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Q.H.W. Shaw, D.G. Cameron-Ellis and W.D. Hakin, Hydroplus International, South Africa
In 1998, thé Eikenhof dam in South Africa was heightened by 2 m, increasing thé storage
capacity by 19 per cent to 29 x 106 m3. The project combined a fixed reinforced concrète

labyrinth on thé service spillway with straight-crested reinforced concrète Hydroplus fusegates on
thé auxiliary spillway sill, allowing thé designers to improve thé overall safety levels for thé dam,
while leaving thé embankment crest level unchanged. Storage was increased by approximately

4.5 x 106 m3, for a total project cost of US$ 250 000.

Eikenhof dam, on thé Palmiet river in thé
Western Cape, South Africa, is a 47 m-high fill
embankment dam with a service and an auxil-

iary spillway discharging over thé right flank abut-
ment. The service spillway is concrète lined, and com-
prises a steep chute terminatîng in a deflector/flip-
bucket, which turns and throws discharges back into
thé river course. The auxiliary spillway comprises an
unlined channel eut into weathered rock, with dis-
charges spilling over an upstream concrète sill. which
is positioned about 2.5 m above thé service spillway
sill le\el. The dam was originally constructed in 1977
and heightened by 1 m in 1988, at which time thé auv
iliarv spillway was added.

The Groenland Irrigation Board. owner of thé dam.
supplies water primarilv for apple and pear irrigation
dunng thé summer months of thé vear (October to
April). Summer imgators each own a portion of thé
dam's storage. which is filled bv winter rainfall
between May and September. Winter water user^ pur-
chase water, which would otherwise be spilled from
thé dam. at a lower unit rate.

The second heightening of thé dam, in 1998. was
awarded as a turnkey contract. with thé main contrac-
ter Hydroplus International sub-contracting ARQ
Speciahst Engineers and Stocks South for thé civi l
design and construction respectively. The contract was
initiated in March 1998 and thé project was complet-
ed and impounding water to thé new full supply level
(FSL) by late August of 1998. By thé time thé first
waters were being drawn for crop irrigation in earlv
summer, thé water level had reached approximately
300 mm below thé new FSL. Accordingly. thé
Irrigation Board was able to realise almost thé full
benefit of thé additional yield developed by thé
heightening within less than a year of thé contract
award.

Adapting thé existing configuration of Eikenhof dam
to accommodate a 2 m raising of thé full supply level
presented several interesting challenges to thé design-
ers. The dam had originally been constructed with a
small side-channel spillway. of 200 m3/s maximum
capacity, running down thé steep right abutment and
returning flows into thé river almost perpendicular to
thé direction of its course. Even though thé large sur-
face area of thé dam in relation to its catchment, and
thé significant available spillway freeboard, give rise
to a pronounced flood peak atténuation, this spillway
capacity could be seen to be inadéquate. At thé time of
thé first heightening in 1988, it was decided that addi-
tional spillway capacity should be provided. and an
auxiliary spillway was constructed to bring thé total
nominal spillage capacity to 790 mVs.

While thé auxiliary spillway was only intended to
spill water for a flood with a return period of in excess

of 50 years, it was constructed as a cutting in weath-
ered rock and thé Une of this chute traverses a fault of
highly fractured and very soft rock. With slopes of
more than 1 in 3 and a vertical height of more than
40 m, high velocities wi l l be experienced during high-
er discharges and significant érosion and undercutting
can be anticipated on this spillway. During thé lifes-
pan of thé dam so far. thé largest flood vêt experienced
would equate approximatelv to a 1 in 20 vear event,
and accordingly. thé durability of thé auxiliary spill-
way has vêt to be tested

The capacity of thé service spillway chute is restrict-
ed to approximatelv 200 m'/s ignoring bulking at thé
final contraction. approximately one third of thé way
down from thé crest. While thé 1988 heightening
made provision for a crest and top chute spillway
capacity of 290 mVs. thé capacity of thé lower chute
was never increased. and aecordingly very low proba-
bihty floods would not be entirelv contamed w i t h i n
thé spillway chute In v i ew of thé highly erodible
material alongside thé spi l lvvays and thé high veloci-
ties inhérent to thé service spillway. sévère damage
can be anticipated when flow is not retained within thé
concrète channel. This implies that significant damage
to both thé service and thé auxiharv spillways could
hâve been incurred during thé passage of low proba-
bility floods. With a high hkehhood of prolonged
spillage and/or a lesser flood soon after a sévère flood,
considérable advantage could be seen in preserving. as
far as possible, at least one of thé spillwav s through a
sévère flood event.

