terraces (discharges presented
form and sediment The stage of the upper end .
L . . here represent daily means, but we
transport characteristics. |of this flow duration class
. . would expect the peaks to be
This flow duration class |(3.9 m) also corresponds . .
o . ; 1:10 year  |higher) and flush sediment from the|
(0.1-0.01% representing |with the large macro- A . .
. |Any 1 return system which will have been
the 445-713 m3/s channel terrace feature. This . .
interval deposited by the seasonal lowveld

tributaries. This will reduce
excessive aggradation and loss of
bedrock influence on the macro-
channel floor.
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IFR S

Recommended EC: C Alternative EC: D
FLOOD CLASS I
Fish ; Inverts ; Rip veg; Geomorph: C Fish ; Inverts ; Rip veg; Geomorph: D
Function/s (what does Description (what is the
Com, . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Recommended EC: C Alternative EC: D
FLOOD CLASS I
[Fish ; Inverts ; Rip veg; Geomorph: C Fish ; Inverts ; Rip veg; Geomorph: D
. Description (what is the
Com. Func.tlon/s (what does flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
(Geomorph Maintain sediment
trax.lsport charagter1stlcs. To maintain sediment transport To maintain some of the sediment
This flow duration class . ) ) . . ’ .
0/ i Velocity (stream power).  |Any 2 patterns; specifically the flushing 1:2 transport patterns; specifically the
(1-2%) is important for i
. and transport of fines. flushing and transport of fines.
the flushing and
transport of fines.
Recommended EC: C Alternative EC: D
FLOOD CLASS III
[Fish ; Inverts ; Rip veg; Geomorph: C Fish ; Inverts ; Rip veg; Geomorph: D
Function/s (what does Description (what is the
Com. . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Geomorph Maintain present bed These flows account for a large
. . . These flows account for a large
form and sediment proportion of the potential bed . . .
L . proportion of the potential bed material
transport characteristics. material transport. They would thus A
. . . . L . X transport. They would thus maintain
This flow duration class |Velocity (stream power).  |Any 1:2 maintain sediment transport 1:3 . .
o . . sediment transport potential and prevent
accounts for about 30% potential and prevent excessive . . . .
. . . . . excessive sedimentation which could
of the potential bed sedimentation which could result in . . .
. . . result in an increase in subsurface flows.
material transport. an increase in subsurface flows.
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FLOOD CLASS V

Recommended EC: C

Alternative EC: D

[Fish ; Inverts ; Rip veg; Geomorph: C

Fish ; Inverts ; Rip veg; Geomorph: D

Function/s (what does

Description (what is the

fines and gravels from
the bed.

been observed following the
completion of the Middle Letaba
dam

Letaba dam

Com, . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Scour the macro- These h.lgh flows should prevent These high flows should prevent
'vegetation encroachment on the .
channel, remove macro-channel floor which has vegetation encroachment on the macro-
vegetation, transport Velocity (stream power). 1:10 1:10 channel floor which has been observed

following the completion of the Middle
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IFR 6

Recommended EC:C Alternative EC: B
FLOOD CLASS 1
Fish ; Inverts ; Rip veg; Geomorph: |[Fish ; Inverts ; Rip veg; Geomorph:
Function/s (what does Description (what is the
Com, . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Recommended EC:C Alternative EC: B
FLOOD CLASS I
[Fish ; Inverts ; Rip veg; Geomorph: [Fish ; Inverts ; Rip veg; Geomorph:
Function/s (what does Description (what is the
Com. . flood characteristic that Season (No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
(Geomorph Restore sediment
transport characteristics. To restore some of the sediment To restore sediment transport patterns;
This flow duration class |Velocity (stream power).  [Any 3 transport patterns; specifically the |4 specifically the flushing and transport of|
(5-10%) was responsible flushing and transport of fines. fines.
for transporting fines.
Recommended EC:C Alternative EC: B
FLOOD CLASS III
Fish ; Inverts ; Rip veg; Geomorph: |[Fish ; Inverts ; Rip veg; Geomorph:
Function/s (what does Description (what is the
Com. . flood characteristic that Season (No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
\Geomorph These flows around
firom the 5-1 of the flow To transport the sandy bed material .
uration curve transport L . To transport the sandy bed material at
. . at this site and scout active . f
a large proportion of the [Velocity (stream power).  |Any 1 . 1 this site and scout active channels to
channels to deepen and widen .
sandy bedload and flush deepen and widen them.
. them.
and deepen the active
channels.
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Recommended EC:C Alternative EC: B
FLOOD CLASS IV
[Fish ; Inverts ; Rip veg; Geomorph: Fish ; Inverts ; Rip veg; Geomorph:
Function/s (what does Description (what is the
Com, . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Geom. Maintain present bed
form and sediment
gﬁzzgﬁ;};a}r;;tensnc& To maintain sediment transport To maintain sediment transport patterns;
. . patterns; specifically the activation specifically the activation and
responsible for about  |Velocity (stream power).  |Any 1 . 1 . .
o ) and overturning of gravels and overturning of gravels and flushing and
50% of the potential bed .
. flushing and transport of fines. transport of fines.
material transport. Large
floods at this site are
very important.
Recommended EC:C Alternative EC: B
FLOOD CLASS V
[Fish ; Inverts ; Rip veg; Geomorph: Fish ; Inverts ; Rip veg; Geomorph:
Function/s (what does Description (what is the
Com . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
(Geom. Thgse large flows should ﬂush These large flows should flush sediment
sediment from the system which . .
Scour the macro-channel . B . . from the system which will have been
. 1:10 year  |will have been deposited by the 1:10 year .
and remove encroaching . . . . deposited by the seasonal lowveld
. Velocity (stream power).  [Any 1 return seasonal lowveld tributaries. This |1 return . - L .
vegetation; transport fine . . . . . tributaries. This will prevent excessive
. interval will prevent excessive aggradation interval .
sediment and gravels. . aggradation and loss of bedrock
and loss of bedrock influence on .
influence on the macro-channel floor.
the macro-channel floor.
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Recommended EC: D
FLOOD CLASS I
[Fish ; Inverts ; Rip veg; Geomorph:
. Description (what is the
Com, Func.tlon/s (What does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Recommended EC: D
FLOOD CLASS I
[Fish ; Inverts ; Rip veg; Geomorph:
. Description (what is the
Com. Func.tlon/s (what does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Geomorph Restore sediment
transport characteristics. To restore some of the sediment
This flow duration class [Velocity (stream power).  |Any 2 transport patterns; specifically the
(5-10%) was responsible flushing and transport of fines.
for transporting fines.
Recommended EC: D
FLOOD CLASS IIT
[Fish ; Inverts ; Rip veg; Geomorph:
. Description (what is the
Com. Func.tlon/s (What does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Geomorph These flows around
from .the 31 of the flow To transport the sandy bed material
duration curve transport P .
. . at this site and scout active
a large proportion of the [Velocity (stream power). Any 1 .
channels to deepen and widen
sandy bedload and flush
. them.
and deepen the active
channels.
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Recommended EC: D
FLOOD CLASS IV
IFish ; Inverts ; Rip veg; Geomorph:
. Description (what is the
Com. Func.tlon/s (what does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Geom. Maintain present bed
form and sediment
ransport characteristics. To maintain some of the sediment
These flows are transport patterns for the activation
responsible for about  |Velocity (stream power).  |Any 1:2 port patt
. and overturning of gravels and
50% of the potential bed .
. flushing and transport of fines.
material transport. Large
floods at this site are
very important.
Recommended EC: D
FLOOD CLASS V
Fish ; Inverts ; Rip veg; Geomorph:
. Description (what is the
Com. Func.tlon/s (what does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Geom. These large flows should flush
sediment from the system which
Scour the macro-channel . .
. 1:10 year  |will have been deposited by the
and remove encroaching . . . .
. 'Velocity (stream power). Any 1 return seasonal lowveld tributaries. This
'vegetation; transport fine . . . .
sediment and gravels interval will prevent excessive aggradation
’ and loss of bedrock influence on
the macro-channel floor.
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IFR 7

Recommended EC:C Alternative EC: B
FLOOD CLASS 1
Fish ; Inverts ; Rip veg; Geomorph: |[Fish ; Inverts ; Rip veg; Geomorph:
Function/s (what does Description (what is the
Com, . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Recommended EC:C Alternative EC: B
FLOOD CLASS I
[Fish ; Inverts ; Rip veg; Geomorph: [Fish ; Inverts ; Rip veg; Geomorph:
Function/s (what does Description (what is the
Com. . flood characteristic that Season (No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
(Geomorph Restore sediment
transport characteristics. To restore some of the sediment To restore sediment transport patterns;
This flow duration class |Velocity (stream power).  [Any 3 transport patterns; specifically the |4 specifically the flushing and transport of|
(5-10%) was responsible flushing and transport of fines. fines.
for transporting fines.
Recommended EC:C Alternative EC: B
FLOOD CLASS III
Fish ; Inverts ; Rip veg; Geomorph: |[Fish ; Inverts ; Rip veg; Geomorph:
Function/s (what does Description (what is the
Com. . flood characteristic that Season (No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
\Geomorph These flows around
firom the 5-1 of the flow To transport the sandy bed material .
uration curve transport L . To transport the sandy bed material at
. . at this site and scout active . f
a large proportion of the [Velocity (stream power).  |Any 1 . 1 this site and scout active channels to
channels to deepen and widen .
sandy bedload and flush deepen and widen them.
. them.
and deepen the active
channels.
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Recommended EC:C Alternative EC: B
FLOOD CLASS IV
[Fish ; Inverts ; Rip veg; Geomorph: Fish ; Inverts ; Rip veg; Geomorph:
Function/s (what does Description (what is the
Com, . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
Geom. Maintain present bed
form and sediment
gﬁzzgﬁ;};a}r;;tensnc& To maintain sediment transport To maintain sediment transport patterns;
. . patterns; specifically the activation specifically the activation and
responsible for about Velocity (stream power).  |Any 1:3 . 1:2 . .
o ) and overturning of gravels and overturning of gravels and flushing and
50% of the potential bed .
. flushing and transport of fines. transport of fines.
material transport. Large
floods at this site are
very important.
Recommended EC:C Alternative EC: B
FLOOD CLASS V
[Fish ; Inverts ; Rip veg; Geomorph: Fish ; Inverts ; Rip veg; Geomorph:
Function/s (what does Description (what is the
Com . flood characteristic that Season No of events Freq Reasoning No of events Freq Reasoning
it have to do)
does that)
(Geom. Thgse large flows should ﬂush These large flows should flush sediment
sediment from the system which . .
Scour the macro-channel . B . . from the system which will have been
. 1:10 year  |will have been deposited by the 1:10 year .
and remove encroaching . . . . deposited by the seasonal lowveld
. Velocity (stream power).  [Any 1 return seasonal lowveld tributaries. This |1 return . - L .
vegetation; transport fine . . . . . tributaries. This will prevent excessive
. interval will prevent excessive aggradation interval .
sediment and gravels. . aggradation and loss of bedrock
and loss of bedrock influence on .
influence on the macro-channel floor.
the macro-channel floor.
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Recommended EC: D
FLOOD CLASS I
[Fish ; Inverts ; Rip veg; Geomorph:
. Description (what is the
Com, Func.tlon/s (What does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Recommended EC: D
FLOOD CLASS I
[Fish ; Inverts ; Rip veg; Geomorph:
. Description (what is the
Com. Func.tlon/s (what does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Geomorph Restore sediment
transport characteristics. To restore some of the sediment
This flow duration class [Velocity (stream power).  |Any 2 transport patterns for the flushing
(5-10%) was responsible and transport of fines.
for transporting fines.
Recommended EC: D
FLOOD CLASS IIT
[Fish ; Inverts ; Rip veg; Geomorph:
. Description (what is the
Com. Func.tlon/s (What does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Geomorph These flows around
from .the 31 of the flow To transport the sandy bed material
duration curve transport P .
. . at this site and scout active
a large proportion of the [Velocity (stream power). Any 1 .
channels to deepen and widen
sandy bedload and flush
. them.
and deepen the active
channels.
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Recommended EC: D
FLOOD CLASS IV
IFish ; Inverts ; Rip veg; Geomorph:
. Description (what is the
Com. Func.tlon/s (what does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Geom. Maintain present bed
form and sediment
ransport characteristics. To maintain some of the sediment
These flows are transport patterns for the activation
responsible for about  |Velocity (stream power).  |Any 1:3 port patt
. and overturning of gravels and
50% of the potential bed .
. flushing and transport of fines.
material transport. Large
floods at this site are
very important.
Recommended EC: D
FLOOD CLASS V
Fish ; Inverts ; Rip veg; Geomorph:
. Description (what is the
Com. Func.tlon/s (what does flood characteristic that Season No of events Freq Reasoning
it have to do)
does that)
Geom. These large flows should flush
sediment from the system which
Scour the macro-channel . .
. 1:10 year  |will have been deposited by the
and remove encroaching . . . .
. 'Velocity (stream power). Any 1 return seasonal lowveld tributaries. This
'vegetation; transport fine . . . .
sediment and gravels interval will prevent excessive aggradation
’ and loss of bedrock influence on
the macro-channel floor.
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1. INTRODUCTION
1.1 RIPARIAN VEGETATION DISTRIBUTION PATTERNS

Hydrological and fluvia processes are key determinants of vegetation distribution patterns in
riparian corridors (Hupp and Osterkamp, 1996). V egetation isinfluenced by the hydrology of the
river through floods, droughts and water table fluctuations, whilefluvial processes of erosion and
sedimentation both destroy and create sites for the establishment of new individuals (Cordes,
Hughes and Getty, 1997). Theinteraction between the hydrology, water availability and thefluvia
geomorphology is therefore critical to understanding vegetation distribution patterns along the
Letaba River and its tributaries.

1.1.1 Theinfluence of flooding

Flooding in particular directly affects plants through inundation and physical damage or uprooting
of individuals, resulting in reduced growth or even mortality (Mackenzie, van Coller, and Rogers,
1999). Species differ substantially in their ability to tolerate these affects of flooding (Blom,
Bogemann, Laan, van der Sman, van de Steeg and Voesenek, 1990), which are reflected in
different species distributions along a flooding frequency gradient (Auble, Friedman and Scott,
1994). Species close to the channel are predominantly hydrualically tolerant (i.e. able to survive
the physical stress of flooding), while species on higher elevated sites, the top of banks or upland
areas, are generally hydraulically intolerant. Of the many factorsthat influence the recruitment of
plants (Grubb, 1977; McBride and Strahan, 1984; Cordes, Hughes and Getty, 1997), the influence
of flooding is particularly important during the regeneration phase of riparian plant populations.
This is because flooding has the potential to ater the availability of sites and/or remove the
seedling layer thus affecting the opportunities for replacement. (Streng, Glitzenstein and
Harcombe, 1989). In semi-arid areasin particular, sites may be abundant following flooding, but
water availability is generally alimiting factor (Hughes, 1978).

Since flooding plays a key role during germination and establishment, the phenology of plant
speciesrelative to the timing of floods becomesimportant (Tissue and Wright, 1995; Mackenzie,
unpublished data). In semi-arid regions, if plant species are to regenerate successfully following
flood events, seed or propagule dispersal must coincide with floods. Along the Sabie River, for
example, this is generaly the case, but more so for species growing along seasonally and
ephemerally flooded features. The viability of seeds and propagules of riparian species is aso
generally low and few form seed banks. Thus, dispersal of seeds or propagul es too soon before,
or too late after, aflood event will result in missed opportunities for regeneration.

1.1.2 Theinfluence of water availability

Fluctuationsin the groundwater tablein river banks may be directly associated with fluctuations of
water levelsin the river (Birkhead, van Coller, James and Heritage, 1996). Water availability
from the water table is regarded as a major limiting resource to riparian plant species, (Adams,
1989) influencing growth, performance and survival. Thisis especially true of woody riparian
specieswhich arerooted in the water table (Smith, Wellington, Nachlinger and Fox, 1991, Ellery,
Ellery and McCarthy, 1993). Woody riparian species have little resistence to drought stress, since
they need to obtain sufficient water to compensate for their large daily transpirational 1osses
(Smith et a., 1991, Birkhead, Olbrich, James and Rogers, 1997). Aninability to obtain thiswater




L etaba Catchment Reserve Determination Specialist Report: Riparian Vegetation 2

due to drought or unnatural flow regulation, will in many cases lead to extreme stress in trees
which may result in mortality (van Coller & Rogers, 1996).

