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Summary

An inspection of the Spurwing dam was made by Diaiméfrica in March 2004. The
state of the dam is discussed in this report. Refar is made to dam safety legislation
in South Africa. The dam’s functionality is congied in terms of the stability of the
embankment, its impermeability, and the adequadii@two spillways in dealing with
various types of floods. The principles and requeets of a spillway are set out, and
the deficiencies in the two spillways are consideagainst this backdrop. It is
recommended that the right flank spillway be rete@gred. Three options are
discussed and one is recommended. A preliminarghiedesign is outlined, and a
course for future action proposed.
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Report on Spurwing Dam, Letata, Dullstroom
1.0 Background and Brief

On 19-03-04 Dams for Africa were appointed by Miy&Gletcher representing
Cutwater Farms (Pty) Ltd. to investigate the SpaogMDam on Letata Farm near
Dullstroom.

In the brief (see appendix) it states that the daas built about 12 years ago, with the
spillway originally on the left flank of the danNd@te that in the design of dams,
convention dictates that you face the dam as ifwete the river flowing into the dam
when referring to its left or right flank).

In 2002 and 2003 the runoffs into the spillway tesiiin creeping erosion which was
apparently serious enough for the decision to beéema cut another spillway on the
right flank. This spillway is referred to hereaftey theright flank spillwayand has been
in operation for about a year.

In the mean time the eroded areas of the oridgé@iaflank spillwayhave been filled in
and grass has been planted. The mouth of thisveggilvas closed off by constructing a
berm about a meter in height and four meters widess the full width of the mouth of
the spillway. The height of this berm is about Ip0&bove the right flank spillway’s
overflow level, referred as ttall supply level (FSL)and about 0,45m below the crest
of the embankment (see figure 1), so that it witha the old spillway to act as an
auxiliary spillway in times of exceptional rainfatl supplement the capacity of the right
flank spillway.

In recent months heavy rainfalls have resultedgnicant flows through the right

flank spillway, resulting in unacceptable levelsobsion in the spillway and adjoining
embankment. This prompted the question: was tHevapicorrectly designed and
constructed? After some discussions and consuit&tams for Africa were appointed

to inspect the dam and highlight areas requirinqnteaance. In particular the adequacy
and functionality of the right flank spillway was teceive special attention. A copy of
the client’s brief is attached in the appendix.

While this report covers in considerable detailtheous points raised in the brief, it
also makes recommendations for corrective actiahimeciudes three options of a
conceptual/preliminary design of a proposedif-spillway on the right flank.

2.0  Site Visit and Inspection

On 22-03-04 the writer was accompanied by two fyrgr civil engineering students
from Wits University (Elvis and Franclyn) acting assistants. They were met by Mr
lan Cochran and his wife Sue, who were most hekofial hospitable, offering us tea
and later lunch. They also took us on an orientadiave showing us all the various
dams on the farm and their associated catchmerds)gwith an overview of the
Spurwing dam. Useful background knowledge was ghiram this tour.
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After lunch at the lodge a survey was made of tkestof the dam beginning on the left
side of the auxiliary left flank spillway and endion the right side of the main right
flank spillway. From this information figure 1 hlasen constructed showing the profile
of the dam, with all heights being referenced witivert level of the 600mm outlet
valve.

Longitudinal Profile of Spurwing Dam - March 04
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Figure 1 - Longitudinal Profile of Spurwing Dam. All levedse referenced to the
invert level of the outlet valve, and are spacewh Hpart. The current right flank
spillway has on average an elevation of 5,8m, wihideleft flank spillway begins to
function when the water rises to a height of 6,8mthis is the elevation of the crest of
the road/berm that now traverses it. The crest®@eimbankment between the two
spillways is at an elevation of approximately 7,2%®xcept for a 45m stretch on the
right which is about 0,2 m lower.

An inspection was also made of the downstream ekmbant, particularly its lower
third and toe, to look for evidence of seepage.

Finally a careful inspection of the right flank bpay was made. Levels and
measurements were taken, including some measursioiiite embankment in the
vicinity of the spillway.

No drawings were available of the constructionhaf émbankment or spillways.
Apparently there are photographs of the erosiah@bld left flank spillway, but these
could not be located at the time of the inspection.

3.0 Dam Safety Legislation in South Africa

Since 1986 legislation has been in place to enbatedams with a safety risk are safely
engineered, constructed and /or altered in Soutit#AfA dam with asafety riskis
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defined as an impoundment with a height of a IBasainda storage of at least
50000n. It is further necessary to obtain a permit tostarct, alter, or enlarge any
dam with a safety risk from the Dam Safety Offi¢el® Department of Water Affairs
and Forestry (DWAF) and such a permit will onlyisgued on their approval of the
design of the measures proposed for the works. izkpe on its size and hazard
potential, a dam with a safety risk is classifiedCategory | to Il and appropriate levels
of risk are assigned for design, safety, and etalnaf flood conditions. Even a
category | dam must be designed by a professionakyified engineer.

On the other hand if a dam is less than 5m in hedgthas less than 50,008mstorage
capacity, no specific design criteria are presdriineterms of the dam safety legislation
and no approvals for construction, alteration,rdamement are necessary.

In the following paragraph evidence is presenteshtmw that the Spurwing dam is on
the borderline of category I, possibly just below.

» Depth of Spurwing dam - Figure 1 shows that thitritank spillway is on
average 5,8m above the outlet valve’s invert lewkich in turn is estimated at
0,6m above the riverbed. Thus the elevation ofthater at FSL (the level at
which water starts running down the spillway) refato the riverbed is 5.8 +
0,6 = 6,4m.

