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THE 1993 KAGOSHIMA FLOOD AND
FLOOD CONTROL ON THE KOTSUKI RIVER

AKIRA OKUDA
Director of Public Works Department, Kagoshima Prefecture

1. INTRODUCTION

Last year, 1993, was a year of abnormal weather conditions in Kagoshima. The annual rainfall of
4,022 mm (158 in) was by far the highest recorded since observations began at the Kagoshima Local
Meteorological Observatory in 1883 and well in excess of the previous 1905 record of 3,550 mm
(139 in). The flooding of the Kotsuki River which occurred under these conditions was accompanied
by slope failure and other sediment disasters, and brought about urban disasters of an unprecedented
scale. The presentation below will deal with the concentrated rain of 6th August, which was the main
cause of this flood, and the flood-control measures that are being undertaken in the wake of the flood
on the Kotsuki River.

2. KAGOSHIMA PREFECTURE

Kagoshima Prefecture has a population of approximately 1.8 million, and is located in the
southwestern part of Japan, at the southern end of the Kyushu Region. It consists of the two large
peninsulas of Satsuma and Osumi on the mainland of Kyushu and a large number of islands including
the Koshiki Islands, Tanegashima, Yakushima and the chains of islands known as the Tokara and
Amami Islands. The prefecture stretches over a distance 170 km (105 miles) from east to west and
600 km (372 miles) from north to south, with the insular portion accounting for 27% of the total land
area of 9,166 km? (3,538 square miles).

In topographical terms, relatively low mountains with peaks ranging from 600 to 800 m (1,968 to
2,624 ft) provide the skeletal structure of the mainland portion of prefecture, where the two
peninsulas of Satsuma and Osumi are found facing each other across Kagoshima Bay, which makes a
deep incision into the southern part of Kyushu. In terms of geology, over 50% of the prefecture is
covered by pyroclastic deposits originating from Quaternary volcanos, such as the Aira Caldera to the
north of Kagoshima Bay and the Ata Caldera near the mouth of the bay. Unwelded pyroclastic
deposits known as shirasu. have formed extensive plateau and hill areas, where layers of deposits
reach down to depths of 50 to 100 m (164 to 328 ft).

The principal rivers in the prefecture include the Sendai, Kimotsuki, Amori, Hishida and
Mannose Rivers. There 461 rivers in all, adding up to a total length of approximately 2,600 km (1612
miles). They are all short rivers with trunk channel lengths of less than 50 km (31 miles), with the
exception of the Sendai River, which has a channel length of 137 km (85 miles). As a result, there are
no major alluvial plains and, with the exception of two or three small plains found at mouths of
rivers, flat areas are to be found scattered in narrow strips along rivers.

The weather is generally warm and wet, with annual average temperatures of 15 to 18°C (59 to
64.4°F) in the mainland portion and 20 to 22°C (68 to 71.6°F) in the Amami Islands and with high
average annual rainfalls of 2,000 to 3,000 mm (79 to 118 in) in the mainland portion and 3,900 mm
(154 in) on Yaku Island. Most of this rainfall occurs during the May-July rainy season and the
summer typhoon season.
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Figure 3 Mainland Kagoshima
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Figure 2 Kagoshima Prefecture

Table 1 Progress of Improvement Work (1st April, 1993)

anza b
° (<X 74 ) %
RO O%icirmi 7
=R |

o‘""iﬂ 5

@—-1 ERBROLER s
BRR

5kBe OB =

°F7 ) % "

#Z*EE@ B

24
588

H-2 ERBROVRK

Class | Administeredby | Numberof Rivers | Total Length fg;g;‘:r‘::g;“ﬁ“g improved | lmpravement
Class A Qaonal et | ST RiYT System 114 km 96 km s6km| 58 %
g:?:lnatlne " Kimotsuki Rsiver System 48 48 4. 71 %
Natonal Government ” : Toul 16 162 144 % 63 %
Classa | Frefecmral 148 712 565 139 25%
Class A | Prefectural 310 1,760 1,315 325 25 %
Prefectore) Govemmen : Total 4ss 2472 1880 464 25%
Total 461 2,634 2,024 554 27%
Note
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an hourly rainfall of 60 mm (2.4 in) has been completed.
3) In the figures for the Sendai River, the Tsuruda Dam Section (18 km: 11 miles) is considered not to require
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H—3 RB&xoOHER

£-1  ANORGRRE (FR5F4R18RE)

5 ERE W ER EMERE | UBFER | WEE
—&Ai MANKFE 11 114 km 96 km 56 km 58 %
FERIKE S 48 48 34 71%

EBEEAN B 16 162 144 90 63%
— A B 148 712 565 . 139 25%
—#&im )l =N 310 1,760 1,315 325 25%
BEEA B 458 2,472 1,880 464 25%
& 461 2,634 2,024 554 27%

&) 1. EEERAEFEoETT/IhEA
2. E‘ii’ﬁﬁtli\ BMAREOMMICHETE2ENERL, BRORML T2 bDOTHL,
3. NIRNEED) LBEY AXMIsk miMBETREMET 5,

THE 1993 KAGOSHIMA FLOOD AND FLOOD CONTROL ON THE KOTSUK] RIVER

1993EEIRBAE L BRI DEKEEIZOVT



3. CONCENTRATED RAINS AND FLOODS OF 1993
(1) Rainfall and Flood Conditions

According to the Meteorological Agency records, the rainy season began on 21st May in the
southern part of Kyushu. Although the Meteorological Agency announced the end of the rainy season
on 9th July, rainfall continued for long periods after this date, so that the record had to be corrected
and a statement issued on 31st August to the effect that the end of rainy season for 1993 could not be
specified. The monthly rainfall for July was three to four times the average for this month at most
observation stations, and the three-month rainfall for June to August alone was in excess of the
average annual rainfall. Unprecedentedly heavy rain was observed in the central part of the prefecture
between 31st July and 2nd August, and in Kagoshima City and surrounding areas between 5th and
6th August. These were followed by the passage of Typhoon No. 7 on 9th August and of Typhoon
No. 13, one of the severest since the war, on 3rd September.
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Rain of 1st August

Heavy rain occurred between 31st July and 2nd
August, producing a cumulative rainfall of 636 mm
(25 in) and a maximum hourly rainfall of 104 mm
(4 in) in Mizobe Town in Aira District. This rain
caused slope failure and débris flow at numerous
sites, mainly in the central part of the prefecture.
Over 5,000 houses were inundated to either above
or below the floor level by flood water from rivers
and by water trapped in low-lying areas and failing
to reach the rivers in a number of municipalities
including Yokogawa Town and Kokubu City.
Sediment disasters, including burial and washout of
farm land, were observed around Yoshida Town in
Kagoshima District.

ain of ugust

The heavy rainfall that occurred around
Kagoshima City on 5th and 6th August resulted in
floods on the Kotsuki, Inari and Shin Rivers, which
flow through the city, inundating 12,000 houses over
an area of 500 ha (1,200 acres), as well as disrupting
transportation on trunk roads and railways. A major
subsidence occurred on National Highway Route 3,
which runs along the Kotsuki River, in Koyamada-
cho, Kagoshima City. In the section of Route 10
between Iso in Kagoshima City and Aira Town in
Aira District, where the road runs along Kagoshima
Bay parallel to Japan Railway’s Nippo Line, slope
failure occurred at over 30 sites, including the
débris flow at Ryugamizu, with huge rocks blocking
the roads and stranding nearly 800 cars. As a result
of the disruption of the road and railway networks,
the prefectural capital of Kagoshima was cut off
from the rest of the prefecture.

¢) Typhoon No. 13

Typhoon No. 13, which crossed the mainland
portion of the prefecture on 9th September, was

Figure 4 Rainfall Contours
1st August (Aug. 1, 0:00 hrs. - Aug. 2, 0:00 hrs.)
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accompanied by violent storms with
instantaneous wind speeds in excess of 50 m/s
(164ft/s) and caused much wind-related damage,
including interruption of power supply to
380,000 households within the prefecture. It also produced heavy rainfall, causing an hourly
rainfall of 92 mm (3.6 in) in Makurazaki City and 86 mm (3.4 in) in Kokubu City, and causing
the Meteorological Observatory to issue information on record short-period rainfalls. This rainfall
led to the recurrence of flooding on the Kotsuki and other rivers flowing through Kagoshima
City, as well as inland water inundation along the Kaseda River in Kaseda City.

(Aug. 6, 9:00 hrs. - Aug. 7, 9:00 hrs.)

(2) Conditions of Damage

The succession of concentrated rainfalls caused serious damage in various parts of the prefecture.
The damage may be classified into sediment disasters in the form of slope failure, débris flows and
landslides, especially on the shirasu plateaux whose light soil is easily eroded, and flood disasters in
the form of inundation and scouring. The number of dead and missing persons totalled 121, including
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105 victims of sediment disasters, making this the second worst natural disaster since the war after ®—3 BRBRREMWRABRANHEEKR
that caused by Typhoon Ruth in 1951, when 209 lives were lost. The number of houses partially or (199452870 5% ; 98208 D BE O~ N EERAERIEISE.)
totally destroyed was 35,647, while the number of houses inundated added up to 24,600. The cost of
the damage, excluding general damage, has been estimated at ¥ 300,200 million, which corresponds
to approximately 38% of the original prefectural budget for 1993 (financial). The cost of the 13,285
cases of damage to public works facilities is estimated at ¥ 123,900 million, which is six times the e, (BT ; &)
annual average for the past ten years. Of this total, the cost of the 4,795 cases of damage to river- S 12—78 I~8n 2/5—8/6 LR1S ERI13E i
related facilities is estimated at ¥ 41,700 million. = 5 > = S 35 120
1A 1 é
Table 3 Condition of Damage 5 4 9 12 4 18 1
(Source: Kagoshima Pref. Disaster Measures Headquarters) [ 11:4 10 69 52 10 160 329
- As given in the final report, published on 7th Feb, 1994 s 23 101 113 19 213
- The figures for 20th Sep. landslide in Hiyoshi Town are included
in the figures for Typhoon No. 13.
Human Damage (unit: persons) JR—— (BLET © )
- 6/12;-7/8 731 2-;:x/z 8/5-;-:/6 Typhoo: No.7 Typhoo;sNo. 13 TI(:;] PP oy Y ZRE LRDE m
Missing 1 ! Eig 2 148 299 26 228 730
Serious Injury 4 9 12 4 18 47 o » 108 193 47 206 1,087
i i 0 52 10 160 301
;'gh: iy ;3 ,g? 113 19 213 469 — Rk 153 222 588 988 31,879 33,830
= R EB A 100 1,168 9,378 24 1,382 12,052
RT &K 819 4,763 2,754 329 3,883 12,548
Ei) 1,134 6,409 13,212 1,414 38,078 60,247
FFER
Housing etc. i (unit: houses) AR 1 1 8 51 71
6/12~7/8 7/31~8/2 8/5~86  Typhoon No. 7 Typhoon No. 13 Total FOH 40 181 306 204 3,077 3,808
Housing e 40 182 317 212 3,128 3,879
Totally Destroyed 29 148 299 26 228 - 730 MIEERITLE, LBEOLLEE
Partially Destroyed 33 108 193 47 706 1,087
Partial Damage 153 222 588 988 31,879 33,830
Above-Floor Inundation 100 1,168 9,378 24 1,382 12,052
Below-Floor Inundation 819 4,763 2,754 329 3,883 12,548 EWER RS : (B4 ; FM)
Total 1,134 6,409 13,212 1,414 38,078 60,247 6/12~7/8 31~8/2 8/5~8/6 =1 YAes HAI135 il
Non-Housing 41,605,451 63,950,378 80,176,931 20,244,371 94,208,180 300,185,311
Public Facilities 1 11 8 51 71
Others 40 181 306 204 3,077 3,808
Total 40 182 317 212 3,128 3,879
* Figures given only for cases of total and partial destruction for *“non-housing.”
Costs of Damage ' (unit: ¥ 1,000)
6/12~7/8 731~812 8/5~8/6 TyphoonNo.7  Typhoon No. 13 Total
41,605,451 63,950,378 80,176,931 20,244,371 94,208,180 300,185,311
/ Sl 2)
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Table 4 Sediment Disasters
(Source: Sediment-Control Section, Public Works Department, Kagoshima Prefecture)

6/12~7/8 7/31~82 8/5~8/6 Typhoon Typhoon Total

No. 7 No. 13
Disaster Sites Failure 72 sites 61 sites 181 sites 13 sites 27 sites 354 sites
Débris Flow 3 20 15 1 6 45
Human Damage Failure 9 19 21 3 4 56
Débris Flow 2 2 1 1 6
Structural Damage  Failure 46 58 146 9 20 279
Débris Flow 2 15 13 1 6 37

4. THE KOTSUKI RIVER FLOOD OF 6TH AUGUST AND FLOOD CONTROL
MEASURES

(1) Kotsuki River and History of Flood Control

Approximately 530,000 people, or around 30% of the total population of the prefecture, live in
Kagoshima City, the area within whose municipal boundaries accounts for 3% of the total area of the
prefecture. It has been a place of importance since the local feudal lords, the Shimazu family, took up
residence here in 1341, and was made the prefectural capital when the old feudal fiefs were abolished
and modem prefectures were established soon after the Meiji Restoration of 1868. ‘

The Kotsuki River, which flows through the built-up areas of Kagoshima City, rises on the slopes
of Mt. Yae (676 m: 2,217 ft) in Koriyama Town, Hioki District, and is an “urban” river with a
catchment area of 107.9 km? (42 square miles) and a channel length of 25 km. (16 miles).