The depth to the water table becomes especially important during the establishment phase of
germinants, and the rate of water table decline following overbank flowsis akey determinant of
the probability of survival of germinants and seedlings (Manders & Smith, 1992). A rapid decline
in the level of the water table may be too fast for the growth rates of the roots of germinants.
This phenomenon is particularly true in riparian corridors in semi-arid regions such as along the
middle to lower reaches of the Letaba River catchment. Rivers such as the L etaba however, are
likely to have some complexity to this generd rule because of the presence of bedrock which
influences the dynamics and structure of the water table. Perched water tables which need to be
recharged by flooding events often exist.

1.1.3 Theinfluence of fluvial geomor phology

Close relationships exist between riparian vegetation distribution patterns and different
geomorphic landforms (van Coller, Rogers and Heritage, 1997). In semi-arid regions, the
relationship isrelated more to infrequent flood events that create new sites for the establishment
of individuals (Friedman, Osterkamp and Lewis, 1996). Therefore in river systems such as the
L etaba, the vegetation / geomorphology interactions are more event driven, and flow frequency
associated with the different landforms is less important

In riparian systems associated with rivers such as the Letaba, there is often a clear distinction in
species composition between the vegetation typesthat are associated with the macro-channd bank
and the vegetation typesthat are associated with the macro-channel floor (van Coller, Rogersand
Heritage, 1997). Although the macro-channel bank is generaly relatively stable and experiences
low sedimentation, the steep slopes result in strong vertical gradients of flooding frequency and
availability of water from the water table. Consequently vertical gradients exist in the distribution
of the vegetation.

In contrast to the macro-channel bank, frequent flooding, sedimentation and erosion along the
macro-channel floor provides a dynamic and geomorphologically diverse setting for the
establishment of riparian plants (van Coller and Rogers, 1996). The degree of bedrock influence
along the macro-channel floor isseen to be critical ininfluencing the distribution of the vegetation
(van Coller, Rogersand Heritage, 1997). Thereisatrend from species such asBreonadia salicina
in bedrock dominated areas (e.g. bedrock influenced channel types), to species such as
Phyllanthus reticulatus and Phragmites mauritianus in both bedrock and aluvia dominated areas
(e.g. pool-rapid, and braided channel types) to species of the Combretum erythrophyllum in
aluvia dominated aress.

While the vegetation aong the macro-channel floor also appears closely related to differencesin
the degree of bedrock control and the type of morphological units on which they occur, thereare
also apparent differences in vertical distribution relative to the active channel. This indicates a
likely relationship with flooding frequency. Species such as Breonadia salicina and the
Phragmites mauritianus occur at lower elevations above the channel and are therefore more
frequently inundated than species such as Phyllanthus reticulatus and Combretum
erythrophyllum, which are found at higher elevations above the active channel.
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Feedback mechanisms of riparian vegetation on fluvia geomorphology also exist, which
contribute to the relationship between them (Hicken, 1984). Vegetation can therefore also exert
considerable control over fluvial processes and morphology through five mechanisms: flow
resistance, bar sedimentation, bank strength and stabilization, and the formation of log jams
(MacKenzie, van Coller and Rogers, 1999).

1.1.4 Other influences

According to van Coller and Rogers (1996), auseful approach to understanding the determinants
of the species distribution patterns is to focus attention on the causes of succession, and what
ecological processes and relationships are associated with these causes. These authors state that
fundamental causes of succession that generally apply to any situation, have been identified as (1)
different sitesbecoming available; (2) speciesbeing differentially available at an open site; and (3)
species behaving differentially at the site (Pickett et al. 1987). Determinants of speciesdistribution
patternswill be discussed under these three causes of succession and the following excerptswere
taken directly from the discussion given by van Coller and Rogers as given in van Coller and
Rogers (1996).

1.1.4.1 Ste availability

"Site availability for the establishment of riparian seedlingsisdetermined largely by the disturbance
of flooding. Disturbance by flooding resultsin theremoval of existing vegetation and/or sediment,
aswell asdeposition of sediment and vegetation on existing sites, giving riseto new available sites
(patches) of bedrock and alluvia sediment, ranging in nutrient and resource availability"”.

"Exposed patches of bedrock in close proximity to active or seasonal channels have been found to
be important sites for the establishment of certain species (see Table 1A, Appendix 1). Cracksin
the rocks form important microsite conditions for the anchorage of the roots of an individual as
well as increasing moisture availability"

"Patches of aluvia sediment deposition in close proximity to the channel aso provide important
sitesfor the regeneration and establishment of certain species. These sites can vary in texture as
well as the proportion of organic material, resulting in very different moisture and nutrient
conditions. Unlike bedrock sites, alluvial sediment does not provide the same anchorage medium,
thus reducing the survivorship of germinants. Survival depends on the root being ableto reach the
water tablein arelatively short space of time and forming afirm anchorage (possibly even on the
underlying bedrock)".

"Gravel depositsaong seasona distributaries may also provide important microsite conditionsfor
certain species, by increasing the potential to trap seeds, increase the anchorage facility for roots
aswell asincrease moisture availability. Rain may also act as a process whereby existing sites of
well developed alluvial deposits or even parent materia on the macro-channel bank become
available through increased moisture availability. Theremoval of vegetation through flooding also
atersthe light availability, which plays an important role in determining the nature of available
Stes'.

1.1.4.2 Species Availability
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"Differential species availability is affected by the processes of dispersal and the nature of the
propagule pool. The river acts as an important dispersal agent for propagules of most speciesin
close proximity to active or seasonal channels (especially Breonadia salicina, Nuxia oppositifolia,
Syzygium guineense, Combretum erythrophyllum, and Ficus sycomorus). In addition to
hydrochory, the fruits of tree species such as Syzygium guineense, Syzygium cordatum, Ficus
sycomrus, Diospyros mespiloformis, and Acacia robusta, and fruits of shrub species such as
Phyllanthus reticulatus, Lantana camara (exotic), Ficus capreifolia and Kraussia floribunda are
dispersed by birds or animals (zoochory). Fruits of species such as Combretum erythrophyllum,
Phragmites mauritianus, Breonadia salicina, and Nuxia floribunda are dispersed by wind.
Another important mechanism of dispersal is in the form of vegetative dispersal where certain
species are able to regenerate from broken parts of the plant that are carried and deposited down
river following a flood event (e.g. broken roots, stems, branches and even a leaf (Ficus
sycomorus) as well as rhizomes (Phragmites mauritianus)”.

"Regarding the nature of propagule pools, three main sources appear to be important along the
Sabie River inthe Kruger National Park, namely, seed on the plant, nursery bars (seed covered in
alluvial deposits), and vegetative coppicing from roots, buried stems and branches. The timing of
seed maturity appears to an important factor for many species. Species such as Breonadia
salicina, Syzygium guineense, Nuxia oppositifolia and Phragmites mauritianusall grow in close
proximity to the active channel and all reach maturity from mid summer to the end of summer,
when the likelihood of new sites becoming available are highest. It is also during this time that
moisture availability islikely to be most favourable for enabling the roots of germinantsto reach
the water table, and when the probability of flooding inundation is decreasing. Seeds of other
species such as Combretum erythrophyllum mature at the end of winter, and appear to geminate
in response to the first summer rain events'.

"Nursery bars have been observed to be an important propagule pool for certain species.
Combretum erythrophyllum, Syzygium guineense, and Ficus sycomorus have been observed to
germinate from seeds buried on active channel bars. The length of viability of these seedsis not
however known".

"V egetative coppicing is an important propagule source for many species occurring along the
macro-channel floor. Many tree species such as Combretum erythrophyllum, Nuxia oppositifolia,
Ficus sycomorus, Breonadia salicina and shrub species such as Phyllanthus reticulatus,
Maytenus senegalensis and Ficus capreifolia are al able to coppice from their roots, stems and
branches following damage or covering by sediment. The reed Phragmites mauritianus coppices
from its rhizomes or buried stems, giving rise to reedbeds that show a distinct pattern of being
paralel to the direction of river flow. These patterns have also been observed with the tree
species Combretum erythrophyllum and Nuxia oppositifolia. This form of regeneration has
important implications for increasing the stability of channel bars'.

1.1.4.3 Species Performance
The landscape of the Letaba River, much like that of the Sabie River (van Coller and Rogers,

1996), also appearsto facilitate the devel opment of strong hydrological gradientsin the form of
availability of water from the water table and flooding frequency.
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Differential species performance on different available sites and morphology types plays an
important rolein determining vegetation distribution patterns. Species show different distributions
on the different available sites based largely on differences in ecophysiology and life history
characteristics (van Coller and Rogers, 1996), during both germination and establishment. These
relationships are described in Table A1, Appendix 1 (from van Coller and Rogers, 1996).

Species also perform differentially in relation to availability of water from the water table. Thisis
largely afunction of differencesin the water use efficiencies of species (van Coller and Rogers,
1996). Riparian species on the whole have higher transpiration rates than terrestrial speciesfrom
the surrounding savanna and usually require a permanent supply of water for at least part of the
year (van Coller and Rogers, 1996). Particularly those riparian trees occurring along the macro-
channel floor and along poorly connected channels (i.e. strongly bedrock influenced channel
types) are most vulnerable to low flows of extended periods because of their high transpirational
demands (van Coller and Rogers, 1996). According to van Coller and Rogers (1996) Whileit is
difficult to separate out the influence of water availability and flooding in determining species
distribution, height (elevation) of an individual above afixed stage discharge can beregarded to be
arough estimate of distance above the water table (thisis not true for flooding frequency, where
the same discharge can flood very different el evations depending on the dimension of the macro-
channel).

Differential species performancein relation to flooding islargely dueto differencesin the species
ability to tolerate anaerobiosis and shear stress during inundation (van Coller and Rogers, 1996).
This influences the distribution of a species in terms of how near it is able to establish to the
active channel. According to van Coller and Rogers (1996), there appear to be four broad groups
of species, namely, those that are restricted in their distribution by perennial to seasona floods,
seasonal floods, seasonal to ephemeral floods, and ephemeral floods aong the Sabie River [Table
A2, Appendix 1, taken from van Coller and Rogers, 1996)

1.2 DETERMINING THE FLOW REQUIREMENTSFOR THE MAINTENANCE OF
RIPARIAN VEGETATION

Van Coller and Rogers (1996) identified four main issues relating to the instream flow
requirementsfor the maintenance of the riparian vegetation and the functioning of the ecosystem
asawhole. They are, 1) flows to meet transpirational needs of the vegetation along the macro-
channd floor in both aluvial and bedrock influenced sites, 2) flowsthat prevent terrestrialisation
of the macro-channel floor, 3) flowsto meet the regeneration requirements of riparian species and
maintain diversity of sites for regeneration, and 4) flows indirectly related to sedimentation and
changes in the geomorphology in river.

1.2.1 Flowsto meet transpirational needs

Whilethe transpirational needs of the dominant riparian tree species along the macro-channdl floor
have been shown to be relatively smilar (Birkhead, Olbrich, James and Rogers, 1996), the
availability of water differsmarkedly in relation to the degree of bedrock influence. Accordingto
van Coller and Rogers (1996), flows required to meet the transpirational demands of the
vegetation should be addressed separately for vegetation in aluvial dominated areas where
subsurface water storage is connected to the active channel, compared to vegetation in bedrock
dominated areas where subsurface water storage is not well connected to the active channel.
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1.2.1.1 Bedrock influenced sites - poorly connected underground water table

In areas largely influenced by bedrock, such as bedrock anastomosing channel types, there are
hydraulically isolated areas (e.g. seasona distributaries) when the river drops below a certain
stage. As aresult, trees growing in hydraulically isolated alluvia deposits will experience water
stress once the subsurface water storage has been depleted (van Coller and Rogers, 1996). Thus,
the frequency and magnitude of river stagefluctuations play afundamental rolein determining the
level of water stress amongst trees growing in bedrock influenced areas. It istherefore essential
that flow regimes from impoundments be designed in such away as to meet the rehydration of
isolated aquifers in these sections to ensure the survival of the trees that have established there,
through maintaining flow variability.

1.2.1.2 Alluvial sites -well connected underground water table

Inaluvial dominated systemswere thereislittle bedrock influence, the subsurface water storageis
connected directly to the active channel. In these areas therefore, the water availability to the
vegetation therefore depends on the water in the active channel. According to van Coller and
Rogers (1996), the question that needs to be addressed then, iswhat flow in the active channel is
necessary to meet the transpirational demands of the vegetation? Birkhead et al (1996) used three
different approachesto addressthis question, the general findings of which were discussed by van
Coller and Rogers (1996) and are not presented here. These are however expected to be relevant
to the IFR determination, particularly with regard to the estimated consumptive water use
(transpirational) values of the riparian vegetation. However, according to van Coller and Rogers
(1996), anumber of factors need to be considered before deciding what value or level iscritical to
meet the transpirational needs of vegetation in alluvia areas. Firstly, it needsto be decided which
method of Birkhead et al (1996) isthe most accurate; and secondly, it isimportant that low flows
be kept at an adequate level to ensure that the trees do not account for the entire low flow (this
needs to be considered not only for the winter low flows, but also the summer low flows during
drought periods when transpirational demands are highest).

1.2.2 Flowsto prevent "terrestrialisation” of the macro-channel floor

A reduction in flooding frequency will increase the availability of sites aong the macro-channel
floor for the establishment of species less tolerant of flooding. These will include some of those
species that grow on the macro-channel bank and in the surrounding savanna. In addition, the
longer the periods between floods, the higher the chance of persistence. This is because
individuals become older and more firmly rooted aswell as more tolerant of inundated conditions
as they grow older and bigger. In turn, such changes will reduce available sites for the
regeneration of riparian vegetation (van Coller and Rogers, 1996). It istherefore necessary that a
flooding frequency of agiven discharge takes placein order to prevent the colonising of the more
terrestrial type species. Weedy exotic invader speciesare also aconcernin thisregard. Theflows
necessary for removing terrestrial species and inhibiting their establishment along the macro-
channel floor however are generally larger than can be managed (van Coller and Rogers, 1996).
Assuch, it isimportant therefore to ensure enough flow for long enough periods during the year
to prevent species less tolerant of flooding from establishing.

1.2.3 Flowsto meet the regeneration requirementsof riparian species




L etaba Catchment Reserve Determination Specialist Report: Riparian Vegetation 7

According to van Coller and Rogers (1996), there are two main issues that need to be considered
that relate to the maintenance of ahigh diversity of available sitesfor the regeneration of riparian
gpecies. Firstly, a degree of variability in the flow regime needs to be maintained in order to
maintain diversity of site characteristics. Thisincludesflowsthat alow riparian speciesto establish
at relatively high stages within the macro-channel. In addition, steps to prevent the progressive
buildup of sediment leading to amore aluvial dominated system need to be considered in order to
keep open bedrock sites available for establishment of species such as Breonadia salicina (e.g.
flows rel eased from impoundments carry |ess sediment load). Secondly, the availability of species
at available sitesdueto a) dispersal (phenology) and b) propagul e banks (post-dispersal propagule
viability) needs to coincide with tempora hydrological conditions that are conducive to the
colonization of those sites. For example, van Coller and Rogers (1996) observed that the dispersal
of Syzygium spp and Ficus sycomor us at the time of the 1996 floods on the Sabie River resulted in
high numbers of post flood germinants on newly created or disturbed sites. Thiswas not the case
for Combretum erythrophyllum for instance, where propagule dispersal did not coincide with a
flooding event.

1.2.4 Flowsindirectly related to sedimentation and changesin thegeomor phology in river

Since there is aclose rel ationships between riparian vegetation distribution patterns and different
geomorphic landforms (van Coller, Rogers and Heritage, 1997), changesin flowsthat can affect
the geomorphology of the river will have adirect influence on the riparian vegetation. Sincethe
vegetation / geomorphology interactions are more event driven in asystem such asthe Letaba, it
is essential to recognise the importance of large floods in determining the vegetation dynamics.

2. APPROACH
21 BACKGROUND TO THE APPROACH AND ASSUMPTIONS

In this report, information on the distribution of riparian vegetation at the identified IFR sites,
which were selected during the planning workshop and site visit during 2003, is presented. The
occurrence of riparian trees along surveyed profiles was used to provide a framework for
determining riparian speciesdistributions at the | FR sites. Thiswas based on the broad assumption
that individually surveyed trees at or near a surveyed transects correlate to the distribution of
riparian plant species laterally and vertically along the profiles. This, together with a genera
understanding of the determinants of riparian vegetation distribution patterns was used to
motivate for flows for maintaining/improving the riparian zone at the two integration workshops
during August and October 2004.