Considering thé combined opération of a service and
auxiliary spillway, thé pronounced flood absorption
characteristics of thé réservoir and thé inhérent sensi-
tivity of opération of Hydroplus fusegates to actual
attenuated hydrograph shapes, a high level of accura-
cy for thé flood hydrology was considered necessary.
Previous phases of development of Eikenhof dam had
not required such a detailed hydrological analysis, and
accordingly it was necessary to re-work thé flood
hydrology from first principles.

The senice and auxiliary spdlna\ sills
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Régional and catchment hydrology
Although Eikenhof dam drains a catchment of just 61
km:, thé area in question is relatnely mountainous and
expériences borne of thé highest rainfall in South
Africa. Whereas thé flatter areas to thé west. inland
from Cape Town. are subject to mean annual précipi-
tations (MAPs) of thé order of just 600 to 1000 mm.
thé mountainous areas of thé Eikenhof catchment
recehe more than 1500 mm of rainfall per \ear.

A stud\ of thé existing h\drological information
showed it to be rather too coarse in nature for thé
design of thé proposed lab\rinth semce and fused
auxilian spi l lwav combination. Because thé perfor-
mance of thé proposed spillway and thé séquence of
fusegate tip offs are inherenth sensime to thé shape
of each flood h\ drograph. it w as considered necessan
to deri\e thèse data relatively accurately. as a means to
facilitate an effective fusegate design and opération.

On close inspection, thé Eikenhof dam catchment.
although relatively small at 61 km:, can be seen to
comprise five separate sub-catchments. each with sig-
nificantly différent runoff response times and each
feeding thé dam largely independently (see Fig. 1).
Because thé earlier hydrological analyses had
assumed a single river course and a single homoge-
neous catchment, thé associated hydrographs devel-
oped did not reflect thé disparate arrivai time of flood
peaks from each of thé varions sub-catchments. The
resuit is that thé earlier hydrographs exhibit a broad
base with a narrower, single peak. They also reflect
higher peak flow values than is actually likely to be
realistic, and indicate longer times to peak and devel-
op higher peaks for longer storm durations.

It would not usually be considered appropriate or
worthwhile to sub-divide a catchment of such limited
extent to ensure a greater degree of accuracy for
inflow hydrographs.

However, in view of thé particular nature of thé
Eikenhof catchment, thé pronounced flood absorption
characteristics of thé réservoir, thé inhérent require-
ment of thé Hydroplus System for realistic hydrology
and thé sensitive desicn of a combined service and

Table 1: Adjusted average 1 in 200 year catchment rainfall intensities

Storm duration (h)

Earlier tndrology
New hxdrology

Point rainfall for îndicated storm durations
(mm)

2

196
195

4

249
247

6

278
264

8

300
274

10

315
280

12

331
286

16

347
292

auxilian spillway, a comprehensive hydrological
re\iew of thé dam's catchment was undertaken.

Hydrology input data
To quantify thé respective validity of thé \arious input
data, ail thé data were evaluated from first principles.

The Eikenhof catchment lies on thé eastern side of
False Ba\ and présents thé first mountainous area to
frontal \\eather approaching thé Cape over thé
Atlantic Océan from thé southwest.

The général configuration of thé Eikenhof catchment
suggests that relatively short duration storms are like-
ly to > ield maximum inflow flood peaks and that flood
\olumes wil l not increase greatly for longer duration
storms. as peak flows drop quickly. This fact was con-
firmed b\ each of thé flood détermination methods
applied for thé Eikenhof flood hydrology study.

A detailed re\ iew of thé input data applied for thé
earher hxdrological calculations re\ealed discrepan-
cies m thé data sources, and unusually high intensit\
rainfall for longer storm durations at thé rainfall gauge
close to thé centre of gra\ ity of thé catchment. The 24
hour 1 m 200 \ear storm rainfall intensit) applied for
thé Eikenhof catchment in earlier work was approxi-
mateh equi\ aient to thé PMP \alues applicable to thé
vunter rainfall région in which thé dam is located.
NVhile studies b\ Gôrgens et al [19871] obsened that
rainfall in thé mountainous areas of thé Cape tends to
be significantly more intense than in thé surrounding
areas. and that it is perhaps more appropnate to factor
rainfall intensities for storm durations of less than 24 h
b\ thé more extrême summer rainfall factors. this
should onh affect storm durations of less than one
da\. The conséquence of thèse discrepancies in thé
earher studies was a significant exaggeration of rain-
fall intensities for storm durations of 6 h and longer, as
show n in Table 1.

