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The Water Cascade at Andriake. New Observations and Insights

Dennis Murphy
Melissa Mengel

At the 10" International Cura Aquarum held
in Sicily, Melissa Mengel and I presented a
paper on an unusual stair step structure situ-
ated along the course of the aqueduct which
was built to service Myra and its port city of
Andriake in antiquity.

This article reviews recent observations and
provides new insights not only into this
unique stair step structure but also into a re-
taining pond that the authors had the opportu-
nity to research on subsequent visits to the
Myra area.

Finike,

Fig. 1: Lycia.

Andriake grew up at the mouth of the Andra-
kos River and is first mentioned in the records
as a Hellenistic settlement. The harbor city
prospered under Roman influence and became
an important shipping center for grain from
Egypt as well as local agricultural products
from the hinterland. Water sources in the im-
mediate area of Andriake were of poor quality
being both sulfurous and saline. The Romans
located an acceptable fresh water source in the
foothills above Myra.! Utilizing a combina-

1 Borchhardt 1975

tion rock cut and surface built aqueduct, fresh
water was brought to Andriake (Fig. 1).

Roughly 6 kilometers from Myra the aqueduct
makes a sharp turn and drops in elevation
from the hillside to the level of the alluvial
plain. This was accomplished by the means of
a short raised arcade, which ends in a large
stone structure made up of levels or steps. Our
original research focused on an earlier ar-
chaeological survey of Myra, which identified
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Fig. 2: The Cascade.

this stair step structure as a mill complex’
(Fig. 2).

At first glance the structure resembles the
millraces in the ancient mill complex at Bar-
begal in France. However, upon closer exami-
nation several fundamental elements are
found to be missing. There is no evidence of
an associated mill house. The adjacent area
around the stair step is close to bedrock and
no foundations are evident that would have
indicated a mill house. Even if a building had
been constructed using only timbers, post-
holes in the ground nearby and attach points
for the building would have been evident in
the outer walls of the structure. The size of the
individual stair step tanks would not have
properly accommodated either an undershot

2. Ibid 71-72

or overshot water wheel.> Additionally, if
there had been a chute extended out over a
water wheel on each level of the structure, the
size of the wheel could not have been much
larger than 1 meter in diameter making it very
inefficient for milling operations. Inspection
of the structure showed no signs of mounting
points to support a water chute either on the
top or the front of each tank. The conclusion
then was that the stair step structure was sim-
ply an energy dissipation device utilized to
accomplish a significant drop in the aque-
duct’s elevation over a relatively short dis-
tance and that it was not a mill complex.*

 Moritz, L., 1958, 132-33, provides the reader with
simple illustrations of the various types of water mills.
Wikander, 0., 2000, 373-378, classifies types of ancient
mills and discusses archeological evidence for vertical
and horizontal mills.

* Murphy, D., Mengel, M., 1998, personal discussions
with attendees at the Cura Aquarum in Sicilia suggested

that this structure was not a mill.
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On subsequent visits to Andriake we contin-
ued to explore both of these ideas. The present
day owner of the property had removed much
of the thick undergrowth, which revealed ad-
ditional features not previously observed. Ad-
ditional levels of the stair step have been ex-
posed along with several small rock-cut chan-
nels and rock-cut rooms in the adjacent area.
A retaining pond was located further upstream
on the Andriake aqueduct which raised new
questions as to the function of the water con-
duit. It is these new features and observations
that are the topic of this paper.

The Arcade

The channel directly upstream of the cascade |

is carried on an arcade approximately 40 me-
ters in length with an estimated slope of 2 de-
grees. It is constructed of mortared masonry
and consists of eleven arches. Each arch aver-
ages 2 meters high by 2.75 meters wide.
These dimensions are fairly typical for a small
arcade. The channel on top averages 33 cm
wide by 38 cm deep and is constructed of
mortared masonry in the same style as the ar-
cade. The walls of the channel are 28 cm thick
and lined with a 2 to 3 cm waterproof layer of
opus signinum. There is evidence that the
original channel had been filled in and a new
section of channel constructed on top of it at
some point in time. Whether this was due to
an error in the slope of the aqueduct by the
original builders or whether it directly related
to the construction of the stair step cascade
could not be determined at this time.

The Cascade

The stair step cascade is located approxi-
mately midway between Myra and Andriake
along the course of the aqueduct. The struc-
ture is orientated in a southeasterly direction
and in what appears to be away from the port
city. This cascade is constructed of the same
mortared masonry as the arcade. It was previ-
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ously throught to consisted of only five levels or

tanks, which would have served the function
of dropping the level of the aqueduct ap-
proximately 11 meters in the relatively short
distance of 18 meters. It now appears that the
cascade consists of at least seven levels. This
increases the known drop to 15 meters over a
length of 25 meters distance.” This is consid-
erably more than the original estimate. (Fig.3)

The size of each tank is fairly uniform varying
from 1.75 meters wide by 3.30 meters long to
1.85 meters wide to 3.70 long. The thickness
of the walls averages from 70 cm to 73 cm.
The height from the floor of each tank to the
top of the preceding level measures 3 meters.
The front of each tank adjacent to the next
lower level is only about 78 cm in height.

