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1. BACKGROUND 
�

1.1 CATCHMENT 
�

��������	��
������������������������������������������	������������������������������������
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�

Table 1: Major impoundments on the Orange River System (Bremner et al., 1990) 
 

Name Year River 
Full Capacity 

(X106 m3) 
Full surface area 

(Ha) 
Van Wyksvlei 1884 Van Wyksvlei 145 3 276 

Smartt Syndicate 1912 Ongers 100 3 089 

Vaalharts 1936 Vaal 63 Not given 

Vaal 1938 Vaal 2 536 29 269 

Kalkfontein 1938 Riet 324 5 139 

Erfennis 1960 Grootvet 211 3 308 

Allemanskraal 1960 Sand 176 2 697 

Krugersdrif 1970 Modder 77 1 807 

Bloemhof 1970 Vaal 1 269 22 821 

Gariep (Hendrik Verwoerd) 1972 Orange 5 670 36 488 

Welbedagt 1973 Caledon 40 Not given 

Vanderkloof (PK le Roux) 1977 Orange 3 236 13 867 

Sterkfontein 1977 Wilge 2 617 5 073 

Groot Draai 1978 Vaal 359 Not given 

Total 16 823  

�
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1.2 LAND-USE 
�
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1.3 ORANGE RIVER ESTUARY 
�
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Figure 1. Map of the Orange River Estuary 
�
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1.4 CONSERVATION IMPORTANCE 
�

��� ��� ��� ���� 0�%%�1� ��������������������������	��
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2. PREVIOUS EFR STUDIES 
�
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3. SIMULATED RUNOFF SCENARIOS 
�

3.1 INTRODUCTION 
�

�����������	����������)��������������������������)������������  ��������������������������

�������	����������E����
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H:  �������	��
�����4������	�I����� ����������� ���������������	��
��������������������

��������������������+..+'.����������������	������������� ������+.�.����+.,/��������������	��

���� ���� 3����� ����	�� 07����������� 8��� ��� ����	�� 
����� >����� ��������	� E���� 
����� ���

D���)��1������)����������������H�������5�����
������������������������+..%I�05
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 �)������������������������ ������+.�%����+.,.�0>��>�>�����������

�

3.2 LOWER ORANGE RIVER MANAGEMENT STUDY SCENARIOS 
�

������������	����������������������������0�����	���������������1������	���������)��5
6��>��

>�����>�������������������0��)����1F�

�

Table 2: Summary of the simulated runoff scenarios generated for the Orange River Estuary 
�

FUTURE SCENARIO: MAR ( x106 m3) % REMAINING 
Reference Condition 10 833.01 100.00 

Present State (with hydropower water releases as up to 2000) 4 743.46 43.79 

Scenario 1:  Present State (2005) with out hydropower releases 4 423.46 40.83 

Scenario 2:  Vanderkloof lower level storage 4 296.43 39.66 

Scenario 3:  Vioolsdrift reregulating dam 4 082.1 37.68 

Scenario 4:  Large Vioolsdrift 3 369.92 31.11 

Scenario 5:  River Class C 1 969.50 18.18 

Scenario 6:  River Class D 1 558.10 14.38 

Scenario 7:  Modified River Class D 4 529.93 41.73 
Scenario 8:  Modified River class D with Natural losses 4 345.67 40.12 

Scenario 9:  River class C with floods 4 979.99 45.97 

Scenario 10:  River Class D with floods 4 758.93 43.93 

�
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3.2.1 Reference Condition 
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3.2.2 Present State (similar to Scenario 1, but with the addition of hydro power releases) 
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UNIT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOTAL 

X 106m3 0 0 0 0 0 0 0 50 100 150 20 0 320 

m3/s 0 0 0 0 0 0 0 18.7 38.6 56.0 7.5 0  

�

3.2.3 Scenario 1: Present (2005) 
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3.2.4 Scenario 2: Vanderkloof lower level storage 
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3.2.5 Scenario 3: Vioolsdrift reregulating dam 
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3.2.6 Scenario 4: Large Vioolsdrift 
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3.2.7 Scenario 5: River Class C 
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3.2.8 Scenario 6: River Class D 
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3.2.9 Scenario 7: Modified River Class D 
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3.2.10 Scenario 8: Modified River Class D with Natural losses 
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3.2.11 Scenario 9: River Class C with floods 
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3.2.12 Scenario 10: River Class D with floods 
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Notes on the Simulated Flow Scenarios: 
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Figure 2.  Map indicating natural runoff for Orange River Cathment 
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3.4 FLOODS 
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Table 3: A comparison of the reduction in average monthly flows (in 106 m3/month) for the different scenarios for 
the months with the highest monthly flow (> 5000 x 106 m3) as they occurred under reference (or natural) 
conditions. 

Scenario   
Date Reference 

Present 
State 1 2  3 4 5 6 7 8 9 10 

Feb 1974 11110.01 6528.27 6528.27 5754.70 5838.26 5052.48 1120.11 903.15 6199.24 6233.27 5918.1 6113.36 

Mar 1925 10329.10 9400.24 9400.24 9124.13 9107.73 9197.13 485.31 356.29 9302.13 9295.65 8975.6 9123.54 

Feb 1988 9803.26 7694.77 7694.77 6939.96 6999.97 4040.26 1120.11 903.15 7373.22 7716.73 5640.16 5871.83 

Jan 1934 8402.93 3045.05 3045.05 3045.05 3031.51 1811.81 374.40 267.89 2996.56 3035.29 2848.81 2848.82 

Mar 1976 8115.52 7675.18 7675.18 7662.60 7652.37 7605.35 485.31 356.29 7541.38 7550.77 7734.54 7716.21 

Feb 1976 7974.58 7211.70 7211.70 7200.24 7214.81 7162.85 1120.11 903.15 7076.91 7126.36 7250.43 7233.72 

Mar 1974 6844.81 6345.52 6345.52 6332.95 6317.94 6273.74 485.31 356.29 6361.56 6343.78 6404.88 6386.55 

Jan 1976 6509.95 5383.08 5383.08 5370.50 5371.50 5304.37 374.40 267.89 5337.95 5373.84 5438.07 5419.74 

Feb 1955 6473.44 4474.09 4474.09 4343.00 4313.53 3078.57 1120.11 903.15 4495.99 4518.71 3419.18 3913.46 

