UNCLASSIFIED

AD NUMBER
AD012073
CLASSIFICATION CHANGES
TO: uncl assified
FROM: confi denti al

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Controlling DoD Organization: Corps of
Engi neers, Washington District, Washington, DC.

AUTHORITY

WDCE DA Itr dtd 15 Aug 1979; WOoCE DA Itr dtd
15 Aug 1979

THISPAGE ISUNCLASSIFIED



UNCLASSIFTED

AD o

DEFENSE DOCUMENTATION CENTER

FOR
SCIENTIFIC AND TECHNICAL INFORMATION

CAMERON STATION ALEXANDRIA. VIRGINIA

DOWNGRADED AT 3 YEAR INTERVALS:
DECLASSIFIED AFTER 12 YEARS
DCD DIR 520010

UNCLASSIFIED



THIS REPORT HAS BEEN DECLASSIFIED
AND CLEARED FOR PUBLIC RELEASE.

DISTRIBUTION A
APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED.




ADVANGE Copy

ADNo-
g RE COFY

0\

& gremuy,

)
s

Corps of Engineers

v e .

SECURITY INFORMAH\JN

IUT/-\RY HYDROLOGY

ESEARCH & DEVELOPMENT BRANCH

This document contaurs mformation oM. u
the astional defenss of the Uaded States w:

the meaning of tne Espcage Laws, Yn&e 8
U. 8. C. Sections 733 ang 734, ne 1
msion of the revelation of jis ecortents i an

meaner i the uaautt:: Ied""-vq-y\\-
by lm
‘v : \L
SkLeu- = ‘-oua'rlON

Dept. of Army

21

Washington District




P —.

1-01
1-02
1-03
1--04
1-05

2-01
2-02
2-03

2-05
2-06
2-07
2-08
2-09
2-10
21

3-01
30
3-C3

3-05

401
402

403
404

CONEIDENTIAL
SPECIAL STUDY S-51-4
TESEK RIVER SYSTEM

HYDIULIC EFFECTS CF DEMOLITION OF EDER DAM

VOLUME T

TABLE OF CONTINTS

SECTION I, INTRODUCTION

Assignment
Scope of this Report

Arrangement of Report
Definition of Temms
References

wwven
DO o

SECTIN II. DRAINAGE B/SIN (HaRiCTERISTICS & DEVELOPMENTS

General

Drainage Areas

Topography, Gradients & Channel Profiles
Channel Crcss-Secctions and Geology
Channel and Flood-Plain 'iidths
Channel Depth & Tides

Na-rigation

Low Water Regulation

Dams and Reservoirs

Levees and Canals

Bridges

SECTIN III. HYDROLOGY

General

Clima tology

Stream Gaging Stations !
Stages and Discharges

Stream Velocities

SECTION IV, ARTIFICIAL FLOOD POTEMTIATITIES

Ceneral

Artificial Flording Potantialities of
Navigation Dams Locatcd on the Fulde
and Y/eser Rivers

Artificial Flooding Potentizlities of Canals

Artificial Flonding Potentialities of Dams
Located on the Headwaters

CONFIDENTIAL

BEO&QQOmbbb

st rRafafed

16

19
20



CONFIDENTIAL
TABLE OF CONTENTS (CONTINUED)
BIBLIOGRAPHY
LIST OF EXMIBITS CONTAINED IN VOLME II

APPENDIXES

A, Description of Taterccurse and Cantrol Structures

B. Geology
Ce Destruection and Protection of Dems and Levees

CONFIDENTIALL

g —

e e




WZSER RIVER SYSTEM
HYDRAULIC EFFECTS OF DEMOLITION
OF FEDER DAM

SECTION I. INTRCDUCTICN

1-01, ASSIGNMENT. This special study was assigned to the Military
Hydrology R & D Branch, Engineering Division, Washington
District, by letter from office of the Chief of Engineers,
ENGYE to Division Engineer, North Atlantic Division, subject,
"ilitary Hydrology, R & D Projech No. 8-72-12-001: Special
Assignments.™ dated 1 Noveamber 1951,

1-02, SCOPE OF THIS REPORT.

a, This report presents infommtion regarding the hydraulic
effects of possible demolition of the Eder Dam upon bridges
and other structures along the Eder, Fulda and Weser Rivers
and on the flood plains, and the changed potential of the
river area as a military barrier subsequent to runoff of
water released,

b, The report is designed to furnish basic data and results of
analyses needed to answer gquestions concernings

(1)

(2)

(3)

(4)

(5)

(6)

(7)

Size of brecaches and rates of discharge in dams
and levees,

Utilization of navigation structures and levee
systams in conjunction with demolition of Eder Dam,

Stages, discharges, velocities and time of travel of
the artificial flond waves at key stations on the
Eder, Tulda and '‘eser Rivers.,

Low, mean, and high stages, including duraticn, at
key stetions on the Fulda and Weser Rivers.

Character of the stream bed materials and binks of
the "Teser River.

Locations and elevations «f zeros of gaging (pegel)
stations,

Reservoirs, mavigation structures, levees and bridges
on the Eder, Fulda, Diemel and Veser Rivers,

¢, Additional studies are needed to adequately ccver the sub-
ject for general military requirements.
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1-03., ARRANGEMENT OF REPORT. This repert is sub-divided as followss
Volume I
Section I, Introduction. .
Sectfion II., Drainage Area Charactoristics and Dcvelopments
Section III. Hydrology
Section IV, Artificial F’looding Potentiaiities
Bibliography '
List of Exhibits ctntained in Separate Folio
Appendix A, Description of Watercourse and Centrol Structures
hppendtix B, Geology
Appendix C, Destructicn and Prctection of Dams and Levees
Volume II
Folio of Exhibits
1-04. DEFINITION CF TERMS,
a, Equivalent English-Mctric Terms. Both the English amd metric

systans are involved in data oontained hercin. The following
conversion factors are presonted for convenient reference:

To reduce A to B, multiply & by F, To reduce B to_h, multiply B by G

Unit A Factor ¥ Factor G Unit B
Miles (Mi,) 1.60935 62137 Kilomecters (km,)
Mzters (M) 3,2808 «30480 Fect (Ft.)
Meters 39.370 «025400 Inches
Cubic Meter (M3) 35.3145 023317 Cubic Fect (Cucft.)
Acre-feet 43560, 000022957 Cubic Fect
Acre-feet (hc-ft,) 1233.5 .00081071  Cubic Metevs (M43)
Second-feet (cfs) 1.9835 «50417 Acre-feet per 24 hrs,
Miles per hour 1.4667 068182 Fecet per second
Mcters per second 3.2808 «30480 Feet per sccond
Mcters per second 2,2369 44704 Miles per hour

-2 -
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- b. Sclocted hydrologic terns and abbreviations used in this
report are given in Exhibit 1,

1-05. FREFERENCES. All references cited herein by number arc listed l
in the bibliography at the end «f the repwrt.
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SECTION IIX
DRAL'AGE BASIN CHARACTERISTICS & DEVELOPMENTS

2-01, GEFNERAL.

a. The Weser River is formed by the confluence of the Werra and
Fulda Rivers, near Hann Muenden, each of which Mmas its source
in the hills of the Mid-German :{ighlamds. The ‘leser Hiver
traverses the North German Plain, flowing from Scuth to North
to enter the North Sea near Bremerhaven. The course is ex-
tremely tortuous for most of the 478 km length. The major
left bank tritutaries are the Eder (which joins tm kulda near
Gunterhausen), the Diemel, and the Hunte; the right bank triou-
taries are thc Aller and Hamme Rivers. Maps are presented as
Exhibits 2 and 3, and a detailed descripticn is tabulated in
Appendix A,

be The information prescnted in this section is limited to con-
sideration of the main stem of the Weser River, the portion
of The Eder and Fulda Rivers helow the Eder Dam, and the
rcaches of the Diemel River below the Diarel Dam.

2-02, DRAINAGE AREAS, 'fatershed lines of the major drainage basins of
Gemmany are shom on Exhibit 3., The tctal drainage area of
the Weser River and tributaries is 45,548 sq. km, which is
13 pereent of the total area of post-war Germmany. Following
are tabulated dralnage areas at key staticns on the Weser River:

Statien River lan Drainape firea
(Sq._km.)
Hann Mucnden 0 12, 460
Karlshafen 45 14,825
Ha_meln 13E 1’7: 13
Nienburg 268 21,891
Intschede 331 37,906

2-03. TOPOGRAPHY, GRADIENTS & (HANNEL, PROFILES,

a. The topography of the eser River basin is mountainous in the
Upper eser (Oberweser) above Porta. There the Middle Weser
(Mittlere “ieser) enters the North Germmn Plain, The pertion
from the Hemelingen "'eir to Bremerhaven, knowm as the Lower
Wleser (Mterwessr) is tidal and flows thrnugh flat marshland,
The Outer Weser (Ausserweser) beluw Bramerhaven consists of a
wide estuary charzcterized ty extensive sands and "wattshi,
which are exposed only at low tide. The topography of the Vleser
River and its tritutaries is indicated on the profiles presented
on Exhibits 4 to 7, inciusive,

—1.—-
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The gradicnt in the Yieser River verics considerably. Shallow
stretches with very stecp gradients altemate with deep
stretches with very slight gradients. Navigation structures
tend tc egqualize the gradient varintions. The gradients of
the fulda, bder, and Diomel rivers are generally stecp, ex—
cept wherc modified by mavigation and water pover dans., Aver-
age gracicnts are tabulated helows

Weser River

Hann Muerden to Porta 4+7-3.2/10,000

Porte. to Intschede 2.6-2,0/10,000
Fulda River '

Gunterhausen to Hann Muenden 5.4/10,000
Eder River

Eder Dam %o Gunterhaugen 11.6/10,000
Diemel River

Dierel Dam to Twiste River 23.2/10,000

Twiste River to karlshafen 6.8/10,000

411 elevations referred to herein are referenced to '"Normal
Nuil,” (NN) the norml zero of the land horizon of the old
Reic .

Cfficial stationing along the 'eser River is measured in
kilometers dovnstream from Hann Muenden to Bremen, and is
uwsed herein for referencing profiles and locations. The
tidal sectionz of the "Jeser River are measured dormstream

‘from Bremen. Profiles shovn along the Fulda and Eder Rivers

are measured upstream from Hann Muenden., However, for con-
venience, certain data are referenced in kilemeters dowm-
stream from Eder Dam. Distances along the Diemel River are
shown as kilometers dovmstream from the Diemel Dam,

2-04 CHLNNEL CROSS-SECTIONS AND GFOLCGY,

a.

Cross—Sections. The general character of the Weser River
channel and valley is indicated by typical channel and valley
cross-sections showmn on Exhibits 8 to 12, inclusive. The
cross-sections shomm are fairly typical of the general
strear. characteristics in the vicinity of those locations,
though considerable local variations ean be expected, Addi-
tional cruss-sections are contained in the document listed as
Reference 1 in the Bibliography.
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Nature of Stream Bed. The “Yeser River bed is fimm and subjeci

to but slight shifting. The bed from Hann Muenden to Minden
is stony gravel, inclined to be rocky in certain locations,
Below Liebenau the bed 1s composecd of clay, becoming increas-
ingly sandier to the mouth of the Aller River. BRelow that
point the river bed is sand. Detalled description of the
geologic conditions is presented in Appendix E,

CHANNEL AND FLOOD-PLAIN 'WID THS,

The channel width of the Weser River can be detemmnined by
reference to the typical channel cross-sections showm on
Exhibits 8 and 9, The widths of valley subject to flooding
can be estimated by reference to the general map, Exhibit 2,

and to the typieal valley civss-sections presented as Exhibits

10 to 12, inclusive. Accwate information regarding the
natural flood plain as modified by the extensive system of
local dikes and levees is not available., First-hand informa-
tion should be obtained bv local reconraissance.