* Impoundment volume of Spurwing dam — Owing to theet of darkness and a
storm, there was insufficient time to accuratelyess the capacity of the
reservoir. However based on the many photogragtsitére taken earlier, the
dimensions given in figure 1, and visual estimatedistances, surface area and
topography, it appears that the capacity of thervesr at FSL may be slightly
less than 50000t

In this case the Spurwing dam is not a categorgrit,chnd is therefore not considered
to have a safety risk. Although the FSL of 6,4mefdow level above river bed)
exceeds the 5m criterion, its capacity is less B@G00n]. Clearly the dam’s
impoundment capacity should be confirmed as thsslégal and other implications, and
this is included as a recommendation (see secfipn 1

Given this uncertainty, and considering that thex daclose to the category | borderline
if it does not actually cross it, it seems pruderdnalyse the dam assuming that it is a
category | dam, and the design of bettermentsagitbrdingly follow the guidelines of
the South African National Committee on Large DdBANCOLD) for a category |
dam, but without seeking the formal approvals fldWAF until the categorization of
the dam is known with more certainty.

The chief implication of treating the Spurwing dama category | dam in terms of the
South African safety legislation is that tRecommended Design Flood (RDH
equate to an event with a 20 yeacurrence interval (Rland theSafety Evaluation
Flood (SEF)will equate to a flood equivalent RMF.,4, which is approximately
equivalent to the 200 year RI flood. These terntsthrir implications are discussed
further on.
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4.0 Dam Functionality

A storage dam should satisfy three important datdtirstly its embankment should be
structurally stable, secondly it should not leakd ¢&hirdly the spillway design should
have sufficient capacity to allow flood waters &sp through without causing damage
to the spillway or embankment and without the lefehe water rising too high.

These three aspects will now be considered in metal and comments on the
adequacy of the existing structure will be madenefappropriate.

4.1 Embankment Stability

The embankment should be structurally stable irsérese that it should retain the water
without being pushed downstream, without overtugnand without bursting. In an

earth embankment dam, this is achieved by enstiiatghe downstream and upstream
faces of the embankment are not too steep foryfieeaf material used to construct the
dam and with due consideration to the material biclwthe embankment is founded.
Furthermore drainage for the downstream shouldére@&mbankment should ideally

be provided, especially in a dam with a clay ctwencrease its stability.

In the absence of drawings it is not known whatwsion was made for the drainage of
the embankment’s downstream shoulder, but thealigbhsence of surface seepage on
the embankment’s downstream slope and toe indithé¢special drainage measures
were not necessary.

The inclination of the downstream and upstreamesayf the embankment appear to lie
in the zone of 1 in 1,5 through 1 in 2. This isatidely steep, but is acceptable where
the material used to construct the dam has goaar stiength. This appears to be the
case, given the absence of slides and other inolisabf inadequate shear strength. The
only evidence of distress is at a zone affectetldwys over the current right flank
spillway, where the toe and lower regions have lve@shed away by discharges over
the spillway (see figure 2). This should not benseeveakness in the
design/construction of the embankment, but ratber gpillway design (discussed
later). The eroded areas in the embankment shautdgmired at the same time as the
spillway is re-engineered.

It is evident from figure 1 that the crest of tebankment is virtually horizontal. This

is generally an indication of an embankment that wall compacted during the
construction stage. All embankment dams consoliftampact under their own weight
with time) to a greater or lesser extent, and bjeansolidation will be greater where
the embankment is highest. So for an embankmestiltbe virtually horizontal and not
V shaped after 12 years implies that it was verlf e@mpacted at the construction
stage. A well compacted embankment generally had ghear strength and hence the
various forms of shear failure that are possibéeraost unlikely even for the increased
forces associated with a possible overtopping efteriie discussed later). It also means
that it will not erode as easily as would a poadynpacted embankment in the event of
water flowing over the crest and down the embankrdaring overtopping.
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However, there are some unknowns that do not algneater degree of assurance.
These chiefly centre around a lack of knowledgthefdesign and the materials that
were used. (For example, was the dam analyseddboilisy assuming the level of water
would rise the full extent of the freeboard or eégher? Does the embankment have a
central clay core to minimise seepage, or is b@bgenous embankment constructed
from a single uniform material? How deep is the ankment founded into the residual
ground? What is the shear strength and bearinggitref this residual ground?).

To end off this section on a positive note it mayshid that small dams that fail often
do so within the first year or two after constroatbecause of inadequate compaction,
and/or the use of unsuitable materials. There#titeprocess of consolidation begins to
take effect, increasing the shear strength of thetsire and decreasing the likelihood
of failure. The virtual absence of settlement ia tase of the Spurwing dam,
particularly at the deepest section of the embamitni® evidence that the dam was well
compacted at the construction stage, and now \ityehrs of ongoing consolidation,
the likelihood of failure is extremely slight.

4.2 Embankment Impermeability

No earth embankment constructed from a homogenatsrial is ever impermeable. A
simple seepage analysis of a homogenous embankwilergveal that water will
eventually emerge from the downstream face to aqmately 1/3height, no matter how
impermeable the constituent material. When the nais particularly impermeable,
the emergence of seepage might only be seen afterad 10s of years. Moreover the
rate of evaporation and transpiration where gmagsasent might exceed the rate of
seepage, giving the impression that there is npagpe

That some water is seeping through the Spurwingidanuicated by the observation
that vegetation at the toe of the dam is more thah higher up the embankment.
Further evidence is that the surface of the saldanoist sheen in this zone.

There are however no trickle flows coming out & #mbankment and no standing
water in front of the toe of the embankment (othen where water is let through the
valve). It may therefore be said that the meastiae=n to ensure that the embankment
does not leak are effective. It may be that no ighpereasures were taken other than
using ground that has a sufficient clay/silt conterbe relatively impervious when well
compacted. This water may even be migrating diyebtiough the foundation layers.
However it is so slight that the structure may &garded as ‘not leaking'.