Jan 1974 6383.54 2042.26 2042.26 2042.26 2028.72 1020.76 374.40 267.89 1999.85 2025.42 1852.58 1853.19 

Mar 1948 6045.27 1884.37 1884.37 1696.39 1686.21 39.53 485.31 356.29 1792.3 1831.05 1731.18 1731.18 

Feb 1975 5654.91 4789.82 4789.82 4765.90 4755.49 4746.83 1120.11 903.15 4908.11 4920.09 4924.76 4908.05 

Nov 1936 5562.65 2463.00 2463.00 2463.00 2449.90 1713.56 245.35 202.87 2378.1 2378.1 2268.82 2268.82 

Feb 1944 5561.82 5111.24 5111.24 5099.78 5081.14 5013.85 1120.11 903.15 5119.41 5049.41 5150.62 5133.92 

Feb 1967 5498.63 3512.91 3512.91 3372.33 3381.11 2977.59 1120.11 903.15 3738.08 3742.48 3779.23 3721.31 

Nov 1943 5404.48 4744.97 4744.97 4732.80 4731.88 4684.44 245.35 202.87 4752.95 4547.96 4780.63 4762.89 

Feb 1939 5247.66 3470.70 3470.70 3213.84 3197.95 2288.29 1097.25 785.79 3115.91 3182.82 2587.8 2820.71 

Apr 1925 5129.42 4799.57 4799.57 4787.40 4781.50 4736.10 315.05 226.02 4756.88 4712.74 4870.56 4852.83 

Oct 1957 5084.99 4342.45 4342.45 4329.88 4311.98 4254.99 150.81 131.34 4119.52 4122.69 4403.63 4385.3 

Mar 1972 5042.62 1923.56 1923.56 1923.55 1884.52 1317.77 485.31 356.29 2006.99 2017.44 1945.77 1945.77 

Average 6808.98 4842.14 4842.14 4710.01 4706.90 4116.01 672.22 522.80 4768.652 4786.23 4596.268 4650.56 

�

Table 4: A comparison of the percentage reduction in average monthly flows for the different scenarios for the months 
with the highest monthly flow (> 5000 x 106 m3) as they occurred under reference (or natural) conditions. 

Scenario   
Date Reference 

Present 
State 1 2  3 4 5 6 7 8 9 10 

Feb 1974 100.00 58.76 58.76 51.80 52.55 45.48 10.08 8.13 55.80 56.10 53.27 55.03 

Mar 1925 100.00 91.01 91.01 88.33 88.18 89.04 4.70 3.45 90.06 89.99 86.90 88.33 

Feb 1988 100.00 78.49 78.49 70.79 71.40 41.21 11.43 9.21 75.21 78.72 57.53 59.90 

Jan 1934 100.00 36.24 36.24 36.24 36.08 21.56 4.46 3.19 35.66 36.12 33.90 33.90 

Mar 1976 100.00 94.57 94.57 94.42 94.29 93.71 5.98 4.39 92.93 93.04 95.31 95.08 

Feb 1976 100.00 90.43 90.43 90.29 90.47 89.82 14.05 11.33 88.74 89.36 90.92 90.71 

Mar 1974 100.00 92.71 92.71 92.52 92.30 91.66 7.09 5.21 92.94 92.68 93.57 93.31 

Jan 1976 100.00 82.69 82.69 82.50 82.51 81.48 5.75 4.12 82.00 82.55 83.53 83.25 

Feb 1955 100.00 69.11 69.11 67.09 66.63 47.56 17.30 13.95 69.45 69.80 52.82 60.45 

Jan 1974 100.00 31.99 31.99 31.99 31.78 15.99 5.87 4.20 31.33 31.73 29.02 29.03 

Mar 1948 100.00 31.17 31.17 28.06 27.89 0.65 8.03 5.89 29.65 30.29 28.64 28.64 
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Feb 1975 100.00 84.70 84.70 84.28 84.09 83.94 19.81 15.97 86.79 87.01 87.09 86.79 

Nov 1936 100.00 44.28 44.28 44.28 44.04 30.80 4.41 3.65 42.75 42.75 40.79 40.79 

Feb 1944 100.00 91.90 91.90 91.69 91.36 90.15 20.14 16.24 92.05 90.79 92.61 92.31 

Feb 1967 100.00 63.89 63.89 61.33 61.49 54.15 20.37 16.43 67.98 68.06 68.73 67.68 

Nov 1943 100.00 87.80 87.80 87.57 87.55 86.68 4.54 3.75 87.94 84.15 88.46 88.13 

Feb 1939 100.00 66.14 66.14 61.24 60.94 43.61 20.91 14.97 59.38 60.65 49.31 53.75 

Apr 1925 100.00 93.57 93.57 93.33 93.22 92.33 6.14 4.41 92.74 91.88 94.95 94.61 

Oct 1957 100.00 85.40 85.40 85.15 84.80 83.68 2.97 2.58 81.01 81.08 86.60 86.24 

Mar 1972 100.00 38.15 38.15 38.15 37.37 26.13 9.62 7.07 39.80 40.01 38.59 38.59 

Average 100.00 70.65 70.65 69.05 68.95 60.48 10.18 7.91 69.71 69.84 67.63 68.33 

�

����E�������	�����������������)���������������)����&�����-F�

• ���� ��	����� �����	�� �������� ������ ����� )���� �������� ��� /+� #� ��� ���� 
���������

�����������������6��������������

• ������ ��� ��� ����������� )������� ���� 6������� ������ 0����� ����� ����� �������1� ����

��������+F�6�������0�%%"1�����������������	������������������	���������������	��
�����

��������

• ��������������&���������������	����������	��������������������)����!.#������������

��������������
��������������������������������������������6���������������������	����

���������������� �������������	�������������	�����������������������������

• ��������-���������������	������������)����!%#����
���������9�����������

• ��������� "� ���� !� �� ������� �������� ���������� ��� +%� ���� ,#� ��� ��������� ��� ����


����������������

• ��������/�����,���������������	����������	��������������������)����/%#������������

��������������
��������������������������������������������6���������������������	����

���������������� �������������	�������������	�����������������������������

• ��������.�����+%���������������	����������	��������������������)����!,#������������

��������������
��������������������������������	���������������6���������������������	����

���������������� �������������	�������������	�����������������������������

 
Table 5:  A comparison of the reduction in high flow events, represented by monthly flows greater than 5000 x 106 m3) 
between the Reference Conditions, Present State and various future runoff scenarios. 