The river used, in the old days, to take a more northerly course within the urban area than it does
today, but has gradually moved south with the repeated occurrence of floods, to which it was made
prone by its large peak flood discharge, attributable in turn to topographical and meteorological
factors.

Improvement work on the river began around 1840, when Iwanaga Sangoro, a stonemason from
the neighbouring province of Higo (today’s Kumamoto Prefecture), was invited to take charge of a
series of large-scale engineering projects including standardisation of the width of the river,
construction of revetments and dredging of the riverbed. The basic policy for these projects was to
keep the revetments on the right bank lower than on the left, so as to divert the flood water to the
farm land on the right bank and protect the samurai residences on the left bank.

Although he took part in a large number of projects, as an expert in the construction of stone
weirs and bridges, Sangoro is responsible in particular for the construction of five stone bridges, built
between 1845 and 1849. These bridges, each with four or more arches, were all in use until last year.
Of the five, Nishida Bridge, which is situated at the entrance to the old township area, has been
designated a prefectural cultural asset, and the others too are of great cultural value, as well as being
the pride of the citizens of Kagoshima. Special features of these bridges include the following. 1)
Shinkan Bridge, the second of the five from the upstream end, has been provided with a trapezial
structure, with sloping masonry on its sides, to ensure its stability against floods. The lower parts of
this bridge function as a submerged weir to divert water to the retarding basin on the right bank. 2)
All the bridges have been provided with creasings to facilitate passage of river water, with special
considerations over their shapes on each bridge. 3) Stones have been laid on the riverbed around the
bridges to prevent scouring of their foundations and to act as groundsills. 4) The foundations are
extremely simple and consist of ashlars placed on ladder-shaped cribs. The penetration depth at
Tamae Bridge is only 1.2 m: 3.9 ft. 5) The arches are flexible and are capable of bearing the weight of
modem vehicular traffic. 6) For strategic reasons, the five bridges scattered over a 4 km (2.5 miles)
section are positioned out of sight of each other.
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Figure 6  Kotsuki River: Positions of the Historic Stone Bridges and Area
Inundated by the August 6th Flood

Table 5 Historic Stone Bridges on Kotsuki River

Distance from Name of Length (m) Width (m) Arches Year of Road

River Mouth Bridge Erection Classification

1/350 Takenohashi  71.0 5.54 Five 1848 ) Municipal
Bridge

2/000 Korai Bridge 55.0 5.45 Four 1847 Municipal

2/800 Nishida 49.6 6.3 Four 1846 Prefectural
Bridge

3/300 Shinkan 46.8 5.0 Four 1845 Municipal
Bridge

5/350 Tamae Bridge 51.0 4.7 Four 1849 Municipz-il

While floods occurred on the Kotsuki River on several occasions subsequently, no radical
measures were taken for channel improvement until the 1960’s, which saw a rapid expansion of the
urban area. It was the flood of 1969 which prompted the implementation of serious improvement
work, with work commencing on the tributaries in 1971 and on the main channel in 1981.

Under the flood control plan for the Kotsuki River adopted in 1971, the project flood discharge
used for planning purposes was set at 1,000 m%/s (35,300 ft*/s), which corresponds to the 100-year
flood discharge. At present, however, the river has a discharge capacity of only 300 m%s (10,590
ft¥/s). Since it was virtually impossible to widen the channel along the urbanised sections of the river,
the basic policy adopted was to lower the riverbed as much as possible by dredging to raise the
discharge capacity to 700 m%s (24710 ft¥/s), while retaining the remaining 300 m%/s (10,590 ft¥/s) in
the upstream dams and retarding basins.

The dredging of the riverbed, however, would necessitate the transfer of the five stone bridges.
Although a proposal was made for transferring and preserving the bridges at new sites, no agreement
could be reached between those calling for the preservation of the bridges at the original sites and
those supporting their transfer in the ensuing debate, where considerations had also to be made over
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urban traffic measures. This situation led to the adoption of a provisional plan, under whic_:h work was
to begin aiming at raising the discharge capacity to 400 m¥s (14,120 ft¥/s), and investigations were to
be conducted at the same time in search of a way of raising the level of safety against floods while

leaving the bridges in position.

It was under such circumstances that the flood of 1993 occurred with its serious consequences.
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(2) Causes of Flood

Especially heavy rain was observed in the area between the northern part of Kagoshima City and
Koriyama Town to the northwest during the spell of concentrated rainfall, which came to be named the
“1993.8.6 Rain,” causing a one-day rainfall of 384 mm (15 in) at the municipal office in Koriyama Town
and 251 mm (10 in) at the Kagoshima Local Meteorological Observatory. Besides the exceptional scale of
the overall rainfall, one should also note the brevity of the time within which it was concentrated, as
testified by the maximum hourly rainfall of 99.5 mm (3.7 in) recorded at the municipal office in Koriyama
Town between 18:00 and 19:00 hours. This unprecedentedly heavy rainfall concentrated within a short

period of time led to a rapid rise in the water level on
the Kotsuki River, resulting in turn in serious
inundation damage in the urban area along a 12 km
(7.5 miles) section in the downstream area. Above-
floor inundation of housing, together with damage to
waterworks and washout of bridges, resulted in the
disruption of transportation, power, communication,
water and other lifeline facilities, and brought about
disasters on a scale never experienced before and a
major disturbance of citizen life. The flood water also
washed away Shinkan and Takenohashi Bridges,
among the historic stone bridges mentioned earlier.

In the surveys and analyses of the rainfall,
inundation water levels and inundated areas conducted
by the prefectural government, the flood discharge on
the Kotsuki River has been estimated at 700 m%/s
(24,710 ft%/s), which is well in excess of the discharge
capacity of the river. This was compounded by the
large quantities of sediments and other floating objects
generated by slope failures in upstream areas, which
were caught in the bridges, especially the stone bridges
with their short spans, and further raised the water
level. The result of all this was the major flood
disaster, with an inundated area of 424 ha (1,017
acres) and 11,586 inundated houses.
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(3) Future Flood Control Measures

As has been mentioned above, work had been under way on the Kotsuki River, aiming at the
provisional target of raising the discharge capacity to 400 m*s (14,124 ft¥/s). In the wake of the major
flood disaster of 1993, however, it was decided that a radical improvement of river channel should be
implemented over a period of five years. The improvement work on the downstream section of the
river, for 9.4 km (6 miles) from the mouth of the river, is to be implemented as a “special emergency
project for measures against serious river disasters,” subsidised by the national government, while the
work on the section upstream of this (5.0 km: 3 miles) is to be implemented as a combination of
“subsidised disaster rehabilitation projects” and projects sponsored by the prefectural government
alone. A total budget of ¥ 30 billion has been allocated for the purpose.

The work envisaged under the “special emergency project” include lowering of the riverbed level
by 2 m (6.6 ft), construction and improvement of revetments and replacement of 16 bridges, including
the five stone bridges, as well as widening of the channel in certain sections. This plan has been
adopted as the most effective and efficient means of raising the level of safety and so preventing the
recurrence of disasters on the basis of investigations conducted over a long period of time. While all
possible approaches were considered for the preservation of the historic bridges in their original sites, it
has been decided that they would have to be transferred to different sites, in view of the fact that they
were partially responsible for the disasters on this occasion and in view of the risks of the remaining
bridges being washed away in the event of flood in future, as well for the reasons discussed below.

Among the alternative plans considered was the plan to retain a greater portion of the flood
discharge in upstream dams and retarding basins. The lack of suitable sites, however, due to
topographical factors and conditions of land use, together with the problems encountered in
constructing dams and reservoirs on the porous shirasu soil, meant that one could only reduce the flood
discharge by around 100 m%s (3,531 ft¥s) by such means. There was also a plan for the construction of
a floodway. The construction, however, of an open channel through the built-up area would be
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Figure 12 Kotsuki River Improvement Plan
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Subsidised Disaster Rehabilitation Project Section: 5.0 km (3 miles)

impossible, and a huge budget of approximately ¥ 57 billion would be required for the construction of a
tunnel with a discharge capacity of 300 m¥s (10,593 ft¥s), equal to the present discharge capacity of
the Kotsuki River, over the proposed 7 km (4 miles) route starting in a mid-stream section. A further
consideration was the fact that the construction of dams and retarding basins or a floodway would
require a long period of time for surveys and design, as well as land acquisition and actual
implementation, making these alternatives unsuitable as emergency measures for radical improvement.

Among the plans considered for raising the level of safety while keeping the stone bridges in
position was the plan to add to the length of the bridge piers as the excavation of the riverbed
progressed. Even if this were technically possible, however, the small spans between the bridge piers
meant that one could not prevent the presence of the bridges resulting in a rise in the water level and
that one could not ensure the safety of the bridges themselves. A further plan was to construct
underground diversion channels under the park areas on either side of the bridges. The hydraulic
model tests conducted over a period of three years starting in 1981 indicated that complex flow
patterns would result around the diversion channels and that there would be serious problems over
sedimentation during floods and over scouring of the riverbed.

Other plans, such as facilities for rain water storage and diversion channels and floodways other
than those mentioned above, were all found to be problematic in terms of their quantitative impact
and the time and financial resources required.

It was on the basis of such considerations as those just outlined that the prefectural government
came to the conclusion that the excavation and lowering of the riverbed was the only viable approach
as an emergency restoration plan that would ensure a radical improvement of the situation. In
implementing this plan, measures will be taken for the protection and enhancement of the natural
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environment, with considerations for the animals and plants inhabiting the river, which together with
the landscaping work already under way will ensure the creation of a peaceful and pleasant, as well as

safe, river environment.

In the long-run, one will also have to draw up plans for the achievement of a discharge/retention
capacity corresponding to the basic flood discharge of 1,000 m¥s (35,314 ft¥s). This will involve
investigations on the construction of dams, retarding basins and floodways. It will also involve
investigations on measures for reducing the runoff through the construction, for example, of rain
water storage facilities in accordance with the concept of “integrated flood control,” which considers
the hydrological system of the whole river basin as an integrated unit. A part of this approach already
in effect is the mandatory construction of regulating reservoirs when carrying out large-scale
development work. We hope in future to see a further promotion of “integrated flood control” with
the prefectural and municipal governments, as well as other public and private bodies playing their
parts and working in cooperation with each other.

5. CONCLUSION

The concentrated rains and typhoons of 1993 caused large-scale river-related disasters over a
wide area of Kagoshima Prefecture. In response to these disasters, we at the prefectural government
have adopted a comprehensive approach to the implementation of flood control measures. This
involves, firstly, the promotion of the emergency restoration measures at the disaster sites, as well as
the more permanent measures aimed at a radical improvement of the situation, which are
implemented with the support and under the guidance of those concerned in the national government
and other relevant organisations. It also involves measures relating to what might be called the
“software,” such as the creation of computerised systems for the collection and transmission of river-
related information.

The geological conditions in Kagoshima Prefecture with its loose shirasu soil make it an area
especially prone to sediment disasters, while the majority of the rivers administered by the prefectural
government are short, steep rivers, liable to rapid rises in the water level in the event of heavy rain.
While much effort has been devoted for these reasons to measures for disaster prevention by the
prefectural government, the disasters of 1993 have led to a renewal of the awareness on the part of the
residents concerning the importance of flood control and much interest is being shown today in flood
control by those in various sectors.

We hope in future to continue with our work of further improving the conditions of our rivers
with the aim of ensuring the safety of the people and properties in Kagoshima.
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REVIEW OF 1993 MIDWESTERN FLOOD
AND DISCUSSION OF FLOOD CONTROL PLANS
- MISSISSIPPI RIVER

JAMES R. TUTILE

U.S. Army Corps of Engineers
Mississippi River Commission | Lower Mississippi Valley Division

INTRODUCTION

Floods are not uncommon yet there are on rare occasions, very uncommon floods. The
Midwestern Flood of 1993 will certainly be remembered as a very uncommon event. It was a
catastrophic flood that caused widespread property damage and human suffering. Six midwestern
states (Minnesota,Jowa, Illinois, Kansas, Nebraska, and Missouri) experienced severe problems from
the extreme rainfall and resulting flooding. The states of Missouri, Iowa, and Illinois suffered the
greatest from the floodwaters. Numerous locations along the Mississippi, Missouri, and Illinois
Rivers and other lesser rivers and streams experienced water levels much above any levels recorded
in past history. At St. Louis, Missouri, the water level of the Mississippi River exceeded the previous
record level experienced in 1973 by almost two meters (6.3 feet). This level at St. Louis was almost 6
meters (20 feet) above the previous highest river level on record for the month of August, normally a
month that experiences low water levels. At this same location river levels equaled or exceeded the
official flood level of 9.1 meters (30 feet) for 146 days, almost one-third of the calendar year. The
rampaging flood waters overtopped levees, (private, non-Federal and Federal), damaged
transportation arteries, halted navigation, disrupted water supplies, inundated millions of acres of
croplands, flooded entire towns, and caused a number of fatalities. It was one of the greatest floods in
recorded history in the middle area of the United States and an event that will be remembered for
decades to come.