Following is a general indication of the widths of main
channel and flood plain at various locetions along the “eser

River and its tributaries;

Channel Flood Plain V7idth
Weser River - ¥iidth (meters) (kilometers)
Hann Muenden to Hameln " 60-110 0.15 2,6
Hameln to Porta 60-110 02 = 41
Porta to Nienburg 75-110 0.2 - 4.0
Nienburg to Mouth of Aller 75-110 Le2 — 21,3
Mouth of Aller to Branen 110-150 9.0 - 20,0
Bramen to Bremerhaven 1501800 9.0 = 22,0
Fulda River | :
Gunterhausen to Hann Muenden 4575 —_—
Fder Riw}er
Eder Dam to Gunterhausen 25-45 0¢e5 ~ 1,6
Diemel River
Diemel Dam to Marsberg 7+5-10,0
Marsberg to Warbyrg 10,0-13,5
Varburg to Xarlshafen 15,0-30.0 0.8 -~ 3.0
-6 ~
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CHANNEL DEPTH & TIDES

Upper & iddle Yeser {non-tidal). The depth at mean low water
(M), as augmented by regulated discharge from the Eder and
Dicmel Dams, varies from l.1 to 1.6 meters. The depth at mean
water varies from 2 to 3 meters. Reference is made to the
stream profile on Exhibit 5 for detailed depth informatiom,

Lover and Outer Weser (tidal), The tidal range between mean
flood tide (MThw) and mean ebb tide (MInw) of the Hemelingen
Dam near Bramen was 3,0 meters for the period of record
(1931-1935). The main navigation channel in the Lower “eser
is designed to permit access up to Bremen of vessels of 8,0 m
(26 ft.) draft at faverable water stages, Westerly winds tend
to raiee the water level, vhile easterly winds tend to lower it.
The channel at Bramen is subject to considerable sediment
decposition and dredging of the channel above Bremerhaven is
necessary to reintain navigable depth, The mean ind extreme
depths are indicated on the profile, Exhibit 5,

Fulda, Eder and Dianel Rivers. The depth above the naviga-
tion dams on the Fulda River is 2,5 to 5.0 meters. Reference
is mde to the profiles shown on Exhibits 5 to 7, inclusive,
for depths at specific locations, Following is a general indi-
cation of the average depthss

Low Vlater Mean ‘fater

Fulda River (meters) _(meters)
- Kassel to Hann Muvcnden 1.5 1l.,7-2,0
Eder River
Eder Dam to Gunterhausen . 044045 0e7-1,2
Diemel River
Diamel Dam to Karlshafen 0,2-049 0.51.5

2-07., NAVIGATION,

a,

Generals The Lower and Outer Wescr River for the greater

part of the tire is navigable for sea—going vessels of maxd-—

mm depth of 8,0 meters and capacity of 7,000 tons as far up-
stream as the Hemelingen ‘Teir at Bramen. The Middle and Upper
feser River is not navigable at low water for fully loaded
barges. The standard 1,000-ton barge fully loaded has a draft

of about 2,0 meters, which exceeds the present augmented mean low
water depth of 1,1 to 1.6 meters, This depth necessitates par—
tial unloading of barges to navigate the Middle and Upper Veser
during low flow conditions. Ultimste canalization to a project

-7 =
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depth of 2.3 reters is contemplated, but information 1is riot
available upon progress of that project. The Fulda River is
theoretically navigable up to Kassel by 650-ton barges (draw-

ing abou* 1,9 meters fully loeded), Reduced loads are resorted
to curing low summer stages. Above Kassel, tne Fulda is classi-
fied as navigable by smrll barges as far upstream as Mecklar,

but carries little traffic. Neither the Eder nor the Diemel
River is navigable. Reference is made to Appendix A for detailed
description of navigation struciurss. :

Highest Navigable Water., The rivcr stage above which naviga-
tion on the Weser is suspended for open river conditions wnder
peacetime operation, designated as Highest Navigable ilater
(USeh7) ) 4is tatulated in Appendix i for certain critical loca-
tions. Those tabulated values approximate the line designated
as Mean High Water on the profile of Exhibit 5.

Ices The leser River below Bremerhaven does not completely
freeze over, nor does ice ever bank up in that part of the
river. "Between Bremerhaven and Bremen thc navigation channels
are kept open with ice breakers thioughout the yeax, The
Middle and Upper eser River experiences ice for about 18 da s
between 25 December to 11 February during the average year but
shipping is not usually hindered. Of 100 winters on the Weser
River, 54 had no ice cover, 33 had ice cover once, 10 had ice
cover twice, and only 3 had ice cover 3 times. The Fulda ilver
often freezes in December and Janwmry to a thickness of 0.4
meters, btut is always ice free by the end of March, The breakup
of ice is not dangerous exccpt at the confluence of the Eder
Rivero .

-

2-08, LOTWATER REGULATION,

a.

Until recent times, the depths of the Middle and Upper 'eser
Rivers were ‘too shallow to permit passage of bargss during
periods of low water. As part of an extended development plan
drawmn up in 1896, two storage reservoirs were oonstructed; 3he
tder Dam in 1914 and the Dicmel Dam in 1924. The purpose of
the roservoiry iss

(1) To augment the flow in the upper reiches of the Teser
River duririg low water periods. Approximately 18 m3/sec
flow is avallable from the two reserwoirs to augment the
low water discharge, resulting in an increase in stage
of about 0.35 m as far dowmatream as Minden, and about
O.15 m at the mouth of the Aller River.

-8 -
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. (2) To replacc water dramn from the Veser to feed the
Mittelland Canal,

(3) To retain excess flood water in order to reduce
flood stages on the Jeser River.,

b, Three navigation locks and dams are now provided to further
regulate low stages at Hameln, Doerverden, and Hemelingen.
Additional structwres are proposed at: Petershagen, Schluessel~
burg, landesbergen, Drakenburg, and Langwedel., Detailed
information is lacking upon the progress of the project subse-
quent to 1938, at which time thec Drakenburg, Pctershagen, and
Langwedel locks were in preliminary stages of constructione.

A number of navigation locks are located on the Fulda River,
and several small water power dams arc provided cn the Eder
and Diziel Rivers to regulate low water flor,

ce Locations of tne control structures arc indicated on the
profiles of Exhibits 5 to 7, inclusive, and dctailed descrip-
tions are contained in Appendix 4.

2-09. DAMS .LND RESERVOIRS,

a, General., Descriptions of important dams on the i'eser River
- and its tributaries are contained in Appendix i, and loca-
tions are indicated on the profiles of Exhibits 5, 6, and 7,

. b. Eder River, The Eder Dam (Edertalsperre) is situsted on the
Eder River at Hemfurth, 49.2 kilometers above the cunfluence
with the Fulda River. It is a multiple purpose reservoir
providing storage for augmenting low flows on the “Veser River,
for control of floods on the Fulda and Weser Rivers, for wvater
supply for the Mittelland Canal, and for power generation,
Reference is made to Appendixes A and C for detailed descrip—
tion and to Exhibits 13 and 14 for sketches of the structure,
The following pertinent data are presented:

Type ~ Rubble stone masmry gravity dam
. Height ~ 48 meters
Total length - 400 meters
Spillway length - 152 meters
Top thickness - 6 meters
Base thickness - 35 meters
Storage capacity ~ 202 million cubic meters
Sluice capacity - 290 cubic meters per second

Associated with the Eder Dem are the auxiliary Peterskopf pump—

- etorage reservoir and the Affoldem re-regulating reservoir.
Several smell dams, providing pondage for operetion of mills and
for local water supply, are located domstream from the Eder Dam,

-9 -
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Diemel River. The Diamel Dam (Diemeltalsperre) is located on
the Diemecl River near Hcelminghausen 85,3 kilometers upstream
from the confluence with the 7eser River at Karlshafen. To-
gether with the Eder Dam, it provides for low vater regulation
of tre Teser River, as well as for power generation. Reference
is nmade to Appendix A for detailed description and to Exhitit
15 for cross-section of the sitructure. The following pertinent
data are presenteds

Type - Masonry gravity dam
. Height - 41 meters
Length - 200 meters
Top thickness - 7 meters
Base thickness - 31 meters
Storage capacity - 20 million cubic meters

Associated with the diemel Dam is an auxilisry re-regulating
reserwir domstream from the main structure. Several smll
dams for mill operation and local water supply are located
below the Diemel Dam, . '

Fulda River, Nine locks and dams are located on the Fulda
River betwecn the mouth of the Eder River and the junction
of the Fulda and Yferra Rivers at Hann Muenden. The dams

provide for mavigation of the Fulda River and for operation
of mills at the dam sites. Reference is made to Appcendix A
for detailed descriptions and to the profiles on Exhibit §

‘for location of the dams,

Weser River. At the present tirre., locks and dams at Hameln,
Doerverden, and Hemclingen providc stcrage for powes gxmeration
and irrigation in addition to the primary purpose of navigation,

- The ultimate plan for canalization proposes five additional locks

and dams as previously discussed in paragraph 2-08b, The Hameln
Dam las a fixed crest wcir, but the Doerverden and Hamelingen
Dams have movable crests, Normally, the Hemelingen Weir is
operated to maintain a stage above the dam of 4,50 m¥¥ during
the sumner (16 March to 14 November), and 5.5 m«NN during the
winter (15 Novamber to 15 March), Refcrence is made to Appen—
dix i for detailed descriptions of the existinz locks and dams,

Leine River., Although beyond the scope of this report, data
regarding the two major dams located on tritutaries of the
Leine River are included as a matter of information for pcssible
future oonsideration, Thcse reservoirs are so far removed from
the '‘eser that floodwaves originating at the dams would be
smll upon reaching the Jeser River, The Oder Valley Dam is
located north of Bad Lauterberg on the Oder River, vhich flows

- 10 ~
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into the Rhume, tributary to the Leine River near Northeim,
The Soese Valley Dam is located north of Osterode on the
Soese River, like-wise tributary to the Rhume River near

the mouth of the Oder kiver, Both are multiple purpose
reservoirs provilding stoiage for flood protection, water
supply, pover generation, and flow regulatwion. Lecatlons

of the dams are showm on Exhibit 2, The following pertinent
data are prasented:

Oder Valley Dam
Type - earth dam of river gravel
Elevation, crest of dam — 383,00 NN
Elevation, foot of dam — 329,95 rwhN
Maxdmum water surface — 381,10 meNN
Storage capacity - 30.S5 million cubic meters

Soesa Valley Dam
Type — earth dam of river gravel
Elevation, crest of dam - 328,50 m«NN
Elevation, foot of dam —~ 279,10 m«NN
Maximun water surface — 326.5C meNN
Storage capacity - 24.45 million cubic meters

ge Yerrc Rivor, Detalled descriptions of the navigation and
power dams located o the Werra River are not presented as
they are considered veyond the scope of this report.

h. Other Rivers., Numerous small navigation and vmater power
dams are located on other tributaries of thc “'eser River but
are not discussed as they are considcred beyond the scope of
this report,

2-10, LEVEES AND CANALS,

a, Levees, The banks of all the larger rivers of the "eser
System are protected against erosion by groins, revetments
and training valls as part of the canalization program,
An extensive systeam of dikes and lcvees provides local
flood protection to urban and agricultural areas along e
flood plain. Data relative to the most important levees
along the “eser River arc presented cn Exhibits 16 and 17,

Ue Mittelland Canal. The Mittelland Canal System is the largest
and most important of the Gerran canals, It extends from
Duisberg on thc Fhinc River to Magdeburg on the Elbe River,
The course is shown on Exhibit 2. The Ems-V/leser portion of
- the Mittelland Canal crosses over the Weser River at Minden
by means of a canal aqueduct. Two short branches connect to

- - 11 -
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the Weser River at that point through locks. The main canal
likewise crosses the Leine River by means of an aqueduct;
while a branch, provided with locks, connects the river and
canal, A diagrammtic map and a profile of the Mittelland
Canal are presented on Exhibit 1B and standard canal cross-
sections are shovn on Exhitit 19,

c. Bruchhausen-Syke Canal. At Hcya, the Teser River is connected
to the Bruchhausen-Syke (Meliorations Haupt) irrigation and
drainage can2l through an inlet lock constructed In the Weser
dike. The lock includes three openings, each of 3.3 meters
clear width., A second lcck is located on the Main eanal at
Stapelshom, 8 kilometers west of Hoya., That lock has a
cleai width cf 12 meters and scrves 4% closc off the main
canal in the event of dike failures and to raise the canal
water level for irrigation of higher sitnated lands. Seven
side canals branch from the mein canal fcr distribution of
irrigation water.

