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1. INTRODUCTION

Hagen Brink Consulting Engineers was appointed by Klipheuwel Trust to evaluate a concept design
for a Water Use License Application compiled by Gorra Water (Mr Retief Kleynhans) in November
2021. The design by Gorra Water consisted of a concept design report, summary of calculations,
and a set of drawings. The purpose of the evaluation of the Gorra Water report is to provide input
for the relevant environmental approval processes to be followed for Oudrift dam.

The concept design is not suitable for further project phases such as the License to Construct
application in terms of the Dam Safety Regulations or for any construction works.

The proposed Oudrift dam is situated on the farm Klipheuvel (Farm No. 143 Portion 3) at
34°2°'56.12”S and 22°8’15.04’E. The embankment of the dam is located on Farm No. 143,
Remainder of portion 13, for which a servitude was registered.

Driving on the N2 from Hartenbos to Klein Brak River, take the R102 turn-off to Klein Brak River. At
the intersection, turn left on the R102 and continue for approximately 400 m to the T-junction. At the
T-junction, turn right towards Sorgfontein. Continue with this road for approximately 3 km and turn
right (before crossing the Moordkuil River) to the Klipheuwel Dam (turn-off indicated by a blue
asterisk). The proposed Oudrift dam site is located 520 m from the northern shore of the Klipheuwel
Dam.

The site is not publicly accessible and visitors must be accompanied by the owner. See Figure 1-1
below indicating the position of the Oudrift dam.
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Figure 1-1: Locality map of Oudrift Dam

2. REVIEW OF ORIGINAL CONCEPT DESIGN

2.1 GEOLOGY

The regional geology map (3322 OUDTSHOORN, 1:250 000 series) (RSA, 1973) indicates that the
site is underlain by Conglomerate, sandstone, siltstone and clay from the Enon and similar younger
deposits formation (Ke) (refer to Figure 2-1 below [dam position indicated by the green asterisk x]).

The previous report, however, indicates that the site is underlain by whitish-weathering quartz
sandstone, medium to coarse-grained, quartzitic and massive of the Cape Supergroup, Table
Mountain Sub-group and Peninsula formation (Op). From the image below, it can be seen that this
is possible.

From close inspection, it was confirmed that the Oudrift Dam site is locally underlain by the Peninsula
formation. Extensive rock outcrops are exposed outside the river section, with hillwash alluvial
deposits occurring at the base of the lower flank slopes. Areas of rock and boulders can be observed
on both the left and right flanks. These boulder zones are related to the underlying quartzitic
sandstone lithology.
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Figure 2-1: Regional Geology at Proposed Oudrift Dam (3322 Oudtshoorn) (RSA, 1973)

From an engineering perspective, the proposed site is geologically suited to a zoned earthfill
embankment dam with a central clay core. The rock permeabilities are generally very low, and the
majority of the rock mass can be considered to be nearly impervious. Contacts between the
sandstone and sedimentary strata are generally open and fractured, and grouting is recommended
to intersect all these contacts. The spillway could be accommodated at the natural valley line situated
on the right bank of the dam.

Based on the test pits excavated for the previous report, excavation depths for the core trench might
vary between 4 m at the left and right flanks and 5 m in the central section. For the outlet pipe, a
2.5 m excavation depth can be assumed for the installation of an outlet pipe encased in reinforced
concrete.

2.2 EMBANKMENT TYPE AND DIMENSIONS

As mentioned in the previous section of the report, the proposed site is suitable for the construction
of a zoned earthfill embankment dam. Although not feasible at the moment, the Client indicated that
the design should accommodate the possible raising of the embankment crest level in future. The
approach, therefore, was to design an embankment for the future scenario, but to omit the top
section, to save costs. This will result in an overly conservative crest width. See the attributes of the
proposed embankment below in Table 2-1.
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Table 2-1: General embankment cross-section details