DESCRIPTION OF THE MISSISSIPPI RIVER BASIN

The drainage basin of the Mississippi River is the third largest in the world, exceed in size only
by the basins of the Amazon and Congo Rivers. It collects runoff from 41 percent of the 48
contiguous states of the United State. The basin is more than 3 million square kilometers (1,245,000
square miles) and includes all or parts of thirty-one (31) states and two Canadian provinces. It is
shaped similar to a funnel with the wide part of the funnel extending as far east as New York and as
far west as Montana. The smaller, spout part of the funnel passes through the state of Louisiana to the
Gulf of Mexico.

The Mississippi River begins from Lake Itasca in northem Minnesota and flows in a generally
southerly direction for about 3,890 kilometers (2,430 miles) into the Guif of Mexico. The Missouri
River a major tributary to the Mississippi, enters just north of St. Louis, Missouri. About 288
kilometers (180 miles) south of St. Louis, the Ohio River enters the Mississippi River. A small but
historic town, Cairo, Illinois, is located where the Ohio joins the Mississippi. This tributary is
significant because it is generally the largest contributor of flow to the Mississippi River. Further
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south, the Arkansas and White Rivers, the last major tributary basins, join the Mississippi. The point
at which these tributaries join is located about 208 kilometers (130 miles) south of Memphis,
Tennessee, or about 960 kilometers (600 miles) upstream from the Gulf of Mexico. At a point about
480 kilometers (300 miles) upstream from the Gulf of Mexico a part of the Mississippi River flow

leaves the Mississippi and enters the Atchafalaya River and thence to the Gulf of Mexico.

HYDROLOGY OF THE MISSISSIPPI RIVER BASIN

A major portion of the Mississippi River Basin lies in a sub-humid region. However, two major
tributaries, the Missouri and the Arkansas Rivers extend into a semi-arid region. The normal monthly
precipitation for the entire basins varies from 4.25 centimeters (1.7 inches) in February to 9.5
centimeters (3.8 inches) in June. The normal annual rainfall over the basin is 77 centimeters (30.8
inches) and varies according to location from 54.5 centimeters (21.8 inches) over the Missouri Basin
to 121.25 centimeters (48.5 inches) over the Lower Mississippi.

The average annual runoff volume from the entire basin is 58 million hectares-meter (volume
equivalent to 58 million hectares covered to a depth of 1 meter) and expressed in average depth
uniformly over the entire drainage basin is 17.8 centimeters (7.1 inches). The minimum, average, and
maximum monthly and annual runoff from the basin is as follows.

Month Runoff in Centimeters Runoff in Cubic Meters/Second

Minimum Average Maximum  Minimum  Average Maximum

January 35 1.5 3.0 4457 18657 37,17
February 45 1.7 4.0 6371 23714 54,943
March 97 2.2 3.9 12343 27,600 49,086
April 12 2.4 45 15943 31,571 58,886
May 1.0 2.4 5.1 12,657 30343 63,514
June 65 1.9 4.0 8,486 24314 51,943
July 45 1.5 3.0 5543 18886 37,629
August 25 92 2.0 3,114 11,429 24914
September 25 67 1.9 3,200 8829 25229
October 27 67 1.8 3,343 8,457 22,657
November 22 70 1.9 3,000 9,143 24,657
December 30 1.0 2.4 3567 12,886 29,600
Annual 9.25 1775 29.75 9,743 18771 31,600

The maximum annual flow of record for the Lower Mississippi River occurred in 1927, the
minimum annual flow occurred in 1934. Average monthly runoff data from the table above shows
that the highest runoff months are normally April and May and the lowest runoff months are
September and October.

The contribution of the mean monthly flows to the Mississippi River from the three major

tributaries,another important parameter, are shown in the following table and are expressed in percent
of the total flow at key stations on the Mississippi River.
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Month Contributions in Percent of Mean Flow to Mississippi River

Missouri at St, Louis Ohio at Cairo Arkansas and White at
Arkansas City

0)) 2 3
January 35 76 13
February 37 73 12
March 39 66 12
April 40 57 14
May 40 48 16
June 51 37 17
July 52 34 11
August 47 38 11
September 48 36 12
October 40 36 17
November 39 47 15
December 36 65 13
Annual 44 54 14

(1) This column shows percent of the total Mississippi River flow at St. Louis,
Missouri, that is contributed by the Missouri River.

(2) This column shows percent of the total Mississippi River flow at Cairo, Illinois,
that is contributed by the Ohio River.

(3) This column shows percent of the total Mississippi River flow at Arkansas City,
Arkansas, that is contributed by the Arkansas and White River.

Based on long term annual data, the Ohio River, which enters the Mississippi River at Cairo,
INlinois, is the major contributor of flow to the Mississippi River. This is particularly true for the
winter and early spring months. In late spring and summer the Missouri River is the major contributor
at St. Louis, Missouri. Snowmelt from the upper midwest and the front range of the Rocky Mountains
is the primary reason for maximum percent contribution (52 percent) in July. Later discussions will
highlight the fact that the Ohio River tributary was a very small contributor during the Midwestern
Flood of 1993.

MISSISSIPPI RIVER BASIN METEOROLOGY

Storms that produce floods on the lower Mississippi River occur chiefly during January,
February, March, and April, and to a lesser extent, in May and June and in general cover large areas.
These storms are normally associated with the southward invasion of cold air masses from Canada
colliding with warm moist air masses moving north from the Gulf of Mexico. Major floods are
usually the result of series of storms over a relative short period of two or three weeks or possibly a
month or more. Major flooding from a single storm system is not normal. Also, because of the size of
the Mississippi River Basin, floods can occur in parts of the basin but not cause a major flood on all
of the Mississippi. On occasions, major snowmelt in association with a major rainfall event can cause
rapid development of a major flood, particularly along the upper Mississippi and the Missouri Rivers.
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High Mississippi River water levels in June at St. Louis, Missouri, are common and primarily the
result of snowmelt. Flooding in August and September, such as occurred in 1993 is very, very
uncommon. The normal concem in these two months is very low river levels which impact the
navigation industry and occasionally water supplies.

PHYSICAL FEATURES OF THE MISSISSIPPI RIVER

As indicated previously the length of the Mississippi River is 3,890 kilometers. Water surface
slopes along the river range from 0.4 meters per kilometer (2.0 feet per mile) in the upper reaches to
0.04 meters per kilometer (0.2 feet per mile) on the lower reaches around New Orleans, Louisiana
The average width of the river on the Upper Mississippi is 1 to 2 kilometers. Average widths on the
Lower Mississippi River vary from 2 to 6 kilometers. Average depths with water at bankfull range
from 13 meters along the Upper Mississippi near St. Louis, Missouri, to 20 plus meters along the
Lower Mississippi near Vicksburg, Mississippi.

GEOGRAPHICAL AREA OF FLOODING, FLOOD OF 1993

First it is necessary to describe the geographical boundaries of the great flood because only a part
of the Mississippi River Basin experienced severe flooding and damage. The area of the flood as
previously indicated impacted six states in the midwest. These states were Minnesota, lowa, Illinois,
Kansas, Nebraska, and Missouri. Along the Mississippi River the flooding extended from
Minneapolis/St. Paul, Minnesota, in the upstream to Cairo, Illinois in the downstream. From Cairo,
Illinois to the Gulf of Mexico, a distance of 1,590 kilometers the Mississippi River did not experience
severe flooding because the river channel is much larger and could convey the flow without flooding.
For example, the size of the river channel at Vicksburg, Mississippi (728 kilometers upstream from
the Gulf of Mexico) is 3 times greater than the size of the river channel at St.Louis, Missouri. In
addition to the Mississippi River, severe flooding was experienced along the Missouri River from the
point it enters the Mississippi near St. Louis, upstream beyond Kansas City, Missouri. Flooding also
extended over 80 kilometers (50 miles) from the Mississippi River upstream along the Illinois River.

ANTECEDENT CONDITIONS

The Flood of 1993 was produced by extraordinary rains in June and July, however antecedent
conditions were important in causing ground moisture levels to be abnormally high at the beginning
of this excessive rainfall period. This abnormally high ground moisture levels set up conditions where
runoff from the June-July storms was practically 100 percent. Almost all rainfall that occurred
became flow in the numerous streams and rivers feeding into the major tributaries that ultimately feed
the Mississippi River. A very unusual condition.

Antecedent conditions began with a wetter than normal November in 1992 and continued through
May supplemented by snowfall events throughout the winter. While none of the months from
November to May were unusually heavy relative to rainfall or snow, events occurred frequently
enough to keep ground moisture levels high and flow in streams and river at or slightly above normal.
For example, at St. Lois, Missouri, average monthly flows in the Mississippi River were above the
long term average monthly flow in every month from January, 1992 to May, an indication of above
average rainfall and or snow.
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In June the massive deluge of rainfall began and continued through the month of July and into
August. With ground conditions totally saturated, an extremely high rate of runoff occurred. The most
dramatic rainfall amounts occurred in central Iowa where some rain gauges recorded as much as 96
centimeters (38.4 inches) from June through August. Accumulated amounts of 45 to 60 centimeters
(18 to 24 inches) covered most of the states of Kansas, Missouri, and Iowa, as well as parts of
Minnesota, Illinois, Nebraska, and Michigan during this period. The accumulation of such dramatic
numbers resulted from the continuous passage of intense storms separated by periods of 3 to 5 days
of no rain to light to moderate rain. At some rainfall measuring stations, totals for the three months
were between 300 and 400 percent of normal. Rainfall records dating back to 1895 show that 1993
was the wettest year in Iowa and Illinois, the seventh-wettest in Minnesota and the fourth-wettest in
Missouri.

RUNOFF CONDITIONS

Stream flows in the region affected by the great flood were at or above long term average flows
for almost all of 1993 prior to the beginning of the flood in July, indicating the very wet antecedent
conditions. The following table illustrates the above average monthly flows at St. Louis, Missouri:

Location: St. Louis, Missouri

1993 Long- Term Percent Above
Monthly Flows Monthly Flows Long-Term Average
(Cubic Meters/Second)  (Cubic Meters/Second)
January 7,657 3,400 225
February 5,743 4,143 139
March 10,200 6,828 149
April 15,743 9,200 171
May 15,886 8,314 191
June 12,971 7,457 174
July 24,057 6,543 368
August 20,200 4,343 465
September 16,200 4,228 383
October 11,428 4,200 272
November 7,828 4,257 184
December 5,800 3,714 156

Historical river level records were exceeded at numerous locations along the Mississippi River,
Missouri River, and numerous minor rivers and streams that are tributaries to the Mississippi or
Missouri Rivers. Within the geographical area most affected by the flood almost all previous record
high river levels were exceeded and at many locations exceed by as much as a meter or greater.
Locations along the Mississippi River downstream from the great flood did not experience significant
flooding. The following table provides river level data at key locations:
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1993 Greatest Previous

River Station Name River Level River Level
(in meters) (in meters)

Missouri Kansas City, MO 14.8 14.0 (1951)
Herman, MO 11.2 10.8 (1986)

Mississippi St. Louis, MO 15.0 13.1 (1973)
Cairo, IL 139 18.0 (1937)

Vicksburg, MS 11.8 16.1 (1937)

New Orleans, LA 3.8 6.5 (1922)

NOTE: River level is expressed as stage in meters. Stage readings are not
referenced to river bottom. A reading of 15 meters does not mean
the river is 15 meters. Stage is a reference number and must be
applied to the elevation established for the zero point on the gage in
order to establish the elevation of the water level.

DURATION AND TIME OF YEAR

Flooding was unusual not only in magnitude but also in duration and time of year in which the
flood crest occurred. Along the Mississippi, the duration of river level at or above the elevation at
which damage begins ranged from 146 days to 187 days, or about 25 percent of the calendar year. At
St. Louis the water level was 5.9 meters (19.6 feet) above the begin damage level when the river
crested on 1 August. At a level 3.0 meters (10 feet) above the begin damage level the duration was 38
continuous days. In the previous 130 years, the river had reached and/or exceeded this level for only
12 days total over that period.

As for the time of year, July and August, it was disastrous for the agricuitural communities in that
crops were nearing maturity and the majority within the floodplains of the Mississippi and Missouri
Rivers were totally destroyed with no opportunity to prepare another crop in 1993 due to lateness of
season.

PEAK FLOWS

It is estimated that more than 200 stream gaging stations in the geographic area equaled or
exceeded a 10 percent flood (a 10 percent flood is a flood that has a ten percent probability of
occurring in any given year). At many gaging stations the maximum flow measured was greater than
the known maximum flow. At more than 50 gaging stations the maximum flow equaled or exceeded
the 1 percent flood (a flood having a one percent chance of occurring in any given year, or another
terminology is a flood having a 100-year recurrence interval). At St.Louis the maximum discharge
was equivalent to a flood having a 0.6 percent chance of happening in any given year (a flood having
a recurrence interval of 175 years). The frequency of the maximum flow experienced at some stations
upstream of St. Louis was reported to be near a 0.2 percent probability of occurrence in any given
year (500-year recurrence interval). Downstream of the flooded area at Vicksburg, Mississippi, the
highest level of the Mississippi in August was 1 meter below the level at which flood damage begins
and therefore not considered a flood at ail.
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FLOOD CONTROL RESERVOIRS

Flood control reservoirs upstream of St. Louis stored enough flood runoff to reduce water levels
in the Mississippi by 1 to 1.5 meters. The most significant reservoirs in this event were Coralville,
Red Rock, and Salyorville located in lowa, Mark Twain Lake and Harry S. Truman located in
Missouri, Tuttle Creek Lake located in Kansas, and several large reservoirs working as a system in
the upper Missouri River watershed.