SCENARIO OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP TOT 
Reference Condition 1 2 0 3 8 5 1 0 0 0 0 0 20 
Present State (with hydropower release) 0 0 0 1 4 4 0 0 0 0 0 0 9 
Scenario 1:  Present State (2005)  0 0 0 1 4 4 0 0 0 0 0 0 9 
Scenario 2:  Vanderkloof lower level  0 0 0 1 4 4 0 0 0 0 0 0 9 
Scenario 3:  Vioolsdrift reregulating  0 0 0 1 4 4 0 0 0 0 0 0 9 
Scenario 4:  Large Vioolsdrift 0 0 0 1 3 4 0 0 0 0 0 0 8 
Scenario 5:  River Class C 0 0 0 0 0 0 0 0 0 0 0 0 0 
Scenario 6:  River Class D 0 0 0 0 0 0 0 0 0 0 0 0 0 
Scenario 7:  Modified River Class D 0 0 0 1 4 4 0 0 0 0 0 0 9 
Scenario 8:  Modified River class D with Natural 
losses 

0 0 0 1 4 4 0 0 0 0 0 0 9 

Scenario 9:  River class C with floods 0 0 0 1 4 4 0 0 0 0 0 0 9 

Scenario 10:  River Class D with floods 0 0 0 1 4 4 0 0 0 0 0 0 9 
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Table 6 : Results of annual maximum series assessment on the naturalised, 2005 and observed data for Augrabies 
 

Daily peak discharge 
(x 106 m3) 

Reference 
(Modelled data) 

Present State 
(Observed data*) 

Present (2005) 
(Modelled data) 

1:2 2832 1871 434 

1:5 5369 3299 1380 

1:10 6667 4130 2070 

1:20 9349 4973 3422 

�

*These data are from D7H008 for 1932 – 2000.  This means that analyses of the full data set, such as is required for 
flood analysis, are confused by the trend of increasing abstraction over the period. 
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4. ���PSYCHICAL DYNAMICS 
�

4.1 RIVER FLOW 
�
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4.1.1 Reduction in variation in river flow 
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4.1.2 Further changes in river flow 
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Figure 3. Measured annual run-off between 1935 and 1980 
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4.2 INTERACTION BETWEEN RIVER FLOW AND MOUTH CONDITIONS  
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4.2.1 Water demand downstream from Vioolsdrift 
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Table 7: Monthly Demand (x106 m3 per annum) (Source: WRP, Mr  M Maré) 
 OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANNUAL 

Ausenkher & Noordoewer 3.33 5.23 6.62 8.91 4.34 1.16 0.68 0.41 0.25 0.31 0.49 0.84 32.57 

Vioolsdrift South irrigation 0.77 1.21 1.53 2.06 1.00 0.27 0.16 0.09 0.06 0.07 0.11 0.19 7.53 

Alexander Bay Irrigation 1.10 0.64 0.68 1.50 1.15 1.49 1.23 0.23 0.25 0.34 0.58 0.87 10.05 

Noordoewer, Aussenkehr Urb. 0.01 0.02 0.01 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.17 

Mines Rosh Pinah, Scorpion, 

Namdeb, Auchas, Daberas 
0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 6.85 

Urban Rosh Pinah, Scorpion, 

Oranjemund. 
0.74 0.78 0.69 1.09 0.78 0.78 0.76 0.60 0.61 0.56 0.67 0.61 8.68 

Alexander Bay, Trans Hex & 

Other Mines 
0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 7.30 

Sub-total (Activities) 7.14 9.06 10.71 14.76 8.47 4.89 4.01 2.52 2.36 2.47 3.04 3.70 73.14 

River evaporation Reach 6 5.67 6.99 7.60 7.57 5.67 4.54 3.08 2.33 1.67 1.93 2.86 4.29 54.20 

River evaporation Reach 7 6.95 8.57 9.32 9.29 6.95 5.57 3.78 2.86 2.06 2.37 3.51 5.27 66.50 

Sub-total (Evaporation) 12.62 15.56 16.92 16.86 12.62 10.11 6.86 5.19 3.73 4.30 6.37 9.56 120.70 

Total 19.76 24.62 27.63 31.62 21.09 15.00 10.87 7.71 6.09 6.77 9.41 13.26 193.84 

�

��)��� ,� ��������� ���� �������� ������ ������� 0��)��� /1� ����� ���������� �����	�� �������
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����D����)�������8����)����

�

Table 8: Estimated average monthly demand in m3/s 
 OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP ANNUAL 

Sub-total (Activities) 2.67 3.49 4.00 5.51 3.50 1.83 1.55 0.94 0.91 0.92 1.13 1.43 27.31 

Sub-total (Evaporation) 4.71 6.00 6.32 6.29 5.22 3.77 2.65 1.94 1.44 1.61 2.38 3.69 45.06 

Total 7.38 9.50 10.32 11.80 8.72 5.60 4.20 2.88 2.35 2.53 3.51 5.12 72.37 

�

�

4.2.2 Measured inflow 
�

4.2.2.1 Measured inflow for 1993 
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Table 9: Measured Daily flows for 1993 at Vioolsdrift Gauging station (D8H003) in m3/s (flows less than 10 m3/s are 
shaded) 

�
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�

MEASURED DAILY FLOWS FOR 1993 AT VIOOLSDRIFT GAUGING STATION (D8H003) 