Cross-section details Value

Crest width

Non-overspill level

Crest length

Wall height

Upstream slope

Downstream slope

Core upstream slope

Core downstream slope
Depth

Core trench
Side slopes

Filter thickness (Chimney and blanket)

Upstream wave protection thickness (rip rap)

15 m
25.5m.a.s.l.
1122 m
19.6 m
1V:3H
1V:2.5H
1V:1.75H
1V:0H (Vertical)
4m
1V:1H
0.6m

0.5m

Figure 2-2: Typical earthfill embankment irrigation dam
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The guidelines used for the selection and determination of suitable design floods are contained in
the SANCOLD publication “Guidelines on Safety in Relation to Floods” (SANCOLD, 1991).

According to these guidelines, the design of flood selection is dependent on the dam size, class, and
hazard rating as assigned by the Department of Water and Sanitation (DWS) in terms of the
regulations relating to dam safety. The proposed Oudrift Dam will most likely be a Medium dam with
a Significant hazard rating and would therefore be classified as a Category Il dam.

A two-assessment level approach was followed. At the first assessment level, the recommended
floods were based on the Regional Maximum Flood (RMF), and at the second assessment level,
site-specific methods were used to determine the relevant floods.

As the concept of the RMF cannot be applied to the Oudrift Dam (a small catchment area of 0.54 km?
< 10 km?), the second assessment level was used for evaluating the spillway capacity.

For the Oudrift Dam, the recommended minimum floods are the Recommended Design Flood (RDF),
which should be the 1 in a 100-year flood, and the Safety Evaluation Flood (SEF) equal to the
Probable Maximum Flood (PMF) multiplied by a factor, which is dependent on the RMF. Since the
RMF concept is not considered applicable, it was decided to revert to the 1986 Guidelines
(SANCOLD, 1986) to determine the SEF. The factor for a Medium dam with a Significant hazard
rating according to the 1986 guidelines is 0.7.

It is important to mention the impact of the nearby Klipheuwel dam. Klipheuwel dam does not have
a formal spillway. Flood discharge is through a natural saddle upstream of the right flank. Any flow
through this saddle will discharge into the basin of Oudrift dam. Oudrift’s spillway and freeboard
must therefore also accommodate flows from Klipheuwel dam.

The RDF and SEF floods for Oudrift dam were calculated and combined with the routed RDF and
SEF floods from Klipheuwel dam to determine the applicable incoming flood for Oudrift dam.

The incoming flood peaks were routed through the reservoir using the approximate equation of
Gorgens et al. (1990) to determine the water levels in the reservoir in order to evaluate the spillway
capacity and ultimately the freeboard requirements.

See Table 2-2 below, indicating the recommended total flood peaks for the proposed Oudrift dam.

Table 2-2: Recommended flood peaks

Flood peak inflow (m?/s) Flood peak outflow (m?3/s)
RDF - Combined 125.15 58.84
SEF — Combined 224 .49 105.54

241 Spillway selection

The spillway is designed with the objective to discharge excess inflow in a controlled manner, safely
and effectively, without endangering the dam itself, downstream inhabitants or the general public
using downstream infrastructure and roads (N2 and R102).
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The selection of spillway type was based on the ability of the spillway to deal with the relevant floods
reported in Section 2.1 of this report. Various options were considered, but a conventional
uncontrolled open channel spillway with a concrete sill was selected for the following reasons:

Satisfied the design criteria;
It is the most economical option, from the ones considered, and
Best utilisation of the natural topography.

With the spillway constructed away from the earthfill embankment and in a natural valley, it is not
foreseen that training walls will be required. Both the spillway and spillway return channel will have
side slopes of 1V:1H to reduce the footprint required.

The spillway will consist of a 30 m-long reinforced concrete sill constructed on natural rock. The
concrete sill will be 750 mm deep and 500 mm thick.

2.4.2 Spillway capacity and reservoir levels

The applicable flood peaks for the Oudrift dam calculated in Section 2.3 were used to determine the
spillway discharge capacity and relevant reservoir levels during these flood events.