2-11, BRIDGES. Locaticns amd clearances (wherever data are available)
of mjor bhridges across thc Weser, Fulda, Eder and Diemel Rivers
are indicated on the profiles of Exhibits 5, 6, and 7. Tabulations
of pertinent bridge data arc presented on Exhibits 20 to 25,
inclusive. Reliable informtion upon pust-war hridge reconstruc—
tion and modifications subsequent tc 1945 is not presently
available. '

- 12 ~
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SECTION III
HYD IO LOGY

GENERAL, Informmtion regarding flood discharges, stage duration,
sheserved water surface profiles, and surface velocitics of the
Y[eser River are presented in generalized graphical foim insofar
as practical in order to facilitate application of tne date to
speci fic military problems. References cited should be utilized

for supplementary data,

OLIM. TOIOGY. Annual precipitation in Gemrany ranges from 35
irches in the west to 24 inches in the east, with a national
yeariy average of 26 inches. The greatest precipitation falls
during the sumer. The water level of navigable streams fluctu-
ates in response to seasonal amd regional differences in rainfalil,
Low water interrupts nevigation on all Gemman rivers, while high
water may at times give rise to serious floods. Detailed informa—
tion is contained in the documents listed in the bibliography as
References 2 and 4,

STRE/\M GAGING ST.TIONS. As an aid to navigation and to provide
data necessary for hydrologic purposes, an extensive system of
gages has been established on the /eser river and tritutaries,
Continuous or daily records are ngintained at the more important
gaging stations. Stage-discharge relations {cr key stations on
the Fulda and Teser Rivers arc presented on Exhibits 26, 27, and
28, Locations of gages of primary importanee are indicated on
the general map, Exhibit 2, and on the stream profiles of Exhibits
5, 6, and 7.

STAGES AND DISCH/.RGES,

a, Stages, Data regarding the maximum, mean, and minirmm stages

of record at various gaging stations on the Fulda and Weser
Rivers are presented by months on Exhibits 29 to 32, inclusive,
together with data pertaining to the gaging statims,
Definitions of the hydrologic terms and abbreviations as pre—
sented on the exhibits and as commonly used in European litera~-
ture are contained on Exhibit 1., Reference is made to the docu-
ment listed as Reference 3 for detailed gage ard stage data,

b. Discharge Rating Curves. Average stage-discharge rating curves

for 11 key stream-gaging stations on the eser and Fulda Rivers
are presented on Exhibits 26, 27, and 28, The gage zero eleva~
tions, river kilometers with reference to Hann Muenden, mean
water stage, 1926 high water stage, and stage of artificial
floods analyzed in this report are also sho'm on the exhibits,

.
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c. Discherge Records, Daily discharge records, monthly and anrnual
averages and other pertinent data for the Veser Hiver and tribu-
taries are contained in the document listed as Reference 3 in
the bibliography.

d. Seasonal Variations in Flood Stage. The maximmm and minimum
stages recorded during ecach month of the year at key stations
on the Weser Hiver are shom graphically on Exhibit 33. In
order to permmit convenient comparison of relative stages in
successive months, stages equalled or esoceeded 25, 50, and 75
percent of the time, respectively, are 2lso indiecated graphi-
cally. The period of record included in computations covers
the 10 water years from 1926 through 1935. It mmy be dbserved
that the magnitude and duration of flood stages at all stations
are greatest during the vinter month of January. The range of
stages during the winter is much larger than during t he sumer
mon.ths, It may be noted that the interquartile renge (within
the 25 to 75 percentage lines) becomes increasingly larger
for the downatream stations, though for all stations is like-
wise generally larger during the winter than during the summer
months. The seasonal opcration of the Hamelingen weir is re-
flected in the graph for the Intschede gage, located 30,7 kilo-
meters upstream of the weir,

es - Flood Crest Travel Time, Comparison of the recarded cresting
time of the floods of Janwry 1926, January 1938, and Febrwary
1946 indicates an average rate of progression of cresting time
of natural floods as tabulated belows

Average Travel Rate
Station . of Peak (im/hr)
Gunterhausen-Hann Muenden
Hann Muenden-karlshafen
Karlshafen-Hameln
Hameln-Minden
Minden Nienturg
Nienburg-Hoya
Hoya-Baden

*
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305, STREAM VELOCITIES.

a. The velocity of stream flor varies according to the conformetion
. of the river bottom, depths, obstructions ard restrictions, local
variation in slope, etc. Channel improvements and cutoffs,
training walls and levees, operation of dams, and other man made

-1 -
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modifications of natural conditions appreciably affect the
velocities. Influent rivers in flood tend to elevate the
main river waters at the point € confluence according to the
magnitude of the flood., This tends te reduce the slope above
and increase it below the point of confluence. Accordingly,
correlations betwea: river stage at gaging stations and sur-
face velocities cannot be interpreted 22 2pplicable to ail
points along the adjacent river sections, tut only as general
indications.

Availatle informtion regarding velocities at various points

on the Teser River, against distance from Harn Muenden, between
Hann Muenden and Bremen, are plotted on Exhibit 34, Velocity
profiles are shown on this exhibit for the Janwary 1926 high
water and mean water. The velocities showm represent the
estimted average surface velocities carresponding to the
similar water surface profiles shown on Exhibit 5. Surface
velocities were derived from crest stage and discharge records
and cross—-scctional areas at various typical locaticns. The
deduced mean velocities were multiplied by 1.18 to obtain
corresponding surface velocities. As stated above, it is to
be expected that velocities greater or less than general values
indicated by the velocity profiles may be expected at various
points because of local channel and slope variations. Follow-
ing are tabulated mean surface velocities at certain key loca-
tions taken from the profiles on Exhibit 34:

River face V

Location am, Water 1926 High ator
Ailwartshausen 3.6 . 3.3 5.5
Karlshafen 44,6 2.1 6.3
Bodenwerder 110,8 3.2 749
Hameln ]3506 1.9 602
Minden 203.2 209 809
Hoya ~ 29849 245 T3
Intschede 331.2 2.0 6.3
- 15 —
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SECTION IV

ARTIFICIAL FLOD POTENTIALITIES

GENERAL.

The term fartiricial flood® 2s used in this report applies to
any major increase in the extent of flooding, over that non-
melly prevailing with existing developments, that is brought
about by manipulation of control structures, breaching of

dams or levees, or tamporary damming operations designed to
create flooding conditions. The follcwing three types.of flood-
ing were considered in this report:

(1) Still-water barriers, or drainage obstacles, In certain
areas of flat topography, ¥still-water barriers® may be
created by flooding land to form water obstacles or to
reduce trafficability by admitting the water to the
land through gates of canals, breaches in levecs, or
by similar means.

(2) Streamflow variations, ir which sudden changes in dis-
charges, depths, velocities, widths of streams are
brought about to increase difficulties of stream cross—
ing operations, such as might be accamplished by open-
ing and closing large flood gates intermittently to
create cyclical flood waves for limited distances
dMStm.

(3) Mujor flood weves, which mgy be caused by the sudden
breaching of a high dam to release large quantities
_of impounded water. :

b. Many opportunities exist for the effective use of the above

three types of artificial flooding in the Weser River basin,
and all thrce methods should be fully onsidered in the
planning of military operatiars, This report deals prin-—
cipally vith a "major flood wave® caused by breaching the
Eder Dam; however, certain quantitative evalwmtions of the
effects of breaching th2 Diemel Dam and controlled manipula—
tion of the regulating gates of the Eder and Diamel Dams are
also presented. The following paragraphs also review the
possibilities of creating "still-water barricrs," ®"streamflow
variations® and ®"major flood waves® on the main stem of the
Weser River, and present certain data regarding the nsnipula-
tion of the regulating gates cr demplition of existing dems
and canals on the Fulda and Weser Rivers,

- 16 -
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4~02, ARTIFICIAL FLOODING POTENTIALITIES OF NAVIG.TION DAMS LOCATED QM
THE FUTDA AND "%3ER RIVERS,

a, General, The studies rcviewed in this paragraph pertain to
" the use of the navigation dams and ievees on the Fulda and
"leser Rivers to create artificial flooding. A large part
of the information summarized hereim fter is obtained from
Reference 5. Reference is alse mrde to Appendix A for more
detailed information.

b. Means of Crcating Artificial Flooding. The navigation dams,

levees and bridges on the Fulda and Weser Rivers provide at
least five metheds by which artificial flooding couid be
created to make the ‘leser River a2 m..re effectivc military

barrier:

(1) Flood waves created by danolition of navigation dams.

(2) Flood vaves created by regulation of contrel gates of
navigation dams,

(3) Inundation f lowlands by raising crest gates of navi-
gation dams to maxdmum height.

(4) Inundati-n of lowlands by installation of auxiliary
barriers at key puints such as bridges.

(5) Inundation cf lowlands by breaching dikes and levees.

c. Utilization of Navigaticn Structures on the Fulda and eser

Rivers for Military Purposes.

(1)

(2)

By raising the gates of the Hersfeld Fulda “eir located
at the confluence of the Fulda and Haune Rivers, ap-
proxdmtely 30 centimeters and closing the gates at the
povier plant and Haune-Bingartes Mill, vater can be
diverted through the irrigation facilities at Haune-
Muehlengraben and capse flooding of approximately 3/4
square kllometers of valley. By rapldly opening the
gates at the weir and releasing approximately 135,000
m3 of weter, an abrupt wave can be rcleased, This could
be repeated approxirately every 3 hours vhich is the
time required to refill the sterage pocl at medium flow,

By use «f the roller dam at Kassel (km 75.5), the flood
plain upstream on the right bank below the railrvad
bridge at "aldkappele (km 80) and Karlsaue can be
temporarily flocded at medium flow (M7), Overbenk

flooding occurs at +4.00 m on the gage at Gunterhausen

- 17 ~
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(3)

(4)

(5)

(6)

(7)
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(15 kilometers aoove Kassel). This corresponds
to a Jiseharge of 470 m3/sec.

Since the dam at Hameln (km 135.3) has a fixed crest,
raising of the upper pool is not practical, Ho mild
tary usc could be made of the Hameln weir,

By completely closing thc gates of the Doerverden Weir
(tn 308.8) the pocl stage can be raised 0450 meters

over the nomal stage of NN+15,10 meterss This would
cause flooding of the vallgy within the winter dikes

up to Hoya (kn 300) with resultant damage to agricul-
tural land, An abrupt wave can be created bty complctely
opening the gates., is can be repeatcd every 2 or 3
days by completely shutting off the power station and
navigation,

Through the camplete closing nf the Hemelingen ‘leir
(km 362.0) above Bramen, the valley within the dikes
can be flooded vithin an arca of about 30 square kilo-
meters, bounded by Hemelingen, Malndorf, Dreye and
Bollen. The breaching of dikes at high water is par-
ticularly effective on the left bank above Habenhausen
(kilometer 360.,0) up to Dreye. This would flood an
additional area of about 20 square kilometcrs in the
Ochtum Depression beticeen Brinkum, Arsten and Bremen-
Neucnldande. The flo.ded area would be about 10 kilo-
meters in length and the operation wvould require
:.Sproximtely one wecek with a continuous flow of 100

/sec passing thrcugh the dike sections, By raising
the gates during the winter and shutting down the tur-
bines, the pool can be raised to 6.20m«NN, This causes
flcoding of the banks of the upper pool and creates a
considerable obstacle.