DAY JAN  FEB  MAR APR MAY JUN JUL AUG SEP OCT NOV DEC DAY 

1 15.35 20.89 53.54 11.15 12.61 18.68 10.20 10.22 1.17 0.11 2.36 9.57 1 

2 18.28 33.80 45.49 9.29 18.39 18.48 8.50 10.42 1.28 0.06 1.55 7.95 2 

3 18.53 37.10 36.96 7.32 27.51 16.80 8.15 12.60 1.40 0.05 1.13 6.50 3 

4 18.83 30.94 32.48 7.07 25.11 17.32 10.10 12.46 1.53 0.09 0.91 6.20 4 

5 18.58 26.27 29.17 8.13 23.01 18.21 10.89 9.63 1.68 0.08 0.90 6.16 5 

6 13.53 24.93 47.85 11.55 20.92 19.09 11.17 7.41 1.51 0.12 0.90 9.83 6 

7 9.40 22.55 53.31 13.01 20.26 19.84 11.45 6.89 1.28 0.10 1.11 11.47 7 

8 6.11 20.01 45.04 14.32 21.38 18.15 11.74 7.12 1.07 0.08 1.49 9.80 8 

9 4.34 19.43 38.11 14.29 22.22 15.96 12.03 7.44 0.88 0.06 1.75 8.12 9 

10 7.46 21.81 30.68 17.28 24.86 14.81 12.35 7.77 0.72 0.04 1.58 8.64 10 

11 8.14 13.84 25.06 17.27 28.41 12.78 13.70 7.94 0.85 0.03 1.77 9.33 11 

12 7.86 34.29 21.61 15.02 31.22 10.45 14.45 6.95 0.91 0.02 1.88 10.86 12 

13 6.17 53.24 18.55 12.89 31.40 9.15 13.03 5.83 0.95 0.01 1.66 12.64 13 

14 5.19 27.87 19.26 10.42 30.63 8.11 11.69 4.88 0.99 0.01 1.33 13.47 14 

15 4.07 20.78 19.60 29.58 27.52 7.77 10.43 4.56 1.03 0.00 1.02 11.27 15 

16 4.32 18.16 18.54 43.55 26.03 7.82 9.26 4.38 1.07 0.00 0.76 9.12 16 

17 4.14 19.56 15.96 34.32 24.96 7.87 8.42 4.20 1.12 0.00 0.52 7.22 17 

18 3.75 20.04 14.80 28.36 24.75 7.43 9.41 4.03 1.15 0.00 0.30 5.64 18 

19 3.03 20.93 13.70 23.51 25.54 7.08 10.81 4.34 1.16 0.00 0.15 4.89 19 

20 2.50 29.39 14.68 18.46 23.62 7.54 11.01 4.49 1.16 0.00 0.05 5.62 20 

21 2.14 25.56 18.43 14.55 20.41 7.93 10.44 3.45 1.16 0.00 0.02 7.57 21 

22 1.81 24.54 19.88 11.34 18.59 8.33 9.49 3.14 0.92 0.00 0.01 7.64 22 

23 1.57 31.81 17.74 9.27 18.51 8.74 8.33 2.86 0.51 0.00 0.04 5.82 23 

24 1.51 28.35 16.76 8.22 18.40 8.91 7.38 2.60 0.42 0.00 0.06 4.82 24 

25 1.17 25.63 15.13 7.74 18.21 7.93 7.67 2.35 0.42 0.00 0.05 3.87 25 

26 0.92 53.09 14.83 9.17 16.49 6.96 8.32 2.12 0.41 7.21 0.04 3.42 26 

27 9.55 78.73 15.50 10.90 15.38 6.76 8.32 1.99 0.41 8.04 0.61 3.42 27 

28 14.95 65.78 16.34 11.66 15.61 6.71 8.32 1.90 0.40 7.65 4.65 3.53 28 

29 16.74  15.64 11.22 16.09 6.82 8.53 1.80 0.39 6.75 7.76 5.11 29 

30 21.88  14.97 16.66 18.02 10.77 9.97 1.70 0.29 4.53 9.90 4.60 30 

31 19.30  14.07  18.47  10.26 1.48  3.38  3.63 31 

Average 8.747 30.33 24.96 15.25 22.08 11.44 10.19 5.449 0.941 1.239 1.542 7.347  

Median 6.169 25.6 18.55 12.28 21.38 8.826 10.2 4.49 1.01 0.04 0.967 7.217  
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4.2.2.2 Measured inflow for 1994 

�

Table 10: Measured Daily flows for 1994 at Vioolsdrift Gauging station (D8H003) in m3/s (flows less than 10 m3/s 
are shaded) 
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MEASURED DAILY FLOWS FOR 1994 AT VIOOLSDRIFT GAUGING STATION (D8H003) 

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC DAY 

1 2.87 33.95 95.66 45.47 66.70 80.17 223.00 61.54 36.20 33.03 21.14 16.00 1 

2 2.57 32.64 96.20 55.74 67.17 80.17 225.80 62.39 44.58 30.69 15.17 15.07 2 

3 6.21 33.39 100.20 55.89 67.65 80.17 223.90 63.22 51.24 27.45 12.17 17.82 3 

4 14.21 40.82 98.81 51.04 68.13  221.70 57.55 43.36 27.54 11.52 24.29 4 

5 15.14 50.95 87.39 51.40 68.60  219.40 58.49 52.84 29.54 13.41 23.42 5 

6 12.91 61.69 71.15 50.86 69.09  216.70 59.41 71.88 31.76 21.19 22.48 6 

7 20.87 58.48 119.50 42.44 69.52  220.10 57.42 63.83 37.60 20.85 40.15 7 

8 41.68 48.20 191.60 44.11 69.58  238.70 60.75 60.35 52.89 16.87 38.23 8 

9 38.74 44.13 137.30 58.65 69.58  230.50 65.99 61.36 47.06 18.69 37.15 9 

10 23.98 51.31 151.80 57.06 69.58  230.20 66.23 48.29 38.58 32.58 42.32 10 

11 19.36 66.50 159.60 55.76 69.58  224.70 81.83 35.61 36.91 31.87 41.30 11 

12 59.82 73.41 137.30 63.92 69.58  222.10 80.71 27.84 32.53 31.41 36.60 12 

13 44.99 93.48 105.70 56.41 69.58  222.30 64.56 23.12 28.84 33.76 33.53 13 

14 58.89 97.94 100.20 43.37 69.69  221.60 54.79 19.32 29.89 32.48 31.92 14 

15 61.77 77.82 97.80 37.88 70.52  206.20 61.32 18.51 32.51 27.07 26.77 15 

16 48.93 86.78 98.63 49.29 71.50  189.90 56.67 19.08 30.45 20.85 37.99 16 

17 41.37 211.70 116.50 46.99 72.49  187.00 48.44 20.53 27.87 15.73 46.81 17 

18 39.12 211.10 124.20 43.06 73.49  185.90 44.27 26.58 25.42 12.89 52.42 18 

19 38.61 188.70 124.30 41.94 74.49 279.50 184.70 43.95 26.13 23.33 18.77 52.78 19 

20 40.46 194.00 118.00 43.43 75.50 284.10 182.60 46.81 21.68 25.72 26.31 42.92 20 