Central to the approach isthe recognition that the interaction between the geomorphol ogy, water
availability and hydrology iskey to providing an understanding of vegetation distribution patterns
at each of the IFR sites. Each of the | FR sites has different geomorphol ogical featuresresulting in
distinct environmental gradients (vertically, laterally and longitudinaly) which in turn can be
related to flooding frequency, water availability (from the water table) and fluvia dynamics. An
important consideration with respect to the interpretation of the vegetation distribution and
structure on the profilesisthe effect of the 2000 flood. Thisflood had a profound influence on the
pre-2000 morphology of theriver and thusthe distribution and structure of the riparian vegetation
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a certain of the IFR sites. As such, the profiles represent a “reset state” in most cases,
complicating the expected links between flows and vegetation distribution patterns. Direct
interpretation of the distribution patternsin most cases resulted in an expectation of unredlistically
high flows at higher elevations on the profiles. Since the method applied for recommending flows
(by using vegetation linked to cross sectional profiles) is set in terms of the Reserve determination
process, the challenge during the workshops was in recognizing when this was the case. Where
this arose during the workshop, a combination of actual profile data, common sense, experience
and understanding of the dynamics of the affected rivers, rather than the direct interpretation of
the profiles, was necessary to extract relevant information for recommending flows. Thisin turn
influenced the confidence in the flows recommended.

22 METHODSUSED

During a field visit in October 2003, individual trees as well as other riparian and instream
vegetation were surveyed for one cross section at each of the IFR sites apart from Letsitele and
including the site below Prieskaweir. The cross sections where the vegetation was surveyed were:

Appdl 2

Klein Letaba 5
Eiland 2
Prieska 2
Letaba Ranch 1
Lonely Bull 2

L etaba Bridge 2

The Letsitele IFR site was excluded from the study because of the artificial influence on the vegetation due
backflooding in theriver (Louw, PC). Some information on the riparian vegetation was however already
available for the site from previous work by Kemper (Department of Water Affairs and Forestry, 1996)
and this was used to supplement the geomorphology motivations during the workshops For each of the
profiles at the other seven sites, the vegetation was plotted and the position of al relevant indicator and
other species shown relative to the survey line. Thisinformation is presented as vegetation plotsin this
report aswell asdiagrammatically intheform of large plansthat were used in the integration workshop. A
literature review was undertaken to support the motivations used in the integration workshop. Air photos
of the IFR sites dating back to the 1930’ swere examined to provide an indication of the changesthat have
occurred in the riparian vegetation at each site (apart from Appel where the resol ution wasinadequate for
such an assessment) over thelast 70 years. The reference condition for each site was determined based on
discussion with Mark Rountree, thus with due consideration of the geomorphologica changes that have
taken placeintheriver systems. The reference states for each | FR site were also viewed in the context of
the state changes that would have occurred “naturally”. Thisisin line with the thinking and conceptual

model of river-landscape change for the successional development of riparian vegetation in the Groot
Letaba River (Carter, 1995).
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3. FINDINGS

3.1 REFERENCE STATE IN RELATION TO THE TEMPORAL CHANGES IN
RIPARIAN DISTRIBUTION PATTERNSALONG THELETABA RIVERANDITS
TRIBUTARIES

Information relating to changesin the distribution of vegetation over time along the Letaba River
and itstributariesis limited predominantly to the examination of the historical air photos and the
report by Carter (1995). In this report, Carter (1995) described river-landscape change in the
Letaba, Sabie, Crocodile and Olifants River systems using a series of aerial photographs dating
back to 1940. He showed that landscape-change in the Letaba River, as was the case with the
other rivers, appeared to follow adirectional processinvolving the sequential colonisation of non-
vegetated areas by herbaceous vegetation, reeds and woody vegetation, which became more
strongly directional with time (Figure 1). According to Carter (1995), prior to thelarge floodsin
2000, the Letaba River lay between the sand and reeds stages with a tragjectory towards woody
vegetation establishment.

Following the 2000 floods which caused extensive vegetation loss, particularly on the macro-
channel floor and in the lower riparian areas, the state of the river was reset to somewhere
between water or rock and herbaceous vegetation. Since the floods, reedbeds have started to re-
establish. The LetabaRiver therefore naturally appearsto move between states representing what
Carter (1995) refers to as dynamic landscape-change. The river does not, and it would appear,
historically did not, reach a stage where it had awell established woody riparian component. The
examination of the historical air photos obtained for the purpose of this study appearsto support
thisargument, at least for some of the |FR sites, and certainly for the upper riparian component. It
would appear that it was the woody components on the macro-channel floor that underwent the
most change following 2000. This intuitively makes sense since these were the sites that were
exposed to the most scour during the flood.

Water or herbaceous Woody

rock ‘> sand <+> vegetation <+ reeds <+ vegetation

Pre 1999 |:> Vegetation

Post 2000

C————> Vegetation

Figurel: A conceptual model of river-landscape changeinvolving five sequential stagesin
the successional development of riparian vegetation in the Groot L etaba River (based on
and modified from Carter, 1995). Thedark linesindicatethe current inter pretation of the
range of successional stagesin theriver prior to, and after the floods of 2000.
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32 IFRSTES

The data for each of the IFR sites surveyed according to the cross sections given in 2.2 is
presented below starting with IFR 1 (Appel) and ending with IFR 7 (L etababa Bridge). The data
and discussions for each site are provided as follows:

PES information, reference conditions and trgectory of change;
Cross sections,

The cross sectional profilesof the IFR sites show the position of individually marked and surveyed
trees. All the key indicator species recorded during the field survey are marked on the profile. A
list of these species and their abbreviations is given in Table A3, Appendix 2. Other relevant
information which was useful during the IFR workshop (such as debrislevels and substrate type)
isalso recorded on the profiles. The elevation:distance ratios were reduced to between 2.5:1 and
7:1to provide for easier interpretation. More realistic representations of each of the profiles are
shown in the diagrammatic cross sections in Appendix 4.

Flood motivations; PES up and down information; and
Confidence.

With respect to the flow motivations, as far as was reasonably possible, the five genera points
relating to the flow requirements of the riparian vegetation as provided by van Coller and Rogers
(1996) served as guidance for setting the flows at each IFR site. These are as follows:

There needs to be a base flow that is not surpassed at any time, in order to meet the
transpiration needs of the riparian vegetation (it is important that this base flow is higher
than the consumptive requirements of the riparian vegetation, so that the vegetation does
not account for the entire low flow);

There needs to be variability in the flow regime in order to activate seasona channelsin
areas where aquifers are isolated;

There needsto be variability in the flow regimein order to increase the diversity of available
sites for regeneration of riparian species;

There need to be floods large enough and often enough to prevent terrestrialisation of the
macro-channel floor; and

Sedimentation whichisindirectly related to the flow regime needsto be considered asthere
are long term implications for increased sedimentation.

321 IFR1-Appd
3.2.1.1 Present Ecological Status
Theflow and vegetation dynamics at this site have changed since the 1930's. Air photo coverage

for the site was not that good (mainly due to scale issues), but nevertheless indicated that the
active channel narrowed over anumber of decades, partly asaresult of vegetation encroachment.
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Indications were that these changes occurred in the lower and margina riparian vegetation zones.
The long-term flow related impacts (reduction in baseflows) probably contributed to a gradual
increase in the abundance of vegetation in these zones. The floods of 2000 removed much of the
margina vegetation. Compared to reference, the marginal and lower riparian zone vegetation at
present does not appear that different from the 1930's. In places along theriver, vegetation cover
changes were evident probably due to the exotic giant reed Arunda donax which has encroached
into the lower riparian zones. The changes in the upper riparian zones have been more gradual
mainly as aresult of afforestation. As such some non-flow related impacts occur, including aien
tree encroachment and some vegetation removal (chopping of mid-sized and larger trees). The
2000 floods appear to have had little influence on this zone. As such species richness and
composition are unlikely to have been affected substantially dueto flow related impacts. Based on
the scores and weightings used in the PES model (see Appendix 3), the PES score for the
vegetation is 65.29 (C).

3.2.1.2 Reference state

Using the air photos from 1938 as an indication of the reference condition, the site was
characterized by apool rapid channel type with someisolated occurrences of braiding where the
floodplain of theriver widened. Vegetated instream barswere fairly common. Eveninthe 1930's
there was extensive farming on the slopes near theriver. Forestry was however far morelimitedin
the catchment. As aready mentioned, compared to reference, the marginal and lower riparian
zone vegetation at present does not appear that different from the 1930's.

3.2.1.3 Trajectory of change

Thetrgectory of changeislikely to be negative but not necessarily related to flows. If only flows
are considered the system is more likely to be stable. The upper zone vegetation is likely to
continue to survive but thereis likely to be agradual deterioration due to encroachment of alien
invasive plants. The marginal vegetation zoneislikely to start to encroach into the active channel
again as vegetation continues to expand under the lower baseflow conditions.
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3.2.1.4 Cross section
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Figure 2: Vegetation data plotted on the cross section at IFR 1 (for abbrev. see Table A3,
Appendix 2).
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3.2.1.5 Flood motivations
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Figure 3: Vegetation data and the motivated flood levels plotted on the cross section at

IFR 1.
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Table 1: Flood Class motivationsfor theriparian vegetation at IFR 1.

FLOOD CLASSIII: 45-10.5m%s

Recommended : C

Alternative: D

Description (what

Function/s isthe flood No of No of
(what doesit h o Season Freq Reasoning Freq Reasoning
have to do) characteristic events events
that does that)
| nundate the
marginal
[vegetation zones
including the
: | nundates to an
PYeoPYe  Bevationof
hexandra prior between 1 and 1.4 IA late summer flood fo .
m at areasonably : B r| JAccept that in alower
to the dry supporting the marginal ) g
) slow average ) class, thisflood will
season. Will ity of | | [vegetation and flow h icall
150 increase lvelocity of less Apri 1 |Peryear dependent riparian tree 0 Per year |happen sporedlcgi y_and
microsit than 0.8 m/sec ies (B. salicina and therefore no motivation for
‘?'Ic;f‘)”ei top [With minimal g’ecrd ) thisflood is given.
gvz:al' lity fo disturbance of the cordatumy .
gérmi Inc;:ti as margina
eds are lvegetation.
di spersed
between April
land July
FLOOD CLASSIV: 20-27m’/s Recommended : C Alternative: D
. Description (what
Function/s 8
(what doesit r;sthe ﬂo.Od. Season No of Freq Reasoning No of Freq Reasoning
have to do) characteristic events events
that doesthat)
| nundates to the
base of the flood Mid summer floods at
terrace to this elevation are Will still play somerolein
stimul ate the important for the terms of the reproduction
reproduction of reproduction of of the hydrophytic grasses
the hydrophytic hydrophytic grasses and and sedges in the marginal
sedges and | nundates to an Mid sedges in the marginal vegetation zones. Despite g
grasses, raise thejelevation of summer 1 |Pervear vegetation zones. Also 12 veard reduced frequency, this
ater tablein  |between 1.8 and 2 (February) YE | sises the water tablein < Y&t 0od will siill play arole
the flood terrace |m. ary the flood terrace to (reduced) in supporting the
to support the support the growth of transpirational
large riparian the larger riparian trees requirements larger
trees on the on the terrace and their riparian trees on the
terrace, and to transpirational terrace.
di sperse riparian requirements.
tree seeds.
FLOOD CLASSV: 43-94m°%s Recommended : C Alternative: D
. Description (what
Function/s 8
Com. | (what doesit %Sthe ﬂo.Od. Season No of Freq Reasoning No of Freq Reasoning
have to do) characteristic events events
that doesthat)
I nundates to upper
o prevent levels of the riparian |As occurs naturally. The
terrestrialisation . ) ] .
of the flood zone t‘hereby saturating main change is expected in
. the soil to the roots of . the lower riparian and
terrace and 1:10 . ) 1:10 1 )
: ) | nundates to 3.2 m |Summer terrestria saplings marginal vegetation zones
disperse high years ' years N
thereby helping to so no flow reductionis
flood terrace ivated for the|
riparian tree prevent motivated for the large
terrestriaisation of the floods.
seeds.
flood terraces.

Motivation for a higher PES
At theworkshop it was decided that it would not be feasible to consider motivating for flowsfor a
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higher PES.

Motivation for a lower PES (D)

To move down to a D, it is anticipated there would have to be a reduction in smaller and mid-
sized floods. The effectswill be restricted predominantly to the lower riparian zone. Thisislikely
to affect the vigor of the lower riparian speciesand will also reduce the opportunitiesfor seedling
establishment and support. It isalso likely to decrease riparian habitat diversity in the long-term.
Sincethe changesrelate to decreased low flows, the changesin the PES model were made mainly
in the margina zone (predominantly in terms of composition, cover and abundance) and lower
riparian zones. In the upper zone, flow related impacts are expected to be stable.

3.2.1.6 Confidence

The siteisfairly representative of the resource unit. There was limited flood damage in terms of
the structure of the terraces and vegetation structure and thus a number of individuals of indicator
species were present for assisting with setting the flows. The air photo record for the site did not
help much in the assessment ssmply because of scale (the minimum mapping unitsweretoo small
for providing any meaningful data on the vegetation). Apart from the profile data collected and
the aerial photography, there was no other available riparian vegetation datafor the reach. Dueto
the stressor-response not being applicable to the riparian vegetation, the low flowswere directly
based on the flows motivated by the fish and invertebrate specialists. These were only reviewed
for the riparian component. The poor confidence in the observed hydrological data used in
modeling the large floods reduced the overall confidence in the high flows. There was not
accurate information on actual return periodsfor various high flowswhich also madeit difficult to
consider scenarios in terms of likely vegetation response. The confidence scores for each of the
attributes listed are given in the Table 2 below.

Table 2: Confidenceratingsfor theriparian vegetation at IFR 1.

IER SITE AVAILABLE ECOLOGICAL OUTPUT OUTPUT
DATA CLASSIFICATION | LOWFLOW | HIGH FLOW
3 1 3 2 1

3.22 IFR2-Letstele

3.2.2.1 Present Ecological Status

The right bank at the site is dominated by afew large figs Ficus sycomorus closer to the waters
edge with Diospyros mespiliformis towards the upper parts of the terrace. The left bank is
characterized by Combretum erythrophyllum and Acacia polyacantha. The vegetation
composition at the site appears to have changed since 1938. Based on the air photo analysis, in
May 1938 the active channel was awide, single thread channel with reeds along the edges and
occasional vegetated barsthat appear to be associated with bedrock outcrops. By thelate 1960’ s
the active channel had narrowed significantly with vegetated instream and lateral bars encroaching
on the active channel. Aerial photographs from June 2002 showed some isolated removal of
vegetation, probably related to the 2000 flood. Thereisevidence of terrestrialisation of the upper
banks. The siteis characterized by a poor riparian vegetation structure with few to no juveniles
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and only afew large remaining adult trees. Based on the scores and weightings used in the PES
model (see Appendix 3), the PES score for the vegetation is 41.15 (D/E).

3.2.2.2 Reference state

A wide, sandy channel with reed beds existed at this site in the 1930's, but changed to a narrow,
incised channel by the 1990's. Due to the extreme nature of the channel pattern (see Rountree
and Dollar, 2004) change, the site is not likely to revert back to the 1930’ s condition.