FLOOD DAMAGE

Damages from the flood were staggering. It should be noted that activities are still ongoing to
categorize and verify the extent of damages in all areas affected. However, the estimates being used at
this date should be viable.

AGRICULTURE

As to agricultural damages, it is estimated that 4 million hectares of farmland with crops were
flooded in nine midwestern states. This equates to an area larger than the size of some of our east
coast states such as New Hampshire, Vermont, New Jersey, etc. About half of the total crop damages
was in Iowa and Missouri and is estimated nearly $5 billion. The flood occurred in July and August,
therefore many of the crops were as much as 50 percent mature, particularly corn. Also, due to the
lateness in the growing season there was little potential for recouping losses by planting a late crop.
It is also noted that farm homes, utility buildings and equipment were destroyed or heavily damaged
and lands located adjacent to rivers and streams, particularly the Mississippi and Missouri Rivers in
many instances experienced significant deposition of sand, driftwood, trees and other debris.
Deposition of sand on agricultural lands is very damaging and depending on depth of deposition can
render the land useless for crops. :

HOMES AND BUSINESSES

The great Midwest Flood of 1993 will be remembered and used as a reference for many years to
come. During the course of this great flood, 47 people died, as many as 55,000 homes were damaged
or destroyed and 75,000 or more people were forced to evacuate their homes. Many homes were
virtually destroyed in minutes by strong currents as flood waters overtopped and crevassed levees.
Other homes, after weeks of inundation, had to be completely torn down and rebuilt or abandoned.
Large metropolitan areas such as Kansas City, Missouri, and St. Louis, Missouri, were protected by
flood walls designed to withstand floods even greater than the 1993 Flood, therefore sparing these
highly populated areas. Had either of these metropolitan areas lost its protection and been subjected
to flooding, the magnitude of the statistics would have soared. Also, there were many heroic efforts of
sandbag levees built by locals and volunteers that ultimately provided protection to thousands of
homes and businesses. Many small communities and towns located along the riverbanks without
levee or floodwall protection were partially or almost totally inundated and the inundation lasted for
weeks. The numbers for businesses is estimated at between 5,000 and 6,000 partially damaged or
completely destroyed.

Review of 1993 Midwestern Flood and Discussion of Flood Control Plans
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TRANSPORTATION

Transportation both domestic and commercial was disrupted along and near the Mississippi and
Missouri Rivers. Highway utilization was interrupted due to inundation as well as loss of bridges.
Rail transportation was affected in a similar manner. Navigation on the Mississippi River was halted
from six to eight weeks from early July through early August. Navigation losses due to suspended
traffic movements were estimated to be in excess of $100 million.

TOTAL ESTIMATED DAMAGES

The total damages resulting from the flood were estimated to be between $12 billion and $16
billion. This doesn’t account for the value of the 47 lives lost nor the human suffering, mentally and
physically, that came from losing much of what people had worked all their adult lives to attain. A
small town located on the floodplain of the Mississippi in one of the areas protected by an earthen
levee which was ultimately overtopped was completely inundated for a long period of time.
Residents of that small town and town officials made a decision to abandon the site and rebuilt the
town on higher ground less vulnerable to future flooding.

CONCEPTS FOR FUTURE FLOOD CONTROL PLANS

First it is necessary to contrast the significant difference between existing flood control plans and
features between the two regions, Lower Mississippi and Upper Mississippi. The Lower Mississippi
is characterized by a larger channel capacity and a very wide, fertile, floodplain varying in width
from 42 to 135 kilometers. This floodplain is heavily agricultural and there are a number of small to
large size towns and cities. The metropolitan area of New Orleans, LA being the largest of the cities
with more than a million inhabitants. Large investments in industry are also present in southeast
Louisiana from Baton Rouge, LA to the Gulf of Mexico. This Lower Mississippi region is protected
by a comprehensive systematic Mississippi River and Tributaries project. The project commonly
referred to as the MR&T Flood Control Project is composed of levees, floodwalls, floodways,
channel stabilization, ad tributary improvements. It is designed to protect against a hypothetical flood
defined as follows, “the maximum flood that has a reasonable probability of occurrence.” The project
design flood is 20-25 percent greater than any flood that has occurred along the lower river and was
developed by the Hydrological Analysis Branch of the National Weather Service in the middle
1950’s. This hypothetical flood has been reviewed for appropriateness at least twice since it was
developed. In each instance it was judged to be valid without modifications. The Great Flood of 1927
which devastated the Lower Mississippi River with more than 200 fatalities was the event that raised
Federal concen and the MR&T project was designed to “prevent a disaster of that magnitude from
ever happening again.”

By contrast, development of flood control features along the Upper Mississippi has been much
less systematic. There is not a single project design flood to which all flood control features are
designed to protect against. Existing levees and floodwalls have been designed and constructed
somewhat independently. Three types of levees are present: Federally constructed; non-Federal units
constructed and maintained by Levee and Drainage Districts; and privately constructed units. Federal
levees normally provide protection against floods having a 2 to 5 percent probability of occurrence
(20 to 50-year recurrence interval) and are agricultural related. Non-Federal and private levees are
lower in height and therefore provide protection for smaller floods. Levees and floodwalls protecting
major towns or cities are Federally constructed and protect against major floods that have a 1.0 to 0.2
percent probability of occurrence (100 to 500-year recurrence interval).
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Why is there such a contrast between the Lower Mississippi and the Upper Mississippi in regard
to approach? First, there are no readily identifiable hard and clear factors that dictate one region
should be different from the other region other than geography and population densities i.n respect to
floodplains. As stated previously, the Lower Mississippi over centuries of meandering activity
developed a rich, fertile floodplain varying in width from 42 to 135 kilometers in width. Within this
floodplain lies a major network of state and interstate arteries for transportation, numerous towns and
cities, and large complexes of industries. By contrast, the floodplains of the Upper Mississippi are
much narrower ranging from 2 kilometers up to a few locations of close to 15 kilometers. The
average width is about 5 kilometers. Development of these floodplains for agricultural activities has
been slower compared to the early growth of agricultural activities in the Lower Mississippi Valley.
While major floods have occurred along the Upper Mississippi, historically the attention paid to these
past events was relatively small compared to the attention received in 1993. In contrast, the
devastating Flood of 1927 in the Lower Mississippi Valley raised significant national attention and
fostered national interest in flood control. That appears to have been a significant factor in the
formulation and passage of the 1928 Flood Control Act which authorized the MR&T Flood Control
Project. It remains to be seen whether the significant attention to the Upper Mississippi River in 1993
will foster future legislative movements to develop a systematic comprehensive flood plan or plans
for the Upper Mississippi River region.

PERFORMANCE OF FLOOD CONTROL WORKS IN 1993

Flood control features within the area of flooding, Upper Mississippi and Lower Missouri Rivers
are primarily earthen levees, floodwalls and reservoirs. All private and non-Federal levees were
overtopped early in the flood. Federal levees performed well although many were overcome by the
sheer magnitude of the flood. In all cases the Federal levees (levees designed and constructed at
Federal expense) withstood the flood to and above the level for which they were designed. The
normal criteria at the time these levees were constructed was to design for a design flood elevation
and add 2 to 3 feet additional height for freeboard. For many of the levees flood fighting activities
increased the height of levees by adding sandbags, stone, etc. as temporary protection. Some of the
levees that were overcome by the flood held until the flood waters reached levels equivalent to the
elevation of temporary works.

FUTURE FLOOD CONTROL PLANS

The major emphasis following the 1 August crest of the flood was the development of recovery
plans. It was recognized that river levels would not recede below the top bank of the river until
September or later which did not allow a very long reconstruction period before winter would arrive
and construction activities likely shut down. Without some degree of repair to damaged levees before
winter, many people and millions of hectares would be subject to repeat flooding in the spring of
1994. Therefore, initial plans were to make temporary repairs to major levees as soon as possible and
hopefully prior to winter. Fortunately, the 1993-94 winter was not overly severe and in fact did not
greatly interfere with construction. This good fortune allowed temporary repairs, capable of providing
protection for a flood having a 10 percent probability of occurrence, to almost all Federal and some
non-Federal levees.

From a planning point of view, several efforts are ongoing. The most significant effort underway
is a comprehensive floodplain management study which is being prepared for Congress. This effort
will review the history of floodplain development, examine present policies and guidance relative to
existing flood control features and discuss approaches that should be taken in the future to better
accommodate future major floods.
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During the course of the flood, significant debate occurred on the issue of the magnitude of
impact from existing levees on flood levels. The concern being that levees constrict the floodplain
thereby causing floods to be higher than they would be if no levees existed. This in fact is true but the
magnitude of effect is debateable. There were advocates for adoption of a plan to purchase lands in
the floodplain from willing sellers and convert these lands back to its natural state. Some monies
were appropriated for this purpose and some transactions were made, however this is not considered a
major Federal program or Federal policy, at least not at this time.

It should be noted that the Upper Mississippi River is an extensive and high profile environment
resource, with highly active public interest groups. This factor has to be considered in any future
flood control plans. At the time of inception of the MR&T Flood Control Project in 1928,
environmental consideration was not a significant factor. Today environmental considerations are
very important particularly in the Upper Mississippi. Future planning relative to modified or revised
flood control features will include consideration of environmental resources.

MOVEMENTS FOR REVISION OF FLOOD CONTROL PLANS

As implied earlier, currently there is not a systematic, coordinated plan or plans for flood control
or integrated floodplain management along the Upper Mississippi River. The existing flood control
features are characterized as a hodgepodge, with segmented systems. Considering this, what are the
opportunities and possibilities of future movements for modification, revision, or additions of flood
control plans?

First, geography of the land and narrow widths of the floodplains do not offer a large number of
alternatives to consider relative to a systematic coordinated flood control plan. However, this great
Midwestern Flood of 1993 has focused attention on the region and the human suffering caused.
Potential improvements, modifications will surely be discussed and studied for some time to come.
Some items that have a potential for future discussion include: optimum level of protection for
agricultural lands, more emphasis on potential floodplain zoning regulations; potential for additional
buyouts from willing sellers of floodplain farmlands; and potential for development of more
coordinated comprehensive water resource management policies involving Federal, state, and local
agencies and organizations.
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"December Floods of 1993 in the Rhein River Basin"
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THE DECEMBER FLOOD OF 1993
IN THE RIVER RHINE BASIN

DR.-ing. Karl-Heinz Rother
Ministry of Environment Rhineland-Palatinate, Mainz

1 INTRODUCTION

River Rhine springs from the high mountain region of the Alps in Switzerland. Also Austria,
France, Germany, Luxemburg, Belgium, and the Netherlands have their shares in its catchment area
of 190,000 km?, before the Rhine flows after 1,300 km into the North Sea near Rotterdam. Its major
tributaries are River Aare (with a basin of 17,000 km?), River Neckar (14,000 km?), River Main
(27,000 km?), and River Moselle (28,000 km?).

Over a distance of 900 km River Rhine crosses the Federal Republic of Germany with a general
direction from South to North. The extreme flood event, that occurred in December 1993, hit mainly
the Land of Rhineland-Palatinate in the German South-West, with most severe consequences on
Rivers Nahe, Saar, Moselle, and on the Middle Rhine between the towns of Mainz and Cologne.
Rhineland-Palatinate covers an area of 20,000 km? and has some 3.6 million inhabitants. The whole
Federal Republic of Germany has 360,000 km? and 80 million inhabitants.

Being a federation of states, called Linder, Germany has shared responsibilities in its
administrational structure. In the case of water resources management, including flood protection,
responsibility is vested with the Liander. In the Land Rhineland-Palatinate, River Rhine stretches over
300 km and River Moselle 250 km. Because of the hilly character of the country, the river valleys are
the preferred axes of settlement and communication.

Besides the wide Upper Rhine Graben with 300 km in length and 30 km to 40 km in width,
narrow river valleys prevail in the south-west of Germany. Especially the Middle Rhine and the
Moselle have cut themselves deeply into the rocks, at some places down to 200 m. The world-
famous Loreley rock stands 150 m high above the River Rhine which flows in a bend around its base.
The steep slopes of the Rhine and Moselle valleys have been vineyards since the times of the Romans
2000 years ago. When the Christian calendar began, the South-West of Germany had already been
part of the Roman Empire for more than 300 years. Today Rhineland-Palatinate still remains the
largest vine-growing region in Germany. The towns of Mainz, Koblenz, and Cologne had been
founded by the Romans and can look back on a history of 2000 years.

2 THE ORIGIN OF THE FLOOD

2.1 Seasonal causes

Climate in Germany has a marked seasonal pattern. Most precipitation falls in summer (Fig. 1).
Nevertheless, on the major rivers the winter floods are the dominating events, because then the
precipitation falls over wider areas and surface runoff is stronger since soils are either saturated or
frozen. In the case of smaller streams, convective summer rains produce the major floods.