21 49.31 176.00 97.57 44.67 76.46 298.40 173.60 41.77 17.20 25.18 26.54 33.25 21 

22 53.48 144.00 82.26 51.83 77.05 327.40 169.70 35.81 14.47 21.82 22.83 27.09 22 

23 49.87 147.80 74.99 53.74 77.56 313.60 145.90 34.17 12.54 21.21 20.18 39.60 23 

24 42.15 202.30 75.50 54.79 78.07 283.60 115.50 37.69 22.96 22.68 18.05 47.86 24 

25 60.06 199.10 73.27 55.83 78.58 276.00 93.26 39.46 30.40 22.12 17.55 40.64 25 

26 73.19 172.10 70.47 56.89 79.10 274.30 81.68 41.17 31.40 22.32 20.58 29.90 26 

27 60.71 136.10 65.92 57.96 79.62 263.90 72.33 43.26 29.57 21.97 25.67 27.62 27 

28 50.77 107.90 51.77 60.76 80.09 236.10 64.55 46.00 27.37 18.59 26.17 26.13 28 

29 42.69  46.21 65.50 80.17 213.30 62.14 42.24 27.73 16.20 23.43 20.81 29 

30 38.74  42.16 66.20 80.17 212.80 60.23 36.50 31.22 24.29 19.65 20.28 30 

31 35.95  40.62  80.17  60.70 35.10  27.05  28.82 31 

Average 38.37 108.6 98.49 52.1 73.2 233.6 173.4 52.56 33.91 28.81 21.85 32.97  

Median 41.37 90.13 97.8 52.78 71.5 274.3 189.9 54.79 28.71 27.54 20.85 33.25  
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Table 11: Summary of water level increase and river inflow required to maintain an open mouth 

Date Water level 
increase 

Lower flow range  
In channel area (m3/s) 

Higher flow range 
Including flood plain (m3/s) 

1 Des 1994 0.23 m 15.4 30.8 
2 Des 1994 0.19 m 12.7 25.4 
3 Des 1994 0.12 m 8.0 16.0 

�

4.2.2.3 Measured inflow for 1995 

�

Table 12: Measured Daily flows for 1995 at Vioolsdrift Gauging station (D8H003) in m3/s (flows less than 10 m3/s 
are shaded) 

�

���� ������������������������������08,4%+�1�������������)����� ����������������������������+�

���!�8����)���+.."����)���+����������������������������������������������������+%��&'�������

MEASURED DAILY FLOWS FOR 1995 AT VIOOLSDRIFT GAUGING STATION (D8H003) 

DAY JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC DAY 

1 30.86 34.27 11.76 44.94 23.43  10.59 27.89 4.05 9.09 8.04 122.10 1 

2 30.12 27.92 9.48 41.59 22.58  11.71 24.58 3.43 11.17 7.49 121.10 2 

3 23.51 23.35 6.69 35.78 22.58  11.99 21.50 3.13 12.51 5.56 87.07 3 

4 18.86 23.32 5.49 56.90 22.58 24.33 11.64 18.60 2.88 11.74 4.21 60.83 4 

5 14.79 33.04 4.95 133.60 22.71 25.31 12.97 14.67 2.63 10.78 3.12 43.15 5 

6 13.00 34.89 6.08 147.20 24.77 26.28 14.38 14.09 2.45 9.32 3.01 32.83 6 

7 15.59 30.87 6.78 121.30 25.41 25.19 13.39 14.55 2.41 8.23 3.67 27.82 7 

8 25.21 23.53 6.72 101.70 23.20 23.03 11.64 11.01 2.38 8.26 5.71 32.69 8 

9 28.83 17.72 6.55 79.45 20.34 21.24 11.20 7.78 2.32 9.76 6.03 39.58 9 

10 22.30 14.71 6.01 66.20 16.42 21.59 11.03 7.47 2.09 11.51 5.58 38.84 10 

11 16.85 20.38 6.49 59.78 14.65 22.24 10.87 28.25 1.84 10.51 4.43 29.74 11 

12 13.09 21.19 7.02 59.49 12.99 22.45 10.54 30.59 2.10 8.15 3.89 28.45 12 

13 11.09 21.11 9.16 57.07 11.76 19.22 10.35 25.76 2.79 7.14 3.81 37.96 13 

14 9.95 21.44 9.56 56.38 12.96 15.55 10.88 20.56 3.48 6.26 5.68 43.58 14 

15 15.24 20.04 9.98 59.99 14.72 12.69 11.51 16.31 3.26 6.27 9.65 54.55 15 

16 15.59 19.35 10.41 59.19 16.70 11.35 12.44 12.59 2.45 6.97 8.26 62.61 16 

17 13.49 15.74 10.81 55.69 23.73 10.29 13.44 10.81 2.33 9.56 6.59 63.63 17 

18 12.31 12.92 14.17 51.34 25.28 10.96 13.66 9.94 2.16 10.68 5.53 63.06 18 

19 12.58 12.37 22.66 42.74 26.84 11.51 12.24 8.08 1.82 9.27 5.49 75.86 19 

20 12.09 19.11 20.65 39.52 29.32 11.41 10.85 8.01 1.61 8.38 10.09 94.31 20 

21 12.13 19.14 17.58 38.71 29.64 11.31 8.82 7.89 2.12 8.23 13.86 78.12 21 

22 24.34 16.51 14.80 37.59 30.17 11.22 7.95 7.78 2.41 8.59 10.83 77.19 22 

23 36.11 15.47 12.61 34.73 30.28 10.12 29.33 7.67 3.02 9.00 8.23 69.02 23 

24 34.10 12.82 11.35 30.94 27.57 7.77 76.46 7.04 3.33 9.40 5.83 55.08 24 

25 34.70 11.35 8.58 24.79 26.08 8.13 63.80 5.42 2.77 8.83 4.63 49.71 25 

26 36.65 15.35 12.23 20.96 27.54 13.21 41.47 4.79 3.49 7.54 4.13 47.90 26 

27 42.82 19.67 17.37 17.50 28.88 13.46 30.34 4.73 6.27 6.16 8.44 53.35 27 

28 52.77 16.20 25.18 15.65 29.06 10.94 23.59 4.73 7.00 5.24 10.13 54.43 28 

29 53.54  30.62 16.57  9.29 22.20 4.73 7.59 4.45 8.41 54.74 29 

30 49.60  40.57 23.01  8.75 33.69 4.73 8.25 4.08 8.44 58.33 30 

31 42.90  46.12    31.45 4.66  6.43  52.35 31 

Average 25 20.49 13.82 54.35 22.93 15.51 19.56 12.81 3.261 8.502 6.625 58.39  

Median 22.3 19.51 10.41 48.14 23.58 12.69 12.24 9.936 2.702 8.587 5.767 54.55  
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Table 13: Summary of water level increase and river inflow that breached the Orange Estuary in 1995 