3.2.2.3 Trajectory of change

The trgjectory of change is likely to be negative in the long-term. The upper bank vegetation is
likely to continue to deteriorate due to anthropogeni c impacts associated with wood removal and
because of increased terrestrialisation. Since most of the lower bank riparian vegetation was
totally removed by the floods of 2000, there may be some re-growth response in the lower zones.
Trampling and grazing along the edges of the lower terraces are however likely to limit any
longer-term recovery. With the provision of higher flows and reduced grazing pressure, some
vegetation could re-establish along the channel margins. With active intervention at the site to
prevent trampling and grazing, it may be possible fro the site to improve from the current D/E
category to a D class but this is unlikely given the intense utilization of the area. In addition,
further losses of moderate floods are anticipated due to recent raising of Thabena Dam which has
no outlet for releases. Thisislikely to further impact negatively on the lower and certainly upper
riparian zones. It isthus likely that the site will remain in a D/E category

3.2.2.4 Flood motivations

When the recent profile of the sitefrom Angelina Jordanovawas compared with the profile of the
site as given in the 1996 report of the Department of Water Affairs and Forestry, it was evident
that the profile of the macro-channel had changed as aresult of the 2000 floods. This was most
evident in the lower terraces. Since this site was not surveyed for riparian vegetation for the
reasons given in section 2.2 of this report, some extrapolation based on the photographs of the
gite, the initial visit to the site, and based on discussions with Mark Rountree at the August
workshop, were used to establish the flood classes. The same flood classes as per the
geomorphology component therefore apply for thissite. Thealluvia nature of theriparian terraces
indicated that bank storage may be important for riparian vegetation maintenance at this site.
Summer

Thereistherefore aneed for higher flows as well aslow flowsto assist with the recharge of the
banks and associated flood terraces at this sitein order to maintain the marginal, lower and upper
riparian zone vegetation. Maintaining the low flowswill ensurethe surviva of thefig treeswhile
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higher flows (flood classes | and 1I) will help with the inundation and recharge of the lower
terraces as well as sediment deposition on these. Not much can be done about the upper bank
where flows have been reduced and where anthropogenic impacts and terrestridisationislikely to
continue. In addition, further losses of moderate floods are anticipated due to recent raising of
Thabena Dam which has no outlet for releases. Thisislikely to further impact negatively on the
lower and certainly upper riparian zones. If the effects of trampling and overgrazing are removed,
it may be possible to improve the situation by enabling the longer-term recovery of the marginal
and lower riparian zones. Thisis however highly unlikely given the human-related pressure at the
Ste.

3.2.2.5 Confidence

Whilethe siteisfairly representative of the riparian vegetation in the resource unit, the effects of
backflooding reduced the confidence of this assumption. While a few individuals of indicator
specieswere present at the site, these did not really assist with setting the higher flows since they
were mostly rooted to take advantage of the low flows. The air photo record for the site was
useful in the assessment. The profile data collected during 1996 had however been modified by the
2000 floods, and as such was not much use in the workshop. There was aso no other available
riparian vegetation data for the reach. Despite the stressor-response being motivated by the fish
and invertebrate specialists, these seemed adequate for maintaining this aspects of the riparian
vegetation. There was not accurate information on actual return periods for various high flows
which aso madeit difficult to consider scenariosin terms of likely vegetation response. The flows
set were thus highly dependent on the geomorphology component. The confidence scores for
each of the attributes listed are given in the Table 3 below.

Table 3. Confidence ratingsfor theriparian vegetation at IFR 2.

IER SITE AVAILABLE | ECOLOGICAL OUTPUT OUTPUT
DATA CLASSIF. LOW FL HIGH FL
1 1 3 2 1

3.23 IFR 3-Eiland
3.2.3.1 Present Ecological Satus

The site has changed dramatically since 1954 but has been reset to a sSimilar state seen in the
1930's. Flow related impacts (reduction in flows) plus the 2000 flood appear to have been the
main factors in this regard. This is a dynamic river since there is evidence of continual state
changesin the riparian vegetation over time. Thiswas exacerbated by the reduction in flowssince
the 1930's, particularly the middlie order floods. Vegetation continued to encroach onto the
macro-channel floor until it had formed an extensiveriparian forest a ong the macro-channd floor
in the late 1980’ s. The active channel had been considerably narrowed with extensive marginal
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and lower riparian vegetation. There were dramatic changes (removal) as a result of the 2000
floods, particularly if compared to the riparian zone in the late 1980's. Based on the scores and
weightings used in the PES model (see Appendix 3), the PES score for the vegetation is 55.41
(D). Thelow PES scoreislargely asaresult of the reduction in smaller floods and baseflows and
extensive agricultural encroachment that has taken placein the reach. In placesthe upper riparian
zone in particular has been heavily impacted by the latter.

3.2.3.2 Reference state

For thissiteit was difficult to decide on areference state for the vegetation. The air photos from
1938 indicated that the site was characterized by a wide active channel (approximately half the
width of the macro-channel floor) with numerous small vegetated (Phragmites) in-channel bars
(Rountree PC). The extensive macro-channel lateral bars aso had some reeds and riparian shrubs
with large areas of exposed sediment. V egetation establishment on the macro-channel lateral bar
features only started to increase after the 1930's. By the 1950's, the macro-channel at both the
Eiland and Prieska | FR sites was vegetated again. State changes are therefore common and the
system appears to be naturaly quite dynamic, with the state changes in this dynamic being
exacerbated by the changes in flows and land-use since the 1930’s.

3.2.3.3 Trajectory of change

The trajectory of change is likely to be stable unless flows are improved. The upper bank
vegetation is likely to continue to deteriorate due to loss of high flows and agricultural impacts
while the marginal and lower bank riparian zones are likely to improve dightly due to
encroachment again since the baseflows have decreased. Terrestridisationislikely to continue on
upper bank. Since the lower bank riparian vegetation was totally removed by the floods of 2000,
thereislikely to be afairly rapid re-growth responsein the lower zones, which together with the
marginal vegetation zoneislikely to improve (in terms of cover and abundance) over time. All in
all, thetrgjectory islikely to balance out and the system asawholeislikely to remain in astate of
dynamic flux.
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3.2.3.4 Cross section
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Figure 4: Vegetation data plotted on the cross section at IFR 3 Eiland (for abbrev. see
Table A3, Appendix 2).
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Figure 5: Vegetation data plotted on the cross section at IFR 3 Prieska (for abbrev. see
Table A3, Appendix 2).
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3.2.3.5 Flood motivation
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Figure6: Vegetation data and the motivated flood levelsplotted on the crosssection at |FR
3 Eiland.
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Figure7: Vegetation data and the motivated flood levelsplotted on the crosssection at IFR
3 Prieska.
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Figure 8: Habitat model for IFR 3 Eiland with various flows as indicated and vegetation
survey pointsin green.

The vegetation datato support the habitat model isprovided in Table 3 below with the numbersin
green corresponding to the survey pointsin the table.
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Table 4: Vegetation data in support of the habitat model for IFR 3.

Surveyor: | Mcllrae, Vegetation: GC Marneweck, Date: 14 October 2003, Elevation: MASL,
WGS 84/31, Constant = 2600000.00

EILAND HABITAT MODEL DATA, VEGETATION
Survey point X Y Z Comment
30 34651.48 16451.66 405.20 Water level (edge)
31 34650.70 16451.86 405.27 Cyperus
32 34653.40 16455.37 405.24 Cyperus
33 34651.42 16459.41 405.14 Cyperus, Schoenoplectus, and some Phragmites mauritianus
34 34649.75 16455.78 405.36 Cyperus, Schoenoplectus, and some Phragmites mauritianus
35 34648.02 16453.37 405.32 Cyperus, Schoenoplectus, and some Phragmites mauritianus
36 34648.25 16452.58 405.34 Cyperus, Schoenoplectus, and some Phragmites mauritianus
37 34654.27 16455.28 405.14 Water level (edge), Ludwigia zone
38 34652.19 16459.61 405.10 Water level (edge), Ludwigia zone
39 34646.58 16460.44 404.80 Ludwigiain pool
40 34645.82 16459.16 405.06 Water level (edge), pool
41 34622.18 16475.69 405.06 Ludwigia
42 34620.73 16477.92 404.92 Water level (edge), Ludwigia zone
43 34617.54 16476.03 404.91 Water level (edge), Ludwigia zone
44 34606.86 16475.60 404.90 Water level (edge), Ludwigia zone
45 34603.64 16476.06 404.90 Water level (edge), Ludwigia zone
46 34601.65 16474.41 404.90 Water level (edge), Ludwigia zone
47 34604.59 16475.09 405.03 Dry edge of Ludwigiazone
48 34601.08 16472.39 405.30 Cyperus sp and Phragmites zone
49 34598.85 16472.30 405.18 Cyperus sp and Phragmites zone
50 34597.29 16472.97 405.17 Cyperus sp and Phragmites zone
51 34597.10 16474.20 406.49 Water level (edge)
52 34602.04 16466.56 405.76 Cyperus
53 34599.45 16466.47 405.88 Breonardia salicina (0.5 m high), juvenile
54 34596.54 16467.61 405.73 Cyperus
55 34603.10 16463.33 405.74 Cyperus
56 34604.80 16462.45 405.78 Cyperus
57 34616.34 16466.40 406.03 Dead Breonardia salicina
58 34623.75 16472.72 405.33 Cyperus
59 34632.63 16474.69 405.33 Phragmites mauritianus clump (1X1m)
60 34632.26 16471.44 405.39 Cyperus
61 34636.76 16470.14 405.62 Juvenile Ficus syccamorus
62 34636.12 16474.20 405.24 Juvenile Ficus syccamorus
63 34640.10 16471.67 405.12 Schoenoplectus sp and Cyperus sp3
64 34641.32 16470.41 405.01 Typha capensis
65 34642.47 16467.02 405.28 Cyperus
79 34629.36 16489.38 407.03 Phragmites mauritianus
80 34628.25 16487.74 406.12 Cyperus
81 34628.62 16486.05 404.94 Water level (edge) - depth 0.15 m (steep bank)
82 34626.13 16485.35 404.44 Water level (edge) - depth 0.43 m (steep bank)
83 34625.71 16486.11 405.53 Culm/root transition with roots extending 1.1m
84 34621.63 16486.21 405.70 Start of Phragmites mauritianus (upper edge along the bank)
85 34618.31 16486.63 405.77 Start of Cyperus sp 2 (upper edge along the bank)
86 34616.08 16485.82 404.72 Water level (edge)
87 34596.18 16486.79 406.09 Start of Phragmites mauritianus (upper edge along the bank)
88 34596.09 16486.02 404.33 Channel floor on edge (measurement of depth)
89 34597.19 16487.20 405.36 Start of Phragmites mauritianus (upper edge along the bank)
90 34600.96 16486.76 405.82 Start of Phragmites mauritianus (upper edge along the bank)
91 34607.21 16486.18 405.54 Start of Phragmites mauritianus (upper edge along the bank)
92 34607.40 16486.06 404.79 Rooting depth
93 34611.57 16487.52 405.92 Start of Cyperus (upper edge aong the bank)
94 34611.18 16486.31 404.73 Cyperus sp 2 (in water along the edge)
95 34611.03 16486.51 405.34 Culm/root transition of Cyperus
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Table5: Flood Classmotivationsfor theriparian vegetation at | FR 3, Eiland and Prieska.

FLOOD CL

ASS|: 4-6m°/s

Recommended : C/D

Alternative: C

Description (what

put the riparian vegetation

inalow D.

Function/s (what doesit istheflood S No of . No of .
haveto do) characteristic " | events Freq Reasoning events Freq Reasoning
that doesthat)
IA small flood of thissize
ill fill the low flow
backwater pool to meet the
| nundates the low _florw levapo-transpiration needs to
bacrljwater to provide water the F. sycomorus (upper fThe slightlz)/f hi ghelr
lto the F. sycomorus roots riparian at this site) and requency of supply
that are tapping into this  [Inundatesto a lower riparian species that compared to the
source. Alsoreachesthe  |depth of be:we_en Nov to are rooted here. The number] Per recommend«_ad Classwill
rooting zone of the Cyperusf0.8 and 0.9 min April 6  |Per year|of these floods ensures that 8 car lensure flushing of the
species around the rock the low flow P the backwater does not dry y backwater and will mean
pool. Inundates therooting [backwater area. up for any length of time. the water level remains
zone of the P. mauritianus Estimating evaporation at 5 high to support the
al ong the edge of the active mm/day, it was estimated vegetation.
channel. that water will remain in the
pool for approximately 2
months after aflood of 5
m’sec™.
Alternative: lower D
e\NIZnC?; Freq Reasoning
The lower frequency of
supply compared to the
recommended Class will
reduce the water in the
backwater which will mean
4 |Per year|the water level will drop
stressing the vegetation.
There are however likely to
be enough flows that the
[vegetation will not drop a
Class.
FLOOD CLASS || 12-18m% Recommended : C/D Alternative: C
. 12-18m°/s
Description (what is|
Function/s (what doesit the flood S No of . No of .
haveto do) characteristic that "l events Freq Reasoning events Freq Reasoning
doesthat)
The duration of flow
needs to be adequate I nundation stimulates
| nundates the entire macro- t;])satiur: ;tit:e that ﬁmh and drgjtrsdu;t;t)ir;gf
channel floor. It inundates [19 ones epen egetallc More of these floods will
lthe marginal vegetation dry out on aregular hat comprises the margindl improve the vigour and
across tge mac?gchann o basis. Thelow Decto 3 |Pervear lvegetation zone. It also 3 Per abSn dance of t?\e maraina
" . average velocity will | Mar Y nindates the microsites year ] 9
oor. It aso inundates have minimal impact here the macro-channe! [vegetation on the macro-
many of the juvenile B. . channel floor.
licina tr lon the vegetation floor flow dependent
Ssalicina trees. including the juvenile| riparian tree B. salicinais
trees rooting in germinating.
lamongst the rocks.
Alternative: lower D
e\NIZnC?; Freq Reasoning
Unlikely to result in adrop
2 Peryeerin aclass but will probably
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Recommended : C/D Alternative: C
FLOOD CLASSIII: 50-90m*/s
Description (what is|
Function/s (what doesit the flood S No of . No of .
haveto do) characteristic that Nl events Freq Reasoning events Freq Reasoning
doesthat)
Inundates the lower riparian
zone particularly where
sedges and reeds occur .
along the lower bank. This Sﬁ?ﬁ?ﬁ: ]Eilcc)igéatlon, Inundation is a'so required
i s important for supporting reaching the first Feb 1 |Peryear to meet the life-history 1 Per Same.
lthe overhanging vegetation terrace at the | FR site requirements of many of the| year
along the lower bank. Also . |lower riparian species.
N below the weir.
inundates the terrace
dominated by P. reticulatus
at the site below the weir.
Alternative: lower D
No of .
events Fregq Reasoning
1 |Peryear Same
Recommended : C/D Alternative: C
FLOOD CLASSIV: 150-220m*/s
Description (what
Function/s (what doesit istheflood S No of . No of .
haveto do) characteristic " | events Freq Reasoning events Freq Reasoning
that doesthat)
Flood inundates the upper Floods at this elevation are
terraces to raise the water important raising the water
table in the terraces and Stage and table in the flood terraces.
support the riparian trees duargti on. with the Thisisimportant for
that grow there. Areaso lood ree;chin the meeting the transpiration
important for increasing the second terra)g a Mar 1:2 [requirements of theriparian 1:2 Same.
availability of sitesfor the ihe IFR site below trees on the upper terraces.
lgermination and ihe weir The flows also stimulate
establishment of new ' reproduction in many of the
riparian trees through riparian tree species on the
depositional processes. terraces.
Alternative: lower D
No of .
events Freg Reasoning
Reducing the frequency of

1:3

this flood will reduce the
flooding of the upper terracq
but isunlikely to resultin a

dropin aClass.
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Recommended : C/D Alternative: C
FLOOD CLASSV: 330-480m%s
Description (what]
Function/s (what doesit istheflood S No of . No of .
haveto do) characteristic N |l events Freq Reasoning events Freq Reasoning
that doesthat)
Floods at this elevation are Floods at this elevation
important raising the water are important raising
tablein the banks. the water tablein the
When it banks. Thisis
Stage. . 1:10 |important for meeting 1:10 Same
arrives S
the transpiration
requirements of the
riparian treesin the
upper riparian zone.
Alternative: lower D
No of .
events Freg Reasoning
1:10 Same

Motivation for a higher PES (C)

To improve to a C, there is a need for higher flows to assist with the re-establishment of the
marginal and lower riparian zone vegetation. The main change expected isin terms of cover and
abundance. Assuch all changesin the PES model were madein lower riparian and marginal zones
(predominantly cover and abundance). Not much can be done about the upper bank where flows
have been reduced and where agricultural impacts and dien invasion is likely to continue. Even
alien clearingisunlikely to improve the situation in the long-term since the agricultural impactson
the upper bank are likely to continue.

Motivation for a lower PES (Lower D)
In most instances, reducing the frequency of the larger floodswill reduce the flooding of the upper
terrace but is unlikely to result in adrop in a Class.