Dérivation of design and safety
évaluation floods
The unit hydrograph method was thé primary tool f(? 2 The Eikenhof
applied for thé purposes of thé analyses addressed composite catch-
hère. However, to provide a check of flow peaks ment

Time (h) 8 hour PMF hydrograph
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Table 2: Flood peak comparisons

Catchment variation/hydrology

Earlier hydrology: single catchment
New hydrology:

Single catchment
Composite catchment

Récurrence interval flood
peak (mVs)

1 in 200 years PMF

528 744

511 720
435 673

Critical
storm duration

(hours)

8 and 6

4 and 3
4

Table 3: Flood volume comparisons
Catchment variation/hydrology

Earlier h\drolog\ - single catchment
1 in 200 year flood
PMF

Single catchment
l in 200 \earflood
PMF

Composite catchment
1 in 200 >ear flood
PMF

Flood volume in first
( 10*m3)

Storm duration
2 4 6

12.7
19.4

8.1 11.3 H.4
13 15.6 17.6

8.0 10.5 11.6
13.0 15.3 17.8

15 hours

(h)
8
13.6
20.5

114
18.3

12.2
18.9

RI MAP 1620mm
composite catchment

9 10 11 12 13 14 15

Time ,ï(i)

Fig. 3. Comparât^e derived by this means, calculations using thé empiri-
Inilmgmpli!,. cal and régional maximum flood (RMF) methods

were done. Each of thé five sub-catchments was sub-
jected to thé same storm, on thé same time base, and
thé associated inflovv hydrographs were added togeth-
er as they arrived at Eikenhof dam, to produce a sin-
gle, composite catchment inflovv hydrograph, for each
of thé floods under investigation. Fig. 2 shows each of
thé sub-catchment hydrographs on thé same base scale
as thé composite hydrograph for an 8 h duration, PMF
storm.

Tables 2 and 3 highlight thé salient data for thé 1 in
200 year and PMF inflovv floods at Eikenhof, com-
pared on thé basis of thé earlier and nevv hydrology
and for a single and composite catchment. Fig. 3
shows thé inflow hydrograph for thé 6 h storm dura-
tion 1 in 200 year flood, for thé composite catchment.

On thé basis of thé analysis, it was considered appro-
priate to apply thé inflow flood hydrographs devel-
oped for thé composite catchment, using thé nevv
hydrology.

For safety évaluation and a review of available spill-
way capacity at extrême flood flows, thé inflow
hydrograph for thé PMF developed for thé composite
catchment was considered appropriate. The actual

'zéro freeboard capacity' of thé combined spillways
was established by routing thé PMF inflovv hydro-
graph, factored by a range of multipliers, to isolate thé
hydrograph which yields a 'zéro freeboard' outflovv. If
thé corresponding ordinale multiplier were 1.25, then
it could be stated that thé zéro freeboard capacity of
thé spillways is 25 per cent greater than thé PMF, or
that thé spillways can accommodate a flood équiva-
lent to 1.25 times thé PMF, or that thé flood surcharge
capacity of thé spillways is 25 per cent greater than thé
PMF.

For thé design and safety évaluation, thé following
inflow floods were applied:
* RDD: Routed discharge for thé 1 in 200 year. 6 h
storm, producing an inflow peak of 417.5 nrVs for thé
composite catchment.
* SED: Routed discharge for thé 6 h storm PMF. pro-
ducing an inflow peak of 656 m'/s for thé composite
catchment.

In South Africa, thé recommended design discharge
(RDD) is applied for spîllway design and thé safety
évaluation discharge (SED) is applied to assess
absolute dam safety, at which thé overall integrity of
thé dam must be maintained. although significant
damage can be tolerated.