The spillway discharge channel will be a trapezoidal-shaped open channel, which discharges into a
natural stream downstream of the embankment. The maximum spillway discharge capacity was
calculated using an approximate equation based on the effective width (base width of 40% of the
difference between the base width and the top width) of the trapezoidal channel.

A 1.45 discharge coefficient was used, and the maximum spillway discharge capacity was calculated
to be 183.4 m3/s at a proposed freeboard of 2.5 m. See the expected spillway capacity below in
Figure 2.2.
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Figure 2-3: Spillway discharge capacity

See Table 2-4 below, indicating the relevant flood peaks and water levels.
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Table 2-3: Flood peaks and reservoir water levels

Flood Flood peak Max Water Height above Min Height above Min
(0£:11-Ts [o]3 outflow (m3/s) level (m) FSL 23.00 (m) NOC of 25.50 (m)
RDF 58.8 24.197 1.197 -1.303

SEF 105.5 24.751 1.751 -0.749

2.4.3 Energy dissipation

Energy dissipation at the discharge point of the spillway return channel will be achieved with a USBR
Type Il or similar stilling basin. The actual size of the stilling basin will be determined during the
detail design phase. The expected size of the stilling basin will be 10 m x 25 m (width x length), and
it will be constructed with reinforced concrete, with a gabion mattress installed on the downstream
end of the stilling basin.

Figure 2-4: Typical image of USBR Type lll stilling basin

2.5 FREEBOARD

The recommended combinations of conditions to determine the minimum recommended freeboard
allowance were determined as prescribed in the Guidelines on Freeboard for Dams (SANCOLD,
2011). The required freeboard for a Medium dam, Category Il, with Significant hazard rating, was
determined according to the guidelines. The summary of the freeboard calculations is shown in Table
24,

The outcome of the freeboard calculation was compared with the proposed freeboard as presented
in the previous report. The proposed freeboard of 2.5 m was adapted within the design and found to
be sufficient for the proposed Oudrift dam, even though more conservative flood scenarios were
used in the calculation.
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Table 2-4: Calculated freeboard requirements summary

Full Supply level (m) 23.0
Non-overspill Crest (m) 25.5
Maximum outflow head (RDF) above FSL (m) 1.20
Maximum outflow head (SEF) above FSL (m) 1.75
Wave water level (1:100 yr RI):
Wave height, H2% (m) 0.71
Wave Run-up (m) 0.59
Wind setup (m) 0.00
Minimum calculated freeboard required (RDF plus wave run-up, set-up and 1.79
surges) (Second case)
Minimum calculated freeboard required (SEF) (Sixth case) 1.75
Freeboard provided [NOC — FSL] (m) 2.5

The approximate fetch length measured, which influences wave height and run-up, is shown in
Figure 2-4 below.

Figure 2-5: Indication of the expected fetch in a north-western wind direction (Google Image)
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The outlet pipe for Oudrift dam will be a 250 mm dia. PE100 PN10 HDPE pipe encased in reinforced
concrete installed underneath the embankment. The outlet pipe will be excavated into suitable
founding material. The intake inside the dam basin will be fitted with an inlet sieve as per the project
drawings attached as Appendix A.

Downstream of the embankment, the outlet pipe will be fitted with a 250 mm dia, flanged gate wedge
valve (Class PN 10) to control flow out of the dam. Just upstream of this vale, a 250 mm x 200 mm
T-Piece will be installed. The 200 mm leg will also be fitted with a 200 mm dia. flanged gate wedge
valve (PN 10) to serve as a scour and emergency valve. See the project drawings attached in
Appendix A for details of the outlet pipe.