The release of a large wlume of water from the Hemelingen
leir to create an abrupt flood vave would diswvupt naviga—
tion upstream, shut down the power plant, and would cause
minor damage tc the river banks and the city ~f Bremen
immediately downstream. Below Bremen, hovever, the wave
would not be effective because it enters a wide charnel
which is subject o tidewater,

In the lower "'eser (below Bramen) it is possible to
ficod the large marsh and depression regions to varying
degrees by breachiing the dikes. The depth of flocd-
ing will depend particularly on the difference in eleva.-
tion between the mean water stage (see profile, S=xhibit
5) and the elevation of the adjioining terrain. FPactors

- 18 -
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affccting the stase are the lesses from storage in
culverts, ditches, and sluices; also scopage and
evaporation. The tempurary drop of high tide stages
due to east winds is alsc important to consider,
Reverse effects occur frore runcff of the uplands
which flow irto the depressions, particularly in the
winter time. Cunsidering all the circumstances, the
depressiocns generally can be filled appreximately 50
centineters below the existing stage in the river,
Several days will be required t, produce effactive
flooding of the area either by opening the flond gates
or breaching the dikes.

4~03, ARTTRICIAL WYLOODING POTENTIALITIES OF CANALS.
a. General. Roference is made t paragraph 2-10 and to the
document listed in bibliography as Reference 2 for a de-
tailed description of the canals,

b, Mittelland Canal.

(1) Deamolition of the Mittelland Canal (Bms Teser-Vleser
Elbe) aqueduct at Minden muld empty the water stored
in the canal (apprcximately 17 million m3) into the
“"eser River, provided the canal safety gates were
raised (see Exhibit 18). The rate of flow from the
canal, hmvever, wuld be so slow that this operation
would naot create an effective artificial flosd on the
leser River baow Minden. Approximately 5 million m3
would be discharged in 48 hurs, and several weeks
wculd be required t« drain the remaining water in
storage. The ratec f discharge is indicated in the
tabuiaticn below:

. Start End
hverage Discharge of Discharpe Duration
/sce Hour Hour hours
150 0 045 0.5
100 0.5 2,0 1.5
50 2,0 7.0 5.0
35 7.0 15.0 8.0
25 15,0 3060 15.0
15 2C,0 48,0 18,0

(2) The water in the canal could also be diverted into
tributaries of the "'eser River, Breaching the ecanal
vwhere it crosses the /ue, "‘eser, Leine, Oker and .llcr
Rivers (see General Map Exhibit 2) would drain it more
quickly than dem:lition of the aqueduct. The wvater

- 19 -
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would eventually flow into the “‘eser below the mouth .
of the Aller River; however, there would be no appre-
ciable flooding on the tributaries and there would be
no appreciable increase in stage on the "eser River, .

c. Bruchhausen-Syke Canal, Preliminary investigation indicated
that it might be possible to divert part of the flow of the
Weser River into the Ochtum Depression area through the Bruch-
hausen-Syke irrigetion canal at Hoya Wy raising the Doerverden
Jeir gates and opening the canal gates, This Tk ding cpere-
tion will be quite slow since the capacity of the canal is
relatively small. '7ith a carefully onceived plan, it is
estimated that it would require from tva to three weeks,
depanding upon the flcw diverted from the ‘7eser, to accem-
plish a successful flooding operation. Further detailed in-
vestigation may shov: that this diversion opcrztion might be
done mire effectively by construction of tamporary harricrs
at certain points on thz "eser Riverj for example, one of
the two bridges at Hoya, The latter study is considered
beyond the scope of this report,

404+ ARTIFICI.L FLOODING POTENTIALITIES OF DAMS LOCATED (N TIE HEAD-
WATERS,

a, General,

(1) The studies reviewed in this paragreph pertain to .
the artificial flooding effects that might be pro-
duced by regulation or breaching of the Eder and
Diemel Dams,

(2) The bombing of the Mc¢Yne, Sorpe and Eder Dams by
the R.LT., in May 1943 pruvides the basis for
estimating the sige and shape of breach that could
be mede by demolition. For a detailed description
of the results of the attack, reference is made
to the dicument listed as Reference 6 in the bibli-
ography, a translation is inclosed as Appendix C
of this r@orto

(3) Since buth the Eder and Diemel Dams are gravity,
rubble-msonry structures, and have approximately
the same height and thickness (see paragraph 2-09
for description), it was assumed that demrlition
would cause a breach in the Dianel Dam similar to
Lits one in the Eder Dam; therefore, the reference
nunbers assigned to the various size breaches des- -
crived in this peragraph apply to both dams,

-2 - i
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(4) The infurmation summrized hereinafter that pertains
to gate regulation of the two reservoirs has bean ob-
tained from Refercnce 5., Cbscrved stages and discharges
of the flood wave creatcd by the May 1943 trecaching are
fram Reference 1,

be Hydruvlogic Considerations,

(1) The natural discharge of the Fulda and Weser Rivers
nomelly is not disturbed by oparation of the dams
for power, because of thc re-rcgulation pools immedi-
ately below the Eder and Diemel Dams, During low flow
periods, h wever, navigable stages arc maintaired by
releasing the water from storage in the two rescrv:irs,

(2) The hydrologic ccnditions, discussed in the following
paragrapns, that influence possible artificial flood-
ing are initial reserwoir poul level and base flow,

c. Means of Creating Artificial Flood aves, The Eder and
Diemel Reservoirs each provide twn methods by which artifi-
cial flo.d waves could be created te increase the effective-
ness of the Tescr River a3 a military obstacle:

(1) Breaching the Eder Dam would cause the greatest ncgsible
artiﬁci.l flonrd on the Eder and ieser idvers. The
greatest artificinl flood on the Diemel River likewise
would be caused by breaching the Diemel Dam. The latter
flood could be used to suppart the flcod wave fram the
Eder vhen it reeched the confluence of the Diamel and
TWeser Rivers at RKarlshafen,

(2) By alternatcly opening and closing the control gates of
the two dams, 2 scries of lesser floud waves could be
~sent down the Eder and Diemel Rivers. The nwber of
days thnt cycliec vaves could be generated vould depend
chiefIy upon the quantity of water stored in the reser—
voirs at the time. As in the case of breaching, the
floud waves frum the Diamel Dam could support the flood
wavas from the Eder.

d, Effects of Breashing the Eder and Diarel River Dams.
(1) Breaching Operations.,

Breaching operation No, 1 was assumed to be the same as
the actual breach caused by the bombing attack of May 1943,
Lvailable infirmation gives only aeproximate dimaisions
of the cpaning. Exhibit 13 shows the repair line after

N
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(3)
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the breach was closed. The repair line is probably

larger then the criginal breach becawse lecse and

broken sections had t~ be rancved during reccnstruction,

The discharge capacities of verirusly shaped breaches

were compared with observerd data for reservoir draw-down
after breaching. The estine ted control section of the
opening is indicated by a broken line on Exhibits 13 and 14.
Breaching Operation No. 2 was assumed t» be tw openings,
each ¢f which were the same as Breach No. 1, or an equiva-~
lent opening having twice the capacity of Breach No, 1,

Breaching Operation No. 3. In order to reduce overbank
losses in the hcadwater areas, a discharge hydrograph
was computed for an opening made by progressive breaching
in the following manners

(a) Initial Breach to give onc-half the discharge of
Breach No. 1 (4000 m3/s)

() Followed by second breach same as (a) when dis-
charge recedes to 2000 m3/s

(¢) Followed by third breach samc as Breach No. 1 at
time vhen the threce breaches will discharge a
total of 4000 m3/s

The breach-rating curves for Breaching Operations Nos.
1, 2, and 3 are shown on Exhibit 35.

The reserwoir storzgc. curve for the Eder Dam is from
Reference 1 and is shom on Exhibit No. 35, A storage
curve for the Diemel Reservoir was not available. The
curve shown on Exhibit 35 was developed by the method
presented in "A Progress Repart on the Disposition of
Sediment in Reservecirs® by A, 7', Vant't, Hul, (See
Reference 7)

The equation of the computed storage curve for the
Diamel Dam id:

S = 945 h2.82

where S = storage in cubic meters

>
[}

reservoir depth in meters

- 22 -
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(4)

(5)

(6)

(7)

Artificial Flod No, 1 is the floud wave on the Eder and
Tfeger Rivers causcd by Breaching Operation No. 1 in Eder
Dam, and is shown on Exhibits 36, 37, and 38, The out—
flow hydrograph at the dem was corputed from the storage-
discharge relationship and routed domstream to the
mouth of the Ed!en}j' (Guntcrhausen gage)s The peak dis-
charge of 8500 n’/

sac at the dam is reduced to 2450
m3/sec at Gunterhausen, Estiimated surface velocities at
variow stations on the Tescr River resulting from the
breaching of May 1943 are tabulated below, For compari-~
son with the surface velocities for mean water (MT)

and the 1926 flood, refearence is made to paragraph
3-05b and to Exhitit 34,

Location Surface Velocities (ft/sec)
Hilwartshausen 7.0
Karlshafen 7R
Bodenwerder 7.9
Hameln 5.9
Minden 6.7
Nienburg 3.5
Hoya 4e2
Intschede 3.0

Artificial Flood No, 2 hydrograph results frum Breach~
ing Operations No, 1 in the Diamel Dam and is shown on
Exhibit 39, The peak discharge is reduced from

8500 m3/sec at the dam to 480 m3/sec at the mouth
(xarlshafen gage), Since this flocd has only one-tenth
the volume of that of the Eder, the peak reduction
tokes place at a greater rate than fcr the Eder floud,

Artificial Flocd Noy 3 i1s caused by Breaching Operation
No. 2.in the Eder Dam. The peak discharge decreascs
from 17000 m3/sec at the dam to 3200 m3/sec at Gunter—
hausene (See Exhibit 36)

Artificial Flood No, 4 is thc flcod wave on the Dicmel
River that results from Breaching Operation No. 2 in
the Diemel Dam., (See Exhibit 39) The peak discharge
is reduced from 17000 m3/sec at the dam to 500 m3/scc
at the mouth (Karlshafm).

Artificial Flood No, 5 would be created ty Breaching
Operation No. 3 (progressivec breaching) in Eder Dam,
The hydrograph at the Eder Dam (see Exhibit 36), has
three peaks of 4000 m3/scc each about 5 hours apart
and is reduced to a single peak of 2200 m3/sec 16 hours
after time of demolition. - Since the peak of this flood

)
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(9)

(10)

(11)

SONFIDENTIAL
is lower and later than “hat »f Floods 1 and 3, the
flood hydrograph resulting from Breach No. 3 at the
Diemel Dam was not developed.

Artificial Flood No, 6 is created by the simultaneous
breaching of beoth dams, wing Breaching Operation No. 2
at the Eder [am and Breaching Operation No. 1 2t the
Diamel Dam, The affects on the Eder and Diemel basins
are the same as Flcod No. 1 on the Eder River and

Flond No. 2 on the Diemel Hiver. The increase in dis-
chirge at key stations on the Weser River cver that of
Fload 1 are indicated on Exhibit 40.