The presence of the moisture is of more concethdreffect it has on reducing the
shear strength of the embankment and foundingdagéthough the apparent absence of
settlement of the crest of the dam (discussedli)) dr of any form of shear failure,
suggests that this is not a matter for concern.

There is no evidence of anthills, or rodent tunnaetdrees, which can all be detrimental
to the impermeability of the embankment. A few &isrwere in evidence, which should
be removed, unless it known that their root systarasot deep.
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Spillway Design

In this section some of the principles and requeets of spillway design are reviewed,
in order to lay a foundation for the evaluatiortlué existing spillway in the next
section.

The design of a spillway should satisfy the follogrequirements:

4.3.1

Ideally the spillway should hasefficient capacityo allow flood waters to pass
through without causing the level to rise to thenparhere water goes over the
crest of the embankment resulting in erosion, wiigy result in a breach and
consequent emptying of the impounded water.

A spillway may discharge the incoming water eitdlewn a relatively long
channel at a particular slope, or discharge the #ibone defined point, as in a
weir. A combination of these two options is alsegible. Expressions (1) and
(2) below may be used to determine the flow dowhannel, while expression
(3) should be used to determine the flow througlea.

The average velocity of the water flowing in a amarwith a constant gradient
(1), width (b) and roughness (n) may be determingidg Manning’s formula
which may be stated as:

Velocity, V. =1,5/n x (cross sectional area/wdtperimetef)®®®x
(gradienty®

=15/n.[(bxd)/(d+b+®.i% ... 1)
and the corresponding flow by

Q = velocity x cross sectional area

From these expressions it is evident that for amgiwidth (b) and roughness (n),
the velocity (and hence the flow) will increasetaes gradient (i) increases.
However, by increasing the velocity the potentwldrosion also increases.

It may also be shown that for any given velocitye greater the gradient, the
less will be the depth of flow (d), allowing a doater channel (which is
cheaper as less excavation is required).

In the case of a dam that has an earth embankirisréspecially important that
the spillway be correctly designed and sized (Isadbhat water ideally does not
go over the top of the embankment, especially msithat impound large
volumes or have significant and lasting inflows.
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A spillway should beost effectiveWhere conditions are ideal it is possible to
construct a cost effective spillway that can fubntain even the worst predicted
flows. On the other hand, in unfavourable topogyapie cost of a building a
spillway that can accommodate serious flood evenitd exceed the cost of the
whole embankment, especially for relatively smaling. In such situations it
may be feasible to make use of an auxiliary spylwa the opposite side to
contain some of the peak flow, and even allow sofitbe flow over the
embankment for a limited period, providing the embaent is able to withstand
this. A well consolidated and grassed embankmemildibe able to withstand
overtopping of 1m for a period of one hour with@aiting, and generally this is
long enough to cater for surges from burst upstréams or localised
cloudbursts. Some repairs and maintenance mayjoeeed after the event, but
the cost of such remedial work may be insignifioaative to the cost of a
conservative spillway.

One prerequisite if this option is adopted is thatcrest of the embankment
should be at a constant elevation all along itgtleto ensure that no
concentrated flows of longer duration occur at gpmepoints, which may lead to
excessive erosion or even breaching.

The spillway should haweifficient lengtho discharge the water well beyond
the toe of the downstream embankment to prevesi@r®f the latter.

The spillway should have a relativgbntle gradiento prevent water from
flowing too fast in its channel, as the erosioneptial of water increases
exponentially with velocity. Typically channel giadts may vary between
0,1% through 1,5%. Well grassed spillways can wathdg velocities of 6m/s for
the limited periods of peak flows, which is whatynee expected for a 1,7%
gradient. On the other hand where the floor ofsghiéway is rock, it can have
virtually any slope.

Where the topography does not allow a spyliwih a gentle gradient, it is
necessary to create a series of steps at contypdieds, or waterfalls, that allow
finite reductions in elevation that are ablelissipate the energyf the water
without being eroded. Often gabion weirs are usedhis purpose.

The flow through a weir may be determined by theression:

Q=C. (2gd¥°bd .............. (3)

Where:

C is the discharge coefficient through a weir (gele varies between 0,35 and
0,5), g is the gravitational constant, 9,813nds(in m) is the vertical distance
between the crest of the weir and the surfaceeofdter before its velocity
accelerates at the crest.
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Where a series of weirs is used in a channel (gaeef4 (a) and (b)) the
gradientbetweerweirs should be gentle, particularly if it is urdd or grassed,
to prevent erosion of the channel bed.

Thus in a spillway where a series of weirs aretposd, expressions (1) and (2)
relating to the flow in the channel should be cdestd together with expression
(3) which governs the flow through a weir. Expressi(1) and (2) are used to
determine the required depth of the channel comette weirs.

A spillway should ideally havecanstant gradient and widttAny reduction in
gradient will result in the depth of flow increagifsee expresion (1)),
necessitating an increase in the depth of thenspjll Likewise the width should
be either constant or increasing. Depending of/éhecity of the flow, a
reduction in the width may result in increased e#jo(venturi effect, resulting
in greater erosion) or an increase in the deptu(ring a deeper spillway).

A spillway’s channel shoufatevent cross flowso achieve this the floor of the
spillway should be horizontal in the direction pamdicular to the intended flow.
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Evaluation of Right Flank Spillway

The right flank spillway will now be critically exained in the light of the
requirements discussed in 4.3.1 through 4.3.7:

In the first instance the spillway should hau#ficient capacitfsee requirement
4.3.1).

Clearly the greater the inflow into the dam theadee must be the cross
sectional area (b x d) of the spillway. In deterimgnthis flow the main
considerations are the size of the catchment esedeis kni and how much
rain the area receives. Rainfall must be consideogi in terms of annual
rainfall, and in terms of intensity, and to do tBisuthern Africa has been
divided into zones that have variol§ valuesas given in the documemR137
‘Regional Flood Peaks in Southern Afrigaublished by the Department of
Water Affairs and Forestry.