We were able to determine that the waterproof
layer of opus signinum only extended ap-
proximately three-quarters of the way up the
sides of each tank. Furthermore the water-
proof layer did not extend all the way up the
back wall of each tank where the water would
normally have flowed down from level to
level as in a simple cascade. This brings into
question the earlier hypothesis that this struc-
ture was just a simple energy-dissipation de-
vice.® Excavation is required to determine ex-
actly how many levels there ultimately may
be and what type of terminus might lay at the
bottom.

Located in the southwest comner of the level 5
tank, counting down from the top of the cas-
cade, is a 35 cm diameter terracotta pipe
which went through the wall of the tank and
allowed water to flow out the south side of the
cascade. The pipe is set 35 cm above the floor
of the tank, so it would not have completely

* Hodge, T., 1992, 160-161 provides a concise explana-
tion of open and closed cascades, Leveau and Paillet,
1976, the steep chutes at Chabet ilelouine (Cherchell)
were wider then the main channel., Chanson, H., 2000.
see AJA 104 for detailed information on cascades and
dropshafts, 55-56 suggests that the design of the chutes
at Cherchell was introduced to maximize flow resis-
tance.

6. Chanson, H., 2000
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A --- Surface Level e

Fig. 3: Cascade Cross Section.

Fig. 4: Rock Cut Room.
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drained the tank. The waterproofing is finely
contoured around the pipe and does not show
any evidence of wear that might have indi-
cated use of a plug inside of the tank. This
indicates that water could have flowed freely
out of this level or there might have been a
valve at the outer end of the pipe that would
have controlled the flow. It is obvious that it
was placed in such a way as to maintain a
minimum amount of water in level 5 before
allowing the water to exit the tank. It is also
likely that as the water exited the cascade via
the pipe, it flowed into a near by rock cut
channel that continued on toward Andriake.

Secondary Channels

There are several rock cut channels in the
vicinity of the cascade. One channel is cut out
of bed rock at the base of the cascade and ex-
tends the entire length of the north east side of
the rasrade This channel ic lacated on the

uphill side of the cascade and could have pos-
sibly served as a conduit for run-off water in
order to protect the structure from erosion
(Fig. 5).

Remnants of two short sections of channel are
cut into the bedrock and located to the north
east of the cascade. The first section of the
channel is perpendicular to the cascade and in
line with the last step of the structure that is
left exposed at current ground level. The sec-
ond short section of the channel is located at a
slight upward angel to the first and appears to
follow the contour of the hillside to the north.

These two short sections of channel appear
however to be on a level with another rock cut
channel located 24 meters farther to the north
and quite possibly were a continuation of it. It
was not possible to follow the course of this
lower aqueduct due to thick brush and under-
growth. It is unknown whether this lower
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aqueduct intersected the upper aqueduct at
some point farther upstream.

An interesting observation was made that the
cascade intersects the level of the two short
lower sections of channel. This would have
interrupted any flow through the lower chan-
nel. The answer to this may lie in the aqueduct
channel, located on the south side of the cas-
cade, which continued on to the ancient city
of Andriake. The terracotta drainpipe located
in level 5 of the cascade could have provided
the source of water for the aqueduct if it’s
flow had been interrupted by the construction
of the cascade. The aqueduct, which contin-
ued on to Andriake, was modest in size aver-
aging 27 to 29 cm wide and 25 to 36 cm in
depth. We were able to follow the channel
past the backside of what has been described
by some as a nymphaeum. The construction of
the modern Turkish highway however has
destroyed any remains of the aqueduct past
this immediate area.

General Vicinity

There are also two rock cut rooms located to
the north of the cascade. The first room is lo-
cated 6.6 meters from the cascade and is in
line with the end of the third level tank. This
room is approximately 4 meters by 7 meters in
size. The second room is a little farther to the
north and a bit smaller at roughly 3.6 meters
wide by 7 meters. There was no evidence of a
front foundation wall or doorway, which
might have closed off these rooms to the ele-
ments. There is evidence of cut ledges and
niches in the sidewalls, which might have
supported timbers or possibly a floor. The
function of these rooms or how they related to
the cascade could not be determined at this
time (Fig. 4).