Carparison of Artificial Floods. The stages, discharges
and travel times for Floods 1 through 6, inclusive, are
tabulated on Exhibit 40,

Effect of Non—synchronous Breaching., It is tc be noted
in considering Floods 2, 3 and 4 on Exhibit 39 that,
assuning sirmdtanecus breaching of both dams, the Diemel
hydrograph peaks at Karlshafen approximately 12 hours
before the Eder hydmgraph. If the Diemel breaching
oceurs 9 to 15 honrs after the Eder breaching, the veaks
«111 combine at Kerlshafen producing a peak flovw of

290C r3/sec, which is an increase of450 m3/sec over that
of Flood 2 at Karlshafen (2900 m3/sec-2450 m3/scc).

Effects of Gate Regulation of Eder and Dianel River Dams.

(1)

The main outlet works nf Eder Dam are designed to dis-
charge a maxdmum of 230 m3/sec, Since the lower Eder
overflows the banks at 190 m3/sec, it is possible to
create floods by gate operation. Then the rescrvoir
is full, the maximum discharge of 230 m3/sec would de-
crease to 190 m3/se¢ in 6 days, To sustain a flow of
190 m?/sec, it is necessary to maintain the reservoir
pool at elevation 233 meNN,

In order to release 230 m3/sec, all 6 low level outlets
at the right side or the dam must be opened and all six
turbines must run at full gate opening, In addition all
gates of the Affoldern '‘cir must be raised simultaneously.

In order to release more than 230 m3/sec, the emergemey
outlets located at the upper third point of the dam can
be cpened. This will increase the flow to 290 m3/sec,
which will gradwlly diminish to 190 m3/sec in 5 days,

A large relecase from Eder Dam was experimentally tested
in 1929. This release lad a base of 84 howrs (24 hours
rise, 24 hours wniform flow of 60 m3/sec and a 36-hour

-2 -~
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recession) which was used to refloat a number of vessels.
The effccts of thls vave arz ziven as follows:

Dam pann Mucnden  Hameln IMinden Hoya

sion

Rise in om

Distance from
Dam in i o}

90 225 25 389

- Travel time of
the crest, hours 0 22 52 60

76-1,/2

Duration of wave
in hours from
start of rise
to full reces~

84 88-1/2 81-1/2 84 87-1/2

- 60 50 40 30

(2)

In the above case, the effect of the wave depends also
on the base flow of the Teser. The velocity of the
wave will increase with increase in base flow,
Extrepe flooding on the Pulda occurs at a flow of

470 m3/sec. In crder to cause such a flow, the 230
m3/sec release from the Eder would have to be made at
a time when the Fulda was carrying a flow of at least
240 m3/sec which occurs greater than 2 percent of the
time, At MT flow on the Fulda (50 m3/sec) a release
of 230 mP/sec, however, would cause a considerably
high stage.

The fiffoldern Re-repulating reservoir (capacity 3.8
million m3) can be used by itself when the Ecer lake
is low to create a very effective flood wave of 900
m3/sec for a shart duration. Vhen storage is avail-
able in the ®der Reservoir, the operation can be re-
peated by refilling the Affoldem Reservoir,

By means of low level outlets, is is possible to re-
lease 60 m3/sec from the Diemel Dam, This could be
used to support a simultaneous release from Eder Dem,
The right outlet of Diamel Dam can be opcned without
difficulty. The left outlet, hcwever, is normally
locked and is more difficult to open. During this
operation, the turbine penstocks shvould be olosed.,

The Diamnel River overflows at a discharge of 12
m’/ece sc that by releases from the dam flood waves
could be produced and maintained for a period of time

= 25/
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depending on the water in stcrage. By a sudden release
from the re-regulating reservoir a flow of 114 m3/sec
can be obtairncd causing a flood wave of short duration.

f. Concluwions.

The following conclusions are derived fram this investigations

(1)

(2)

The My 1943 breaching of the Eder Dam caused najor
destrxrtion in the Eder Valley. The flood wave washed
out the retaining dike of tie re-regulating pool and
heavily damaged the power stations at Hemforth and
Affoldermn., The locks of seven of the dams on the
Fulda between Gunterhausen and Hann Muenden were
silted in, and the weirs and gates scverely damaged.
The flood wave caused extreme scouring immediately
below the dam and shoals were furmed by the scdiment
movemant as far downstrecam as Hann Muenden., It vwas
then necessary to remove these shoals by dredging be-
fore navigation could be resumed on the Fulda and
Weser ltivers., The dikes on the uppcar Weser and Fulda
Rivers were also severely damaged. The surface velo-
cities of Flood No. 1 below Hann Muenden to Hemelingen
Weir are indicated on Exhibit 34.

Artificial Floods 1, 3 and 6 would destroy or damage
most bridges on the Eder River down to the vicinity

of Gensungen (35.0 kilometers below dam), From Gen-
sungen to the mouth of thre Eder no certain estimite can
be given, Cn the Fulda River below the mouth of the
Eder, bridges down to the vicinity of Kasscl may be
damaged (especially from Artificial Flood No. 3). Be—
low Kassel, bridge damage would probably be slight, but
some foundations might be weakened by scouring action,
An estimitc of damage tc bridges on the Eder River as a
result of breaching the Eder Dam are indicated in the
following tabulation:

- 26 —~
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Kn from Name and

_ _Eder Dam Locetion Type Ramarks
2,0 Heinfurth Rmad Completely destroyed
2,3 Hemfurth Railrcad Completely destroyed
6.5 Affoldern Road Completely destroyed
7.0 Mehlen Road Completely destreyed
(Affoldem)
9.0 Ber gheim Railroad  Campletely dcsiroyed
10,0 Bergheim Road Comoletely destroyed
12,0 Anraff Road Probably damaged
14.0 Tlega Read Completely destruyed
16.0 Mandern Road Dama ged & approaches
destroyed
22,0 Fritzlar Road Probably damaged &
approaches flooded
25.0 Obermoellrich Ioad Completely destroyed
28,0 Niedermoellrich Road Probably slightly damged
298 Lohre Road Probably slightly damaged
35.0 Gensungen Roéd Probably slightly damaged

(3) On the Diemel River, no certain estimte can be given,
but the bridges within 20 kilometers of the dam would
probebly be destrmyed or damaged by Flood Nos. 2 or 4.
Below this point to the mouth, scouring vould weaken
some bridge foundations,

(4) Artificial Flood No. 6 would produce the maximm damaging
cffect of the floods considered. larger breaches which
214 completely demolish the Eder and Diamel Dams would
not cause stages appreciably higher than Artificial
Flood No, 6 on the "'eser River below Minden,
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The elevation of thc reservoir pool at the time of demo-
liticn will heve a direct bearing on the rate of dis- -
charge of the water through the breach. This relation-
ship is shom by the rating curve on Zxhitit 35. For
cxample, at the time of the May 1943 attack, thc Eder
Reservoir was at elevatian 244 mNN, and the peak rate
of flow throush the brcach (No. 1) was 8500 m3/sec, If
the pool ad been, at say, clevation 235 meNN, thc peak
of the ou.flow hydrograph with the same size breach
would have been 2100 m3/scc and the effect dovmstream
would have been reduced accnrdingly. The storage
available in the two rescrwirs is dependent upon the
time of the ycar. In general, the reservoirs are
replenished during the vinter and spring months until
filled in May, and then drawn dovm cduring the sumer.
Tt is to be noted that the Eder Dam was bombed in May
vhen the reserwir ponl was one meter below the s$pill-
way crest.

The amownt ~f flooding to be expected in the rivers
downstream from Eder Dam depends upon the flow of vater,
or base flow, exjistinz at the time prior to the flood
vavc, To find the stage tc be expected from an artifi-
232l flend when the river at a kev station is at a
given stage, refercncc is made to Exhibits 26, 27, 28,
and 40. .dd the difference in the base flows between
that indicated on Exhibit 40 and the flow for the given
stage to the peak discharge of the flcod shown on -
Exhibit 40, Having determined the ncw peak discharge,
determine the new stage from the rating curve for the
station in question,

The levees and navigation dams on the "Teser Rivoer can |
be utilized to increase the effectiveness of artifi-~ .
cial flods caused by breaching Eder Dam. The eleva~ d
tions, widths, and time of overbank flooding for Flood ]
Noe. 1 are tabulated in Exhibit 41 for 2 conditions;

levees intact and levees breached. Consideration was

also given t the effest of the Doerverden and Hepmo-

lingen weir gates in both lowered and raised positions,

Faising the gates increases the water surface clevetion

apprexdimately l.5 meters at the weir and 1.1 meters at

Bollen with a flow of 400 cubic meters per second.

(NOTE: During the May 1943 breaching, the weirs were

lowered t» reduce the peak stage), Flo.d No, 2

would increase the peak elevation approximately 0,5

meters, ‘here 0,05 kilometer widths are indicated, -
the flow is confined within the banks, with some flood-

ing of very low-lying bottom lands immediately adja~

cent to the river, -
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(8) Flouding of the Ochtum Deprcssion was considered in

. c:nnaction with Floods 1 and 6 by raising the Hemelingen
Tteir to elevation 5.5 meNN and breaching the levees in
thec low areas along the left banks in the vieinity of
Arsten. The extent c¢f flooding would depend upon the
size and depth of the breach, In the passage of a flood
wave such as for Floods 1 or 6, a large part of the dis—
charge would pass over the Hemclingen Weir and across
the low ground to the left of the weir structure. Sinee
the flood peak 1s of relatively short duraticn only ¢
fractional part of the volume could be diverted to the
Ochtum Depression., Even though this diversion be accom-
plished the flow would pass to the sca unless barriers
were established and gate closures were made within the
area, If it is assured that a breach be made in the
levee equivalent to 25 meters length with the base of
opming at clevation 5+muNN, less than 20 percent of the
volume for Floods 1 or 6 cuuld be diverted, The diver-
sion to the arca wouid flood about 20 square kilometers
with the canstruction of necessary barriers. The velo-
city accampanying the pessage of flow through the lcvee
breach would result in very little scour,

i (9) If regulated flood waves or a sustained flow of 230

/sec were released from the Eder rescrvoir by gate
regulation, the duratior. of overbank flcoding in the
Hemelingen pool areas would be increased over that
causcd by breaching and a greater volume of the water
could be diverted tc the Ochtum Depression. The river
stages obtained in the Hemelingen pool would be somewhat
lower and it would require a longer time to flood the
Och tum Depression,

(10) By means of artificial flords created by the methods dis-
cussed in this section of the report, the Eder, Fulda and
eser Rivers could, in conjunction with a complete bridse
demolition program, present a continuous obstacle, for a
limited time, t» military movements which do not have the
aid of special oridging operations or amphibious devices,
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=_:{ DRECRIPTICH OF JATERCUURSE
S88iL: Yeser-znm ° s ,
Biwer: WHSER
: All information refers to river reaches and adjacent resions znd indicates ine important characteristics. 2
" The order of listing in columns 1 &nd < is ir dovnstream secuerce. . e
S . | Place i Avera bOHNW | MY ! fog 1 YSehn | HHY | “Supplementery information P
- River | Watercourse ? Sheet Ko, | Widtﬁ‘i Tow . El. 7 ®,! Dis- | .ax. 7 121, l Di - texl TTELS T Dis- ] Mz, 7 El, 'a. %iverbed and "hannel
kn stretch resp. | Obj. Yo, m | depth | over | over| charge | veio— ! over !~har_e velo- iover |charge ivelo- | over | b. Zrnks smnd Tleodplain
! m NN BN cbm city I - { cbm D eity ¢ Nno | gbm ~ity NN lc. vemerks t
k sec af sec ! gec  im/sec j sec |m/sec t Col. 17-19) . o
DR 2 — i 5 | & 7 3 ¢ 10 ] 11 {1z 113 | 1% | 15 16 | _ “‘
; 0.0 Hann luenden 115.53 11€,.0 117.0 119.8 124,11 b. Steep bavks along & fev reaches,
. ) ; Yidth of flocded zrea wvaries, but
Gpen Eiver 50 1.c4 30 1.0 %6 1.5 Lo 2.2 covers erntire Tlood rlain at K.
: j . some cverbark aress are not flocded
130.,0 Upper Limit of 63.56 63.97 6t 47 . 66.64 60,51 urtil azpror. M. Short dead
i ; Zameln poui ' chanrels on rignt bank above
| - CIRNSELYERDER,
- ~ Pool condition 100 3.0 51 132 €20 2,4
78 Headwater > 63.7 64,14 6L .42 67.7 .
S Ad353 Hamelr Weir 83 {Weir crest) ’ a. ¥m 1u2.5-1:2.0: Sandstoue reef
B sk Tailwater 73 59.74 60.49 61.58 6l 2 67.7 zcross streaumbed
g S R b. rleedpisin evtends ag fur as high
= 7. Open River 60 3.1 56 1.0 142 1.4 630 2.4 riw of valley .lain.