TR137 also describes a method for determiningrifiew into a dam, where use
has been made of the concept ofrgional maximum flood (RMFwhich is

an empirically established upper limit of flood gedhat can be reasonably
expected at a given site. The method is based ammen flood peaks recorded
since 1856 at more than 500 sites in Southern &fitaving established the
RMF, the given tables/formulas can be applied taiolthe floods
corresponding to recurrence intervals of 50, 1GD200 years. These values
may be extrapolated to obtain a flood with a 20 yla

The termRMF., is related to RMF but applies to a region oneherrdown on
the K scale (the next driest region). It is sigrafit in that the dam safety
legislation uses this flow to establish thafety Evaluation Flood (SEFjhe
SEF in South Africa is defined as the maximum flooeing which_catastrophic
failure of the dam must not be experienced, althaignificant damage can be
tolerated Accordingly it would be quite permissible to dgsthe spillway
capacity of the small Spurwing dam to allow somertopping over the crest of
the embankment during the SEF flood event.

The RMF and RME can be instantly calculated from formulas if thegmphic
position of the site and its effective catchmemiaare known, as is the case in
question. It is evident from the 1:50000 topographmap ‘2530AC
Dullstroom’ that the catchment area is relativetyadl, 28 knf. Applying the
methods described in TR137 the following flood esinave been determined:

RMF = 355n¥/s
RMF. =218ni/s : choose as the SEF for a category | dam
200 year flood = 214#s
100 year flood = 1761¥s
50 year flood = 137fs
20 year flood = 861fs : choose for the RDF for a category | dam
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In terms of the dam safety legislation for a catgdaam, the two most
significant floods in this list are the 20 yearfR®lbd, and the RMIz .The former
is chosen as the Recommended Design Flood, ardttbeas the Safety
Evaluation Flood.

One way of applying these values to the Spurwing tato design the right
flank spillway to cope with the RDF by itself, witto water having to pass
through the auxiliary spillway on the left flankhi§ implies that the maximum
elevation of the water should not exceed 6,80m figeee 1).

Using expression (3), and assuming a dischargdicieet, C = 0,385, Q =
86m3/s, and d = 1,0m (determined as the differambeight between the crest
of the berm in front of the left flank spillway atfue sill of the right flank’s
spillway, i.e. 6,80m — 5,80m), the value for b, #idth of the proposed new
‘weir-spillway’ on the right flank, may be resolved51m

It remains to check what happens in the event®ERB. In this event water will
flow into the auxiliary spillway, and even a limitdlow over the crest of the
embankment is permissible. Again, using expres@pnt may be calculated
that when the water reaches an elevation of 7,3@8%nSEF flow of 218m3/s is
achievable. In this case 16%mtravels through the proposed 51m wide spillway
on the right flank, 40rifs travels through the old left flank spillway, a@wt*/s
goes over the crest of the embankment. As thierlfitiw is a relatively small
flow and as it is spread over a distance of 14@®e {gure 1) it goes over as a
relatively thin sheet of 116mm in height, whiclis considered destructive,
especially for a well grassed well consolidated animnent. (As a rule of thumb
a well consolidated spillway can usually resistremeping by a depth of
approximately 1m for a duration of at least 1 hioefore failure occurs). It
should also be remembered that significant damagée tolerated in the SEF
so long as it does not lead to catastrophic failsueh as bursting or
overturning).

Cresting of the embankment is most likely to ocsia result of upstream dams
bursting during exceptional storms. This howevdl avily be problematic

where relatively large storage dams fail, whichnsikely as such dams must be
designed by professional engineers. Moreover, ttiengot appear to be any
such dams upstream of Spurwing, (refer to the taudgcal map). Only at
E30°02'30”, S2523'05” is there a dam which seems to corresporfpiarwing

in surface area, but this does not represent arrtiagat since it may be
calculated that even if this dam has a similar cap# Spurwing, of
approximately 50000fits entire volume will take less than four mirsite

pass if flowing at the rate of a SEF (21%s)

Downstream of the Spurwing dam, the gradient ofriver is relatively flat
(based on the contours on the topographical maplgialy it is much flatter
downstream than upstream. Furthermore, the riveeas to run in a relatively
narrow valley in this region. These two factors tamed will result in a choking
effect, causing the water to backup upstream. freme flows where water goes
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over the embankment, the toe of the Spurwing daliikely be inundated by
this tailwater, and this will protect it from watirat may crest the embankment,
so that only the higher parts of the embankmeritheilsubjected to the erosive
forces from the sheet of water flowing down it.

All the above arguments show that the 51m widet figimk spillway
supplemented as it is by the auxiliary spillway andhe overtopping over the
embankment’s crest has sufficient capacity forS3&&. Therefore the current
width of 70m (see figure 1), is more than suffiti€duch a wide spillway would
be comforting if it was correctly designed and ¢amged, which unfortunately
is not the case. This becomes evident as the fhtures of this spillway are
examined with reference to the other requirementsa pillway, as will become
apparent in the next few paragraphs.

The requirement ofgentle gradien{see requirement 4.3.4) is completely
ignored, resulting in high velocities that have teglarming levels of erosion
(notice the uneven bed and small dongas in fighirespecially considering that
it has only been functioning for one year. The grati(horizontal distance /
vertical distance x 100) approaches 75% in plagagdihg to super critical flows,
hydraulic jumps and turbulence — all very erosiMege channel of a spillway
should ideally have a gradient of 1% or less ttrictshe velocity of the water
to non erosive levels, unless it is founded on rarcis lined with concrete.
Where topography does not allow a gentle gradfemte reductions in elevation
through energy dissipating weirs are requiredhat the channel between the
weirscanhave a gentle gradient.