Spillway review
To establish thé hydraulic characteristics of both thé
service and auxiliary spilhva>s for Eikenhof and to
ensure thereby that thé options considered for raising
thé crest height were compatible with thé existing
spillway hydraulics. mathematical modelling of both
chutes, using HEC-RAS software, was undertaken.
This review indicated a critical capacity of 200 mYs
for thé chute of thé service spillvvav. Furthermore. thé
h>draulic control point moves downstream from thé
spillvvay sill to thé first contraction of thé chute at
higher flows. An absolute maximum capacity of
approximately 590 nvYs for thé auxiliary spillvvay was
also determined.

The early concepts for thé heightening of Eikenhof
dam using Hydroplus fusegates had been formulated
around thé installation of labyrinth fusegates on thé
service spillway. In revealing thé shift in flow control
point from thé sill on thé service spillway to thé con-
traction a short distance downstream with higher
flows, thé hydraulic analysis demonstrated that this
option no longer offered merit. With thé control point
downstream, tipping of gâtes on thé spillvvay sill
would obviously be of no benefit in terms of enhanc-
ing thé discharge capacity, and furthermore. it was
évident that thé overall safety levels could be
improved by restricting thé maximum flow down thé
service spillway.

For maximum spillway discharges, thé highest antic-
ipated flow velocities were calculated as 25 and 22
m/s for thé service and auxiliary spillway chutes
respectively.

Spillway hydraulic design and
dam safety
The key opportunity in heightening thé Eikenhof dam
using fusegates was to allow for thé full supply level
to be raised vvithout requiring thé raising of thé
embankment non-overspill crest level. On thé basis of
thé spillvvay hydraulic review and thé goal of improv-
ing overall levels of safety at thé dam, thé following
design concepts were applied:
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* The service spillw ay rnust be able to discharge at
least a routed 1 in 50 year flood before thé auxiliary
spillway cornes into action.
* At thé RDD (1 in 200 year). flow in thé auxiliary
spillway must be kept as low as practically possible.
8 Flow down thé senice spillway must not exceed
200 mVs in any circumstances.
9 In thé case of a major flood, it v. ould be préférable
to minimise damage to thé senice spillway. thereby

allowing thé continued safe opéra-
tion of thé dam during thé rehabil-
itation of any flood damage expe-
rienced on thé auxiliary spillway.

With thé above as thé primary
design criteria, a set of thé critical
inflow hydrographs and a full
hydraulic review of thé spillways,
a solution was conceived encom-
passing a fixed labyrinth sill for
thé service spillway (instead of
labyrinth fusegates) and straight-
crested fusegates on thé auxiliary
spillway.

The layout of thé service and
auxiliary spillway crest arrange-
ment is shown in Fig. 4.

With thîs solution, thé lower
intensity (more fréquent) floods
are routed exclusively down thé
service spillway. The fixed
labyrinth provides excellent dis-
charge performance for compara-
tively low overflow depth.
Howe\er, for larger floods. dis-
charge down thé senice spillway
\\i\\ become restricted (which was
pre\ iously not thé case) as thé crit-
ical capacity of thé chute is
approached (200 mVs). because of
submergence of thé lab> rinth. w ith
ail excess flow routed down thé
auxihary spillway. The throtthng
of thé main spillway is also aided
as total discharge increases by thé
change in location of flow control.
from thé lab> rinth sill to a contrac-
tion m thé chute channel a short
distance dov.nstream.

For e\en larger floods (in excess
of thé 1 in 500 >ear e\ent) thé
capacity of thé auxiliary spill\\a\
is significantly enhanced by thé
sequential tipping of thé straight-
crested fusegates.

The 1 in 200 year flood and PMF
flood inflow hydrographs de%el-
oped contain total water \olumes
of 8 and 19 x 106 m' respectively.
within thé first 15 h. This can be
considered in relation to an a\ail-
able total surcharge storage capac-
ity of .more than 9 x 106 m3 for thé
impoundment. The surcharge stor-
age accordingly provides signifi-
cant atténuation of inflow floods
and correspondingly each of thé
inflow flood hydrographs devel-
oped for thé catchment was routed
through thé dam and combined
spillways. In this way thé design

and safety évaluation hydrographs for spillway dis-
charge were generated (see Fig. 6).

The salient flood routing information is summarized
in Table 4.

As can be seen in Table 4 thé 6 h duration storm is
critical at thé PMF, yielding thé highest spillway dis-
charges, while thé 8 h duration storm is critical for thé
200 year récurrence interval flood event.