The proposed Oudrift dam will be filled with an extension to an existing gravity pipeline. Minor runoff
from the Klipheuwel dam catchment area will also be collected by thedam in case of the Klipheuwel
dam overflowing. This rare, occasional run-off (none on record since the construction of the
Klipheuwel Dam in 1980) needs to be measured and recorded with a gauging station to determine
the volume of compensation water that needs to be released through the Oudrift dam outlet pipe. A
structure combining a V-notch and sharp-crested weir is proposed as a gauging station as can be
seen in the project drawings attached as Appendix A.

This gauging station will be situated outside of the full supply level area of the Oudrift dam at a level
equal to the freeboard level, to enable measuring and recording of flows during flood conditions. See
below the proposed concept design capacity in Figure 2-5 below.

1.20

Level 26.516 at 1 m water depth
1.00 ® -

0.80

Sharp Crest
|| Topat
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Figure 2-6: Gauging station capacity
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3. CONSTRUCTION METHODOLOGY

It is foreseen that all material required for the construction of the zoned earthfill embankment will
either be sourced from within the dam basin or from commercial sources. Excavation of the
impervious material for the clay core, as well as the semi-pervious material for the selected and shell
material, will be done within the dam basin under the proposed full supply level. Find attached in
Appendix A the proposed section of the embankment indicating all zones and filter layers required.
Also see Table 3-1 below, indicating the estimated material quantities for the main items required
for construction.

Table 3-1: Flood peaks and reservoir water levels

Total earthfill (core, selected and shell material) m?3 79 060
Rip rap (rock for wave protection) m?3 1045
Chimney drain (sand) m?3 725
Blanket drain (sand) m3 2 388
Toe drain (rock) m? 338
250 mm HDPE PE100 PN10 outlet pipe (encased) m 117
Reinforced concrete encasing m?3 66
Reinforced concrete sill (spillway) m?3 11.25
Spillway return channel rip rap (rock) m?3 365
Stilling basin — Concrete m?3 160
Stilling basin — Rip-rap (rock) m?3 70
250 mm HDPE PE100 PN10 irrigation supply pipe m 550
250 mm HDPE PE100 PN10 pipe with concrete m 20
collars at river crossing

Gauging station — Brickwork m? 52
Gauging station — Concrete works m?3 7.5
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Find attached in Appendix A a layout drawing indicating the impact area of construction. The site
establishment, stockpiling of material and all temporary construction roads will fall within this area.
The total construction impact area will be 6.96 hectares.
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4. CONCLUSION