3.2.3.6 Confidence

Thesiteisfairly representative of the resource unit. Two siteswere used for the assessment. One
could therefore also check the high flows between the two which were close and in the same
reach. Theair photo record for the site was also good. The habitat model was used to assist with
setting the lower range of the high flows. Thiswas particularly useful in the backwater areawhere
theriparian vegetation was rooting. One could also check inundation zones for groups of species
aswell asindicator species (specificaly F. sycomorusand B. salicina) onthemacro-channd floor.
The poor confidence in the observed hydrological data used in the modeling for the large floods
reduced the overall confidence in the high flows. Having a second site for comparison provided
extra confidence in the vegetation data. The confidence ratings are shown in Table 5 below.
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Table 5: Confidenceratingsfor theriparian vegetation at IFR 3.

IER SITE AVAILABLE ECOLOGICAL OUTPUT OUTPUT
DATA CLASSIF. LOW FL HIGH FL
3.5 4 3 2 3.5

3.24 1FR 4-LetabaRanch
3.2.4.1 Present Ecological Status

The system is naturaly in a dynamic state, fluctuating between states from vegetated to non-
vegetated along the macro-channel floor. The change in the vegetation abundance in the upper
riparian zone has surprisingly not been that dramatic despite the 2000 floods. Long-term flow
related impacts (reduction in flows) appear to have contributed to the negative changes observed
over time. The reduction in middle order floods is probably most important in this regard. The
marginal vegetation zone is naturally dynamic and thus the change has not been that dramatic
relative to the reference state which has to be considered in the context of dynamic states. In
contrast, the change in the lower riparian zone has been more dramatic with a substantial 10ss of
cover and abundance, particularly on the flood terraces. The changesin the upper riparian zones
have been more gradual. While the 2000 floods had an influence on the upper riparian zone,
species richness and composition is unlikely to have been affected substantially. The change is
mostly reflected in cover, abundance and structure. Based on the scores and weightings used in
the PES model (see Appendix 3), the PES score for the vegetation is 57.40 (D).

3.2.4.2 Reference state

Againusing theair photos from 1938 as an indication of the reference condition, the reach where
the site is located had a mixed anastomosing channel pattern with numerous active channels
separated by vegetated bars. Extensive pool features were also present. It should however be
pointed out that by the mid 1950’ s the instream bars had consolidated, resulting in a primarily
single active channel with riffle and pool features and the floor had become well vegetated. If the
state of the river in the 1950's was used to define the reference state, then it would have been
different to the 1930’ s and the same can be said for the 1960's and 1980’ s. Defining a reference
state is therefore difficult since the river historically had sequential stages in the successiona
development of riparian vegetation. For the purpose of this study however, the current state was
compared mostly with the situation in the 1930’s.

3.2.4.3 Trajectory of change

Thetrajectory of changeislikely to be stable unless flows areimproved. The upper riparian zone
vegetation is likely to continue to survive but thereislikely to be a gradual deterioration due to
loss of high flows and terrestrialisation. Terrestrialisation may extend to the lower bank as flows
remain reduced and larger floods are needed to reach the terraces. The margina vegetation zone
islikely to improve dightly due to encroachment and the re-establishment of vegetation. While
some recovery (increase in abundance) is expected in the lower riparian zone on theterraces, itis
likely to be limited as aresult of the reduction in middle order floods. All in al, the trgectory is
likely to balance out and the system as awhole islikely to remain in a state of dynamic flux.
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3.2.4.4 Cross section
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Figure9: Vegetation data plotted on the cross section at I FR 4 (for abbrev. see Table A3,
Appendix 2).
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3.2.4.5 Flood motivations

LETABA RANCH
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Figure 10: Vegetation data and the motivated flood levels plotted on the cross section at
IFR 4.
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Table 7: Flood Class motivationsfor theriparian vegetation at | FR 4.
Recommended : C/D Alternative: C
FLOOD CLASSII: 6-22m’/s
. Description (what isthe
Function/s (what . No of . No of .
doesit have to do) flood characteristic that| Season events Freq Reasoning events Freq Reasoning
doesthat)
The slightly higher
frequency of supply
| nundates the Inundates up to 1 m depth compared to the
seasonal channels  [in active channel, as well recommended Class will
land marginal as inundates the seasonal o ’ improve the vigour and
lvegetation zones channels. Inundates up to A small flood of Fhls sizewill growth of the marginal
| ’ - . : support the marginal : :
including the mixed |approximately 0.4 min - ) . vegetation, particularly
. Nov, Dec, vegetation, stimulating the .
sedge zone and the mixed sedge zones Per ; Per |reeds, which are expected
- Jan, Feb, 4 growth and reproduction of the 6 - )
reedbeds. Also away from the active : year : ) ; year [to increase in abundance.
| ; Mar, April species that comprise this zone S e
important for there- |channel and on thein- including P. mauritianus and Thiswill stabilise the
lestablishment of channel bars. The low ihe C 9 i margins of the active
macro-channel floor javerage velocity will have € LYPErus species. channel, redirect sediment
riparian species such jminimal impact on the movement, direct flow
as B. salicina vegetation in these areas. along the active channel,
land ultimately improve the
i nstream habitats.
Alternative: D
No of .
events Freq Reasoning
Reducing this flood by two per
lannum compared to the
requirement for the
recommended Class will affect
the marginal vegetation
resulting in exposure during the
hot summer months. Exposure
ill affect the more flow
4 Per [dependent species such as
year [reeds, which are expected to

decrease in abundance. The
[dominance of herbaceous forbs
is expected to increase. These
do not stabilise the sediment,
hich together with a decrease
in the abundance of reeds, is
likely to result in adecreasein

instream habitat quality.
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Recommended : C/D Alternative: C
FLOOD CLASSIII: 60-180m%s
Description (what
Function/s (what doesit istheflood S No of . No of .
haveto do) characteristic N llevents Freq Reasoning events Freq Reasoning
that doesthat)
Mid summer floodsat this The higher frequency of
el evation are important for the supply compared to the
| nundates to the bench . recommended Class will
) . re-establishment of the lower | -
dominated by N. floribunda and durati C | ises th improve the vigour and
and C. erythrophyylum and St_agg u_ratlon _ riparian zone. Also raisesthe growth of the lower
raises.thewater tablein the ithinundation  |Mid summer 1 Per |water table in the benches and 2 Per ivarian vegetation which
between 1.5and  |(February) year [lower flood terraces to support year | p egete .
lterrace to support the lower - is expected to increase in
o ) ) 2.3 min depth. the growth of the larger -
riparian zone including the ribarian trees on the terraces labundance. Thiswill result
ltrees on the terrace. anpgrfor meeting their in an improvement in the
r meeting th habitat diversity of the
transpiration requirements. riparian zone
Alternative: D
No of .
events Freg Reasoning
Per
1 Same as for the C/D class
year
Recommended : C/D Alternative: C
FLOOD CLASSIV: 250-420m’/s
Description (what
Function/s (what doesit istheflood S No of . No of .
haveto do) characteristic " |events Freq Reasoning events Freq Reasoning
that doesthat)
Flood inundates the middle
terraces to raise the water
tablein the terraces and Floods at this elevation are
support theripariantrees  [Stage and important raising the water
(particularly the stands of ~ |duration, with the table in the flood terraces. This
C. erythrophyllum) that  [flood reaching the isimportant for meeting the
grow there. Isaso middleterracesat |Feb or 1* Per |transpiration requirements of o Per Same
important for increasing the [petween 2.6 and  [Mar year [the riparian trees on the upper year "
availability of sitesfor the [3.2 m abovethe terraces. The flows also
lgermination and lactive channel bed stimulate reproduction in many
lestablishment of new at the site. of the riparian tree specieson
riparian trees through the terraces.
depositional processes on
lthe terraces.
Alternative: D
No of .
eventd Freq Reasoning
1* Per Same.
year

*

event.

Initially one of these floods was requested per annum, but according to the present day flood record, the flood is more likely to bea 1:2 to 1:5 year

Based on the note above, it islikely that the request for two of these floods per annum will not be met according to the present day flood record.
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s Recommended : C/D Alternative: C
FLOOD CLASSV: 650-1000m°/s
Description (what
Function/s (what doesit istheflood S No of . No of .
haveto do) characteristic " |events Freq Reasoning events Freq Reasoning
that doesthat)
Flood inundates the higher
lterraces to raise the water
tablein the terraces and Floods at this elevation are
support the riparian trees important raising the water
lthat grow there. Stands of Stage and table in the flood terraces. This
;zrl'r;nant ?deryf?rtt)ﬁ h%gy duration, with the [When it Esti ma'tfa:nmpﬁgt?;;f?r Ei:g:gif Estimat|
ki Odozcu es)p Ieal e [flood reaching the |arrives ted at thefip ian tr:gson theu edat  |Same.
flood damage). 1S also higher terraceat  |(summer) 1:10 par Pper 1:10
important for increasing the ihe site. terraces. The flows also
availability of sitesfor the " stimulate reproduction in many
lgermination and of the riparian tree specieson
lestablishment of new the terraces.
riparian trees through
depositional processes.
Alternative: D
No of .
events Freg Reasoning
Estimate]
d a 1:1952M

Motivation for a higher PES (C)

To improvetoaC, and sinceit will not be possible to increase the high flows (floods), there will
need to be higher low flowsto assist with the re-establishment of the marginal and lower riparian
zone vegetation. Given that sedimentation islikely to continue to occur even with increased low
flows, reedbeds are likely to increase. Increased reedbeds will stabilize sediment and direct flow
that will assist with scouring in the active channels between reedbeds. The associated increasein
vegetation cover and abundance and localized scouring is likely to maintain or possibly even
increase habitat diversity in the short-term. Since the changes relate to increased low flows, the
changesin the PES model were madein the marginal zones (predominantly cover and abundance)
and only dightly in thelower riparian. Thelower riparian zone may beimproved dightly if thelow
flows are increased. Not much can be done about the upper zone where flows have been reduced
and whereterrestrialisation islikely to continue. Without increasing high flows (mid-sized to large
floods), this zone is not expected to influence the improvement in the Class.

Motivation for a lower PES

At theworkshop it was decided that it would not be feasible to consider motivating for flowsfor a
lower PES for the riparian vegetation.
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3.2.4.6 Confidence

Thesiteisfairly representative of the resource unit. There was however extensive flood damagein
terms of the structure of the terraces and vegetation structure. There was still however a number
of individuals of indicator species present for assisting with setting the flows. Apart from the
profile data collected and aerial photography, there were no other available riparian vegetation
datafor the reach. The air photo record for the site did help with the assessment, but because of
the scale (the minimum mapping units were too small for providing any meaningful data on the
vegetation), only limited information could be extracted from these. Due to the stressor-response
not being applicable to the riparian vegetation, the low flows were directly based on the flows
motivated by the fish and invertebrate specialists. These were only reviewed for the riparian
component. The poor confidence in the observed hydrological data used in the modeling for the
large floods reduced the overall confidence in the high flows. One did not have accurate (long
enough record) information on actual return periods for various high flows which aso made it
difficult to consider scenariosin terms of likely vegetation response. The confidence ratings are
shown in Table 8 below.

Table 8: Confidenceratingsfor theriparian vegetation at I|FR 4.

IER SITE AVAILABLE ECOLOGICAL OUTPUT OUTPUT
DATA CLASSIF. LOW FL HIGH FL
3 3 3 2 2

3.25 IFR5-Klein Letaba
3.2.5.1 Present Ecological Status

Flow in the system has changed considerably as aresult of the Middle Letaba Dam. Despite this,
the change in the vegetation abundance in the upper riparian zone has surprisingly not been that
dramatic, even after the 2000 floods. The long-term flow related impacts (reduction in flows)
appear to have contributed to agradual increase in abundance of marginal vegetation until 2000,
after which much of the marginal vegetation was removed. Compared to reference, the marginal
vegetation was however not that different. The marginal vegetation zoneis naturally dynamic and
thusthe change hasto be viewed in the context of dynamic state changes. The changein the lower
riparian zone has been more dramatic with a substantial loss of cover and abundance. Up until
2000, the loss of middle order floods was probably the most important factor that affected the
lower riparian zone with the 2000 floods having a major sudden impact. Some non-flow related
impacts occur, particularly vegetation removal (chopping of mid-sized and larger trees) and
subsistence agriculture. While the 2000 floods had an influence on this zone, speciesrichnessand
composition is unlikely to have been affected substantially. The changes are mostly reflected in
cover, abundance and structure. Alien treeinvasion does not appear to beamajor problem at this
stage. Based on the scores and weightings used in the PES model (see Appendix 3), the PES
score for the vegetation is 67.39 (C).

3.2.5.2 Reference state

Using the air photos from 1937 as an indication of the reference condition, the reach where the
ste is located had a meandering/braided active channel flowing across sandy macro-channel.
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There was little to no vegetation on the macro-channel floor but the lower and upper riparian
zones were reasonably well vegetated, much like what is visible at present

3.2.5.3 Trajectory of change

The trgjectory of change is likely to be negative unless flows are improved. The upper zone
vegetation is likely to continue to survive but there is likely to be agradual deterioration due to
loss of high flows and terrestrialisation. Terrestrialisation may extend to the lower bank as flows
remain reduced. The marginal riparian zone is likely to improve in the short-term as reeds and
sedge zonesre-establish. Thiszonewill continue to adjust to the lower flows and inevitably cover
and abundance is expected change. Since much of the lower riparian zone vegetation and terraces
on which it was growing were removed by the 2000 floods, the cover and abundance of thiszone
has changed. Again, while some recovery (increase in abundance) is expected, it is likely to be
limited as a result in the reduction in middie order floods. All in al, the trgjectory is likely to
deteriorate and the riparian zone as a whole is likely to reduce. The influence of bank storage
(groundwater) may help to buffer this change.

3.2.5.4 Cross section
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Figure11: Vegetation data plotted on the crosssection at |IFR 5 (for abbrev. see Table A3,
Appendix 2).
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3.2.5.5 Flood motivations
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Figure 12: Vegetation data and the motivated flood levels plotted on the cross section at

IFR 5.
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Table 9: Flood Class motivationsfor theriparian vegetation at IFR 5.

FLOOD CLASSI

and 11; 1.7-27m%/s

Recommended : C

Alternative: D

Description (what

re-establishment of trees on
lthis terrace.

marginal vegetation.
Thisflood a so reaches
the lower riparian zone
land hel ps recharge the
lower terraces.

Function/s (what doesit istheflood No of . No of .
haveto do) characteristic Season events Freq Reasoning events Freq Reasoning
that doesthat)
A small flood of this Reducing this flood by two
size will support the oer annum compared to the
lextensive margina requl remergjtefdorctlhe il
| nundates the seasonal v_egetati_o nzone in this :?g] tmhgnmargi ngss "
channels and marginal Inundates up to 1 £ [Iver, Et imulating the vegetation resulting in
lvegetation zones adjacent tom depth in active 9(6o growt aqd lexposure during the hot
the active channel. Is channel, aswell as between reproduction of the 6 (4 of summer months. Exposure
important for the re- inundates the 812 flow dependert betweaen 81' ill affect the more flow
lestablishment of the seasonal channels. msec* vegetation t.h a 12 msec dependent species such as
marginal vegetation zones |Therelatively low [ Nov to and3 comprise this ZOne. Thel and2 reeds, which are expected
that include inundation average velocity April between| Per year fr(_aqqency of ﬂOOd! ng || between | Per year to decrease in abundance.
dependent species such as T.{will have minimal 14-27 ill improve the vigour|) - 14-27 The dominance of
oonei SZBE h di . impact on the oth m’sec’ and growth of the m'sec’ herbaceous forbsis
Sbitpﬁg?vs\/?ch dé@wfxzr;r{ * maFr)gi n; o integratg marginal vegetation, |integrated lexpected to increase. Thesg
[flooding inundation for [vegetation in these d part cul quy ree_d_s classes) do not stabilisethe
completion of their areas. classes) hi Ch will stabil |§ethe sediment, which together
. margins of the active . ’ .
lifecycles. channd!. redirect ith adecre%lnth_e
sedi men't movement a_bundance of rt_aeds 1s
land direct flow aong likely to res_ultlna
the active channel. gecfe‘&‘ In Instream
abitat quality.
FLOOD CLASS |11- 60-126m%s Recommended : C Alternative: D
Description (what
Function/s (what doesit istheflood No of . No of .
haveto do) characteristic Season events Freq Reasoning events Freq Reasoning
that doesthat)
These floods would
lensure that the
margina vegetation on
) ] the bars, adjacent to the) Reducing this flood to one
&nggﬁﬁgg?gare active channel, and in‘ every two years compared
completely inundated above _ _the seasona channelsis| to the requirement fqr the
the rhizome/culm interface. Stpge and duration |nu_ndated at least once r_ecommended Classis
Alsoinundatesup tothe | ith thgflood Dec or during the summer Ilkely to reduce the N
lower edge of thefirst flood |nu_ndat|ng the Mar 1  |Per yearjmonths. Thiswill help 1:2  [recruitment opportunities
terrace, thereby raising the active channel to a re_charge the bars and for the !ower riparian zone
ater tl'able o support the depth of 1.6 m. stimul ate the growth lvegetation, which is not
land reproduction of the lexpected to recover well

given this reduced
frequency of flooding.
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Recommended : C Alternative: D
FLOOD CLASSIV: 175-480m%s
Description (what
Function/s (what doesit istheflood S No of . No of .
haveto do) characteristic " | events Freq Reasoning events Freq Reasoning
that doesthat)
Flood inundates the lower Floods at this elevation
terraces to raise the water lare important raising
tablein the terraces and Stage and the water tablein the
support the riparian trees age . Iflood terraces. Thisis
duration, with the . >
that grow there. Isalso ! ; important for meeting
| L flood overtopping . S
important for establishing ihe lower terraces, When it Estim atethe t_ranspl ration Estimatel
new terraces and increasing happensin| .+ Jrequirements of the . Same.
LT . Reaches2.6 m dat 1:10(. . dat 1:10
lthe availability of sitesfor above the active summer riparian trees on the
the germination and channel bed at the terraces. The flows also
lestablishment of new site. stimulate reproduction
riparian trees through " in many of theriparian
depositional processes on tree species on the
lthe existing terraces. banks and terraces.
Recommended : C Alternative: D
FLOOD CLASSV: 500m%s
. Description (what
Function/s .
> istheflood No of . No of .
Com. (\évg\;’:lé tdoogz;t char acteristic Season events Freq Reasoning events Freq Reasoning
that doesthat)
Sam?\:ﬁcle& Sameasclass IV* Sameasclass IV*

the site and in the reach is however unknown.