Différences are minor however, and it can be stated
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Fig. 7. T\pical embankment section for Eikenhof dam.

Table 4: Routed flood peaks and réservoir water levels

Flood recurrenc
interval

1 in 200 year

PMF

PMF x 1.45
l No freeboard )

e Storm Qmj»
duration inflow
(hours) (m'/s)

6 417
8 377
6 656
8 610
6 951

Qmj. Qnu,
outflow in service
(m-Vs) spillway

225 153
232 155
575 175
574 175
779 190

No. of Max.
gâtes uater
tipped level (m)

0 319.46
0 319.50
8 319.95
8 319.94
10 320.47

Fusegates on thé
ctiixiliaiy spill\va\'
sill.

that thé maximum spillway discharges are developed
for storms of a 6 to 8 h duration.

The original sill of thé auxiliary spi l lway was placed
2.5 m above thé previous full supply level. which is
équivalent to 0.5 m above thé new FSL. The hvdraulic
analysis revealed this sill level to be too high to allow
thé design criteria to be met. and it \vas necessary to
reconstruct thé auxiliary spillway sill. to carry 1.8 m-
high straight-crested fusegates, at a level 0,23 m
belovv thé new FSL.

This required breaking away 0.73 m of reinforced
concrète, while overall stability necessitated a block
of reinforced concrète on thé upstream s'ide of thé new
sill, supporting thé fusegates.

The new sill was extended beyond thé extent of thé
original, to create a total length of 47 m. and thé new
crest was reinforced continuously to avoid thé possi-
bility of leakage past thé seals on thé sill joints.

Embankmeiit stability revlew
While thé Eikenhof dam main embankment was not
heightened as part of thé 1998 storage capacity
increase, water loading on thé zoned 47 m-high fill
(see Fig. 7) will obviously be increased under normal
operating conditions. Accordingly thé structural sta-
bility of thé embankment was checked for higher
water levels, using Bishop's modified method of
slices, on thé basis of material property test results
dating back to thé 1988 heightening.

The factors of safety determined for thé various crit-
ical loading cases were found to be well within gener-
ally accepted limits.

The fusegate System
The fusegate System designed for Eikenhof dam com-
prised 1.8 m-high straight-crested fusegates, with five
'pairs' of fusegates, each being 4.5 m wide, construct-
ed of reinforced concrète and weighing approximate-
ly 10 t each.

One unit of each pair is equipped with a well,
through which water is routed to provide uplift pres-
sure in thé base chamber when thé fusegates are
intended to tip. A pipe embedded in thé sill connects
thé two base chambers of one pair. The two fusegates
of each pair are also connectée by a shear key in their
vertical walls: this ensures that the\ wi l l tip simulta-
neously. Once thés ha\e tipped. however, they will
separate as they are w ashed dow n thé chute of thé aux-
iliary spillway. thus reducing thé chance of any block-
age occurring.

The fusegate layout was designed using thé software
of Hydroplus International. v\hich allows various
inflow hydrographs to be routed through différent
types and configurations of fusegates. With thé fixed
labyrinth of thé main spillway at Eikenhof. it was pos-
sible to accommodate a first fusegate tip-off at thé 1 in
500 year flood without requiring thé additional dis-
charge capacity of labvrinth fusegates.

The hollow base chambers were formed with wood-
en shutters which had to be removed later by a jacking
process. This also made it possible to check that no
bond had formed between fusegate chamber beams
and thé spillway sill.

A period of three months was scheduled for con-
struction of thé dam heightening. However, a late go-
ahead meant that construction ran into thé wet season
of winter. In spite of this. thé total duration of thé pro-
ject, including design, was approximately six months.

Construction
The late start for thé contract and thé fact that it ran
into thé wet season made it necessary to control thé
impoundment level a Utile later than originally intend-
ed. Construction was initiated at thé beginning of May
1998, with substantial completion in late September
and a total project design to completion period of just
six months. A blasting sub-contractor was brought in
for thé breaking of thé original auxiliary spillway sill
by 1.03 m and to form a key into thé crest of thé ser-
vice spillway. for construction of thé labyrinth. In this
exercise it was important to avoid damage to thé exist-
ing and adjacent structures and carefully planned
relays. with low explosive charges were applied suc-
cessfully.