THE DECEMBER FLOOD OF 1993 IN THE RIVER RHINE BASIN

1993F 12D > 1 >/l DHEKICDNT

B = N O~ & —
FA T TT N HNBIEE (A i)

1 BUBIC

TALIMNBEAAL A, TATANGOBL#HIIHE 5T 5, HHE190,000km2D % O g+ — A b
DT TR0 FAY Mot TN, RUF— 75057126 BLU, 1,300kmD L% 5 F
L2430y 70 AR TIREIZES, T4 Vl0oELENET7 — LI (REHEE
17,000km?) . % v 7 —JIl (14,000km2), <4 > /Il (27,000km2). & —H ]Il (28,000km?) T 5,

74 Z)INZ900kmD B T IIF A SN E RN T M A U HE S BRT 5, 19934120 OB
HRAMAKIEI P VAL OTA 52 b - TT77 Vo MAERLICREEL, F—T, e, £—
EVORANBLETA VB ROTAL >y~ VB TRIKELHEER LS L, 945
¥ b TT 7 VY MOEFEI$20,000km?, ATTIZFI3605 A TH 5, N4 v EFEHEO ETLTERE I
360,000km?, #AIZ8,000HF A TH 5B,

L > ¥ — (Lander) EMHINZINTHEBE SN EERTH L M4V Tld, [TEIEHEIZBT 250
BHBENT VD, EREEOKEBERDOSE. BERMIISDD, 54252 b - 77704
BS54 IORBERIZ300km, € — V)| OFBERII2S0kmTH 5, EEHEIS L E WL
IET oML, B L AR T RLMIREL TV D,

FA YRR, & E300km, PE30~40kmDT7 v /18— - F4 2 - 75—V (54 2 FiiHhiE)
DAL KN EHE WV, TS, T VIPHREBLTE—ENIINIECERFBELTE Y. BH
WKLo TIES200mIZ b ET L, HARICHEG LRI -LITALDEET A L IOKEDS150mD S X
KEVZTBY, 4V ORNBIODEDEBIIB IR THI—T LT b, T4 BLUE—E L
DFEEIE. 2000500 —vEALUSERE ) oFE# L LTHASR TV, 1) 2 MBI TX
ZZEBRIZRYTIC RS VBRI - FEO—EE 2 > TI300ELEFEB LTV SHTH T4
YT TTINYMERALAYVRKDORE ) DEMTH S, A2V, ITLY Y, ¥ LoDk
HTEERT - AL > TEIN DL DT, 2000EOEHFHT 5,

2 HAKOER
2.1 FHHNER

A Y ORI LFHEAN DL, BAOKBHMILOMIIEET 2 (K1), 2R T
B, FEAMNIBTRIKRELEES BIIZTORAFORKTHS, T, ZORAI D

FEHL VA TELS b HEAEHD L REFERETHL-ORMRB OB VAT 120
Tdhod, PAANOEEIE, EOMNRERHAKEADER &% 5,

1993 12D 7 1 > g DHAKIZ o0 C



90 - S

80 3 precipitation (mrn]ﬁ,l =

B runoff fmm)

nov dec Jan feb mar apr may Jun jul Bug sep oct

Fig. 1 Annual Distribution of Rainfall and Runoff in Germany

2.2 Precipitation in December 1993

After three rather dry winters, which caused a marked decrease in groundwater levels in wide
parts of Germany, the year 1993 brought a wet autumn and early winter. Precipitation in September
and October was by 50% to 100%, in December even 300 % above the long-term average (Fig. 2).
1993 December precipitation in Rhineland-Palatinate was the most abundant December precipitation
ever recorded in this century.
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Fig. 2 Monthly Rainfall from September 1993 to January 1994 in Rhineland-Palatinate
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In the first two weeks of December, 5 to 10 mm of daily precipitation fell, on the higher
elevations of the uplands in form of now. The third week of the month brought a distinct warming
and more rain, with thawing setting in even in the highest regions of the uplands. On 18 and 19 of
December, heavy rain began again and practically continued without interruption until the 21st. The
catchments of Rivers Rhine and Moselle received during the 48 hours before the morning of 21
December 1993 between 60 and 100 mm of rain. This rain was part of a 200-300-km-wide band of
precipitation, stretching from the middle course of River Danube, over the South-West of Germany,
into Belgium and Northern France.

In terms of time, the flood-inducing heavy precipitation extended over 48 hours, with more than
two thirds of precipitation falling within 24 hours, and with intensity peaks of 7 to 9 mm/h over two
hours. Further rainfalls had mainly intensities between 2 and 3 mm/h (Fig. 3). The recurrence
interval of such a precipitation event in Central Europe is far beyond the mark of 100 years.
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Fig. 3 The Flood-inducing Precipitation Event from 19 to 21 December 1993
(Three Typical Rain Gauge Stations)

2.3 Soil conditions

The South-West of Germany is predominated by hilly landscapes with elevations between 200
and 1,500 m above sea level. Rhineland-Palatinate is covered by 40% with forests.

The heavy and lasting antecedent precipitation throughout the month of December had filled the
storage capacity of soil completely. Also surface retention had become ineffective through previous
flood waves, so that the flood-inducing precipitation of 20 and 21 December went by 60% to 80%
into direct runoff. The effective precipitation was over wide areas around 50 mm, with local peaks
even higher. The runoff contributed from the catchment area was estimated between 50,000 and
70,000 m*/km?.

3 FLOOD DISCHARGE AND WATER STAGES

The precipitation falling from 19 to 21 December 1993 generated - especially in the Rhine
tributaries Neckar, Nahe, and Moselle - the highest discharges ever recorded during this century. In
river Rhine itself, downstream of the inflow of the Moselle, between Koblenz and Cologne, the
hitherto measured maximum of this century, i.e. the flood event at the turn of the years 1925/26, was
exceeded by 20 cm.
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The peak discharges of the flood were: In River Neckar at Heidelberg 2,800 m*s, in River Nahe,
with its catchment of 4,000 km?, 1,300 m¥s, and in River Moselle 4,300 m¥s. In River Rhine near
Cologne, the maximum discharge came on 23 December 1993 to 10,800 m*¥/s. (Fig. 4)

The Upper Rhine, upstream of the Neckar inflow, with a catchment of about 50,000 km?, and
River Main with 27,000 km?, contributed little to the flood formation in River Rhine, so that the flood
in the Rhine became an extreme event only downstream of the junction with the Moselle at Koblenz
(Fig. 5).

In the flood source region, even smaller catchments reached extreme runoff values of up to 1,000
¢/s/km?. Such values of runoff per unit area have for catchments of several 100 km? in size a mean
recurrence interval of more than 100 years. On River Moselle the flood was rated a 80-year event
and on River Rhine between Koblenz and Cologne a 50-year event.

The flood-rise periods in catchments of less than 1,000 km? were four to five hours, on River
Nahe with its catchment of 4,000 km? around 24 hours, and on River Moselle, which drains an area
of nearly 30,000 km?, it took about 48 hours. The flood wave in River Rhine had an approach time of
four days.
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Fig. 4 Flood Hydrographs on River Moselle from 7 December 1993 to 20 January 1994
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During the Christmas flood event in 1993, 1,500 to 2,000 million m? of water flowed in River
Moselle. Above the discharge mark of 2,000 m%s, when flood damage has to be expected on River
Moselle, the flow volume was still 600 million m*. In River Rhine near Cologne 5,000 to 6,000
million m* were discharged, of these above the damage-limit of 10.00-m-water stage at the Gauge
Cologne, still 150 million m>.

The difference between mean water stages and the extreme flood levels in River Rhine and
Moselle was about 8 m; The distance from the peak stages in December 1993 to the mean high water
stages was 3 to 4 m.

Historic chronicles noted in the year 1784 a flood event in the spring season on the Middle Rhine
and River Moselle in conjunction with an ice jam that reached the highest stages ever recorded there,
which were even another 1 to 1.5 m higher than those in December 1993.

4 INUNDATED LAND AND FLOOD DAMAGES
4.1 Volume of damages

Except the dike-protected river flats on the Rhine, potential flood inundation areas in Rhineland-
Palatinate are confined to the valleys of the hilly country. However, it is just there where the
development of settlements, industries, and communication has concentrated, so that in December
1993, for Rhineland-Palatinate alone damages between DM 500 million and 700 million were
counted, although the strip of land that was covered by water was only some 10 m to a few 100 m
wide.

More than 100,000 inhabitants in 500 settlement were directly affected by the flood. The average
financial damage suffered per person ranged thus between DM 5,000 and 7,000. This average
includes the damages in industries, trades and public infrastructure. In single cases, the damage sums
vary considerably, reaching from some DM 1,000 in many cases to several millions in cases of
industrial or commercial damage. The most frequent damage sum per case is between DM 10,000
and DM 20,000.

The flood caused one fatal accident in Rhineland-Palatinate, when a motor cyclist was
electrocuted when driving through a water pond that was exposed to high-voltage.

4.2 Who pays for the flood damages?

In Germany, flood damages are considered as private risk. At first it is up to the individual to
make provisions for the risks to property. Until 1990 there was no possibility in Germany to take an
insurance against flood damage, except in the Land of Baden-Wurtemberg where a special regulation
has existed.

In Baden-Wurtemberg, the flood-damage risk has been generally integrated in the compulsory
building insurance. Because of legal regulations of the European Union, this monopoly compulsory
insurance will have to be ended in Baden-Wurtemberg after 01 July 1994. In the future, the insurance
will be offered on a private enterprise basis.

Since 1990 the German insurance companies have offered on a national scale also an insurance
against damages due to forces of nature, including the flood risk. However, the conditions offered are
still very diverse so that in practice this insurance did not play a role yet in December 1993.

The Land Rhineland-Palatinate offers financial assistance to those who have come into serious
personal of business difficulties through the flood. This assistance is related to certain percent rates
and presupposes the disclose of the financial situation of the applicant. Experience shows that only
for about 10% of the damages applications are filed for financial assistance according to the
regulation in cases of Acts of God. By the end of May 1994, Rhineland-Palatinate has paid out DM 5
million in financial assistance, of these DM 1.1 million to private households and DM 3.5 million for
businesses. The assistance is mostly granted in form of low-interest loans.
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5 FLOOD PROTECTION PLANS

Germany does not know an individual right on protection against floods. Of course there are
legal responsibilities for the maintenance of watercourses, the construction of flood retention
capacities, flood protection walls and dikes. However, the yardstick for the construction of flood
protection facilities is not the interest of the individual but public benefit. Thus, the essential criterion
for spending public funds for flood protection is the benefit derived for the public.

5.1 Closed dike systems on the Upper Rhine

In the Upper Rhine Graben, inundation plains are the areas potentially accessible for flood water.
This area, called Upper Rhine floodplain, covers about 2,000 km?, of which most is protected against
flooding by a closed system of dikes. If this dike system breaks, alone in Rhineland-Palatinate 300
km? of land with 300,000 inhabitants would be threatened by an inundation of 3 to 4 m depth. The
last time the upper Rhine floodplain was inundated was the great flood at the turn of the years
1882/1883.

The safety of the dike system is dimensioned for a 200-year event. In fact, at present safety is
given only for a 100-year event, since - as consequence of the river training on the Upper Rhine with
impoundments, that were built between 1950 and 1977 - the water stages of comparable flood events
have risen by 40 to 80 cm. The underlying reason is the fact that with the construction of the
impoundments 130 km? of the natural inundation area were lost as natural flood storage.

According to the international agreement from 1982, Germany and France will alleviate the
aggravated flood peril resulting from the development of the Upper Rhine by building a system of
flood retention basins with a total volume of 226 million m®. Rhineland-Palatinate engaged itself to
built a retention capacity of 44 million m3. The total cost of this retention system will be DM 1,500
million. Today, 80 million m? of the agreed capacity have been completed, the completion of the
whole system cannot be expected before the year 2005.

Parallel to the construction of flood retention basins, the stability of dikes is examined and
improved. The objective is to heighten the dikes on both banks of the Rhine to the level of a 200-
year event plus a freeboard margin of 80 cm. The dikes are connected by a so-called dike defence
path, which allows to transport equipments and ensures access in case of emergency to reinforce the
dikes. The construction cost for the dikes in Rhineland-Palatinate sum up to another DM 300 million
over the coming 10 years.

5.2 Local flood protection

Many of the old settlements on the Middle Rhine and the Lower Moselle River are already
inundated by floods of five to ten years recurrence. As these settlements date back to the choice of
place of people 1,000 to 2,000 years ago, there is some evidence that changes in land-use and the
reduction of the natural inundation plains on Rhine and Moselle over the centuries have led to a rise
in flood water stages.

Today’s demands for land use in settlements and business areas make high claims on local flood
protection in form of flood protection walls and dikes. Because of the narrow valleys and the
resulting long-stretched settlements there is an extremely unfavourable ratio between the costs of
such flood protection structures and the area that is protected by them. Moreover, the appearance of
these structural measures must take consideration of the interest of national and international tourism
in the scenic beauty of landscape, villages and towns. The application of mobile flood protection
elements meets technical and organizational limits, especially in dependence on the pre-waming time.

The city of Cologne has a mobile flood-protection system of a total length if 1,5 km, which,
however, guarantees protection only against a 15- to 20-year flood event. The reliable pre-warning
times for Cologne are more than 24 hours.