The requirement that a spillway should hswiicient length{see 4.3.3) to
discharge the water well downstream of the embankiseoverlooked. In fact
the water flowing on the left side of this spillwlgws directly down a portion
of the embankment which happens to be in its gate figure 2). This has
resulted in significant erosion to this zone of émbankment. It appears that,
more recently, an attempt has been made to creatkalrain in front of the
embankment to divert the water to the right angrevent the flow from going
over the downstream face of the embankment. Howévisrmeasure will only
be effective for small flows. Large flows will soaompletely fill the drain and
water will go over the embankment again, and jirecisely these large flows
that are the most erosive. Furthermore, this watesll of large, can be seen to
have flowed along the toe of the embankment, epiifor a considerable
distance.

A spillway shoulgrevent crossflowgsee requirement 4.3.7). In the current
right flank spillway there is a very pronouncedssdlow from right to left that
directs the water against the toe of the embankioert considerable distance
(see figure 2), and this compounds the erosiomdjreccurring as a result of
the action described in 5.3.

In the foreground of figure 2 a small gabiawstiure may be seen, and there are
a number of these structures immediately upstrefaimecone in view.
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Presumably they were intended to keep the resftwalof the river away from
the toe of the embankment. However, they are tsigmificant to cope with
flows generated by heavy rainfall in the catchmbsttalone flood events.
Therefore the proposed design calls for a seri@gea® of a much sturdier
configuration that span the full width of the 51hmanel, creating steps that
lower the water up to 2m at a time (see figureThg gabion cages and rocks
that have been used in these structures can bedréusonstruct the new

structures.

Figure 2 — This picture illustrates how several of the iegments for a spillway have
been overlooked. The spillway is far too steep (segeirement 4.3.4) and consequently
significant erosion is evident. It is also eviddmt the water that flows over the left
side of the spillway discharges its water diredibyvn the embankment (see
requirement 4.3.3). The crossflow in the spillwéaenel (see requirement 4.3.7)
results in water flowing against the toe of the anbment, and this has resulted in
erosion for a considerable distance.

5.6  The only thing that might be said in favouttd§ spillway is that it is so wide
that water will never go over the crest of the enipaent in a serious flood
event. But this width creates other problems tlaaehalready been discussed,
such as discharging water over a portion of thergbrgam embankment,
leading to erosion of the latter. However even i ®lide spillway, as proposed
in this option, would encroach on the downstrearhamkment.
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Old left flank Spillway

Thus far only the right flank spillway, with its mashortcomings has been evaluated.
Before recommending a new design for the rightkflspillway, consideration should be
given to once again making the old left flank spéi/ the main spillway.

There are advantages and disadvantages:

6.1

6.2

The strongest point in favour of again makimg left flank spillway the main
spillway is that there is a small hill positionedmediately downstream of the
point where the mouth of the spillway meets theifr@gg of the embankment.
This means that water flowing down the spillway by away from the
embankment for some distance before it can turtdsvthe river, and thus the
spillway’s discharge is kept away from the embankimgrecluding its erosion.
In effect this serves the same purpose of a loillgvay (see requirement 4.3.3).
The bed of the spillway also slopes gently upwérais either side of its
centreline, and these slopes are reasonably symaletbout this line. These
attributes will limit crossflows (see requiremen®.Z).

However, there are also some disadvantagesgositioning the main spillway
to the left flank of the dam. There is a signifitdrop, of about 2,5m, before the
spillway reaches the plain of the river, and it wherefore be necessary to
dissipate the energy (see requirement 4.3.5) logdating a substantial weir
structure with a non erodeable bed to cater foctreentrated flows at this
point. Added to this its width is significantly neckd in this region, resulting in a
channelling effect that increases the unit enefgh@water. Even above this
point the spillway does not have a constant gradied width (see requirement
4.3.6), neither can the gradient in this zone bedified as ‘gentle’ (see
requirement 4.3.4), so that several gabion bamidisén addition be required
along the length of the channel at strategic pmssti

A further complication is that the boundary fens@ery close to this point (if
my memory serves me correctly), and it is concdevéiat in order to achieve
sufficient width the eventual weir structure wificzoach over the boundary.
This introduces other extraneous factors such &srobg the permission and
cooperation of the neighbours if this option idb&pursued.

It is therefore evident that relocating back to léfeflank may be as costly and
problematic as correcting the right flank. But tb@énot be said with certainty.
There was insufficient time to make a more deta@ealuation of the left flank,
which should be done before a final decision is enadre-engineer the right
flank as this may be the most cost effective.

Notwithstanding for the time being it will be assenrthat the option of re-
engineering the right flank is the more economagzlon, and this solution is
pursued in 7.1. as the major component of thermpiediry design.
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7.0 Preliminary Design

Six areas requiring attention have been addresstet ipreliminary design. These may
be located in figure 3 and are fully described.ihthrough 7.6. The preliminary design
is further supported by figures 4 through 7.

7.1. proposed 51m

auxiliary left -
flank ':L:/“eer: \I/?I\fle[’f wide weir-spillway
spillway drops water 5,6m -
at 0,00m see figures 4 (a)
and (b).
7.2. zone of \
embankment
] 7 . ] T

top platteau of
spillway at 5,80m

road berm at 6,80m forms
crest of current
emmergency spillway

7.5. crest of -
Spurwing Dam

embankm_em FSL at 5,80m

trimmed/filled to

7,25m

7.3. earth berm
to 7,65m closes
off redundant
portion of current
spillway

7.4. raise level of
crest by 0,20m to
7,25m in this zone

Figure 3— Schematic Plan of Spurwing Dam indicating propassheme of work (7.1
to 7.6).