From the review of the concept design, it can be concluded that from a technical point the proposed
Oudrift Dam seems viable. Unless any fatal flaws are encountered during the environmental process
or the detail design process, this project could go ahead, budget permitting.
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INLET SIEVE
1. BARS TO BE WELDED TOP AND BOTTOM.
3 x 25mm STAINLESS 2. BARS TO BE WELDED ALONG THEIR FULL CIRCUMFERENCE WITH NO
STEEL 304 BAND CREVICES.
REFER TO DETAIL4 3. ALL MATERIALS, INCLUDING M6 BOLTS, TO BE MADE FROM STAINLESS
M6 STAINLESS STEEL 316.
FORTHE INLET SIEVE STEEL BOLTS 4. SIEVE FRAME MANUFACTURED FROM 6mm THICK STAINLESS STEEL
MESH 304 SHEETING AND 20mm STAINLESS STEEL 316 RODS.
5.  ALL SHARP CORNERS MUST BE CHAMFERED TO AT LEAST 2mm
RADIUS.
6m 250mm OD HDPE PE 100 PN 6 PIPE
- DIMENSIONS
- A =600mm 250mm
- B =500 mm
- C =250 mm OD 100mm o
e
INLET WORKS CONNECTION DETAIL 9: INLET SIEVE E
N.T.S N.T.S &
CHAMFERED CORNERS}
304 STAINLESS STEEL BOX (50mm RADIUS)
750x750x750mm (3mm THICK .
™ SHEET) FILLED WITH HIGH DETAIL 8: INLET SIEVE BASE PLATE
DENSITY POLYURETHANE FOAM 20mm STEEL RODS N.T.S
m 100 X 100 X 6mm THICK PLATE WITH
T= [ 30mm @ HOLE (ALL SHARP CORNERS A
CHAMFERED TO AT LEAST 2mm DETAIL 9 10mm €
RADIUS) WELDED TO BOX (6mm % 5
. CONTINUOUS WELDING) SEE DETAIL
304 STAINLESS STEEL ——— o] g P & %
CHAIN AND U-BOLTS (YIELD A S 1A = }
STRENGTH > 1 TONNE) -~ . a &
HOISTING RING
I TURED - \@ 7 6mm CONTINUOUS M6 STAINLESS STEEL 316 BOLT
STAINLESS STEEL 304 r 3 CORNER WELDING 3 x 25mm STAINLESS STEEL 316 BAND
X
. o 20mm@ STAINLESS ———
E ¢ INLET SIEVE STEEL 304 ROD
S ATTACHMENT POINTS No. 4 STAINLESS STEEL 316 WOVEN MESH
| i | WITH M6 STAINLESS o.
e R 1 5= FLANGE DRILLED ACCORDING TO (WIRE = 1.25mm, OPENING = 10.00mm)
Elz | C SABS 1123 TABLE 1000/3 STEEL 316 BOLTS
Jp\ 250 mm OD, 18 m HDPE PIPE (PE 100 PN 8)
INLET SIEVE DETAIL WITH STUB END FLANGE ADAPTORS ATENDS| SECTION F-F: INLET SIEVE DETAIL 7: INLET SIEVE
N.T.S N.T.S N.T.S
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250mm OD STAINLESS STEEL ¢ OF [ 2001 c
EXTENSION PIPES EN?& = — r
3000mm ‘ WPSIR=
3 £ et e s |
250mm OD HDPE PIPE CLASS PE 150mm 450mm 1= - £ ﬁs BEN B YA ?
100 PN 6 TO CONNECT TO INLET = Sy s i .
PIPES AND SIEVE INLET (REFER T : i . elel_0 Q
TO DETAIL 5) b/ ‘ , % 2l & ( )
s ! T S e
BASIN EXCAVATION \ ' B o - | O E £ g %‘ S EPRS SIS LR L (- %
LEVEL (TO BE 2 E A A T T R
= Y12-03-500
CONFIRMED ON- S|TE l h 3 | 7 " % > | Y12-04-500(T) —— 250 mm OD HDPE
i : —— b Naoiee
: : DETAIL 4 c
250mm OD HDPE PIPES WITH STUB-END L voo01 N.T.S
250mm ND STAINLESS STEEL FLANGES AND STAINLESS STEEL 316 BACKING
316 FLANGE 90° BEND ‘ RINGS Y12-03-500
Y12-04-500(T) NOTES:
OUTLET PIPE SECTION (UPSTREAM OF DAM WALL)
N.T.S
OUTLET WORKS
~ ~ 250mm OD STAINLESS STEEL 316 EXTENSION PIPE

~

S/S 304 T-PIECE (250mm OD WITH 200mm ND LEG)