Date Water level 
increase 

Lower flow range  
In channel area (m3/s) 

Higher flow range 
Including flood plain (m3/s) 

5 Des 1995 0.51 m 34.0 68.2 
6 Des 1995 0.44 m 29.4 58.8 

�
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4.2.3 Fish River catchment 
�
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Table 14: Simulated monthly flows (m3/s) for the Fish River Catchment 

  OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
90%ile 0.00 1.21 12.80 109.47 230.80 293.49 31.72 2.42 0.14 0.00 0.00 0.00 
80%ile 0.00 0.00 0.00 12.64 66.40 103.53 15.20 0.30 0.00 0.00 0.00 0.00 
70%ile 0.00 0.00 0.00 2.90 18.97 40.90 7.25 0.00 0.00 0.00 0.00 0.00 
60%ile 0.00 0.00 0.00 0.79 8.52 15.65 2.83 0.00 0.00 0.00 0.00 0.00 
50%ile 0.00 0.00 0.00 0.00 2.61 8.49 0.61 0.00 0.00 0.00 0.00 0.00 
40%ile 0.00 0.00 0.00 0.00 0.12 4.08 0.00 0.00 0.00 0.00 0.00 0.00 
30%ile 0.00 0.00 0.00 0.00 0.00 1.14 0.00 0.00 0.00 0.00 0.00 0.00 
20%ile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
10%ile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1%ile 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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4.2.4 Estimated flow required to keep the Orange River Estuary mouth open 
�
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Note: 

 It is critical that the estimated cut-off flow value for mouth closure be verified through further monitoring in the 
future, as the hydropower release are becoming more infrequent and the mouth should therefore close or almost 
close more often.�
�
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4.3 ADDITIONAL MECHANISMS THAT INFLUENCE MOUTH DYNAMICS 
�
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4.3.1 Open and closed mouth conditions 
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4.3.2 The effect of wave action on the mouth 
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4.3.3 The effects of tidal flows 
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4.3.4 The position of the mouth along the berm 
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Figure 4a. Recorded water levels variations within the saltmarsh 
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Figure 4b. Recorded water levels variations within the saltmarsh 
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Figure 5. Mouth positions of the Orange River between 1937 and 1990 
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4.3.5 The effects of the causeway  
��

������������������	������������������������������������ ��������������������������)�����

���������������;���������������������  �����������&���R�>3��������)����+�"����)��������

��*�����������������092
��+..+1�� �����������������������)����������������������������)��

����������������)������������������������� ��������������������������������	������������������

��������������	�����������������������������8�������E����������������	������������ ������

��

2���������������������������������������������������������)������	����������� ����������������

������������)��������������	��������������������������������������������������	� ��������������

������)��������������������������������������������������������������������������������������

�����	������� ������������������������������������������

��

3��������������������)���������������������������������������������������������������)������

)����������������������������	�����������������������������������������������������������������

�����������

�

������������������������������� ���)����������������������������� ��������������������������

�����������������������)��������	�������������������)������������	���	���� �����������

�
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4.3.7 Mining operations 
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4.4 BACK FLOODING 
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4.4.1 Water levels at mouth breaching and the effects on back flooding 
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4.4.2 The effects of major floods on the floodplain 
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Figure 6. Recorded water levels within the saltmarsh during the mouth closure in December 1995 
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Figure 7. Map of the saltmarsh south of the estuary 
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Table 15:   Salinity data collected in the Orange River Estuary during January 1979, August 1987 and 
September 1993  
�

ESTIMATED DISTANCE FROM MOUTH in km (Estimated depth in m) 
POSITION 0  
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0.5  
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(    ) 
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(3.3) 

2.5  
(1.3)  

3  
(<1) 

3.5  
(<1) 

5.0  
(<1) 

7 
(< 1) 

January 1979 (Average measured flow ~ 300 m3/s) 
Surface <2.85* <2.85* - - - <2.85* <2.85* <2.85*   
Bottom - - - - - - - - -  
August 1987 (Average measured flow ~ 30m3/s) 
Surface 6-10 2 - - 0 0 - - -  
Bottom 33.5 31.5 - - 30.5 0 - - -  
26 March – 12 April 1993 (Average measured flow ~ 15m3/s) 
Water column** - 9 -36 - - - 6-36 - - - 0 
September 1993 (Average measured flow ~1 m3/s) 
Surface - 14.1 - - - - 9.2 - 3.0 - 
Bottom - 29.3 - - - - 22.2 - 16.5 - 
30 September 1993 (Average measured flow ~1 m3/s) 
Surface** - - 36 30 - 35 20 - - - 
Bottom** - - 36 36 - 35 19 - - - 
��� � Minimum value that could be measured by the salinometer used at the time, salinity was probably ~ 0 ppt�
���� Using the following conversion:  Conductivity (mS/cm) x 100 x 8/1000 ~ Salinity (ppt) 
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5. WATER QUALITY CHARACTERISTICS 
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5.1 SYSTEM VARIABLES 
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5.2 INORGANIC NUTRIENTS 
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5.2.1 Inorganic nitrogen 
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5.2.2 Dissolved Reactive Phosphate 
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5.3 TOXIC SUBSTANCES 
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Table 16:  Trace metal concentrations measured in the river at Rosh Pinah from 1998 to 2003 
�

CONCEWNTRATION ((µg/L) 
DATE Fe Mn Cu Zn Cd Pb 

15/06/2003 40 <10 20 10 <10  <20 

09/03/2003 210 30 80 20 <10  <20 

20/01/2003 550 50 20 30 <10  <20 

01/12/2002 70 10 40 40 <10  <20 

29/10/2002 3050 50 80 60 <10  <20 

03/10/2002 3200 40 60 80 <10  <20 

08/09/2002 900 10 10 <10 <10  <20 

31/07/2002 1000 90 60 60 <10  <20 

04/04/2002 570 10 10 20 <10  <20 

17/03/2002 880 10 10 10 <10  <20 

10/10/2001 304 10 <10 10 <10  <20 

08/09/2001 83 <10 <10 <10 <10  <20 

06/04/2001 10 <10 <10 <10 <10  <20 

17/05/2000 5200 200 16 21 <10  <20 

12/08/1999 140 20 <10 <10 <10  <20 

11/02/1999 170 20 20 10 <10  <20 

06/11/1998 255 17 11 <10 <10  <20 

12/10/1998 413 27 25 41 <10  <20 
�

Table 17: Trace metal concentrations measured in the sediments of the Orange River Estuary in January 1979 
 

CONCENTRATION (µg/g dry mass) TRACE METAL Range Average 
Cadmium 0.017 – 0.06 0.032 
Copper 7.8 – 17.2 10.8 
Lead 2.4 – 8.7 5.4 
Zinc 14.7 – 51.9 23.1 
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�

6. ABIOTIC STATES FOR ORANGE RIVER ESTUARY 
�

;�������������������������������)����������)���������������������������������>����	��?��������
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�

STATE FLOW RANGE 
1: Open, river dominated > 50 m3/s 

2: Predominantly Open, with marine influence 10 – 50 m3/s 

3: Closed, for extended period < 10 m3/s 

�
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�

ABIOTIC STATE 1: OPEN, RIVER DOMINATED 
Typical flow patterns:  At river flows greater than 50 m3/s the mouth will normally be open and because of the 
strong river flow limited or no seawater intrusion in the estuary will take place. 
 
Confidence:  Low 
State of the mouth:  The mouth of the Orange Estuary will be fully open at this state. Generally the mouth is a 
relatively narrow (100 – 400 m) opening in the beach spit. After a flood the mouth would be considerable wider by a 
few hundred metres, as the spit is know to be extensively eroded.   
 
Confidence:  Low 
Flood plain inundation patterns:  The water level will be very high during floods inundating the flood plains. Such 
floods will scour the mouth and after the flood the water level can drop very low at low tides until the mouth becomes 
restricted again. At flows between 50 and 300 m3/s, the mouth will normally be wide open and only limited backing 
up of water, increasing the water level and flooding of floodplain would occur. At flows higher than 300 m3/s 
significant back flooding starts to occur. 
 
Confidence:  Low 
Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):  Limited tidal variation 
will occur during a flood when the water level is high, but tidal variations will occur again when the flood flows are 
reduced.  
 
Confidence:  Medium 
Retention times of water masses:  The retention time will normally be less than one day. Some back water areas 
might have longer retentions periods of a few days at a time. 
 
Confidence:  Low 
Total volume:  No data available to provide any details on total volume 
 
Confidence:  - 
�
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�

ABIOTIC STATE 1: OPEN, RIVER DOMINATED CONTINUED… 
Salinity distributions in the estuary:  The estuary will be mostly fresh during this open river dominated state, with 
limited salinity penetration in the mouth area at high tide. 

Confidence:  Low 
System variables (Temperature, suspended solids, turbidity and dissolved oxygen):  
 
Temperature varies seasonally depending when this state occurs, with lower temperatures (~15 0C) in winter and 
higher temperatures (~25 0C) in summer. 
 
pH typically range between 7.1 and 8.5. 
 
Turbidity will be high, with Secchi depth around 0.25 m. 
 
System will be well-oxygenated. 
 
Confidence:  Medium 
Inorganic Nutrients:   
 
Nutrient concentrations will typically be low, characteristic of concentrations in river inflow. 
 
Confidence:  Low 
�

ABIOTIC STATE 2:  PREDOMINANTLY OPEN, WITH MARINE INFLUENCE 
Typical flow patterns:  At inflows 10.0 – 50.0 m3/s the mouth will predominantly be open.  
 
Confidence:  medium 
State of the mouth: The mouth will predominantly be open. Generally the mouth is a relatively narrow (100 – 400 
m) opening in the beach spit.  
 
Mouth closure will occur occasionally, but only for a few days at a time. For example, the mouth closure events of 
December 1995. 
 
Confidence:  Medium 
Water levels and flood plain inundation patterns: The water level will probably vary between 0.0 and + 1.1 m MSL 
because of tidal influence. This will be much lower than in the Closed state and much of the flood plain will be 
permanently exposed. Flooding and drying of the intertidal area will occur. 
 
Limited inundation of surrounding flood plain and saltmarshes might occur, due to brief mouth closure. The extent to 
which the flood plain will be inundated will depend on the water level in the estuary and the height of the berm. For 
example, the maximum water level reached in the estuary at mouth breachings in December 1994 and December 
1995, when the mouth was only closed for a few days, was about + 2.30 m MSL. 
 
Confidence: Medium 
�
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�

ABIOTIC STATE 2:  PREDOMINANTLY OPEN, WITH MARINE INFLUENCE CONTINUED… 
Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide): The mean tidal range at 
the mouth of the Orange River is approximately 0.4 m and can be as much as 1.0 m during spring tides. 
 
Confidence:  High 
Retention times of water masses:  The retention time will be longer than in the 1: Open, river dominated state 
varying from a day to a few days (if brief closure should occur) depending on the inflow. Pretension time will also be 
longer in side channels and backwater areas. 
 
Confidence:  Low 
Total volume:  No data available to provide any details on total volume 
 
Confidence:  - 
Salinity distributions in the estuary:  For the higher flow range (~50 m3/s), strong vertical stratification occurs in the deeper 
basin area in the lower reaches, with salinities of greater than 30 ppt in bottom waters and between 0 and 10 ppt in the surface 
layer.  Moving further upstream salinities decrease markedly with 0 ppt occurring approximately 3 km from the mouth.   At the 
lower flow range (~10 m3/s) strong vertical stratification is still present in the deeper basin.  Further upstream as the estuary 
becomes shallower, salinities decrease gradually with 0 ppt reached about 7 km from the mouth. 

 
Confidence:   Low 
System variables (Temperature, pH, suspended solids, turbidity and dissolved oxygen):  
 
Temperature varies seasonally depending when this state occurs, with lower temperatures (around 15 0C) in winter 
and higher temperatures (around 25 0C) in summer.  In the deeper basin in the lower reaches (salinities < 30 ppt), 
temperatures can be expected to remain low (around 14-160C), even during summer. 
 
pH typically range between 7.1 and 8.5. 
 