7.1  Weir-spillway
7.1.1 Preliminary design weir-spillway

In section 5 a case for a 51m wide weir-spillwayswaade to serve as a means of
conveying storm water around the dam. In this gedke energy of the water is
dissipated by lowering it 5,6m from the elevatidr5@0m (FSL) to a safe 0,20m via
four weirs (see figure 4(a)) strategically posigdrin an excavated/profiled channel
(see figure 4(b)). All levels are referenced toitheert level of the outlet valve at
0,00m. Between the weirs the excavated channelaiill in depth from approximately
1,5m to 2,5m, and have a gradient not exceedingTt#total length of the spillway is
expected to be of the order of 60m, and the weespaced approximate 20m apart.

Note that these dimensions and details pertaing@teliminary design, and some
changes are likely in the final design.
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between structures the ground is to be at a
gradient of approx 1% and grassed present spillway
profile

water in
dam
Reno
mattresses
Four gabion structures to go the full width across the excavated profiled spillway T

channel. Each structure is approx 20 m from the next. To be confirmed.

Figure 4 (a)- Section through longitudinal profile of weiribway showing where the
various changes in elevation are likely to occacl®round structures are not shown.

gabion weir with reno
|matresses in front

level of river
plain

excavated/profilled
channel - generally
1,5mto2mdeep -

earth berm
closes of
redundant
portlon of
right flank
spillway

FSL

Figure 4 (b) —Plan view of spillway, showing the four gabion stures constructed
across the excavated/profiled channel at strafeagdions
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7.2.2 Spillway capacities and floods

When heavy rain falls on the 28kmatchment, the water in the dam will steadily rise
from its FSL (5,80m) until it reaches the levetloé¢ auxiliary spillway (6,80m). Now
86n7/s will pass through the proposed weir-spillway #rid will be adequate for most
storm events, up to a flood with a 1 in 20 yearARIthis point the level of the water is
450mm below the crest of the embankment. In thateskea flood with a 1 in 50 year
RI, the water will rise to within 175mm of the ennkaent’s crest, and now 124
will pass through the proposed right flank weirlsygy, while 14ni/s will go through
the left flank spillway. For a flood with a 1 in @@ear RI, the water will rise to within
10mm of the embankment's crest, and 1#8mwill pass through the proposed right
flank weir-spillway, and 27r4s will go through the left flank spillway. Theselues are
tabulated in table 1 below. It may be seen frora table that for the 1 in 200 year RI
flood, the RMEy and the RMF the level of the water has risen taetttent that it goes
over the top of the embankment, but even the 40@werspill of the RMF is
permissible for short durations in terms of the $Eferion for category | dams of
tolerating ‘significant damage’ providing it doestmesult in ‘catastrophic failure’.
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Table 1 : Spillway Capacities
elevation of width of flow through
water in spillway dam
relation to
crest of
embankment
mm m m®/s
20 year flood (Q=86m3/s)
A. proposed right bank weir-spillway -450 51 86
B. old left bank spillway -450 55 0
C. over embankment -450 140 0
Total throughput 86
50 year flood (Q=137m3/s)
A. proposed right bank weir-spillway -175 51 124
B. old left bank spillway -175 55 14
C. over embankment -175 140 0
Total throughput 138
100 year flood (Q =176m3/s)
A. proposed right bank weir-spillway -10 51 149
B. old left bank spillway -10 55 27
C. over embankment -10 140 0
Total throughput 176
200 year flood (Q = 214m3/s)
A. proposed right bank weir-spillway 106 51 167
B. old left bank spillway 106 55 39
C. over embankment 106 140 8
Total throughput 214
SEF flood (Q=218m3/s)
A. proposed right bank weir-spillway 116 51 169
B. old left bank spillway 116 55 40
C. over embankment 116 140 9
Total throughput 218
RMF flood (Q=355m3/s)
A. proposed right bank weir-spillway 409 51 218
B. old left bank spillway 409 55 75
C. over embankment 409 140 62
Total throughput 355

At the mouth of the spillway, the top of the spaiysidewalls should be 0,4m higher
than the embankment’s crest. This will ensure fiload waters are confined to the
spillway, even for the RMF.

It bears repeating that reducing the width of thiévgay from 70m to 51m not only has
cost advantages, but is a practical necessityrmst®f limiting the degree of
encroachment on the embankment.
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Figure 5—Example o
a weir-spillway in
Italy, constructed of
gabions and reno-
mattresses. The large
drops in elevation tak
place at the gabions,
allowing much
reduced velocities in
the channel between
the gabions.

Figure 6 — Providing the energy of the water is sufficigratbsorbed at
the gabion weir it is possible to opt for a grassie@nnel below the we
(Designed and bui- DFA, 2002)
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Figure 7— Where ground is well consolidated it may be edf&ctive to construct the
weir from a more rigid system such as random-roelsonry as shown here. Much of
the ground from which the re-engineered spillwatpibe constructed is either
undisturbed or well compacted, making this typeaistruction an option in the final
design, if better suited than gabions. This diwarsieir is situated in a gorge that has a
130knt catchment. (Designed and built — Dams for AfriG@2/4).

7.2  Repairs to embankment

As explained in 5.3 the current right flank spilipdischarges part of its water directly
over the embankment. This has resulted in the fttteeoembankment being washed
away in this area and a degree of shear failur@basred. The embankment is also
very steep in this zone approaching an angle nf113, and this should be brought in
line with the rest of the embankment.

As indicated in figure 2 and 3 the effected aregasat large, and the repairs can thus
be effected relatively easily with simple compacteguipment.