The extent of local flood protection measures has to be decided on a case-by-case basis, with
technical reasons, the acceptance by the population, and the costs being the essential criteria.
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5.3 Regional flood protection by flood retention

As mentioned earlier, flood retention systems are being constructed on the Upper Rhine to
compensate the increased flood risk due to the development of the Upper Rhine River.

On smaller watercourses in Germany, one can often find flood retention basis for local flood
protection. Large reservoirs with several 10 million m* flood retention capacity exist in some
regions, but their main functions are as a rule others, namely low water regulation, drinking water
supply, or hydropower generation. The flood protecting effect of these dams is limited to medium
sized watercourses immediately downstream.

Presently, the Intenational Commission for Flood Protection on Rivers Moselle and Saar looks
into the possibility to influence flood formation on River Moselle. This work is not yet completed,
but one can already see that these possibilities are judged rather sceptical.

5.4 Flood warning

Flood warning is given increasing priority. Since 1986 a cooperation has existed between the
authorities responsible for flood protection in the Land Rhineland-Palatinate and the Federal
authorities dealing with navigation on Rivers Rhine and Moselle for a jointly operated flood warning
service. For River Rhine it is possible to give water level forecasts of plus/minus 10 cm accuracy 24
hours in advance, and for River Moselle between 6 to 12 hours before the event. The forecasting for
River Rhine uses a statistics-based water level forecasting model. The development and the
operation of forecasting on River Rhine is vested with the Federal Institute of Hydrology - BfG, at
Koblenz. A similar forecasting system for River Moselle is being developed.
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Moreover, physical-deterministic forecasting models for discharge are under development. In the
vast catchment basins of Rivers Rhine and Moselle, however, they do not reach the forecasting
abilities of statistics-based water level models. Nevertheless, they are useful in order to predict the
effect of retention capacities and to control them. Consequently, a deterministic forecasting model
for the southern Upper Rhine, where flood retention capacities are already operational, has been taken
into test operation at the Land Baden-Wiirttemberg Institute for the Environment at Karlsruhe in
1992.

For the catchment basin of River Nahe with a size of 4,000 km?, a physical-deterministic
forecasting model is run at the Flood Warning Centre Koblenz as a precipitation-runoff model. For
its operational use it is still necessary to make the handling of the model easier and safer.

Information media for the dissemination of the forecasts are telephone information service,
Videotext, Bildschirmtext Btx, and radio. Radio, in fact, had a kind of renaissance during the
December 1993 flood, when on long stretches of River Moselle, electricity and telephone had broken
down.

6 EXPERIENCES AND CONSEQUENCES OF THE 1993 DECEMBER FLOOD

6.1 Anthropogenic impacts

The flood in December 1993 was formed by wide-areal runoff contributions from the whole
catchment area, nearly independent of the prevailing land use. The overall runoff coefficients of 60
to 80% of the flood-inducing precipitation indicate that the influence of impervious surfaces of
settlement, industries, and traffic had secondary importance.

The loss of retention space in the streams has direct influence on the discharge behaviour of the
respective watercourses, but it is without major relevance for the superior watercourses.

The generally proven increase of discharge in the Upper Rhine, as a consequence of the
impoundments, was without significance for the 1993 December flood, since the southern Upper
Rhine did hardly contribute to the flood formation.

6.1.2 Water stages

In many smaller watercourses one finds a tendency of deepening-in of river beds due to
anthropogenic impacts. The deepening-in of the river bed is accompanied by local lowering of
the water table, what brings, on the one hand, some local relief regarding floods but, on the other
hand, worsens the flood situation for riparian dwellers downstream because of the loss of
retention areas.

On River Rhine, there are, besides stretches where the river bed is deepening in, also
aggradation reaches, which must be especially considered in the dimensioning of flood protection
facilities by extrapolating the future rise of the bed-surface.

6.1.3 Precipitation

Annual precipitation shows a slightly rising tendency for the past 30 years. Besides, there is
a shift in the seasonal distribution pattern of precipitation. Summer precipitation is falling more
frequently in early summer. However, a reliable long-term trend cannot be discerned yet.
Climate cycles over several decades are known to have occurred in Central European history
repeatedly.

In the long observation series of floods on Rivers Rhine and Moselle, longer periods without
major floods alternate with intervals of ten to fifteen years, when heavy floods were frequent.
Against this background, the homogeneity of the climate data related with extreme flood events
has to be questioned anyhow.
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6.1.4 Damage potential

The damages caused by floods generally become ever higher. This trend can be seen in the
data of all insurance companies. Because hydrological data do not allow to derive this trend, the
true reason for these higher damages is the increased potential for damages in the flood-prone
areas.

One of the reasons for the growth in damage potential is the growing wealth in the industrial
societies. Some decades ago, automobiles, electronic appliances, and central heating systems
were not as common possessions as they are today and could consequently not be damaged by
floods then. Another cause of the increased damage potential is the wide-spread abandoning of
traditional experiences. Inundation areas that had been kept free for centuries have been
developed in the last few decades for settlements, industries, and traffic systems. The warnings
of the experts have been widely ignored.

The increased damage potential in the flood areas is the true anthropogenic cause for the
higher flood damages in Germany today.

6.2 Deficits in flood protection

The local responsibles for flood defence and the riparian dwellers themselves had been surprised
at the rapid increase of the flood and the water stages it reached in December 1993, although such a
flood event was in the known range of probability. At Koblenz, for instance, the inundation areas
defined by law at the beginning of this century are exactly those areas that were hit by the flood in
December 1993.

Experience of major flood events goes beyond the temporal limit of the individual memory. The
gap between the subjective expectancy of floods to occur and the objective risk of flooding widens -
the more the extremer the event is, unless the knowledge of the experts about the objective
probability of floods can be brought to the awareness of the riparian dwellers.

This gap between subjective expectancy and objective flood risk results in lacking precautions
against floods, which includes

- intensified use of potential inundation areas for settlements and industries;
~ construction methods that are not sufficiently flood-safe; and

- insufficient use of the pre-waming time for damage minimization.

6.3 Future activities

The improvement of the infrastructure by building flood retention capacities on the Upper Rhine
and local flood-protection walls and dikes is continued. Simultaneously, all possibilities for increased
water retention in the area of the catchment are hamessed. Water running from impervious surfaces
should not be allowed to enter the nearest watercourse directly but should infiltrate. The renaturation
of watercourses aims to reactivate the natural retention in the river plains. However, it should be kept
in mind that all these measures loose in their effect on flood discharges the more extreme the flood
event is.

The second approach aims to limit the damage potential along the watercourses and, if possible,
to reduce it. New construction in flood-prone areas should possibly be avoided. If nonetheless
developments are planned for potentially flooded areas, rules for flood-safe construction designs
should be set. Together with an increased acceptance of flood warnings among the public, these
measures offer the greatest capacities for reducing the damage potential during floods.
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7 OUTLOOK

Flood protection is a multi-factorial problem that cannot be solved by a single patent remedy.
Only a whole bundle of actions, which are oriented at the respective technical, economic, and social
conditions, can achieve a lasting relief for flood risks.

Besides efforts to influence the floods, which are feasible to a certain extent, it must be
understood that floods are part of the forces of nature to which man has to adjust by taking the
necessary precautions. Flood damages result always from the gap between subjective expectancy and
objective flood risk. To narrow this gap is in fact the actual task of flood protection.
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RECENT FLOODS AND
NEW FLOOD CONTROL PLANS IN FRANCE

Prof. Pierre-Alain ROCHE
Director of the Aube District Board
French Ministry of Public Works, Transportation, Housing and Tourism

Professor in hydrology
French National High School for Civil Engineering

In this resume, we present a short review of the following topics:

1. Floods in France
2. Institutional organization and main principles of the flood management of risk in France

3. Specific circumstances of the Rhéne river basin, where some of the recent disastrous flood
occurred

4. Recent 1992-1994 floods
5. New flood damage prevention strategy

1. FLOODS IN FRANCE

Metropolitan France has a generally mild and temperate climate, with drainage basins of highly
diverse morphologies and dimensions. This can lead to floods slowly submerging wide alluvial
plains, or, on the contrary, to flash floods rapidly filling up small valleys (see Figs. 1, 2, 3) .
Widespread floodings occur mainly in winter or spring in the large basins of the Seine, Loire, Rhéne
and Garonne rivers. These floodings can last from several days to several weeks. Flash floods are
caused by intense rainfall in spring, summer or autumn particularly near the Mediterranean, in small
mountainous catchments.

In any case for a very long time now, human societies have colonized these plains and valleys for
a variety of reasons: water supply, communication links, soil fertility, etc., and human settlements are
partly concentrated close to or within flood-prone areas. In France, flood plains occupy
approximately 4% of the total surface, i.e. 22,000 sq. km (15,000 km of river) . Out of 36,600
communities (towns and villages) 7,500 risk, at least, being partially flooded (see Fig. 4) . Among
these there are 300 great urban centers including Paris, Lyon, Bordeaux, Tours, Montauban, Nancy,
Metz, Micon, Béziers, Strasbourg and Saintes. Two million riverside residents are affected by the
risk of flooding.

The average annual damage is estimated at approximately 2 billion francs (about 36 billion ¥) .
This estimation takes into account direct damage (damage to buildings, infrastructures and equipment
repair costs) and indirect damage (lost working days, higher transport costs) .
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2. MANAGEMENT OF FLOOD RISK IN FRANCE

The French State is under no obligation to fulfill either protection against or prevention of floods
but it has two essential responsibilities as concerns floods:

— already known information about natural risks should be made available to the public;

— laws and regulations should be enforced and their enforcement controlled.

2.1. Structural measures

Since 1807, riparian residents have been in charge of flood protection works. They may group
into associations to undertake and maintain the works, and must be allowed by administrative bodies.

Maintenance of non-State rivers is on the same riparian owners responsibility. Many flood
protection works have been undertaken by a large variety of local institutions specially authorized by
law (towns, districts, regions, and their groups) .

Maintenance of State waterways is the state’s responsibility, and is organized through specific
agencies:

- Ministry of Environment for non-navigable waterways
— National Company of the Rhéne (created in 1993) in charge of the Rhéne development

— Navigable Waterways of France (created in 1992) for the navigable waterways

For non-navigable State waterways, a discussion is in course to decide if they have to be
transferred to local authorities (region, district) or not. New facilities will probably be opened by
law for such transfers, when the local authorities are voluntary, but it will be no obligation.

2.2. Non-structural measures

Non-structural measures are intended to assess flood risks, to control land use in flood-prone
areas, and to give responsibility to the people subjected to the risks, this being to encourage them to
reduce the vulnerability of their property and goods, and to organize individual and collective
responses when floods threaten. These measures are essentially based on statutory action engaged in
by the State and the local authorities; the evolution of this action shows how awareness of flood risks
has increased, especially from the economic and social points of view.

Three types of non-structural measures will be alluded to :

~ flood wamning
— organization of rescue operations

— land use regulation and compensation of damage of natural disasters.

2.2.1. Flood warmning

Better information on rising water levels will help to protect lives and property, and will
enable the public to take effective safety measures. This is why the’ State, although under no
legal obligation to do so, organizes flood waming and the dissemination of information along
16,000 km of rivers.

The warning system has been reformed in 1984. The operating conditions for flood warnings
are given in the district regulations drawn up by the district Prefect, who is responsible for issuing
warnings to the mayors. As soon as they have received the warning, the mayors are kept
informed by means of a telephone answering machine with a confidential number (transmitter-
relay) ; the massages are regularly updated by the services of the Prefecture. The public is given
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warnings by the local authorities (Mayors) , who are responsible for warning and rescue
operations in each commune.

2.2.2. Organization of rescue operations

Depending on the size of the phenomenon, responsibility for setting up and coordina!ting
rescue work during flooding, rests either with the Mayors or with the district Prefect. By virtue
of his general policing authority, the Mayor is in charge of taking all necessary measures to
prevent consequences from flood and other natural disasters consequences by organizing the
required rescue work. In case of inefficiency, or on especially dangerous situation, the
supervision of rescue work becomes the responsibility of the Prefect, who can make use of all
existing means, whether public or private, by bringing into play a predetermined district
emergency plan specially designed for floods.

2.3. Land use regulations and compensation of damage from patural disasters

The knowledge of the probable location of natural disasters has to influence the choices made
in the course of land use planning operations. Two kinds of documents used for planning and for
preventive measures can be distinguished:

— documents specifically aimed at “risks”;

« PS.S. - Plan for Flood-Prone Areas (Plan de Surfaces Submersibles) ,
» R111-3 - Risk perimeter determined in compliance with Article R111-3 of the Land Use
Code.

« PER. - Risk Exposure Plan (Plan d’Exposition aux Risques) .

All these documents are elaborated by the district State boards.

The establishment of the P.E.R. has been provided by the State law n°82-600 of July 13 1982
relating to compensation of victims of natural disasters. This law establishes the right to be
insured against the effects of natural disasters for which no insurance existed before 1982. The
Risk-Exposure Plans objective is to reduce vulnerability and to inform the public about the
natural hazards to which they are prone. Through limitation of certain uses of land and through
obligation of individual prevention techniques, it aims at reducing potential damage. Respect of
the regulations can condition the right to compensation. This law combines national solidarity
with individual responsibility.