Werre River Mouth

-Gpgn~aiver

Uppe:mLimit‘of
Doerverden pool

gqol_condition

Headwater
Doerverden weir
Teiliwater

5l

-~

-~)
<

100

+

14,70 15.26

1.6 14,6
{dormel stege)
9.76 10.82

77

1.1

£0.99

16,32

lu'é

11.97

1&€

1.5

15.27

640

N
.
o

2.1

16.2

XKm 202.5-203.0, 20€.0=-206.C:

Rocky clzyslate subsurface.

Banks generally flet, in some :
pleces &s high as 5m above

"elevated middle low weter
(r.2.K1,¥.). Dikes extend down-
gtreern. from OVENSTADT, ¥Fm 220,

River bed &nd banks covered by
sliny cediment Telo.r DUERVERDEY
WhIH.

Fiooaplirin #a wide as 17.5 km in
places, limited by dikes or hish
embankyents, "Ceestraerder.”
Leree dead chnannels: on left tank
opposite TAI'DFRSEWGTI, oupcsite
VITHRUIG (DURSTFRE LAXT): on right
bank at =STCRF, at km 262,94,
Between km 2S2-7C7 orn right bank
smail depression with cmall
deed cnannels.

¥m 294; junction of {ELICEATICH
Carsl, wnich wrovides wp to 30

o
18 a

ctm/sec irrigation flow to
FRUCHRAYI I~ YK TH-UTRGHATS

Heeg 1O,
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3 : DESCHRITTION LF VATARSU I
¥oer Beein: Weser-Em
; River: Weser
a1l informetiorn refers te river reacies and adjscent refmicne ond indirotes tne {zrortent casracterictics.
<

4 & -
oo ordeg of iisting e seolumns ! £:d 2 ix iy dowisiréar Recue:r ie.
ek 2oNwiLbe BEohbl

- — e

¥
e U e 0 B TSRO 6 o4

.y - - ——— e ——— -

) place ' Avessce Lo - p Y . . fhen CoReY oy __upplementary information
Yiver | Watercourse ~neet No,®| idth | Tow ., El, i, P Ms= 0 Vex, ot D1, Gde= | Mex, ' oLi,! Uise oxe ! Ele | 2. diverded ppi Chennel 2
km | stretcn resp, (bJ. Lo, n “deptn | over over ‘ crarge . velo- ' over cherpeivel.~ ' over clarge vele- | over l t. Hanke vrno. Tinodriain
. ’ .o I KN EN ! cbm i ocity ! Wt <bnm eiky | Br o she ¥ ity ; A} | €, RFvmerks
I _ i i sec | mfisec ] sec  |rm'sec’ L sen _irm!.cef.' } {C6.. 17-1¢) 1
s 4 - ; - BT e o0 SRIOURION SPUROPRUUSPISRN 55 LE LY fon
1 2 | 3 5 |9 g o 7 1 B 4 9 1 MW, 3T g §azi m T 1§ | af —_ . ] —_—
Gpen River €0 3.0 77 1.1 18, 1.45% AL 7. :
4
S :
t
© 326,36 koutu cf aAller k. 6.bL5 7.45 £.93 11.92 13.65
(pen Hiver 190 5 " 156 .G 297 1.15 ¥30 2.4 ’ 0. Low canks. Fiat, very wide, diked
. filocdgisin, sigl. stee. erbankment,
i ; "Sceciruencers,”" at ZASEN (km 239-
) 0), ristig up te elevstion H
5 a5 N 35.CCmfns. lzvortant "AlLTE ALLERY ¢
; - o o 5 .
-3 = dead charnel clong the ezbonkment
‘. betwveer DaV:HLI T and BAiDEN, :
: {
»
= o000  Upper Limit of

il Hemelingen Pool

- x Summer (3/16-11/14) L,75 5,21 6.55 . VUl
s Wwinter (11/15-3/15) ) 6.06 Tuls 1. 7% 12.03

Pool Condition 160~ L 134 297 Q3¢ cold ]

200 :

1 362.0 HBemeliingen Weir 8

Summer (3/16-1‘./14) 5,50 4,5 4,50
Winter (11/15-3/15) 5.50 5.50 5.50 5.19

T T
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Basin: Keser-ims
Hivs. : weser '
Ass informetion refers to pluces (regiors, watercourse stretcues, in co._uins 1-1, soreng€ed wooeraing to gredient, and their
l , near Su_gfi?ﬂdim, for vurpose of regresentaticy ¢ iucorternt, nri for iertinent stretstes snnred terd atde, differerces.

| [Pluce, l BT T N T -
Hiver | ¥atercourse i sneet ho | .verage| I 2, ;-Ll.—T_:— Sis- ‘r “er.e oy :.. . suuplementar, I:ifornetion - .
km stretch, resgp. ' Viuge L0, widtn Sed : cver over : c;;argel velo- ; cver ' .. 2iverted end Charnel
! depth 1IN 1 com | city | LN b, Tanks ¢ni Yloodviein
‘ m oThe : sec . m/sec | e, lemerks
e .. | Min ' R l Y S | . I {Zn), 17-1C) = ¥ mv. 591, 11~16 not apviicable,
. 2 e 3 n s 1 & [ 7 1 % | &5 1| 10 ) - RS, .
362.0 Hemelingen Yeir i -
47 -
Lower Weser 120 9:725 =-1.32 =0.7° 0.60C 2.65 a., 602 roviFrtion chonpel
, 2.7C at _— X3 b. iank protected or ercins or rivras., (14 riverbed of 17T vEsEn
286 28r TISIVE ELhT) elong left bank for anprer. 1.2 km.
up- o=~ o, Tide M{mit =t TCRIZIDNGDY MRIR. Riverdbank crea: gnrdens, meedows,
streem stream recreation £nd soort areng, 2o:ks. Racl- arer: urban develonrents.
. disch, disch. :
| 366.,8 uricge (Bremer)
., £0.0) (End of Upper & Middle 120 6,90 -~-1.92 -1,08 330 0.60 2.2l a., Teavy stine wa.ls elong most of riverbar’c., (n left bernk, 0.6 ¥m
R Weser, start of lower 3.60 : belew Iridge, 2I1Gand LITT ¥ Y“ESFR R. sevarated by & smel) dike.
; Weser kilometerage)
% “- 1.4 Reilroad Bridge (Brewen) 140 2.40 -<1.9%% ~1,10 360 0.60 2.20 a. 7?0 m navig:tion channel.
% .13 b. Rigat o -di: veser lhaiiroud Statior, industrial «:] hurbor factiities,
F B . weft burx: Starting at movih of LITTLE WESKR %., WOHEZNTOR 'IARRL™,
[ Km 2.%, confluence of BIG and 1ITT.k 4ESER R,
W1 . : c. dHesnd of rvavigation for cceurn~-going snips of 45 m draft. RQiverbirnx
'_' v : : area: industrial and sport areus. Buack areas: wuan levelopments.
# %,0 Ekntrance to 150 40 <=1,96  =1,13 420 U.60 D e T8 n muwvisotio:. & ddel
t FTree Harber I ©.10 ". kignt Bank: Horbor fucilities. Left.Bank: 500 m wiie plais-mendews,
[' ’ sostores and fields.
) c. Ccean~gol.fg snipping to rFree Herbor. [«ft bank aree: boundied by
i . Lzt and L1700 dikes, inciudes Y IEDERIVILRLAYD marsh and villages
] ' of TAN'T Al and WESIRDEICH.,
5.5 Entrance %o 160 )12.2Q ~2.01 -1l.15 Ls0 0,60 2.16 a. 106 m navigetion channel.
) Free Hardor Il 9.00 b. Right Bank: shizysrel Hardo., D=SCHIMAG Shioyard, industrial and
cormmercia: hardor.
l lLeft Benk: ¥n £~7.% wintars lizs close to river: km 7.5, diZze swings in
} a ¢ wife curve un to VASE' RN formirge an 00 m wide floodniain.
Ce HINDERVIZNIAD merer lendenrd of MAMITIMAT and STEVAISEY, whic= npe
i 1o~nted alore tne left bant dike. ¥m 2.0, T4 VEFaB Tludes, a 10000, %
i drodnsep outler (C41? ' cross~sectional ares) for PISIERVITYLY mazan,
5 . A summer dive, -crest eiev. 2,26 mfili, beging at km 7,5, 2reviding par-
L. tisl protcctinn te the fioodilain against %52 <, fiovls,
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DESCRIPTION CF WATERCOURSE

: Wecer-“ra

T Wesur

All iaformatior refers to places (regions, watercourse s.retches) in

columns .1-2, arrenged acccrdirg to eradisat, ard their

near surroundings, for purpose of representation of important, ard
Plece, WY | ~_MTo¥ mThW
AV

fatercourse

Sbeet No.®| Average

for pertinent stratcues characteristic, differescges.

-Suppiementery Information

stretcr, regp. OblJ. No. wWidth | .Bed

depth

* MThY
MIDW

El. " Dis~ | Mex, El.
over cver cnarge cver
kR Nk b W

secC

Riverted ana Ctarael
Benks and Floodplain
Hemarks
(Col. 17-1¢) - Col, 1i-16 not applicebie

a'
b.
c.

1 H 4 5 O 2 o 10

1L,9 -2.06

8.7

8.5 ZEatrence to lndustrisl
and Commercial aarcc:*‘-

i
»

¥

Referencs & S

120 m navigation caannel
Adjacent to Barvor bntrence is ® LOCK leading to the industrial
* harbor area; lock length 170 m, 2 siide gates eaclh 25 m wide,
n : Km &.5~10.6, slightly elevatec floodplain
km 10,6-12.5, curving dike creates 500 m wide MITTELSBUEREN floodvlain
Km 12,5-14,0, dike close to river bank.
Ko 14,0-15.5, curving dike creates 160 m wide floodplain,
Km 16.5, Joining of WESER and LESUM R, valleys.
Left Bank: Kz 9,7 village of HASEMBUEREN, -
¥m 9.7-11, dike qurves around HASENBUEHEN, felse chanueis.
Km 12,5, dixe, WESER and OCETUM R. form a common valiey, apprO*.
1 km wide,

"n 1,2, Houts of OCHATUM R. . -
Right Benk: WERDERLAND marsh betweer WISER and T#SUN R. Xm 1540,
NIEBERBUIELh “Siuices, esch 1, 0 s diam. fe. 0.75 gm crocc-occtional
area, totsl 75 qm &rea. (NOTEZ: "qm® equivalent to square meters)

Left Banx: NIZDERVIERLAMND marsh between WESER and CCHTUM R.