7.3 Closure of redundant portions of existing spilvay

Once the repairs in 7.2 have been completed, d@h lkarm can be constructed on top of
the existing spillway, starting at the point whéreurrently begins to descend, through
to the gabion structure shown in figure 3. The beiththerefore be about 19m long,

3m wide at the top, and 1,85m high. This will nequire vast quantities of ground,
which can be sourced from the excavated channdleafe-engineered right hand
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spillway. Again simple compaction equipment wilffeze. A height tolerance of
plus/minus 25mm is acceptable. Note that the al@valf this portion is somewhat
higher that the rest of the embankment’s cregtratect the toe of the embankment in
this region from any further erosion in the evdrattovertopping occurs over the rest of
the embankment (as may be expected for a 1 in 260dtl and upwards).

7.4 Raise level of crest

As indicated in figures 1 and 3, there is a portbthe crest, approximately 45m in
length, that requires additional material to raid®y approximately 0,2m, so that it is at
the same elevation as the rest of the crest. Tiligmable the crest to act as an
emergency spillway, for floods exceeding 1 in 1@@ng. A tolerance of plus/minus
25mm is acceptable for the final elevation of thest Once again this is a simple
process of clearing existing vegetation, bringimghie correct ground, spreading over
the existing crest, and compacting with relativatyall roller vibrators.

7.5  Trimming and filling of crest

The crest of the embankment has a few high andjmts (over and above what is
mentioned in 7.4), as may be discerned from figurehis will require some trimming
and filling in a few places. A tolerance of plusAms 25mm is acceptable.

7.6  Weir in Auxiliary left flank Spillway

Consideration should also be given to construdimgeir in the auxiliary spillway as
indicated in figure 3, even if it is to remain &g fauxiliary spillway. At the point
indicated the spillway descends steeply, and a (eéher gabion, or random-rock-
masonry) that is designed to dissipate the eneaydwirtually eliminate maintenance.
Note that this spillway will only start to functidhe moment the flow exceeds 88s

i.e. above the 1 in 20 year RI flood. However, #&ynbe decided that the cheaper option
is to simply do periodic repairs, since generdily proposed weir-spillway on the right
flank will cater for most events.

There is some evidence of maintenance work haveem ldone here — in the form of
filling with loose rocks. While this form of repas good for stabilizing saturated
unstable slopes, giving support and facilitatingiige at the same time, it is not ideal
for preventing dongas in spillways from creepinglope, as the water simply gets in
from the top and continues to erode behind thegaitkshing out the soft ground
through the rocks, albeit at a slower rate. (Thegsdso evidence of this type of repair
work on the right flank, see figure 2, which aslexped only slows down the rate of
erosion.Warning: This flushing out process can also happen to gedtimictures that
are not correctly conceived and constructed).

8.0  Other Options
The cost of a 51m wide spillway that effectivelystiaur step-down weirs (see figure 4

(a) and 4 (b)) and has an associated excavatetehtat is approximately 60m long,
may prove to be too costly.
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The shareholders may therefore wish to reduce ttghwf the channel/weirs of the
right flank spillway by bringing the auxiliary spilay into use sooner, to assist with the
1:20 year flood, the RDF in terms of a categorgrind (It is 86m3/s for this catchment).

8.1  20m Wide Spillway

Applying this principle to the fullest extent, thevel of the water may be designed to
reach (but not overtop) the crest of the embanknmeatl in 20 year RI flood. With a
20m wide right flank spillway which starts overflowg at 5,80m and a 55m wide left
flank spillway that starts overflowing at an elawatof 6,8m, it is possible to
accommodate the 1 in 20 year RDF of 86m3/s, with*&8going down the right flank
spillway, and 28rils going down the auxiliary.

A flow of 218nt/s must still be accommodated for the SEF, andhisrto happen the
level of the water must overtop the crest of thdankment by 400mm, allowing
84nt/s to pass through the right flank, 74sthrough the left flank, and 60°s over
the top.

Note that the above approach only just satisfiegélquirements of the dam safety
legislation for a category | dam. Furthermore, dbdity of the embankment to
withstand the erosive effects of overtopping becomenuch greater factor, since every
flood event over the 1 in 20 event will cause owgping.

With relatively large volumes of water going thrbutpe auxiliary spillway quite often

it may become necessary to upgrade it sooner rdtharlater according to the
preliminary design described in 7.6.

8.2  26m Wide Spillway

In this option the width of the right flank spillwdas been designed so that
overtopping of the embankment only occurs at ovalibe 1 in 50 year RI.
Furthermore, in order to limit the width of thehiglank spillway to limit
encroachment towards the embankment as far adpmdsie height of the berm on the
left flank spillway has been reduced from 1m ton@, thus effectively allowing more
water down the left flank spillway. In this caser the RDF, the water is 280mimelow
the embankment’s crest, with 58passing through the right flank spillway and
30n7/s passing through the left flank spillway. For 8&F it overtops by only 240mm,
with 97nt/s passing through the right hand spillway, §&mpassing through the left
hand spillway, and 28#s over the embankment.

In the writer’s opinion this option is a good batarbetween cost and comfort, and is
recommended for the Spurwing dam. Once again aest@pping events that occur
(which should occur statistically every 50 yeatg)idd be followed by a careful
inspection of the embankment to see how it perfarme
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9 Erosion protection of Embankment on upstream side

There does not appear to be any significant erdston wave action on the upstream
side of the embankment, indicating that the rockgdf) that have been positioned
there to protect the embankment are working effebti

10 State of Other Dams on Letata

In 2.0 mention was made of a brief visit to theestlams on Letata, including Oribi,
Wickham's fancy, Eagle Owl, Dragon Fly, Zulu, Dogier, Coachman, and Murray’s
Island. The following observations can be made:

These dams are all very small with embankments lpeddiw 5m and impoundment
capacities well below 50000m3, and as such do ométdute a safety risk. With the
exception of Murray’s Island (and thus Spurwing tither dams have much smaller
catchments, and their spillways appear to be miliyneaoded. Several of the spillways
appear to be situated on bedrock, which is ideatioés degrees of seepage were
evident on the downstream slopes of some of theaakibents, but only that observed
in the Oribi dam is serious enough to merit furtimestigation. No anthills or rodent
tunnels were noticed on the embankments, but ore srthem a number of larger
bushes had established themselves. In the intaregteserving impermeability as well
as shear strength and hence stability, it is recent®d that these be removed, unless
they can be identified by a botanist as havinglshaloot systems, certainly less than
1m at full maturity.