Today, only 550 P.E.R. have been approved, after 10 years of efforts. The initial ambition,
with 2000 commune priority plans has not been achieved. The PER was technically too difficult
to elaborate for a rapid progress. The opportunity of this close link between insurance and land
use regulation has been a subject for discussion. As a matter of fact, it is only a first attempt
against individual and collective local irresponsibility, and the necessity appears for a stronger
assertion of the State willingness to restrict urbanization in flood-prone areas appears. The main
obstacle lies in the complexity of its procedure (see Fig. 5) . For example, in Gironde district, we
needed, after all the detailed studies, a 3 years discussion was needed to obtain a local acceptance
for 30 PER along the Garonne river, before the Prefect was actually in a position to ratify these
documents. In many districts, the discussion has been blocked by local authorities, and the
documents have not been ratified.

— general documents used for town planning purposes:
» S.D. — Master Plan (Schéma Directeur)
» P.O.S. - Land Use Plans (Plans d’Occupation des Sols)
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Proposal of a decree by the Préfet directing that a P.E.R. should be drawn up
— definition of the working perimeter
— designation of the State board responsible
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Approval by the Conseil d'Etat
Approval by decree of the Préfet (State administrative
jurisdiction and advisory body)

Fig 5 Elaboration process of a P.E.R.

These plans are elaborated under local authorities responsibility. The local State boards bring
officially identified risk information to their knowledge, and have to control that the approved
documents do take these informations into consideration. Local authorities are under obligation,
within the planning and decision-making framework conceming land use, to ensure public health
and security (Article L 110, as stipulated in Law n°® 87-565 of July 22, 1987) . These provisions,
specific to hazards, are inoculated in the general town planning documents, which are to
incorporate hazards, even in the absence of specific documents. If there are no planning
documents, applications for land use can be dealt with individually.
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3. THE RHONE BASIN

As some of the most significant recent events have been concentrated in the Rhéne basin, we first
introduce a few characteristics of this basin.

The Rhone is the large and most voluminous of French rivers. Its drainage basin covers 97,800
sq. km, and it travels 812 km from his source (at the Furka glacier in Switzerland alt: 1735 m) to the
Mediterranean sea (See Fig. 6 and Fig. 7) .

3.1. Climate

The climate of the Rhone basin is the result of four distinct climatic tendencies:

— a glacial tendency and a nival tendency, with nival precipitations of varying intensity being
stored during the winter, which results in niveo-glacial hydrological regimes and estival high
water,

- apluvial tendency, with dominant estival precipitations of between 719 and 883 mm/year.

— a Mediterranean tendency, with rainstorms which can lead to sudden flooding of waterways.
Precipitation varies between 600 and 800 mm/year, and is concentrated into a small number
of days (50 to 60 per year) . :

Fig 6 The Rhone and its tributaries
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Fig 7 Longitudinal profile of the Rhéne and its main tributaries

3.2. Geology

No other river basin in France is as mountainous as that of the Rhéne. Overall, only one quarter
or its total surface area is at altitudes lower than 500 m. The Rhone has hollowed out its bed in a
subsidence situated between two mountainous missifs:

— the Alps, which are mainly limestone

— the Massif Central, which mainly crystalline

The Rhéne Basin can be divided into various sections according to hydrological and
hydrographical characteristics (see Fig. 8) .

For our purpose, we will limit the description to the lower reach of the river, downstream from
Lyon.

3.3. The Rhone valley and its lower tributaries

The Rhéne occupies the main Rhéone valley, called “sillon rhodanien”. It passes through a series
of defiles and alluvial valleys. It then crosses the Vaucluse plain, between the Pre-Alps in the east,
and the Cevennes and the garrigue of Languedoc in the west. There, it is joined by a series of

tributaries which modify its regime and raise the average discharge rate to 1,703 m’s at Arles. These
tributaries are:

the Isere,

the tributaries coming from the Cevennes massif,

the tributaries coming from the Pre-Alps,

the Durance.
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Fig 8 The Rhone catchment: geological map

The Isere and the Durance are Alpine rivers with a high discharge rate and a “nivo-pluvial”
regime, and are strongly influenced by precipitations (70%) and by melt-water. After its confluence
with the Isere, the average discharge rate of the Rhéne is 1,400 m?s; it has become the largest river in
France.

There are four tributaries coming from the Cevennes massif: the Eyrieux, the Ardeche, the Ceze
and the Gard. Taken together, their average discharge rate is 150 m%s. Their regime is very
irregular: They are almost completely dry in summer, whereas the copious winter rains cause their
levels to rise dramatically. The discharge rate increases even more in the spring with melt-water, and
the heavy autumn showers can produce dangerous flash floods (crues cevenoles) . Floods are caused
by the juxtaposition of various factors: high relief, steep slopes, impermeable soil, and fast and heavy
rain showers. Thus, the Ardeche can rise by 17 metres in 12 hours, and its discharge rate can go from
2 m¥s to 7,500 m%/s.
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There are three Pre-Alpine tributaries: the Drome, the Aygues, and the Ouveze. They are similar
to the rivers coming from the Cevennes. The Mediterranean mountains where they originate confer
on them the foilowing regime:

— the regime of their Alpine upper basin is linked to melt-water (nivo-glacial type) ;

~ the regime of their middle basin is linked to spring rain and melt-water (nivo-pluvial type) ;

— the regime of their lower basin is influenced by the Mediterranean mountains, its main
characteristics being low water in the summer and heavy floods in the spring and in autumn.

The Rhone river is largely equipped by low head of water streamline plants and navigable
channels built during the 50 last years by the Compagnie Nationale du Rhone (National Compagny
for the Rhone) . See Fig. 9.
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3.4. The Camargue delta

Downstream from Arles the mean slope is reduced to 0.03 m/km and the river divides into two
arms:
— the Greater Rhone,

— the Lesser Rhone.

These two arms encompass a particular, sensitive environment: the Camargue delta.

The Rhone delta is a system in constant evolution (see Fig. 10, Fig. 11, and Fig. 12) . It results
from a balance between, on the one hand, the sedimentary matter transported by the Rhéne and, on
the other hand, the littoral drift. Geologically, it was created by the encroachment of the sea which
took place 7,000 years ago. The marine regression which followed led to the trapping of sediments,
with a downstream progression of alluvial folds around lagoons and ponds.

The current aspect of the Camargue is in large part the result of human activities, such as the
dykes built along the Lesser and Greater Rhone, and the recent upstream development of the bed of
the Rhéne. The Romans had started building dykes to restrain flooding and protect houses and
agricultural land, but most work of this kind was undertaken between the fifteenth and the nineteenth
centuries.

- by local authorities,
— by landowners grouped together in associations,

— religious communities,
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Fig 10 The Camargue
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This is how the dyke network was set up:
— 40 km of dykes on the left bank of the Rhone, between Arles and the sea;

— 56 km of dykes on the right bank, between Beaucaire and the sea, protecting 45,000 hectares
of land.

Dykes were also built by the local inhabitants to cut off secondary arms of the Rhéne, thus
protecting and reclaiming land.

The maintenance and management of these developments is the responsibility of the
“associations syndicales de propriétaires”. These associations of landowners were formed to
undertake projects of collective interest (dykes, drainage system, irrigation system) for which
purposes they were granted prerogatives by the public authorities.

There are 28 landowners’ associations in the Camargue, under which 2 associations are in charge
of sea and Rhone dyke management. These associations group together over a thousand landowners,
who pay hydraulic fees for services rendered. The territory covered by each association is often
overlapped by others. As a matter of fact, these dykes has not been regularly maintained by the
associations, and many of them are not built with sufficient cohesive materials.

4. THE RECENT 1992-1994 DISASTROUS FLOODS

Within about 18 months (from September 1992 to February 1994) metropolitan France suffered
about 10 billion francs (about 180 billion ¥) of damages and 68 victims due to a succession of
disastrous floods in metropolitan France. 3 sets of events have to be distingujshed:

— September 21, 1992 to October 5, 1992
— June, 1993 to November, 1993
- December 20, 1993 to January 10, 1994,

4.1. September 21, 1992 to October 5, 1992

Very intense rainfalls occurred in the south-east of Massif Central and the east of the Pyrenees
Mountains. Historical rainfall records were beaten: 400 mm in 24 hours at the Caylar in Cevennes.

The Ouveze river (right side tributary of the Rhone) , in Vaucluse district, had a very rapid and
catastrophic flood, with about 46 victims in a small town named Vaison-la-Romaine. The cost of
damages has been estimated to 3.5 billion francs (about 63 billion ¥) . The notable mediatic impact
of this event, with a great national solidarity movement, through special TV shows, was similar 1o the
Nimes town October 4, 1988 disaster: 22 victims, 350 mm rainfall in 6 h, 4 billion francs damages
(about 72 billion ¥) . In Vaison-la-Romaine, no flood warning was organized.

The Aude (Mediterranean river) and Ardéche (right side tributary of the Rhone) were also
concerned with record flash floods, but the good organization of the flood warning avoided human
victims in these areas.
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4.2. June 1993 to November 1993

During 4, 5 month, numerous thunderstorms caused localized flash floods in many districts in the
South of France. The rainfall intensity was typically 100 mm in 24 hours, but 800 mm in 24 hours
were reached in the Corsica mountainous Mediterranean island, with hourly 70 mm intensity in
October 31 and November 1, causing 6 victims and 1 billion francs (about 18 billion ¥) damages (see
Fig. 13) . For about 100 sq. km catchcments, specific flows were 10 m*/s/km?. The many
hydropower plants of the Corsica island have not been damaged.

In the Alps, in the upper valley of the Arc river, the road and railway traffic were suspended
during a few days.

In the lower Rhone, land-owner old dikes of the Camargue were broken and a large part of the
Camargue was under the water during many weeks. The October 1993 flood of the Rhone was
equivalent (7,715 m?3/s) to the 1910 flood in Montelimar, and reached 9,800 m%/s in Beaucaire
(historical record: 11,640 m%/s in 1856) . In Beaucaire, this event is estimated return period 50-year.
The Durance river had also an historical flood, but it has been possible to reduce the damages with
the help of the hydropower reservoir and with the direct derivation of the Durance river into the Berre
laguna (Mediterranean Sea) .

In the whole, 22 victims and 3.5 billion francs (about 63 billion ¥) damages, essentially 1.9
billion francs (34 billion ¥) for public work, have been recorded.

CORSE

Canc isohyete du 31/10
¢t 1/11/93 cumulés

, — Pluviométric supéricure 4 300 mm
~ —~"  (jusqu'd 1000 mm)

’X Principaux fleuves ayant
présenté une cruc rase

Relief

[ «oaeoom

lixe| de 6002800 m
de 8002 1200 m

Em plus de 1200 m

Fig 13 The October 30 and November 1, 1993 rainfall in Corsica
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4.3. December 20, 1993 to January, 10, 1994

The rainfall has been greater than the double of the average during December and January over
more than the half of the territory (see Fig. 14 and Fig. 15) .

In the North-East (Meuse and Oise rivers) and in the South-West (Charente river) the rainfall
exceeded historical record. All great rivers had significant floods, often with a slow rise rate and with
long flooding-duration.

The Rhéne river flood of January, 1994, exceeded the October, 1993, and reached a 100-year
return period in his lower reach (11,500 m%/s in Beaucaire) : many lower reach tributaries had a high
flood simultaneously with the arrival of the upper Rhone river flood propagated to the South. The
Camargue dikes built by land-owners built dikes broke again. About 3 billion francs damages (54
billion ¥) were deplored. 170 sq. km (60 sq. km for the only Camargue) were flooded, 6,700
persons were evacuated, and 3,000 houses were severely damaged.

100% 133% 167% 200%

Fig 14 Cumulated rainfall
from Sept. 1, 1993 to Jan. 31, 1994.
Ratio to the average values.

100% 133% 167% 200%

Fig 15 Cumulated rainfall
from Dec 1, 1993 to Jan 31. 1994.
Ratio to the average values.
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5. A NEW FLOOD DAMAGES PREVENTION STRATEGY

After the 1992-1994 disastrous floods, public authorities have been called upon by public opinion
to account for their action, and the French government decided on January 24, 1994 to clarify the
natural risk prevention in France and to give a resolute impulse to this new public policy. A circular
on flood prevention and floodplain management was issued the same day.

The objectives can be resumed as follows:
1. To save human lives.

2. To limit the development of new properties in exposed areas and for the preservation of water
storage capacity of floodplains.

3. To restrict protection works to the strict necessities, for ecosystem stability conservation.

The following measures have been decided:

The prime Minister immediately ordered the district Prefet to prohibit any new construction
in particularly flood-prone areas, by all legal available means, to restrict any urbanization in
the flood valleys, when then may be useful as natural expansion sites for floods and
consecutively contribute to downstream protection, and to limit the protection works when
they may have a worsening effect in downstream or upstream areas.

~ Simplify and unify all land use regulation for risk prevention. The future “Plan de Prévention
des Risques”(PPR) (risk prevention plan) will include former P.S.S., R111.3, PER. The
discussion will be simplified, and the state will be able with this new PP.R. to prescribe
rapidly a first set of land use restrictions on the base of a rough study and to precise in a
second time further prescriptions. This P.P.R. new simplified procedure will be established
by a bill, which could be examined by the parliament before the end of 1994. A quantitative
objective of 2000 P.P.R. before the 2000 year is fixed.