Retaining Pond

The remains of a rock cut retaining pond were
~ * . . 1

1 .1 AanaAn

found approximately 300 meters upstream and

2 meters below the level of the aqueduct
above (Fig. 6). It is located along the hillside
above the present day valley floor. The pond
is irregular in shape measuring approximately
20 meters long by 10 meters wide. Remaining
rock cut areas indicate an average depth of 50
cm. There are flat rock cut ledges and tooled
surfaces located within the perimeter of the
pond, which may have served some yet un-
known purpose. (Figs. 6A, 6B) There are no
remains of the wall in the southwest corner of
the retaining pond or any mortared foundation
walls, however two rock cut channels are lo-
cated in the northeast corner of the wall. The
northernmost channel averages 35 cm in
width and is located roughly 50 cm above the
pond floor. There are no obvious control de-
vices so this may have been an overflow for
when water in the pond reached its maximum
height. The second channel is also cut out of
the same bedrock and located a short distance
to the south of the first. It is 27cm to 30 cm
wide and was positioned approximately 35 cm
above the pond floor. Also located along the
length of this channel is a 30 cm diameter
hole cut to a depth of 17 cm. This might indi-
cate that a control device of some type had
been installed since this channel was ap-
proximately 15 cm below the depth of the first
one. It appears that at some point in time wa-
ter was diverted from the main aqueduct
channel to supply the retaining pond. The
purpose of this pond is not exactly known,
however it would have been well suited to
support agricultural activities in the fertile
valley below.’

The section of aqueduct that runs above the
pond indicates at least two construction
phases. The original channel in this area is
rock cut and about 33 ecm wide. There is evi-
dence of the channel being filled with mor-
tared masonry at a later point in time in order
to narrow it to 20 cm. Since this modification
is centered in an area above the pond, it is
tempting to say that it was related to the di-
version of water to this holding pond.

7.Even today, this narrow vallay is highly

cultivated
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Fig. 6: Retaining pond.

Fig 6 A: Northeast view retaining pond Northwest view of retaining pond
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Fig. 6B: Nortl view of retaining pond.
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Discussion

The exact function of the cascade continues to
be in question. The nature of its construction
does not indicate that it could have utilized
either undershot or overshot water wheels in a
milling operation. There are no holes in the
floor of the tanks themselves that would have
indicated the use of any type of horizontal
mill. However it has been suggested that that
the stair step structure might have supported
some yet unknown type of horizontal water
wheel mechanism located outside of the cas-
cade itself or possibly in conjunction with the
terracotta pipe located in level 5.° (Fig. 7)

Several other possible industrial applications

for this cascade have been researched how- :

ever none seem to fit the design of the struc-
ture. Tanks of similar size have been identi-
fied as fresh water fishponds (piscinae) some
of which were even supplied with water di-
verted from an aqueduct. The stair step tanks
however lack several features required for
piscinae i.e. recesses (specus, similes, cellae)
necessary to shade the fish and facilitate in-
ternal water circulation.” Likewise, the cas-
cade does not fit manufacturing processes
such as dyeing, glass-making, pottery produc-
tion, textiles or metal production.

The recent observation that the waterproof
lining does not extend all the way up the full
length of each tank makes the idea that the
stair step structure was simply an energy dis-
sipation device, problematic. The cascade
might have served a re-aeration purpose or
could very well have supported a yet un-
known mechanical function of some kind. The
location of the terracotta pipe in level 5 of the
cascade would have allowed water to exit the

% Drs. Paul Kessener had the opportunity to visit the area
in 1998 and has been very helpful in presenting the pos-
sibility that this structure may yet have functioned as a
horizontal water mill with wheels extemnal to the cas-
cade. While this is an intriguing possibility, the authors
have not as yet been able to observe any external foun-
dations to support this type of machinery to date.

9.Higgingbotham, J., 1997, 27-30

aqueduct at a point closely in line with what
appears to be the continuation of the main ag-
ueduct to the harbor city of Andriake thus al-
lowing the cascade to serve several purposes.
The presence of the retaining pond upstream
of the cascade increases the likelihood of in-
dustrial/agricultural use of the aqueduct chan-
nel in addition to serving some of the fresh
water needs of Andriake or the surrounding
countryside."’

A great deal remains unknown about the date
and use of the aqueduct between Myra and
Andriake. Excavation of the terminus of the
cascade and the surrounding area coupled
with a ground survey of the entire length of
the water conduit is necessary to determine
the nature of the cascade and any other agri-
culture or industrial applications however
time is fast running out. Urban development
as in the case of many countries is fast de-
stroying much of the course of this ancient
aqueduct.

'% This paper has benefited from the discussions with H.
Chanson, P. Kessener, R. Kreiner, and P. Leveau. The
authors are grateful for their patient discourse however
the ideas expressed in this article and any errors are the

authors
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