Motivation for a higher PES (B)

Initially wanted to motivatefor amuch larger flood (in the region of 2800 m*sec™®) to reach the upper terraces at the site but according to the present day
flood record these are very infrequent eventsthat are not well represented in the flood data record - equivalent to the 2000 floods. The motivation for
such alargeflood for theriparian vegetation was probably skewed by the effects of the 2000 floodswhich substantially altered the channel morphology.
Benchesand terraces or sectionsof theterraceswere probably removed during the 2000 floods. Thisleft intermediate flow indicators species(such asC.
erythrophyllum) at high elevations on remnant sections of terraces that now (due to changesin the width of the macro-channel) are unlikely to get
flooded very often, if at all. It was also apparent that the vegetation on the upper terraces and banks could have been influenced by groundwater at the
site. Theoccurrence of P mauritianus, for example, particular at high el evationsonthe profile, is possibly evidence of agroundwater influence. Another
possible explanation for this species occurring so high on the profile might have to do with clumps being deposited with sediment during the drawdown
of the 2000 floods and establishing. Without a groundwater influence however, these clumpsare unlikely to survive. Theinfluence of groundwater at

At the workshop it was agreed that it would be unrealistic to consider increasing the PESto aB
sinceit will not be possible to increase the high flows (floods). With higher low flows however, it
is likely that the re-establishment of the marginal and lower riparian zone vegetation could be
expedited and this could improve the Class. Given that sedimentation islikely to continue to occur
even with increased low flows, reedbeds are likely to increase. Increased reedbeds will stabilize
sediment and direct flow that will assist with scouring in active channels between reedbeds. The
associated increase in vegetation cover and abundance and localized scouring islikely to maintain
or possibly even increase habitat diversity in the short-term. Since the changesrelate to increased
low flows, the changesin the PES model were made in the marginal zones (predominantly cover
and abundance) and only dlightly in the lower riparian. The lower riparian zone isonly likely to
improve substantially if the larger floods come back into the system whichis currently not possible
given the abstractions and Middle Letaba Dam. Not much can be done about the upper zone
where flows have been reduced and where terrestrialisation is likely to continue. Without
increasing high flows, there is not expected to be an improvement in the Class.
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Motivation for a lower PES (D)

To movedownto aD, it isanticipated there would have to be areduction in low flows (smaller
flood events). The effects will be restricted predominantly to the marginal vegetation zones
although increased stress may be expected in the lower riparian zone. Given that sedimentationis
likely to continue to occur, herbaceous and more drought tolerant vegetation islikely to increase.
The extent of reedbedsislikely to decrease since sections of theriver are likely to become drier.
More extensive non-vegetated sandy areas are expected with a decrease in riparian vegetation
composition, abundance and cover. Thisis likely to decrease habitat diversity in the long-term.
Since the changesrelate to decreased low flows, the changesin the PES model were made mainly
in the marginal zone (predominantly in terms of composition, cover and abundance) and lower
riparian zones. Some changes were made in the upper zone too since the high flows (larger
floods) will remain reduced, terrestrialisation will continue and the riparian vegetationislikely to
continue to be lost.

3.2.5.6 Confidence

The site is representative of the resource unit. There was however extensive flood damage in
terms of the structure of the lower terraces and benches and this had affected vegetation structure.
Apart from the profile data collected and aerial photography, there were no other available
riparian vegetation data for the reach. The air photo record for the site did help with the
assessment, but because of the scale (the minimum mapping units were too small for providing
any meaningful data on the vegetation), only limited information could be extracted from these.
Due to the stressor-response not being applicable to the riparian vegetation, the low flows were
directly based on the flows motivated by the fish and invertebrate specialists. These were only
reviewed for the riparian component. The poor confidencein the observed hydrological data used
in the modeling for the large floods reduced the overall confidence in the high flows. There was
no accurate (long enough record) information on actual return periods for various high flows
which also made it difficult to consider scenarios in terms of likely vegetation response.

Despite being an excellent site in terms of riparian indicator species, there were certain
complexities on the site that made it difficult to set high flows. Firstly, the 2000 floods had
probably substantially altered the channel morphology with benches and terraces or sections of the
terraces being atered thus leaving intermediate flow indicators species (such as C.
erythrophyllum) at high elevations. The increase in channel width as a result meant that these
terraces are now unlikely to get flooded very often, if at al, considering the flow data. It was also
apparent that the vegetation on the upper terraces and banks could beinfluenced by groundwater
at the site. The occurrence of P mauritianus, for example, particular at high elevations on the
profile, is possibly evidence of agroundwater influence. An alternative explanation isthat clumps
of this species may have been deposited with sediment at high elevations during the drawdown of
the 2000 floods and then established well away from active flow areas. Given the distribution of
reeds on these terraces however, it ismorelikely that they are being influenced by groundwater.
These complexities made setting the high flows difficult and aso contributed to the reduced
confidence in these. The confidence ratings are shown in Table 9 below.
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Table 10: Confidenceratingsfor theriparian vegetation at IFR 5.

IER SITE AVAILABLE ECOLOGICAL | OUTPUT | OUTPUT
DATA CLASSIF. LOW FL HIGH FL
3 2 4 2 2

3.26 IFR6-Loney Bull
3.2.6.1 Present Ecological Status

The system is naturally in a dynamic state, fluctuating between states from vegetated to non-
vegetated along the macro-channel floor. Long-term flow related impacts (reduction in flows)
appear to have contributed to the negative changes observed over time. The reduction in middle
order floods are probably most important inthisregard. The marginal vegetation zoneisnaturally
dynamic and thus the change has not been that dramatic relative to the reference state which has
to be considered in the context of dynamic states. In contrast, the change in the lower riparian
zone has been more dramatic with a substantial loss of cover and abundance. The changesin the
upper riparian zones have been more gradual and despite anegativetrajectory, have not been that
substantial relative to reference conditions. While the 2000 floods had an influence on this zone,
species richness and composition is unlikely to have been affected substantially. The change is
mostly reflected in cover, abundance and structure. Based on the scores and weightings used in
the PES model (see Appendix 3), the PES score for the vegetation is 71.85 (C).

3.2.6.2 Reference state

Using the air photos from 1942 as an indication of the reference condition, the reach where the
steislocated had ameandering/braided active channel with large sandy mid-channel barsand an
anastomosing section downstream. Active-channel margins were well-vegetated with reeds but
sand dominated the macro-channel floor (Rountree PC).

3.2.6.3 Trajectory of change

The trgjectory of changeislikely to be stable. The upper zone vegetation is likely to continue to
survive. There is however likely to be a gradual deterioration due to loss of high flows and
terrestrialisation in thelong-term. Terrestrialisation may extend to thelower bank asflowsremain
reduced. The margina riparian zone is likely to improve in the short-term as reeds and sedge
zones re-establish. Thiszone will continue to adjust to the lower flows. Since much of the lower
riparian zone vegetation and terraces on which it was growing were removed by the 2000 floods,
the cover and abundance of thiszoneislikely toincrease. Again, while somerecovery (increasein
abundance) isexpected, itislikely to belimited asaresult in the reduction in middle order floods.
All'in all, it is expected to balance out and the system as awhole is likely to remain in a state of
dynamic flux.
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3.2.6.4 Cross section
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Figure13: Vegetation data plotted on the crosssection at I|FR 6 (for abbrev. see Table A3,
Appendix 2).

3.2.6.5 Flood motivations
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Figure 14: Vegetation data and the motivated flood levels plotted on the cross section at
IFR 1.
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Table 11: Flood Class mativationsfor theriparian vegetation at |FR 6.
Recommended : C Alternative: B
FLOOD CLASSII: 10-27m7s
Description (what
Function/s (what doesit istheflood No of . No of .
haveto do) characteristic Season events Freq Reasoning events Freq Reasoning
that doesthat)
IA small flood of this
size will overtop thein- . )
channel bar and flood e igntly Pighe
the seasonal channel. coer?marg o th:p y
flods cnares et the recommended Cass il
marcinal veaetation on improve the vigour and
Stage and duration J s growth of the marginal
| nundates the seasonal ith the flood the bar, adjacent to the Vegetation, particularly
channels adjacent to the  nundating the Nov, Ded, active channel, and in oo whi(;h are expected
active channel and the . 9 Jan, Mar, 5  |Per year|the seasonal channd is 6 Per year|, —. S . pect
; . active channel to a | to increase in abundance.
marginal vegetation depth of between Apr |nundated regularly Thiswill stabilise the
between these channels. during the summer . ;
0.9and 1.1 m. h margins of the active
months. Inundation channel, redirect sediment
stimul aes growth and movemént, direct flow
Ejeprodctljctlt on ofEt gt ow along the active channel,
epenaent vegeaion land ultimately improve the
that comprisesthe hstream habitats,
margina vegetation
zone.
Alternative: D
No of .
events Freq Reasoning
Reducing this flood by
two per annum
lcompared to the
requirement for the
recommended Class
ill affect the marginal
lvegetation resulting in
lexposure during the hot
summer months.
Exposure will affect the]
more flow dependent
Species such as reeds,
3 |Per year|which are expected to

decrease in abundance.
The dominance of
herbaceous forbsis
lexpected to increase.
These do not stabilise
the sediment, which
together with a
decrease in the
abundance of reeds, is
likely toresultina
decrease in instream

habitat quality.
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Recommended : C Alternative: B
FLOOD CLASSIII: 80-150m%s
Description (what
Function/s (what doesit istheflood No of . No of .
haveto do) characteristic Season events Freq Reasoning events Freq Reasoning
that doesthat)
Inundates all the seasonal IA flood of thissize will
channels at the cross overtop both the in-
section. Italsom_undatesthe channel bars and flood A n additional flood of this
marginal vegetation al| the seasonal ‘ size compared to the
between these channels. %eg:illzgtd tshv?/ cs: Jled Fecommen d ed Class will
Stage and duration lensure that the |mpro;1/e ;hﬁv' gour_ar;d
ith the flood margina vegetation on growth of em_argilnl
inundating the the bars, adjacent to the vegetation, particularly
nun 9 Jan, Mar 2% |Peryear|_ . ; 3 Per year [reeds, which are expected
active channel to a active channel, and in - ’

. to increase in abundance.
depth of between the seasonal channelsis| Thiswill also incresse the
1.5and 1.75m. inundated at least once )

during the summer extent c_)f the marginal
. lvegetation zone thereby
months. Thiswill help Urther stabilising secti
recharge the bars and urther stabilising ions
stimulate the growth of the macro-channel floor.
land reproduction of the
margina vegetation.
Alternative: D
No of .
events Freq Reasoning
Reducing this flood to
one per annum
compared to the
requirement for the
recommended Class
ill at least help

maintain some of the
higher elevation

1  |Peryear|margina vegetation,
but due to the relatively|

short duration and lack
of afollow-up flood

ill not support the
more flow dependent
Species such as reeds,
hich are expected to

decrease in abundance.

*

Initially two of these floods were requested per annum, but according to the present day flood record, only one actually occurs.
* Based on the note above, it islikely that the request for three of these floods per annum will not be met according to the present day flood record.
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Recommended : C Alternative: B
FLOOD CLASSIV: 300-500m*/s
Description (what
Function/s (what doesit istheflood S No of . No of .
haveto do) characteristic " | events Freq Reasoning events Freq Reasoning
that doesthat)
Inundates the lower riparian
zone aong the lower bank.
Thisisimportant for L
: . Stage and Inundation is also
supporting the vegetation duration, with the required to meet the life-
lal ong the lower bank. Also h - ; N
| flood overtopping |Feb 1*  |Per year jhistory requirements of 1 Per year Same.
inundates the lower terrace -
) the first terrace at many of the lower
here there is some P. the site. riparian ies.
mauritianus aswell as ' P pec
small re-establishing
riparian trees.
Alternative: D
No of .
events Fregq Reasoning
Inundation isaso
required to meet the life-
1:2* |history requirements of
many of the lower
riparian species.
* Initially one of these floods was requested per annum for both the C and aternative B Class, but according to the present day flood record, the

frequency of only 1:5 yearsis probably more redlistic.
*x Based on the note above, it islikely that the request for this flood of 1:2 years will also not be met according to the present day flood record.

s Recommended : C Alternative: B
FLOOD CLASSV: 2000-3000m®/s
Description (what
Function/s (what doesit istheflood S No of . No of .
haveto do) characteristic " | events Freq Reasoning events Freq Reasoning
that doesthat)
Floods at this elevation
Flood inundates the upper are important raising the
terraces to raise the water ater tablein the flood
tablein the terraces and terraces. Thisis
support theripariantrees  [Stage and important for meeting the|
that grow there. Arealso  [|duration, with the [Summer . transpiration .
important for increasing the [flood reaching the |(when it cﬂn;aig requirements of the cﬂn;aig Same.

availability of sitesfor the |higher terraceat  |arrives) riparian trees on the

lgermination and the site. upper terraces. The flows
establishment of new also stimulate
riparian trees through reproduction in many of
depositional processes. the riparian tree species
on the terraces.
Alternative: D
No of .
events Freq Reasoning
Estimate]
dat 110

Motivation for a higher PES (B)

Toimproveto aB, and sinceit will not be possible to increase the high flows (floods), there will
need to be higher low flowsto assist with the re-establishment of the marginal and lower riparian
zone vegetation. Given that sedimentation islikely to continue to occur even with increased low
flows, reedbeds are likely to increase. Increased reedbeds will stabilize sediment and direct flow
that will assist with scouring in active channels between reedbeds. The associated increase in
vegetation cover and abundance and localized scouring is likely to maintain or possibly even
increase habitat diversity in the short-term. Since the changes relate to increased low flows, the
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changesin the PES model were made in the margina zones (predominantly cover and abundance)
and only dightly in thelower riparian. Thelower riparian zone may beimproved dightly if thelow
flows are increased. Not much can be done about the upper zone where flows have been reduced
and where terrestrialisation is likely to continue. Without increasing high flows, this zone is not
expected to influence the improvement in the Class.

Motivation for a lower PES (D)

To movedownto aD, it isanticipated there would have to be areduction in low flows (smaller
flood events). The effects will be restricted predominantly to the marginal vegetation zones
although increased stress may be expected in the lower riparian zone. Given that sedimentationis
likely to continue to occur, herbaceous and more drought tolerant vegetation islikely to increase.
The extent of reedbedsislikely to decrease since sections of theriver are likely to become drier.
More extensive non-vegetated sandy areas are expected with a decrease in riparian vegetation
composition, abundance and cover. Thisis likely to decrease habitat diversity in the long-term.
Sincethe changesrelate to decreased low flows, the changesin the PES model were made mainly
inthe marginal zone (predominantly in terms of composition, cover and abundance). In the upper
zone where high flowswill remain reduced, terrestrialisation and riparian vegetation lossislikely
to continue.