— In order to achieve this target, the State budget for flood mapping studies has been increased
to 40 million Francs per year (720 million ¥) . A specific rapid pre-diagnosis program in 24
districts of the South of France has been started for the small mountainous valleys, for which
very short information about vulnerability is available. All historical information will be
recollected in 1/25,000 maps and in a 1/100,000 district synthetic map. The flood discharges
are estimated by a simplified regional formula:

Q = KS%8(P/80)2

Where: K is regional coefficient, with 3 values for about 10-year, 50-year
and 100-year return period
S is the catchment area (sq. km)
P is the 10-year return period daily rainfall (mm)
Q is the peak discharge (m?/s)

The urban center (more than 50,000 inhabitants) must be specifically studied. All
communities with over 500 inhabitants (including the holidays population, particularly the
risk prone camping places) sites are to be studied. This general survey will allow an
immediate priority action for the most flood prone area, even if relatively small human
concentration is concerned.

— Develop the flood warning program. Much progress has been obtained in the 10 last years.
This new effort will be centered on the radar coverage of the South-France territory, and the
development of the rainfall now casting for flash flood human rescue. A 380 million francs
(6.8 billion ¥) 10 year program is decided. The State will support 60% of this amount.
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— Simplify the protection works management by the local groups, by the development of new
“water management plans”.

— Incorporate the flood management as a part of the SAGE(schéma d’aménagement et de
gestion des caux - Master plan for water management) . The establishment of the SAGE has
been provided by the State law n°92-3 of January 3, 1992, and will ensure a coordination of
all actions dealing with the hydrological ecosystem in all the basin where water management
difficulties are registered or may be foreseen.

- Restore and maintain the river beds, with a real concem for ecosystem conservancy.

A 10-year program is started: it is estimated to 10.2 billion francs (183 billion ¥) divided in:
~ 5.45 billion francs (97 billion ¥) for river restoration.
- 3.9 billion francs (70 billion ¥) for protection of densely inhabited flood-prone areas.
— 0.9 billion francs (16 billion ¥) for ecological stability of river ecosystems.

This last part of the program will be paid out by the State (40%) , the Basin Water Agencies, the
riparian owners and the local institutions.

The Basin Water Agencies do aid here and now for river restoration. Their intervention in flood
protection is depending of a large discussion about the possibility of raising corresponding funds, for
instance by finding out a new tax on exposed urban activities, as they make a profit of the works.
One discussed way is for example that urban centers pay for upstream rural floodplain maintenance
by ecological agriculture, through the Basin Water Agencies tax and aids mechanisms.

All these measures are imbued of the spirit of durable development public policy, which is in way
to influence strongly the thought for future master plan elaboration in any fields in France. The
preservation of the natural flood expansion valleys is one of the strongest orientation of this new
flood prevention plan.
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= PHYSICAL FEATURES OF THE MISSISSIPPI RIVER
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= FLOOD CONTROL FEATURES OF THE MISSISSIPPI RIVER AND TRIBUTARIES
* REVIEW OF THE 1853 MIDWESTERN FLOOD
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FRESENT AND FUTURE CONSIDERATIONS
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RECENT FLOODS
AND NEW FLOOD CONTROL PLANS
IN FRANCE

FLOODS in FRANCE

FLOOD RISK and WATER
MANAGEMENT PRINCIPLES
RHONE RIVER BASIN

RECENT FLOODS

NEW PREVENTIONS STRATEGY

DO —

Nk w

International Seminar on Floods, Tokio, July, 1994, PA.R./1

(O H P 1)
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1. FLOODS in FRANCE

TEMPERATE CLIMATE
VARIETY OF MORPHOLOGIES

FLASH FLOODS/WIDESPREAD FLOODINGS
FLOOD PLAINS =4 % = 22,000 km*

2 million riverside residents exposed
36 billion ¥ / year damage

3o}

T RIIBIIRRIEDOHAKEF L iGKETEIIZ OV T
—235—



[ - 77 AT, BEFEEIETOAME4% Chvnr s
HTHENTET, TThb, Extm«iTkmﬁ¢
SnbIT TN E, KE22,000km? b V5 2 EI2%
I8 el x N £, 33,600DHE R B, 7ﬁmﬁ§m¢éﬁ
== BEMEASH Y 5, 200 ADERDZ H ozl -
CEACED 2 LT, EEORRICS b S h T £ | Bisques naturals
¥, EEHoOWmERIIB6MEALE VW) ZETT, & 1 oy e
NHLITLFHELEWIZETTOT, L7
HoT, FEFICKEARBAFRIDET L, Z0OH
EFFEEPINBIL I REEFEST LI LAS

THAWLRZEET LI, 79208
EDERM L EL sk VDX, %A
POREABICh Iz o THEL A DO TE, Lli s
DT NOEKE LS LS BRICADY
9. L L, FNEMEBEIC, S,
IR E Vo7 DvBY T4, TITE.
HEWITE, BIZERARI DLW 2 &hn
By SFICHIH L, 7o, FOIEAIIANE
ZUDHDFIGICEI A2 L 0H Y 4,

The communes concerned by flooding
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2. MANAGEMENT OF FLOOD RISK

| STATE RESPONSIBILITY
— information about known risks
! — laws and regulation control

NO GLOBAL RESPONSIBILITY

INDIVIDUAL RESPONSIBILITY
+
SOLIDARITY PRINCIPLE
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2.1 Structural measures (protection works)

General case
1807 law : resident responsibility
Associations and local institutions
State waterways
maintenance by State agencies
— navigable
— non-navigable

( O H P 6 )

KIS, FHEEIIRIZ OO TTTH, S OB S 1 D1, Ak o 4 2 i
TR 7 * f_ =2 } N = Bﬁg%é" N ']%/\
“%?f#ﬂﬂm”ﬁﬂ%ﬁP\it\ﬂﬁﬁwﬁﬁwﬁﬁu;bﬁ@@ﬁ%gﬂﬁﬁggtégkf
CIZEBBYIT, T BRI BEEME MBS B 5005 - L £ | Tord . -3
Do S GIEIL S B R ORE RSV TED 2. COBEE R s
fggﬁ@?ﬁig%%ﬁ%@ﬁﬁuﬁ¢aﬁﬁﬁa@;5KWborst#aw5:»ﬁkﬂzta
T EODIEMIEWIE L O DRG0 FF, BAEH . TS0 M ‘ -
BE BIEEOH = v 3 b g, e HAEBOMIIL, £ L CLuAoR

2.2 Non-Structural measures

— flood warning
— organization of rescue operations

— land use regulation and compensation of
damages

772 RSB BRGE DM E B L IEKEEI O T
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2.2.1 FLOOD WARNING

organized by the State on 16,000 km of rivers
reformed in 1984

information of the Mayors by State boards

information of the population by the Mayors

{ O H P 8 )
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2.2.2 ORGANIZATION OF RESCUE
OPERATIONS

general case :
organized by the majors

in especially dangerous case :

organized by the district Prefect
(Prefect = representative of the gorvernment
district = about 100 in France)

{ O H P 9 )
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WT, BRABHIAD VI ERIEBELIICLE L, planned
- technically too difficult
— the only link between insurance and risk exposure
2.2.3 Land use regulation and is insufficient for risk reduction
compensation of damages — excessively complex procedure for elaboration
- (the local communities are legally able to block the
— documents specifically aimed at risks procedure or obtain very long delays)
-~ P.S.S. : Plan for flood-prone Area
— Risk Perimeter 10
- PE.R. : Risk Exposure Plan
(elaborated by the state district boards) (O H P 12)
— general documents used for town planning
—S.D. : Master Plan : .
—POS. : Land Use Plan C;Lg} Tﬁ‘ggb‘gﬁt\r;‘i?iﬁ _
s COFFREATTY, IV F
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Major Risks
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Elaboration process of a P.E.R.
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2.2.3 Land use regulation and
compensation of damages

— documents specifically aimed at risks
—P.S.S. : Plan for flood-prone Area
— Risk Perimeter
—PE.R. : Risk Exposure Plan
(elaborated by the state district boards)

— general documents used for town planning
— 8.D. ; Master Plan '
—P.O.S. : Land Use Plan

(elaborated by local authorities)

( O H P 10 (B )
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3. THE RHONE BASIN

97,800 km*
812 km from Switzerland to Mediterranean Sea
| CLIMATE
— glacial and niveal (estival high water)
— pluvial with dominant estival rain fall
(719 - 883 mm/year)
~ mediterranean with heavy rainstorms
(60 to 800 mm/year in 50 to 60 days/year)

11
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Geology

mountaneous (1/4 lower than 500 m.)
subsidence between the Alps (mmainly limestone)
and the Massif Central (mainly cristalline)

= the SILLON RHODANIEN

The Rhone Valley (Sillon Rhodanien)

the Rhoéne is joined by a serie of tributaries :
— Alpine (East) main rivers : Isére, Durance
— from the Cévennes (West) : Ardeche, Gardons
— from the Pré-Alps (East): Dréme, Ouveze

( O H P 15 )

The Rhone and its tributaries
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[ ongitudinal profile of the Rhone J [he Rhone : geological may

(O H P 17 ) (O H P 18 )

The Camargue Delta

Dowstream from Arles
slope < 0.03 m/km

T ML) rZbbiianidiiny ——m—m
by SHR7 LV TRANROTANTHY 4. 725 . o : two arms : Greater Rhone and Lesser Rhone
;1“[ b, REDTVTALRDSHE TV 2501 C : balance between sedimentation and littoral drift
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Farmation of the Rhone delta
—
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Major beds of the old Rhéne
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4. 1992-1994 DISASTEROUS FLOODS

sept. 1992 to feb. 1994 : 180 billion ¥
68 victims

3 sets of events :
sept. 1992 10 oct. 1992
june 1993 to nov. 1993
dec. 1993 to jan. 1994

14
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4.1 September 21, 1992 to October 5, 1992

Intense rainfall in South-East . 400 mm/24 hours

Ouveze river (left-side trib. of the Rhone)
Vaison-la-Romaine : 63 billion ¥ damage
46 victims
(amateur video tape)

Aude, Ardéche : record flash floods
no victims
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4.2 June, 1993 to November, 1993

numerous thunderstorms n the South
(typ. : 100 mm in a few hours)
Corsica mountaneous island in Med. Sea:
800 mm in 24 h.
70mmin 1 h. — 6 victims
10 m*/s/km* flow 18 billion ¥ damage
Lower Rhone :
9,800 m® /s in Beaucaire (50-year R.P.)
Regulation of the Durance through reservoirs

Brocken of Camargue dikes e

( O H P 26 )

Religd

14
|

"

The Oct

(o H P 27 )

75 RIIBITAMEDHK EFH LWIEKETEIZ DT
—249—



LT, RBE3DHOUKTT TR ES |, —FRAD LD, 1993FE R 1H45EDL] £ TTT,
;mhM®+ﬁUl?uuﬂ’lH@TWWMﬂALWWQ*&OiLL<%ﬁ@ EDOUELL F O A
AEKL7zorZonHE LR,

FEOUGLL LM EA IO HFTHONE Lz, dbREB. 2 — ZXJRA 7 - X, # L Clges.
AT PO L (Dudﬁkﬁmi L7z §XTORINNTRIEADSEEL T Y, -2l 7%
o 7O £ LCRNO E R Mmuﬂﬁ“m(%ﬁﬁﬁm>w7:kﬁ§wAf¢ovﬂuh
A /0>)J(D T /N b%;EB{L:T'Eﬁ’H rlEnwizZ e e BunESd, o— ok, 1994451 )] D1
G 9BI0A DK E-A F Lz, FLTC, FRBTIRTBHEII00E S V) Al L E LA o
NEHR=7 -V TCoRFE LTI HN 0 11500m ek ->TBY £

4.3 December 20, 1993 to January 10, 1994

Rainfall > (2*average) for Dec.-Jan.

over more than 1/2 territory
North-East and South-West river hist. floods
Rhone river : 11,500 m*/s in Beaucaire

(max.: 11,640 m*/s in 1856)

Camargue dikes brocken again

170 km’* flooded

6700 persons evacuated

3000 houses severely damaged

54 billlion ¥ damage
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- immediate prohibition of construction in
particularly flood-prone areas by the Prefects

- simplification and unification of all land-use
regulations for risk prevention

Y
RISK PREVENTION PLAN
2000 plans in year 2000
— increase of credits for flooded and flood-prone
area mapping
Prediagnosis in 24 districts in mountaneous
areas for pop. > 500 inhab. and < 50 000 inhab.
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_ immediate prohibition of construction in
particularly flood-prone areas by the Prefects

— simplification and unification of all land-use
regulations for risk prevention

y
RISK PREVENTION PLAN
2000 plans in year 2000
— increase of credits for flooded and flood-prone
area mapping '
Prediagnosis in 24 districts in mountaneous
areas for pop. > 500 inhab. and < 50 000 inhab.
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— development of the flood warning system:
68 billion ¥ in 10 years

- simplification of the protection work management
by local groups.

— incorporation of the flood management as a part
of the new Master Plan for Water
Management (S.A.G.E.) introduced by the
Water Management law of Jan. 3, 1992.

- restoration and maintenance of the river beds,
with a real concern with ecosystem
conservancy. 10-year 183 billion ¥ program.
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CONCLUSION

Introduction of the concept of
SUSTAINABLE DEVELOPMENT
in master plan elaboration.
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