9,0, 1.5 qm HASELBUEREY Sluice in dike.
FPloodplain below CCHT'M 3,, which together with (CHTUM XAMAL were
formerly tne beds of the OCITUM and WESER R., now defined by dike
alorg west bank of OCLPUN YANAL, ;
Km 15.1, Mout: of CCETUM ¥XAAL. Immediately downstream is the
slightly elevated DEICASHA!SEN rlain, now occupied by ar airfield:
VESER ®. valley narrows to 300 m at this point,

&,
b.

Coe
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DZSCEIPTICN o F WATERC(IMSE -
- ¥zasr-Lue 3
deear ;
41} information refers to pieces (recions, water ccurse stretches) in columns 1-2, arranged according to gradient, and their

resr surroundings, for purpose :ﬁ_;g;*ﬁvort7f§cn of important, and for pertinent stretches charecteristic, differences. 2
H _ ' I Mo MTaW |
i Sheet Mo.*: Averoge El, | ElL, Dis- Max., El, | Supplementary Information S P
E 9bi. bo. Width fed | over : Qver charge velo~ over a, Riverhed and Channel
: derth Nk { WM b city NN b. Banks and Floodplain
5 m MThw sec n/sec c. Remarks i
; MTnW . : (Col. 17-19) = Ccl. 11~16 not applicable
; 3 & 5 6 7 5 < 10 i - ;
240 10,6 =-2.00 -~1.3b 1400 2.0 a, 120 m navigaticn channel, : ; '
7.8 b. Righy Bank: High embankment, "Geest,” with villages cf VEGESACY, Rl
' BLUMENTHAL, RCENMNEBECK, and FARGE. :
Left Bank: Flat banks and floodplein, approx. 500 m wide, occupied E
by factories. Dikes mlong thse WARFLETH and "HSTIRGATE old ch&nnels., i
¥m 29, Jjoiuning of the WESER and HUNTE R, valleys, . i
c. Rignt Bank: Harbor of VEGESACX at the mouth of ILESUM R. Km 28.6, $
. \ S BECKUY Sluicé. Right veck area: villages, forests, shifting surfaced o3
‘ westaland : CSTERSTADE marsh beginning at XKm 26. ¥ |
Left Bank: STEDIMGEEH mersh, a 2.5 km side depression extending 3
westward to the CL'EN R., a tributary of the HUME R. i
Km 17.5, LE#/2RDEN Sluice. 3
Km 27 .4, WESERDEICH Sluice. E
4]
: i 340 10.4 «2.39 -1l.48 2800 1.79 b. ;ght Baak: &m 33, rign* side cnannel of river in the middle of “%
y 2% SRS R e S : 2 km wide floodplain. : '§
¢ : . R Left Bank: Narrow floodplain, dikea,close to stream. Villages Ll
; e , along tne dikes. Factories, shipyards and docks near the city of it
it e ot : BRAKE, Harhor entrance 13.3 m wide, : 3
R i "~ .c. Right Bank: 3.5 km wide USTFRSTADE ‘marst in back ares, axtendiag
e Pis e : to. the nGeestrand. ,
E S ' ' ' ¥m 34,0, Sluice, 2.75 m high x 2.87 m wide x 15 m long, bottom “d 1
- sy elev. -1,10 mi¥N ~
' o ¥m %6.%, ASCHYARDEM Sluice, 4.35 m high x %.08 m wide, bottom :
elev. -=1.86 miEN i
¥m 37.2, WURTHFLETH Sluice {Syphon %type), 1.60 m diam,, bottonm !
of ditch 1,10 wfNN i
£ koo 0.85 Left Bank: 7-10 km wide CLIELBURG=WESER Marsh, {(a marshland wad

moerland region) in back aree,

Fm 6.4 MOORILZM® Sluice, 2 opvenings, each 4,05 x 4,35 x 25 m, !
bottom elev. -2.70 mfNM .

¥m 36,8, VARSEBURG Sluice, 4,20 x 4,85 x 22 n, botton elav,

p X ~2.57 m+NN

i -

N

h
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DESCRIPTION CF WATERCOURSE Te g
#in: Weser-ims ATy ¢ gt
iver: Wemer K 1
: All information refers to pleces (regions, water course stretctes) in colummns 1l-2, arranged according to gradient, and their 3 F
T : near zueroundings. for purpese of represantetion ¢f important, and for vertirent stretches charscteristic, diffbrenc ess ;3
Place, 4 MNW_ | MInW e MThY ;
RWetevoourse Sheet lo.® |Avera Bl 1 R, Dis~ Faze Bi, " Supplementary Informaticn
gtretch, resp. Cbj. No. | width | Bed |~&ver { over charge | velo- over [ 8, Riverbed and Channe. _ hi :
depth | &N KK cbm -+ . ity LN b. Banks and Floodplain - ]
m‘-_*_j | MThW sec ; | m/ezc c. HRemarks &= e, ‘ ¢ 4
‘ MIDW | AP 1 W ; . _(Col. 17-19) - Col. 11-16 not ¥Bplicable :
2 3 4 J ) 5 8 gl o 10 : 5 5
Butrands to ' E o (s
Erake Harbos béb ,ﬁ =2.55 ~1.62 370Q 1.80 b, Rigat Bank: 150 m wide floodplzin up to mouth of .Eht sidech&nnel
i 7 - ; at Spk :'ST“’)'I‘ ¥m 4,0, A dike close to the side channeli up to 3
5 DEDRSDCRF, Em 54.0. Em 54.0-56.3, oatlet of depression formed by -3
. v tihe OLD WESKR R., which divides the LUNE PLATE from the main stream, 4
e Rt ]  Left Bank: 4 pier, approx. 1 km long, along the bank in the harbor
- <Rl LV : 3 - region. Km 43.2, dike curves in wide arc up to £ km away from the
: j = ; ; river, approaching the river sgein at Km 51.8, In that floodplain
: & ‘{ e 2 . H region is tue STROHRAUSEN PLATE, separated from the back arsa by
: i one old branch, "SCHWEIBURG." A dike runs in & flat arc along the :
- ! - other parts of the WESER R., forminp a wide flecedplairn with the :
* g Y DE)KSDORF PLATE. : 2.
s : : _Q:'j B 3 | c. Right Penk: NORDER OSTERSTADE Marsh ertending up to Em 51, TAWD - 3
' & § 1 e e v { 7 WUEERDEN Marsh above that point. Both marshy regions ,;-s!# km wide, ciad
£l TR e t  Em 42,0, 2 OFFENWARDEY Sluices, 2,0 (2.3) m high x 1.62 (2.37) m},_
T e ko wide, bottom elew. -1.97 (=2.43) miNN, ‘ iy
5 R S RS _Fm &%,0, SANDSTEDT Sluice, 2.3% m wide, bottor elev,=2,28 nﬁnm . g
LA fEhe LT i - Ka. 47.0, RECHTENWFLETH Sluice, 2,20 m wide, bottom elev -2.32 vn,lw. ¥
o 3 5 ¥ ' - 1 : Km 4G.0, DREPTE Sluice, 3, 5 m wide, bottom elev. =2,2¢ néNY. . 1
SR v R A gL : Em-50.3 MNEUENLAND. 3luice, with pump, 1.46 m wide, bottom elev, i1
s 2 -1.97 mfi¥N,
= “ " * S fo s o 2 ‘ g fm 50,9, BUTTEIE Sluice, 2 Sm high x 1,80 m vide > 32 m long, 31
A5 Sy 3 pottem eJ.ev. -2.23 mfkN, :
' : Em 53.8, DEDESDORF Sluice, 4.0 x 4.0 7 27.5 m, bottom elev. 4
-2.544 mr;’H. f_
: o ¥m 58.C, ERDMANK Sluice (IUNE PTATE), bottom -2.il méun, '
- - 630 ‘ 0.96 left Bank: Continuation of OLDENBURG-WESEM Marsh. Approx. 1 km
2 ] v e LI . Iong_ nier above KFOHDHAM Harbor. .3
R > ¢ : Ym 1,2, BRAVE Sluice,
e T e : Km bk,5, COLDZWARDEN Sluice. .
2 2 B : Km 45.6, SCHMAIENFLETH Sluice, 2.70 m high v 3 52 o wide ¥ 23.6 m !
BV § & : 4 long, bottom eiev. -2.10 méNN, «
i | s Km 48.0, ABSEN Sluice (wood), 2.65 x 3.228 x 22.75 =, bottom elev, iid
AT ¥ TR ~1.57 wfhh, ' 8
e : o 4 : Em 49,0, STRGIHAUSEN Sluice, 2 & 2.90 x 2,10 x 10 » 20.75, bvottom - A
e s A B S : -2, i, :
£ : Bl ¥M 51.6, BECKUH Sluice, 4.50 ¥ 3.B0 » 15.20 m, vottom =1i.% psbh, ; i
5 AR T Km 53.4, ¥Lelhk Sluice, 2.80 x 2.0 » 2..0 x 19.0 @, bottom =1.57 mfNN. ¥
2 o A . Xm 56.0, GROSSE Sluice, 3:55 x 2,0 x 19.55 m, bottom =1.71mfNN, . 1
y 2 B 38
%&Pg& sy reference :;;‘;
% ol 6 #=.
z . - L8
e —mmn St % R e s e Fomst e e T o - R
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: H DESCRIETION OF WATTRCOURSE
.7 Basin: Weser-iImws s : 2
Hiver: Weser - . 5 e
7 el e i All information refers to places {regions, watercourse stretches) in columns 1~2, arrangsd eccording to gradient, and their :
! ; . _ near surroundings, for purpose of revresectation of important end for vertinent gtrotches characteristic, differencésl— i i
E : Flace. ' s W oW MTRY | ' : 23 ¥ .
‘ giver | Walercourse theet No.®! Avercge %1, | EL. | Dis- | ¥ex. | BEl, | Supplementery Informatden - S e e P
Y km stretch, respe Obje XNe. width | Bed over | over ‘ charge | velo- over | A. Riverbed and Channel By b e S o .
b : : depth | NN NN gbm- city NN b, Banlke and Ficedplaln P ' .
m- | MCh¥ sec nfsec . c. Remarks : A i :
: : . MEnY i {col, 17-19) - Col. 11-16 not applicable b b
2 L o) [ 5 6 s ] 8 9 10 :
¥erdenhaw-Riirance N En 200 -1l ~2.75 P 7200 1.71 2. Riverbank in original strean velley, 150 m navigation channel,.
“to fisnery RRTLOT 3 Ran . 80 b. Rigrnt Bank: Up to km £3.5 1g the LUNF FLATE, & stors and floo#
; ' free, diked marshy island, East of it is & 1.6 km wide depression,
: : , "AITE WESER," the north yert of which {5 crossed by the LINE B,
=0 g which joins the WESER B, &t kr'$3,5. A short distance above the
: mouth of the GEESTE R. (km 65.5). 18 the entrance to VESERMUENDE i
: Fishery Harbor. The entrance is provided with a double lo¢k of
& 100 and 105 m clear lenzth, end 20 and 12 m clear width, respsc-
tively. : il B
Left Bank: Up to km 65.5i diks =lose.to stream, floodpialn .
: , approx. 200 n wide, industriel mrea of  RLZYEM at top of bank.
At km 65.5, the dike makés & right-angled turngto the Northwes
% TR s : to form a floodplain approx. 1 km wide, :
. o : . : '_ ¢. Right Bank: Marshy LAMD WUEHKDEN depression and &djacent LUNE
<) e : : : : : depression. 4t ¥m 59.0, valley area contained by dlkes approx.
e s ; 3.2 km wide: at km 62,0, approx. 4.2 km vide; widening to 5 kn .
Fiinit s ; at km 63.5; and narrowing to 2.5 km at im@&._s;a LUNE IO0CK, & :
oy pe concrete structure, clear width of 10.m and deptn of 2.5 mat .
: 520 : : KW, 5.8 m at HW. e gy Snasttr ‘i :
S " 1000 1.06 Left Bank: BUTJADINGEN LAND, falrly completely pepulated.
= i b . Xm 59.1, FLAGBALGER Sluice, 2.50 # high x 1.50 m wide x 19 a
A SR ~ et long, bottom =2.19 mflike ok AR e DA S :
o ey s : Yo €1.7, BLEXEY Siuice, 3+10 x 3.30°x<19. m, Dotiom 2,02 mfMN,
: T by ‘. @ ; t.. B i H
& ¥ 74;&' E - ; E‘ ‘ mt‘ : 1 # oA fﬁ
- (% H ¢ i—:«
: -
i F.
e v § r
2 e E
L 23
s : T b1
- o ~d=
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) DESCRIPTION OF WATERCOURSE
8iz: deser~Ems
)z Weser