3.2.6.6 Confidence

The site is representative of the resource unit. There was however extensive flood damage in
terms of the structure of thelower terraces and benches and this had affected vegetation structure.
Apart from the profile data collected and aerial photography, there were no other available
riparian vegetation data for the reach. The air photo record for the site did help with the
assessment, but because of the scale (the minimum mapping units were too small for providing
any meaningful data on the vegetation), only limited information on the vegetation could be
extracted from these. Due to the stressor-response not being applicable to the riparian vegetation,
the low flows were directly based on the flows motivated by the fish and invertebrate specialists.
These were only reviewed for the riparian component. The poor confidence in the observed
hydrological data used in the modeling for the large floods reduced the overall confidencein the
high flows. There was no accurate (long enough record) information on actual return periods for
various high flowswhich also madeit difficult to consider scenariosin terms of likely vegetation
response. In addition to being limited in terms of lower riparian indicator species, the influence of
the 2000 floods made it difficult to set high flows. The 2000 floods atered the channel
morphology with benches and terraces or sections of the terraces having been removed. The
increase in channel width asaresult meant that these terraces are now unlikely to get flooded very
often, if at al, considering the flow data. In contrast, vegetation indicators supported a scenario
with more frequent flooding at these elevations. This ambiguity made setting the high flows
difficult and a so contributesto the reduced confidence in these. The confidence ratings are shown
in Table 11 below.

Table 12: Confidenceratingsfor theriparian vegetation at |FR 6.

IER SITE AVAILABLE ECOLOGICAL OUTPUT OUTPUT
DATA CLASSIF. LOW FL HIGH FL

3 2 3 2 2
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3.2.7 IFR 7-LetabaBridge
3.2.7.1 Present Ecological Status

The system is naturally in a dynamic state, fluctuating between states from vegetated to non-
vegetated along the macro-channel floor. Long-term flow related impacts (reduction in flows)
appear to have contributed to the negative changes observed over time. The reduction in middle
order floods are probably most important in thisregard. The marginal vegetation zoneisnaturally
dynamic and thus the change has not been that dramatic relative to the reference state which has
to be considered in the context of dynamic states. In contrast, the change in the lower riparian
zone has been more dramatic with a substantial loss of cover and abundance. The changesin the
upper riparian zones have been more gradual and despite anegative trajectory, have not been that
substantial relative to reference conditions and despite the 2000 floods. While the 2000 floods had
an influence on this zone, species richness and composition is unlikely to have been affected
substantially. The change is mostly reflected in cover, abundance and structure. Based on the
scores and weightings used in the PES model (see Appendix 3), the PES score for the vegetation
i$69.02 (C).

3.2.7.2 Reference state

Again using the air photosfrom 1942 as an indication of the reference condition, the reach where
the site is located had a single thread active channel meandering across a sandy macro-channel
floor. There were reeds in some places along the channel margins (Rountree PC).

3.2.7.3 Trajectory of change

The same comment isgiven asfor IFR 6. Thetrgjectory of changeislikely to be stable. The upper
zone vegetation is likely to continue to survive. There is however likely to be a gradual
deterioration due to loss of high flows and terrestrialisation in the long-term. Terrestrialisation
may extend to the lower bank as flows remain reduced. The margina riparian zone is likely to
improvein the short-term as reeds and sedge zones re-establish. Thiszone will continue to adjust
to thelower flows. Since much of the lower riparian zone vegetation and terraceson which it was
growing were removed by the 2000 floods, the cover and abundance of this zone is likely to
increase. Again, while some recovery (increase in abundance) is expected, itislikely to belimited
asaresult in the reduction in middle order floods. All in al, it is expected to balance out and the
system as awhole islikely to remain in a state of dynamic flux.
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3.2.7.4 Cross section
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Figure15: Vegetation data plotted on the crosssection at IFR 7 (for abbrev. see Table A3,
Appendix 2).
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3.2.7.5 Flood motivations
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Figure 16: Vegetation data and the motivated flood levels plotted on the cross section at
IFR 7.
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Figure 17: Habitat modelsfor IFR 7 with variousflowsasindicated and vegetation survey
pointsin green. The vegetation data to support the habitat model isprovided in Table 13
below with the numbersin green corresponding to the survey pointsin the table.
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Table 13: Vegetation data in support of the habitat model for IFR 3.

Surveyor: | Mcllrae, Vegetation: GC Marneweck, Date: 16 October 2003, Elevation: MASL,
WGS 84/31, Constant = 2600000.00

LETABA BRIDGE HABITAT MODEL DATA, VEGETATION

Survey
point X Y Z
1 -60252.54 | 34338.76 217.21 Cyperus spl and some Phragmites mauritianus
2 -60250.96 | 34307.28 216.75 | Barepatch (edge)
3 -60251.49 | 34297.48 216.71 | Barepatch (edge)
4 -60232.32 | 34311.04 | 216.64 | Barepatch (edge)
5 -60234.21 | 34316.31 216.85 Bare patch (edge)
6 -60224.66 | 34314.98 216.83 Cynodon dactylon, Phragmites mauritianus zone (some Asclepias fruticosa)
7 -60250.14 | 34277.88 216.48 Edge of Cynodon dactylon, Phragmites mauritianus zone (some Asclepias fruticosa)
8 -60247.64 | 34255.25 216.50 | Edge of Phragmites mauritianus zone
9 -60247.47 | 34254.38 216.02 | Waters edge (backflooded pool)
10 -60249.03 | 34242.55 216.15 | Waters edge (backflooded pool)
11 -60248.57 | 34233.71 216.10 | Waters edge (backflooded pool)
12 -60226.79 | 34240.89 216.44 Edge of Phragmites mauritianus clump extending into main channel
13 -60245.83 | 34250.26 215.99 | Start of Phragmites mauritianus clump in backflooded area (approx 2m long)
14 -60238.66 | 34251.36 216.06 Edge of Phragmites mauritianus clump (towards channel) in backflooded area
15 -60232.67 | 34250.85 216.64 | Top of bar (covered in Phragmites mauritianus) that extendsinto channel
16 -60222.33 | 34253.18 216.04 | Edge of Phragmites mauritianus clump on bar extending into main channel
17 -60219.60 | 34251.54 216.51 | Phragmites mauritianus clump in main channel (top of clump)
18 -60219.88 | 34252.25 216.27 Phragmites mauritianus clump in main channel (culm/root interface)
19 -60219.91 | 34252.59 216.00 Phragmites mauritianus clump in main channel (rhizome level on channel floor front)
Phragmites mauritianus clump in main channel (rhizome level on channel floor back) Water
20 -60218.81 | 34252.68 215.70 | surface 0.34 m above
21 -60215.41 | 34251.74 216.10 Phragmites mauritianus clump in main channel (culm/root interface)
22 -60215.55 | 34251.76 216.10 | Water level (main channel)
23 -60215.67 | 34251.91 215.79 End of root zone
24 -60216.34 | 34253.03 215.55 Channel floor (imediately adjacent to the Phragmites clump)
25 -60234.93 | 34238.61 216.97 | Top of bar (covered in Phragmites mauritianus) that extendsinto channel
Edge of Phragmites mauritianus clump (last clump that extends towards channel) where river
26 -60249.65 | 34228.21 216.00 | bends (pool)
27 -60247.43 | 3422211 216.71 | Top of above bar (covered in Phragmites mauritianus)
28 -60245.88 | 34211.16 216.30 Outer edge of above bar (covered in Phragmites mauritianus)
29 -60234.17 | 34213.46 216.45 Outer edge of above bar (covered in Phragmites mauritianus)
30 -60223.22 | 34224.82 216.25 Outer edge of above bar extending into main channel (covered in Phragmites mauritianus)
31 -60229.26 | 34230.02 216.05 Outer edge of above bar (covered in Phragmites mauritianus)
32 -60231.83 | 34228.71 216.02 | Water leve (at the edge of the above bar)
33 -60231.74 | 34228.58 216.29 | Above Phragmites mauritianus clump (culm/root interface)
34 -60231.29 | 34228.50 216.59 | Above Phragmites mauritianus clump (top of bar)
Edge of Cynodon dactylon, Phragmites mauritianus and Schoenopl ectus zone (some Asclepias
35 -60220.83 | 34260.02 216.36 | fruticosa)
Edge of Cynodon dactylon, Phragmites mauritianus and Schoenopl ectus zone (some Asclepias
36 -60214.91 | 34270.69 216.37 | fruticosa)
Edge of Cynodon dactylon, Phragmites mauritianus and Schoenopl ectus zone (some Asclepias
37 -60216.04 | 34278.79 216.49 fruticosa)
Edge of Cynodon dactylon, Phragmites mauritianus and Schoenopl ectus zone (some Asclepias
38 -60205.18 | 34291.04 | 216.28 | fruticosa)
Edge of Cynodon dactylon, Phragmites mauritianus and Schoenopl ectus zone (some Asclepias
39 -60197.88 | 3429243 216.25 | fruticosa)
Edge of Cynodon dactylon, Phragmites mauritianus and Schoenopl ectus zone (some Asclepias
40 -60189.73 | 34300.08 216.31 | fruticosa)
Edge of Cynodon dactylon, Phragmites mauritianus and Schoenopl ectus zone (some Asclepias
41 -60194.11 34305.75 216.39 fruticosa)
Edge of Cynodon dactylon, Phragmites mauritianus and Schoenopl ectus zone (some Asclepias
42 -60213.19 | 34305.07 216.44 fruticosa)
Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
43 -60195.97 | 34313.91 216.42 | fruticosa)
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LETABA BRIDGE HABITAT MODEL DATA, VEGETATION

Survey
point X Y Z

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
44 -60182.30 | 34321.89 216.49 | fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
45 -60177.26 | 34328.82 216.44 fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
46 -60158.34 | 34341.58 216.50 | fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
47 -60138.26 | 34349.24 | 216.63 | fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
48 -60133.63 | 34351.64 216.54 | fruticosa) Typha capensis

Edge of Cynodon dactylon, Phragmites mauritianus and Schoenopl ectus zone (some Asclepias
49 -60132.45 | 34355.01 216.48 | fruticosa) Typha capensis

Edge of Cynodon dactylon, Phragmites mauritianus and Schoenoplectus zone (some Asclepias
50 -60115.23 | 34362.70 216.49 | fruticosa)

Edge of Cynodon dactylon, Phragmites mauritianus and Schoenopl ectus zone (some Asclepias
51 -60100.23 | 34370.62 216.52 | fruticosa)

Edge of Cynodon dactylon, Phragmites mauritianus and Schoenopl ectus zone (some Asclepias
52 -60092.96 | 34369.98 216.55 | fruticosa)

Edge of Cynodon dactylon, Phragmites mauritianus and Schoenopl ectus zone (some Asclepias
53 -60090.00 | 34375.81 216.58 | fruticosa)

Edge of Cynodon dactylon, Phragmites mauritianus and Schoenoplectus zone (some Asclepias
54 -60112.54 | 34367.05 216.67 fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
55 -60105.91 | 34385.17 216.59 | fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
56 -60089.63 | 34393.22 216.71 | fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
57 -60092.72 | 34404.44 | 216.92 | fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
58 -60105.11 | 34401.84 | 217.01 | fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
59 -60128.72 | 34392.47 217.07 | fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
60 -60133.07 | 34382.24 | 216.93 | fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
61 -60145.09 | 34378.12 216.95 | fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
62 -60175.72 | 34368.84 | 217.03 | fruticosa)
63 -60169.89 | 34378.23 217.05 | Cyperus

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
64 -60188.54 | 34370.32 217.12 fruticosa)
65 -60192.10 | 34380.89 217.46 | Cyperusspl
66 -60208.27 | 34358.96 217.22 | Cynodon dactylon and Cyperussp 1

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
67 -60214.30 | 34349.71 217.19 fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
68 -60221.66 | 34340.46 217.09 | fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
69 -60238.83 | 34340.48 217.15 | fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
70 -60247.24 | 34340.30 217.16 fruticosa)

Edge of Phragmites mauritianus and Cyperus zone (some forbs and shrubs as well as Asclepias
71 -60260.97 | 3433554 | 217.16 | fruticosa)
72 -60078.01 | 34356.79 216.69 Edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenoplectus zone
73 -60075.96 | 34351.41 217.12 Outer edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenoplectus zone
74 -60085.29 | 34357.44 216.44 Water level (edge)
75 -60095.10 | 34342.47 216.52 Inner edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenopl ectus zone
76 -60092.61 | 34340.12 217.43 Outer edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenoplectus zone
77 -60106.55 | 34336.27 216.91 Outer edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenoplectus zone

Inner edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenoplectus zone plus
78 -60108.29 | 34339.42 216.52 | Cyperussp3
79 -60122.18 | 34332.56 216.59 Inner edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenopl ectus zone
80 -60120.19 | 34325.06 217.37 Outer edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenoplectus zone

Large clumps of Cyperus (outer edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and
81 -60127.79 | 34319.63 217.34 | Schoenoplectus zone)

Typhacapensis (inner edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and
82 -60132.92 | 34326.34 216.43 Schoenoplectus zone
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LETABA BRIDGE HABITAT MODEL DATA, VEGETATION

Survey
point X Y Z

83 -60144.64 | 34322.18 216.52 Inner edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenopl ectus zone

84 -60138.55 | 34310.56 217.20 Outer edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenoplectus zone

85 -60154.26 | 34313.77 216.38 Inner edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenopl ectus zone

86 -60151.70 | 34315.58 216.26 Phragmites mauritianus at water level

87 -60151.57 | 34315.44 216.70 Root/culm interface of Phragmites mauritianus

88 -60151.40 | 34315.46 216.90 | Top of terrace with Phragmites mauritianus

89 -60163.80 | 34307.03 216.51 Inner edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenopl ectus zone
Outer edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenoplectus zone

90 -60157.55 | 34294.20 217.50 (Phragmites on edge plus juvenile Lonchocarpus capassa

91 -60173.90 | 34282.63 217.15 Outer edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenoplectus zone

92 -60183.23 | 34294.01 216.41 Inner edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenopl ectus zone

93 -60195.06 | 34281.86 216.27 Inner edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenopl ectus zone

94 -60187.33 | 34270.04 216.92 Outer edge of Cynodon dactylon, Cyperus, Phragmites mauritianus and Schoenoplectus zone

95 -60203.79 | 34255.80 216.19 | Cyperus

96 -60204.72 | 34253.01 215.88 Channél floor (imediately adjacent to the Phragmites clump)

97 -60204.71 | 34253.20 215.92 Root/culm interface of Phragmites mauritianus

98 -60204.52 | 34252.47 216.86 | Top of Phragmites mauritianus clump running along a bar extending laterally

99 -60204.44 | 34253.76 215.99 | Water level (edge)

100 -60200.93 | 34253.26 216.98 | Top of Phragmites mauritianus clump running along a bar extending laterally

101 -60187.38 | 34256.04 217.08 | Top of Phragmites mauritianus clump running along a bar extending laterally

102 -60166.03 | 34263.12 217.72 | Top of Phragmites mauritianus clump running along a bar extending laterally

103 -60167.11 | 34265.21 217.23 Edge (bottom) of Phragmites mauritianus clump running along a bar extending laterally

104 -60164.09 | 34260.67 216.79 Edge (bottom) of Phragmites mauritianus clump running along a bar extending laterally

105 -60145.95 | 34264.27 216.99 Edge (bottom) of Phragmites mauritianus clump running along a bar extending laterally

106 -60146.31 | 34267.44 217.83 | Top of Phragmites mauritianus clump running along a bar extending laterally

107 -60146.82 | 34270.61 217.17 Edge (bottom) of Phragmites mauritianus clump running along a bar extending laterally

108 -60130.55 | 34271.57 217.31 End of the bar of Phragmites mauritianus

109 -60128.70 | 34273.89 217.36 | Cyperus

110 -60135.76 | 34275.87 | 217.21 | Cyperus

111 | -60139.25 | 34281.87 | 217.31 | Cyperus

112 -60107.53 | 34268.87 217.28 Start of abar of Phragmites mauritianus

113 -60078.19 | 34274.29 217.44 Edge of Phragmites mauritianus on bar

114 -60078.13 | 34271.99 217.70 | Top of Phragmites mauritianus on bar

115 -60078.76 | 34268.08 217.18 Edge of Phragmites mauritianus on bar

116 -60074.86 | 34260.07 216.96 Start of anew clump of Phragmites mauritianus

117 -60073.56 | 34244.82 216.95 Edge of Phragmites mauritianus on channel floor next to bank