1. MINIMUM THICKNESS OF STEEL SPECIALS =6 mm.

X 400mm
| 3000mm
NS TRE FACE OF/ S~ | — \ 2501 0 FLANGED GATE WEDGE VALVE (CLASS PN 10 2. ALL CONCRETE EDGES CHAMFERED 20 x 20 (mm) WHERE
EMBANKMENT ~ l l N\ CONCRETE IS EXPOSED.
T e T e T e T % ] /_5‘5};‘?.’&%2?&%%25EEOAMNB’?&”JTOALLAT.ON BY OTHERS) 3. RUBBER GASKETS TO BE PROVIDED BETWEEN ALL FLANGE
| TR S o e / < CONNECTIONS.
El £ hi 4. ALL FLANGES AND FLANGE DRILLING TO BE ACCORDING TO
) U AT P O e o U £ O CONCRETE APRON SUPPORTING TABLE 1000/3 (SANS 1123).
S A ST e T L S et 5. CONCRETE OF OUTLET WORKS TO BE 30/19 MPa WITH W/C RATIO
250mm OD HDPE PE CLASS LéE’ VIR PSRRIt D) BN "T A S8 OF 0.5.
100 PN 10 PIPELINE 450mm 150mm . : mm
I 7. MINIMUM COVER FOR STEEL REINFORCEMENT: 75
o O1WESH REINFORCEMENT 8.  ALL STEEL REINFORCEMENT MARKED 'Y' HAS A MINIMUM YIELD
1000mm REF. No. 617 )
T 9 I?A-IFGE/ITJ?/ITEAC;I; Z}r%) QA;;.FORCEMENT 50 X @
8 L%TSLET PIPE SECTION D-D (DOWNSTREAM OF DAM WALL) 10.  SURFACE PREPARATION TO BE APPROVED BY ENGINEER ON
- SITE PRIOR TO CASTING OF CONCRETE.
PROVIDE ROCK RIP-RAP FOR EROSION
(Bo0 S5, 1 WIDE 2 LONG x 1 THIGK LEGEND: (T) - TOP
250mm OD HDPE PE CLASS 100 250mm OD HDPE PIPE WITH STUB-END FLANGE (@) - DIAMETER
PN10 PIPELINE AND STAINLESS STEEL 316 BACKING RING Y12-04-500
EE’T :?’ 200mm @ FLANGED GATE OUTLET PIPE
< - P WEDGE VALVE (CLASS PN 10)
4 N 4 < 600mm
LA VR RPN oA P £
D « \ \ . Ti v D £ 11, INVERT LEVEL OF OUTLET PIPE INLET TO BE CONFIRMED ON
A s% §E< = 250mm @ FLANGED é _A © = SITE.
S . i | Al sty . gy 12.  OUTLET PIPE THROUGH EMBANKMENT TO CONSIST OF OD 250
Sl Lo ‘ el ] R T 250mm 00 HoPE mm HPDE PIPE CLASS PE 100 PN 6 WITH 250 mm CONCRETE
] e L 2000 CLASS PE 100PN 10 COVER AROUND THE PIPE.
OUTLET PIPE SECTION D-D (DOWNSTREAM OF DAM WALL) & SECTION C-C: OUTLET PIPE | 13. CONCRETE ENCASEMENT LENGTH =120 m
N.T.S NT.S - 120 m OF HDPE PIPE (20 no x 6 m PIPE LENGTHS)
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5000mm

1200mm
600mm 50 mm x 50 mm x 5 mm ANGLE
IRON BUILT INTO WALL
1 E
Yo} o
S E T 2
8 r
~ g
N.GL | | | | N.GL.
£
o
S \
230 mm PLASTERED BRICK CAVITY 1200 mm x 350 mm 3DR12 STEEL 600 mm x 250 mm CONCRETE
WALL WITH CONCRETE INFILL PLATE WITH 90° V-NOTCH BUILT FOOTING (25 MPa / 19 mm) WITH
INTO WALL REF. MESH 245 REINFORCING AND
Y10 STARTER BARS
V-NOTCH DETAIL
N.T.S
600 mm x 250 mm CONCRETE 50 mm x 50 mm x 5 mm ANGLE IRON BUILT INTO 90° V-NOTCH 230 mm THICK PLASTERED BRICK WALL NATURAL GROUND LEVEL
FOOTING (25 Mpa/19 mm) \ BRICK TO CREATE SHARP CRESTED WEIR \ TO CREATE BROAD CRESTED WEIR
2%6masl. | N\
T T e e e e e e e e N e e e e e e i SUG SR LB G
24 m.a.s.l.
22 m.a.s.l.
o o = 2 & & & 3 F < ] S 3
5 5 T T T T T T T T T T T
O O &) O O &) &) O &) &) O
V-NOTCH (SIDE VIEW)
N.T.S
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