A leak in Murray’s dam was detected, the water ftapbeneath the road and on
towards Spurwing dam. The water is presumed tddvarfg through a ‘pipe’ consisting
of rocks under the road that have voids betweem tfidis should be investigated. It
should be relatively simple to plug this ‘pipe’ gplying and compacting a few
wheelbarrows of clayey fill at its mouth on the tipam side.

11 Conclusion and Recommendation

The general impression gained is that the embankimaoundly engineered and
constructed; it is both stable and virtually impeahle. A small amount of work on the
crest will ensure a constant elevation throughisueingth, which will be beneficial in
the event that the embankment is overtopped inpgiaeal flood events.

However the design and construction of the rigimKl spillway is not in accordance
with sound practice, as evidenced by the signititewels of erosion that have occurred
in the space of one year.

The following is recommended:

The proposed remedial steps outlined in 7.1 thraugrshould be taken to rectify the
various deficiencies. This should be preceded mgfifiing the design, including
working drawings, based on the requirements antiplies set out in sections 4 and 5,
and the preliminary designs discussed in secticasd/8. Thereafter an estimate of
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guantities and costs should be made. Finally alslyitjualified and experienced
contractor with a good track record should be apedi to do the work.

It is recommended, at the least, that another brsgfection be made of the left flank
spillway, before a final decision is made to reiaagr the right flank spillway.
Assuming that the right flank spillway is retainéghich is likely) it is proposed that a
26m wide channel about 2m deep and 60m long bevated/profiled according to
carefully established levels, and four weirs bagdtenergy dissipaters at strategic points
along the channel. Figure 6 gives an indicatioha the channel would be profiled
between the weirs, except that the Spurwing welurld/be significantly wider.

The storage capacity of the dam should be morerataty determined to establish if it
exceeds 50000m3. This exercise should ideally pe @oth the dam as empty as
possible so that accurate levels of the dam’s basirbe established.

The solutions proposed are considered appropnateei circumstances of the project
and can be implemented relatively quickly.

Finally, Dams for Africa wish to express their apgation to the shareholders of
Cutwater Farms (Pty) Ltd for entrusting this invgation to them.

Yours faithfully

Nicholas Papenfus
Director - Dams for Africa
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Appendix

Brief for Nicholas Papenfus Dams for Africa from Cuwater Farms (Pty) Ltd
Spurwing dam
1: Background

The dam was built around twelve years ago. lvam@chwho was deputy Professor of
the Hydrology Department at Wits designed the wadll calculated the length of
spillway needed using a map of the catchment ardd @0 year rainfall records for the
area.

During 2002 and 2003 the level of the dam roséecspillway level on a number of
occasions. These runoffs started eroding the doearst section of the spillway and
started eating up towards the dam wall.

A contractor was called in to repair the erodedief spillway. This contractor
recommended the moving of the spillway to the o#ide of the dam wall. This has
been done and the construction of the new spillwaiyy a gabioned runoff area has
largely been done.

The erosion of the spillway resulted in complaiotshe department of water affairs by
a downstream syndicate.

2. Brief

2.1 Could you please confirm that the original akdtion of the spillway size of 60
meters is correct.

2.2 Could you please inspect the dam as it staodsamd confirm that

» The spillway size is sufficient for the anticipateshoff from your new
calculations

» That the design of the new spillway is optimalttoe dam in terms of ease
of maintenance.

* Raise for our attention any other areas of the dathwhich may require
maintenance.

3. Invoices

Would you please invoice Cutwater Farms (Pty) lid post it to Guy Fletcher at PO
Box 2079 Houghton 2041
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Dams for Africa (Pty) Ltd

Spurwing Dam

network and co-operate with

design/construct/rehabilitatgpartners such as:

water related infrastructure

to empower communities

1. Community based

in remote rural areas.
Typical projects include
dam rehabilitation, canal,
weir and reservoir
construction, installation of
pipelines, boreholes and
irrigation systems.

DFA recognises the need to
be flexible and will tailor its
involvement according to each
need, from minor
consultations to relatively
large turnkey projects.

DFA's contribution to a typical
project may take the form of
an initial feasibility study,
followed by design and/or
construction.

Whenever practical labour
intensive methods will be
used in the construction
process, sourced from local
community.

DFA is also in a position to
provide the necessary
hydrological, topographical,
geological, ecological and
social impact studies, and
attend to the technicalities and
legalities associated with
water related infrastructure.

Dams for Africa fully
appreciates the need to

organizationghat are in
touch with the needs of the
resident population.

DFA is aware of the importance of
community involvementnd is, if required,
prepared to participate in all stages of this
process. This would include a response-to-
need request as the first step, assistance with
visualization, participation in negotiations,
recruitment and training of local residents
for the construction stage, facilitation of
training in subsequent agriculture and
irrigation, and ongoing mentoring as may be
required.

2. Donors/funders including
government and financial
institutions.

DFA is prepared to participate in
fundraising for worthwhile projects, and
in the production of ‘bankable’
documentation.

3. Training organizations
who teach on farming
methods, produce marketing,
and who know the value of
ongoing mentoring.

DFA would like to know that its
engineering contribution is placed in the
hands of a motivated community that
has been equipped with the necessary
skills to put the water infrastructure to
good use for many years to come.

Tel 011 475 2764
Fax 011 475 8381

Damsforafrica@worldonine.co.za