Turbidity will be high, with Secchi depth around 0.25 m. 
 
System will be well-oxygenated. 
 
Confidence:  Medium  
Inorganic Nutrients:   
 
Nutrient concentrations will typically be low, except in the event where upwelling at sea could introduce inorganic 
nutrients to the estuary, but this will be limited to the deeper basin in the lower reaches during summer. 
 
 
Confidence:  Low 
�
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�

ABIOTIC STATE 3:  CLOSED FOR EXTENDED PERIOD 
Typical flow patterns:  At inflows lower than 10.0 m3/s the mouth will predominantly be close. The water losses 
because of seepage of water through the berm and evaporation will be similar to the river flow entering the 
estuary. The water level on the estuary will depend on the river flow, seepage and the height of the berm. A 
breaching will occur when the inflow increases the water level in the estuary so that it exceeds the height of the 
berm. 
 
Confidence:  Low 
State of the mouth:  Mouth closed for extended periods at a time 
 
Confidence:  Low 
Water levels and flood plain inundation patterns:  Extended inundation of surrounding flood plain and 
saltmarshes, due to mouth closure and related back flooding will occur, especially at the higher water levels 
associated with long periods of closure. The extent to which the flood plain will be inundated will depend on the 
water level in the estuary and the height of the berm before the next breaching occurs. The berm of a closed estuary 
mouth normally builds up to levels of between + 2.5 to + 3.0 m MSL. If the mouth should close for extensive 
periods at a time the berm can even build up to 3.5 m MSL. 
 
Confidence: Low 
Amplitude of tidal variation (indicative of exposure of inter-tidal areas during low tide):  No tidal variation. 
 
Confidence:  High 
Retention times of water masses:  The retention time will vary from a weeks to months depending on the duration of 
the closed state. Under new present day conditions mouth closure could occur for a few weeks at a time, depending 
on the extend of the hydropower releases. 
 
Confidence:  Low 
Total volume:  No data available to provide any details on total volume 
 
Confidence:  - 
Salinity distributions in the estuary: Taking into account the strong stratification that occurs in the lower reaches 
of the estuary during the tidal phase (see above), it is expected that at the onset of mouth closure salinity 
distribution pattern will be similar to that of the tidal phase.  With time, turbulence caused by wind mixing will 
eventually create a brackish zone throughout estuary, except perhaps in the deeper basin in the lower reaches 
where salinities could remain around 30 ppt for extended periods (i.e. turbulence generated by wind mixing may 
not be sufficient to erode this denser saline water at such depths).  The estuary will become fresher due to 
continuous inflow of fresh water and decreasing of overwash events (at higher berms levels). 
�

 
 
 
 
 
 
 
 
 

 
Confidence:   Low 
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�

ABIOTIC STATE 3:  CLOSED FOR EXTENDED PERIOD CONTINUED… 
System variables (Temperature, pH, suspended solids, turbidity and dissolved oxygen):  
 
Temperature variation will be seasonal depending when this state occurs, with lower temperatures (around 15 0C) 
in winter and higher temperatures (around 25 0C) in summer.   
 
pH typically range between 7.1 and 8.5. 
 
Still expected to be relatively turbid (Secchi depth around 0.25 m), except when river inflow becomes  very   low  
(~ 1 m3/s) 
 
System will be well-oxygenated, but during prolonged closure, dissolved oxygen levels in bottom waters (> 30 ppt) 
of the deeper basin these waters could decrease.  The severity of such a decrease will depend on the duration of 
closures, as well as the organic content of the bottom waters and sediments at the time. 
 
Confidence:  Medium  
Inorganic Nutrients: 
 
Estuary will become nutrient depleted. 
 
Confidence:  
�
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�

7. SEDIMENT DYNAMICS 
�
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8. REHABILITATION OF SALTMARSH AREA 
�

8.1 GENERAL 
��

����������������)���������� ��*�����������������������������������������	��
������������	����

��� ����������������(����������������������������������
�������������������������)���������������

����>��������
���������������������������������������������)������������������������ ����)������

���������������������

���

������������	�� ����������������������������������������� ������F�

��

• ��������������������	����������������������  ��������������������������)����������

��������������������������������������������

• 
�����������������)������������������������������������������������������������������

���������

• 2��������������������� ������������������������������

• ������������ ����	���������������������'������ ������������������������������

• 
������������������������������������������������������������)�� ������)���$�������	��

• �������	������ �����	��� ��������������������������������������

• >����������������������������������������

�

8.2 REQUIREMENT FOR BACK-FLOODING 
�

;���$�������	� �����	� ������� ������ ������ ����������� ����� ������ ����������� ��� ���� ��	������

�������������������������)����������������������������������������������������0���������1����������

��������������� ��� ���� ����� ������ ��� ���� �������� ���� ������� )���������� ����������� ���� ����

����)�����������������������������	���������

�

>������������������������	�������)���������������������	�����������	������������������	��


�����������������������������������������������������������������������	�����������������������

������ ���� ������ ����  ��)�)��� ������� ����  ������� ��� � � ��� �� ���� �������� � 
�������� ��� ����

����������������������������������������������� ���	�������������������������������������������

�����������������������������0����������������������������������������1���������������������

)�������	���������������������������������������������������������)��������������������)���

���9�� ����-��

�

��������������������� ���������������)�������������������� �������������������)����������

�����������������������	������ ������������	�������������������������� ���������������������������

)���� ������ �����	�� ���� �������  ��������	� �������� ���� )���$�������	�� � ���� ������������ ���

������ �������� ���� ��� )���$�������	� ���� ����� )���� ��� ������� ��� ���� �������������� ��� ����

������������>�������������������������������������������������� ������������������8����	�����

� ���	����+..&������������������������������������9����������������������������������������



 

 
Orange River Estuary Rapid Ecological Reserve                                                                                                                                        October 2003 
Final Draft 
   

Appendix B-57 

8����)���+..-��������8����)���+.."��������������������������	��������)����������������

�������������������������������������0����E�	����/1��

�

������$����)������������������������������� ����������������������������������������)�����

�� ���������(������������������������������������	$��������)�������������������������

�
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9. MONITORING REQUIREMENTS  
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