118 -60072.22 | 34240.32 217.71 Clump of Phragmites mauritianus on bank

119 -60079.24 | 34238.09 217.44 | Clump of Cyperus

120 -60087.51 | 34236.38 217.95 Clump of Cyperus

121 -60087.98 | 34236.85 217.07 | Channe floor (dry)

122 -60112.74 | 34230.85 219.30 Cyperus and Cynodon dactylon on bank

123 -60112.75 | 34234.22 216.88 Channel floor (dry)

124 -60130.56 | 34238.50 216.99 Schoenoplectus sp and Cyperus spl

125 -60147.68 | 34240.20 216.88 | Edge of Phragmites mauritianus on channel floor next to bank

126 -60148.94 | 34222.04 217.12 | Edge of Phragmites mauritianus on channel floor next to bank

127 -60170.82 | 34220.19 217.34 | Edge of Phragmites mauritianus on channel floor next to bank

128 -60187.45 | 34224.58 217.23 | Edge of Phragmites mauritianus on channel floor next to bank (next to main channel)

129 -60189.31 | 34212.24 217.37 | Edge of Phragmites mauritianus on channel floor next to bank (next to main channel and bank)

130 -60206.04 | 34215.02 217.33 | Edge of Phragmites mauritianus on channel floor next to bank (next to main channel)

131 -60198.51 | 34203.92 220.23 | Cyperus

132 -60213.19 | 34205.47 217.50 Cyperus

133 -60212.98 | 34210.96 217.33 | Top of Phragmites mauritianus on bank (terrace)

134 -60214.56 | 34211.61 216.03 | Water level below Phragmites

135 | -60235.46 | 34196.72 | 218.40 | Cyperusspl

136 -60235.00 | 34200.41 216.04 | Water level below terrace

137 -60245.45 | 34193.15 218.14 Cyperus
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Survey

point X Y Z
138 -60247.10 | 34194.54 217.69 Cynodon dactylon
139 -60260.62 | 34185.70 219.87 | Cyperus
140 -60260.55 | 34186.66 219.20 | Cynodon dactylon

141 -60261.40 | 34194.02 216.04

Water level (edge)

142 -60268.97 | 34192.16 216.08

Channel floor below Phragmites mauritianus clump (water depth = 0.4m)

143 -60269.04 | 34191.81 216.32

Root/culm interface of Phragmites clump

144 -60269.58 | 34191.85 216.87

Top of the above Phragmites mauritianus clump

Table 14: Flood Class motivationsfor the riparian vegetation at |IFR 7.

FLOOD CLASSII: 10-30m°/s

Recommended : C

Alternative: B

Description (what

is expected to increase. These
do not stabilise the sediment,
hich together with a decrease
in the abundance of reeds, is
likely to result in adecreasein
instream habitat quality.

Function/s (what doesit isthe flood S No of . No of .
haveto do) characteristic " | events Freq Reasoning events Freq Reasoning
that doesthat)

A small flood of this size will e ignty Pighe

overtop the small in-channel coercr‘margé to thepp y

bars and flood the seasonal )
s adaat 1o he rannas The b of thee morove hovigos o
a:tive‘chmnel and gets St_age and duration marginal vegetation on the growth _of the m_argi nal
pportsthereacbeds | nandamg e [NV DEX bars, afecent to the cive e which re expened
ajpae:oent tothepool atthe [active cha?mel toa Jan, Mar, 5 [Peryearfchannel, in the backwaters, and 6 Per year to inzrease in abuncri);:(t:e
eender bendl Also depth of between | AP i the seasonal channelsis Thiswill stabilisethe
inundates to tHe base of the [0.6and 0.8 m inundated regularly during the margins of the active
P. mauritianus stands alon - o summer months. Inundation channel, redirect sediment
thé active channel ? stimulates growth and movemént direct flow

' reproduction of flow dependent long the a;(:tive channe
vegetation that ot_)mprlsesthe land ultimately improve the
marginal vegetation zone. nstream habitats.
Alternative: D
No of .
events Freg Reasoning

Reducing this flood by two per

lannum compared to the

requirement for the

recommended Class will affect

the marginal vegetation

resulting in exposure during the

hot summer months. Exposure

ill affect the more flow
dependent species such as
3 |Peryear reeds, which are expected to
decrease in abundance. The
[dominance of herbaceous forbs
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FLOOD CLASSII1: 80-160m%s

Recommended : C

Alternative: B

Function/s (what doesit have
todo)

istheflood
characteristic
that doesthat)

Description (what

Freg

Reasoning

Reasoning

Inundates the seasonal channels
at the cross section and the
marginal vegetation between
these channels. In particular, the
reedbeds in the backwaters at the
site are completely inundated
above the rhizome/culm
interface. Also inundates up to
the edge (at the higher elevations)
of the C. dactylon, P.
mauritianus, Schoenoplectus
zone.

Stage and duration

ith the flood
inundating the
active channel to a
depth of between
1.2 and 1.5m.

T

Per year

A flood of this size will
overtop all the in-channel
bars and flood all the
seasonal channels at the
lower elevations on the
macro-channel floor. Thesg
[floods would ensure that
the marginal vegetation on
the bars, adjacent to the
active channel, and in the
seasonal channelsis
inundated at least once
during the summer months,
Thiswill help recharge the
bars and stimulate the
growth and reproduction of
the marginal vegetation.

IAn additional flood of this
size compared to the
recommended Class will
improve the vigour and
growth of the marginal
lvegetation, particularly reeds,

Per year [which are expected to

increase in abundance. This
ill aso increase the extent
of the marginal vegetation
zone thereby further
stabilising sections of the
macro-channel floor.

A

t

ernative: D

Fregq

Reasoning

Per year

Reducing this flood to one
per annum compared to the)
requirement for the
recommended Class will at
|east help maintain some of
the higher elevation
marginal vegetation, but
due to the relatively short
duration and lack of a
follow-up flood will not
support the more flow
dependent species such as
reeds, which are expected
to decrease in abundance.

* Initially two of these floods were requested per annum, but according to the present day flood record, only one actually occurs.
*x Based on the note above, it islikely that the request for three of these floods per annum will not be met according to the present day flood record.
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Recommended : C Alternative: B
FLOOD CLASSIV: 300-550m%/s
Description (what|
Function/s (what doesit istheflood No of . No of .
haveto do) characteristic Season events Freq Reasoning events Freq Reasoning
that doesthat)
| nundates the entire macro- Thiswill help recharge
channel floor. Thisis the sediments along the
important for supporting the| macro-channel floor
[vegetation aong the floor Stage and land stimulate the
land getting water to the foot duar\gtion with the gromc/)tcT and ”
of the lower terrace to help N N reproduction of the .
ith the re-establishment of flood mundatl ng [Feb 1 Per year margina vegetation. Per year Same.
lower riparian trees. the entire macro- | nundation across the
P channel floor. ; .
[floor will also assist
iththere-
lestablishment of lower
riparian species.
Alternative: D
No of .
events Freg Reasoning
Reducing this flood to
one every two years
compared to the
requirement for the
recommended Classis
likely to reduce the
1:2 recruitment

lopportunities for the
|ower riparian zone
lvegetation, which is not
lexpected to recover

el given this reduced

frequency of flooding.

One of these floods was requested per annum, but according to the present day flood record, thisflood is presently more like a 1:5 year event.

FLOOD CLASSV: 2000-3800m%/s

Recommended : C

Alternative: B

Description (what
Function/s (what doesit istheflood S No of . No of .
haveto do) characteristic " | events Freq Reasoning events| Freq Reasoning
that doesthat)

Floods at this elevation
Flood inundates the higher lare important raising the|
terraces to raise the water ater tablein the flood
tablein the terraces and terraces. Thisis
support theripariantrees  [Stage and important for meeting
that grow there. Isalso duration, with the [When it . the transpiration .
important for increasing the [flood reaching the Jarrives ;stlm;gted requirements of the ﬁlomated a Same.
availability of sitesfor the |higher terraceat  |(summer) ’ riparian trees on the ’
lgermination and the site. upper terraces. The
lestablishment of new [flows also stimulate
riparian trees through reproduction in many of
depositional processes. the riparian tree species

on the terraces.

Alternative: D
No of .
events Freg Reasoning
Estimated
110 [T
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Motivation for a higher PES (B/C)

Toimproveto aB/C and sinceit will not be possibleto increase the high flows (floods), there will
need to be higher low flowsto assist with the re-establishment of the marginal and lower riparian
zone vegetation. Given that sedimentation islikely to continue to occur even with increased low
flows, reedbeds are likely to increase. Increased reedbeds will stabilize sediment and direct flow
that will assist with scouring in active channels between reedbeds. The associated increase in
vegetation cover and abundance and localized scouring is likely to maintain or possibly even
increase habitat diversity in the short-term. Since the changes relate to increased low flows, the
changesin the PES model were made in the marginal zones (predominantly cover and abundance)
and lower riparian only. The lower riparian may be improved dightly if the low flows are
increased. Not much can be done about the upper zone where flows have been reduced and where
terrestrialisation islikely to continue. Without increasing high flows, this zoneis not expected to
influence the improvement in the Class

Motivation for a lower PES (D)

To move down to a D, it is anticipated there would have to be a reduction in low flows. The
effectswill be restricted predominantly to the marginal vegetation zones although increased stress
may be expected in the lower riparian zone. Given that sedimentation is likely to continue to
occur, herbaceous and more drought tolerant vegetation is likely to increase. The extent of
reedbedsislikely to decrease since sections of theriver arelikely to becomedrier. More extensive
non-vegetated sandy areas are expected with a decrease in riparian vegetation composition,
abundance and cover. This is likely to decrease habitat diversity in the long-term. Since the
changes relate to decreased low flows, the changes in the PES model were made mainly in the
marginal zone (predominantly in terms of composition, cover and abundance). In the upper zone
where high flows will remain reduced, terrestrialisation and riparian vegetation loss is likely to
continue.

3.2.7.6 Confidence

The siteisrepresentative of the resource unit. Therewas however some flood damage in terms of
the structure of the lower terraces and benches and this had affected vegetation structure. Apart
from the profile data collected and aerial photography, there were no other available riparian
vegetation data for the reach. The air photo record for the site did help with the assessment, but
because of the scale (the minimum mapping units were too small for providing any meaningful
data on the vegetation), only limited information on the vegetation could be extracted from these.
Due to the stressor-response not being applicable to the riparian vegetation, the low flows were
directly based on the flows motivated by the fish and invertebrate specialists. These were only
reviewed for the riparian component.

The habitat model was used to assist with setting the lower range of the high flows. This was
particularly useful in the backwater areas where there was extensive marginal vegetation. One
could also check inundation zones for groups of species aswell asindicator species (specifically
P. mauritianus) on the macro-channel floor. This provided higher confidence in the lower end of
the high flows. However, the poor confidence in the observed hydrological data used in the
modeling for the large floods reduced the overall confidencein the high flows. In addition to being
limited in terms of lower and upper riparian indicator species, the influence of the 2000 floods a so
made it difficult to set the higher end of the high flows. The 2000 floods altered the channel
morphology with benches and terraces or sections of the terraces having been removed. The
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increase in channel width asaresult meant that these terraces are now unlikely to get flooded very
often, if at all, considering the flow data. This reduced the confidence in these. The confidence
ratings are shown in Table 14 below.

Table 15: Confidenceratingsfor theriparian vegetation at IFR 7.

IER SITE AVAILABLE ECOLOGICAL OUTPUT OUTPUT
DATA CLASSIF. LOW FL HIGH FL
2 3.5 2 2 3.5
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APPENDIX 1

TableAl. Qualitativedataof thedistribution of germinantsand established individuals of
some common riparian speciesfound along the Sabie River on different surface substrata
(Mckenzie persobs). Species are categorised as being absent (A), in low (L) abundance,
and in high (H) abundance. Thetableistaken from van Coller and Roger s (1996).

: Firm L oose Non
Species Class Bedrock Gravel Mud Alluv Sands Alluv

Acaciarobusta germinant (g) A A L H A L
established (€) A A L L L L

Breonadia salicina g L L A H H A
e H L A L A A

Combretum erythrophyllum g A L A H L A
e A A A L L A

Diospyros mespiliformis g A A A H A H
e A A A L A H

Ficus sycomorus g A L H L A A
e L A A L A A

Syzygium spp. g A L L L H A
e L L A L H A

Nuxia oppositifolia g A A L A A A
e - - - - - -

Spirostachys africana g A A A L A H
e A A A L A H

Trichilia emetica g A A A L A A
e A A A L A A

Maytenus senegalensis g A A A H H A
e A A A L L A

Grewia flavescens g A A L H A A
e A A A L A L
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TableA2. Groupingsof specieson thebasisof their relationship with flooding frequency on
the Sabie River. Species are grouped according to the lower quartile of their distribution
(seevan Coller and Rogers, 1996). Correspondingtothelower quartiledistributionsof the
speciesin each group arethereturn periodsas presented by van Coller and Roger s (1996).

Tabletaken from van Coller and Roger s (1996).

. Return
Flood Type Species Geomor phology Period
Perennial to Breonadia salicina, Syzygium guineense, Bedrock dominated areas- MC 1lin1to1.05
Seasonal Kraussia floribunda Floor year flood
Ficus capreifolia, Phragmites mauritianus | Alluvia dominated areas- MC
Floor
Seasonal Securinega virosa, Ficus sycomorus, Bedrock and Alluvial dominated 1in1.25t01.8
Phyllanthus reticulatus, Nuxia areas - MC Floor year flood
oppositifolia
Seasonal to Combretum erythrophyllum Alluvia dominated Areas- MC 1in22t03.6
Ephemera Floor year flood
MC Bank &
Alluvia dominated areas- MC
Floor
Acacia robusta, Grewia flavescens, MC Bank & occasionaly MC
Trichilia emetica, Diospyros mespiliformis, | Floor
Maytenus senegalensis
Ephemera Lantana camara, Euclea natalensis, 1in7.9to 46
Dichrostachys cinerea, Spirostachys year flood
africana, Lonchocarpus capassa
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APPENDIX 2

Table A3. Atableof thekey indicator and other riparian plant speciesrecorded at thel FR
sites showing the abbreviations used for each as depicted on the cross sectional profiles.

Species name Abbreviation
Acacia ataxacantha Aa
Arunda donax* Ad
Acacia galpinii Ag
Albizia harveyi Ah
Acacia nigrescens An
Acacia robusta Ar
Acacia sieberiana As
Berchemia discol or Bd
Bauhinia galpinii Bg
Bridelia macrantha Bm
Breonadia salicina Bs
Commelina Africana Ca
Combretum apiculatum Capic
Celtis Africana C afri
Cynodon dactylon Cd
Combretum erythrophyllum Ce
Cyper us species Cypsp
Combretum hereroense Ch
Combretum imberbe Ci
Croton megal obotrys Cm
Combretum microphyllum C micro
Combretum molle C mal
Colophosper mum mopane C mop
Cyperus sp Cs
Carex sp Car sp
Dichrostachys cinerea Dc
Dietes grandiflora Dg
Diospyros mespilliformis Dm
Euclea divinorum Ed
Euclea natalensis En
Ehretiarigida Er
Euclea sp Es
Ficus capreifolia Fc
Ficus syccamorus Fs
Fimbristylis sp Fim sp
Ficus sur F sur
Hyphanae natalensis Hn
Lonchocar pus capassa Lc
Leersia hexandra Lh
Ludwigia stolonifera Ls
Lannea scweinfurthii L schw
Gymnosporia buxifolia Gb
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Species name Abbreviation

Nuxia floribunda Nf
Oxalis sp Ox sp
Peltophorum africanum Pa
Phragmites mauritianus P maur
Phoenix reclinata Pr
Phyllanthus reticul ates Pretic
Sclerocarya birrea Sh
Schotia brachypetala S brachy
Syzigium cordatum S
Schoenoplectus sp Sp
Typha capensis T cap
Trichelia emitica Te
Trema orientalis To
Terminalia sericea Ts
Ziziphus mucronata Zm

* = exotics
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APPENDIX 3
PESMODEL TABLES
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