With thé programmed construction, thé risk of
spillage during critical opérations was minimal and
thé dam's outlet proved adéquate to pass typical
inflows. makina use of some buffer atténuation stor-
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âge At thé outset of construction, thé impounded
\\ater levé! was 5 m below thé original full supply
level, where it remamed for a httle more than a month,
before slowly climbing to a maximum controlled level
of approximately 1 5 m below thé original FSL at thé
completion of construction

With thé fixed labynnth on thé service spillway con-
structed first, there was a sensitive penod dunng con-
struction when thé broken down sill of thé auxiliary
spillway was approximately 0 5 m below thé new ser-
\ice spillway sill

The full 3 m-high, 30 m developed length labynnth
of thé semce spillway was cast m a single pour and m
a single lift An excellent finish quality was achieved,
and thé structure has proved completely watertight
The 47 m-long and 3 m-wide sill of thé auxiliary spill-
way was subject to tight construction tolérances, to
accommodate effectively thé concrète fusegates,
\vhich were fmally cast on thé completed sill Piers
were constructed between each pair of fusegates so
that thé curved spillway layout could be negotiated m
straight chord lengths of 9 m

Conclusion
The combination of a fixed labyrmth service spillway
and a fusegated auxiliary spillway provided an innov-
ati\e and effectue solution for thé heightenmg of
Eikenhof dam The ments of both Systems are com-
bmed m a wa> that has allowed fme-tunmg and opti-
misation of thé spillage discharges \\ithm thé con-
straints of thé existmg dam configuration, thereby sig-
mficantl) impro\mg oxerall safety of thé dam dunng
extrême flood e\ ents 0

Quentin H.W. Shaw is thé Principal m charge of thé dams
and \\ater activities of ARQ Specialist Engmeers He
graduated from thé Universityof Birmingham UK and has
15 years of expérience m thé planning design and
construction of dams To date he has been mvolved m more
than 50 schemes m eight countnes, including dams ranging
from 5 m to 220 m high Projects he has worked on mclude
thé 70 m-high Wolwedans RCC dam m South Afnca, thé
phased 45 m/85 m Sounda dam m Congo, thé 220 m Ba>nes
dam on thé Kunene river, thé Cme RCC dam to be built m
Turkey, and thé Thukela water project m South Afnca

Daud G. Cameron-Ellis is mainly mvolved m thé water
seruce acti\ities of ARQ Specialist Engmeers He graduated
from thé Umversity of Pretoria, South Afnca, m 1990 and
has mne years of expérience m thé design and construction
of bulk water services, dams and hydrauhc structures In thé
field of dams projects he has been mvolved vvith mclude
Sterkspruit (27 m massive arch buttress), Shiya-lo ngubu
dam safety and momtoring (23 m concrète arch) thé Epupa
h>dropov\er project thé Bin dam (44 m embankment) and
thé Welgesonden dam (16m masonry arch)

ARQ Specialist Engmeers 66 Ingeisoll Road Ljnvvood
Glen 0081 Republïc of South Afnca

Bill (W.D.) Hakm graduated from thé Umversit) of
Bradford LK m 1982 vvith a B Eng Honours degree and
has 17 years of expérience m \anous aspects of bulk water
supply ranging from pipelines and resenoirs to dams As
far as dams are concerned he has had key mvolvement m
ail aspects including planning design construction and dam
.afety/réhabilitation u hère on occasions thé introduction of

innovative approaches ha\e been mstigated He is currently
Chief E\ecuti\e of Hvdroplus International (South Afncan
Branch)

f-hdroplus International PO Box 801'
'apeîbwn South

Rocaebaai 8012

H D Hakm

Hydropower & Dams Issue Six, 1999

• WKV-Pelton turbines '

• WKV-Crossflow turbines standardized
>

• WKV- Francis turbines up to 5000 kW

• WKV-Turgo turbines é

• WKV-Hydraulic-mechanical speed governors

« WKV-Hydraulic-electronic speed governors

« WKV-Hydraulic-electronic water level stations

• International Consultants for mini hydro projects

Complète équipaient and accessones, such as*

generators (sync/md.), switchboards

Volk AG
Turbine Factory 8t Consulting Engineers

Gefaell 45
D-79263 Simonswald
Germany
Tel ++49 7683 9106-0
Fax ++49 7683 805
e-Mail wkvag@t-onlmede

51