. mwhee

=g e

Ali inforzation refers to places (regions, watercourse stretches) in columns 1-Z, 2rranged eccording to gradient, and their i
: near surrcundings, for purpose of representeticu of important snd for pertinent stretches characteristic, differences.
Fiece, | NI WTOd MThW
¥atercourasg | pheel No.* ! aversge 21,788 Dis~ | Max |  El. Supplementary Informntion
otk stretuu resp. i 3. ho. -id* Bed | over | cver charge | velo- over { a. Aiverbed and Channel
7 : - depth | NN XN chm city M | b. Banke and Floodplain
s < MLhW sec ofsec ¢. Remarks
e : : MPnW i {Col, 17-19) - Col. 11-1€ not applicable
S il B | 2 E 4 5 6 7 B 9 10
é;”u, - Bre m»«hﬁveq -~ limit 200 13.0 =2.92 «1.,71 G500~ 1,67 &a. Riverbed in original streem valley, 200 m navigation channel to
- petwsen lower and 10.% 7 mouth of the estuary,. 3
nter ¥Wessr b. Videning of-the siream mouth. Wide sznd-flats, "Watten," along
; both sides of river, flooded at high tide but dry at jow tide,
Right Bank: FORT BRINKAMAHQF with lighthouse,
o Left Bank: LANGLUETJEN FURTS I and 11i situated on low flat &,
islends, "Yatteninselin.” ]
2. XRisht Bank: City srees of BRIZMKMAHAVEN and WESERMUENDF located
landward of their respective harbor sreas.,
¥m 66,7, NEUER EAFEN Lock, docking lock 22 m clear widtih, With
% ‘high and low tide gate (=miter geic t¥pe!
“Xm 67.8, KLEINF KAISER lock, docking lock 17 m clear width, high
end low tide miter gates. Poreharbor and lock gates silted, deptn
at both lpcka 4.5 m at W¥, 7.8 m at HW. .
e ¥m 68%C, GWOSSE KAISER Lock, chamber 223 m long x 28 m vide; high’
> and low. tide miter gote of riverwsrd end, slide gate en landwtrd g
end of lock, Z
: : ‘ a., Tidal effects persist as far 3 ps.ream as the upper roﬁphas of tha.
; E LOYER WESERX B, In the lower reaches of the LP”FR wE S?R R, mar,
5 e : 7 stream velocity is'1,0=1,7 n/sec. s )
A s | RN Sh ; : c. Em 69.3, NCRD lock, chugber 372 m long.x 65 m w*de, slide gates,
* : : ‘depth 11,2 m.at N4, 14,5 m at HW,
i "Km 71.0, end of harbor aree, ndjacent LAND WURSTEN marahland.
e © 3.5 km below entrance to BORD (Nerth) Leck is WEDDEWARDEM Sl luice;
10.0 km below that initisl point, WRUMRN SluicE' 17.5 kn,
PADDINGBUETTELER Sluice; 20.0 ki, DORUM Sluice,
i 3 Left Bank: North Sea marsh of BUTJADINGEN.,
L5 5 ¥m below BLRYEN viilege, TEPPENS Sluice; 7.0 @, A 443
< Slufce; 11,9 km, BURHAVE Sluice,
EQ%%EWVQES 13,2 «2.72  =1.60 1,000,000 1,12
g@;%ihqusuu 10.5 AR LB Tl
53_1!_'!,2,:!? of e :
_;s@ﬂvﬂd?‘ o :
3 © "
¥ : ,
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T AR o



¥esor Basin (Sequance Dewastreas)

Dsscriptisn 8f Centrel Structures

7 ] | ~ Peel Data T Lock & Dam Deta |_ Cueration Effects
iecetion | §heot Fe,*! Centrol Structure| a, Backwater Extent d. Hesdeater Blev.| a. Leck ‘a. Full Clesure S
River km | OdJ. Ne. | (Mame & Purpese) | d. Pool Width e. Tailwater Zlev. | D. Dam b. Full Opening Remarks
{ c. Peel Depth c. Bridgeway c. Associated Rssults
i I p 3 & 35 6 7
At : FAMELN WESER VWeir a. 5 km a. #l. Concrete lsng-tsw a - ¢. Fixed woir. Full epening
BAMELN 3 Navigatien b, ii2 = lsck, chamber length and closing not pessibdle.
1% .8 82 Power c. 3.7 (mz,) 225 m, width-chamber
135.4 km d. 63.75 af¥y & gate 12.5
o. 60.49 nf¥M 42, 014 astlar masen-
ry leck. Chamder
length 61 m, width-
chamder & gate 11 =
. b, 2 fixed weirs, cen-
crsts & ashlar sassn-
ry, lengthe 135, 165 =
c. Valkway 0.8 m
N of DUSKVREUES - ¥eir a, 22 kn a. #1. Beinf. cencrets a. eam: Headwater can ®= DPewer: 4 turbines, 2 gener—
DOSRVER- [ 74 " Bavigatien b, 130 = leng-tew leck; chamber raised te 15.10 wfNN; creat- aters. Peak capacity 2900
IEE 80a Irrisetion C. 5.8 m (max,) length 350 m, width- ing 25 km backwvater, partial kv, averege capscity 1950
308,85 km Powor d. 1460 poH chamber & gate 12.5 m flooding sf dDanks near veir, kv, daily eutput 46,500 kwh,
- e. 10,82 mfiNE (MNW) c. $1, Valkway 0,8 m increassd pover generatien. Emsrgency clesurg of weir
Dewnsiream: Resulting drep epenings by needles in eveat
(¥ S e A in stage causes navigation of falilure sf slide gates.
80 ., : . a. #2, Smll solid mescn- difficulty at MW & N¥W, "Attention at HV.”
5 X ry leck, length 85 m, b. Upstream: Lewering of hesd- Destructien: Shutdewn ef
vidth-chamber & gute water stage reduces naviga- pewer plant would net mater-
12.5 = ble ‘raft & didrapts pewsr  1ally afTact welr eperatien:
o c. #2. Valkway 0.8 m generation at nsrmel stage dut current supply fer weir
& at NV, eperation would be inter-
%_‘ : Dgwngtrean: Suddsn spening rupted by destructisn ef
10%e. . a. #3. Selid cencrete -endangers navigatien and weir bridge.
- . A leck, length 28.2 m, banics.
4 width-chamber & gate
& 6.2 m
i c. #3. Yalkway 0.5% n
bo
I&b b. 3 deudle leaf slide

*Jane-al map reference

Seatas P
i g L.

5 ;
N M
it

gntes (lewer leaf 4 m,
upper 3m, high)
Additional 1 m high
movable ice flap en
uppsr leaf, lezgths
L2, 42, 2hn.

c, #4. Walkwvey 3 m



© . Weser y.-in gsammco Dewns tream) DESCRIPTION OF CONTROL STRUSTURES
i Peol Data Leck & Dam Date _Operation Effects
Iseatisa .| Sheet ¥s.* Jentrel Structure ia. DBackwater Extent d. Headwater Elev. a. Leck Ta. Full Cicsure
; ’!ﬁv‘r kx Ob3. Fe. (Name & Purpese) |(b. Peel Width e. Tailwater Elev. b. Dam b. Full Opening Remarks
e A : . e, Posl Depth C. Bridgewsy ¢c. Associasted Resultis
e 2 3 b 5 6 Z
At Suburd HEMELINGEN WEIR 2, 1) km (su=msr) a. 2 cencrste lecks, a. Upstream: Raising ef head- Pewer: 11 generaters, tetal
et (Bremen Weser Weir) b. 150 = clinker facing- water te between 6.20 te capacity 7750 kw: daily
- HASTXD? b7 . Navigatien, c. 4.5 m (mmx. at weir) chembar lengths 7.0 NN creates: partisl output 90,000 kwh in summer:
pY YN S S oan Irrigatien, d. 4.50 ofnl (summer) 350 (70) fleedirg of flecdplain, 135,000 kwih in winter.
BREKEN . Pever generatiem, -. 5.50 mfNN (winter) Wid th-chamber & fleoding ef LEESTE~-BRINKUM Prevides all electric supply
Increase of e. 1.40 nfNN (mid-tide) ' gate 12.5 m Marsh en left baak & for private & industrial
river & greuad- b. Cencrete weir with ARBERGER Marsh ea right usage in Stete of EBremen.
weter lavels stene facing, length bank, & increase in OCHTUM (Cent'd. frem Cel, 6:
125 =. 2 secter gates, River .stage. (Contt'd. in a. Hetardstien ef culti-
St w 2nsh Cel. 7) vatien ef pasiures &
c. leck walkway 1.4 m, b. Upstream: Stepping of navi- meadews, fleeding eof
welr walkway 2 = gation at lew water, disrup- cellars in HEMELINGRN,
tien ef pewer generatien interruptien of navigs-
tien =% siages abeve
6.20 méNN

Destructien: Disrupts viiai
feed preduciion, resiricte
izpertant industrial preduc~
tien, impairs impertant csal,
eil, lumber, grain trlnlpor-
tatien. :

;?mmvi ‘wap reference

10



Bdar Raair (Ssauence downstress)

Descriptior of Bentrol Structures

sganeral =ep reference

Pool Data I Zock & Dam Data “Effects
locatisen |Jheet No.* | Contrel Structure |s. Backwater Extent d. Beadwater Blev. | a. lock T TR Rl Closurs Remarks
River km | ObJ. Mo, (Name & Purpose) |b. Pool Width e. Tailwater Elev. ! Y. Dam b. Pull Opening
c. Pool Depth | c. Pridgevay c. Assoriated Results _
——t 2 3 N U] t 6 7
l.S5km B. ~ 2der Dam i/20 m 1:(10 mil. ch b. Kubble stene masonry c. 230 cbm/sec discharge [Power: Powerheuse "I® on left bank,
of 96 (Edertalsperre) a, 6 km €cavity dam. Crest floods lover Eder & 6 turdbines total cap. 9360 kw.
HRMGFURTH 34 Fleed pretectiea d. Ziv.2 médd 245.0 nfNN, foot Fulda valley. damag- Pewerhouse “II” on right dank,
2.5 km 8. Pever 3/2 Fu1l: (101 mil. cdm) 203.C mfNN, emergency ing sgriculture & 3 turdines, total cap. 18,480 kv.
of Flew regulatien a. 17 km eutlet 232.78 miNN. disturbing traffic Discharge: Max. capecity of eutlets
WALDECK d. 233.9 mfkN ¢. Roadvay aleng dam crest (including turdinass) 290 cdbm/sec.
by km Ieil: (202 mil. cdm) 2.5 m wide, elev. Destruction: Discharge due te
wbeve 8, 26 km (max) 247.0 mENN. 2 walkwuyse demolition would destroy villages
mputh of Co 42 m (max. at daa) 1.0 m e2ch and devastate Lowver Eder & Fulds
Bder R. 26 = (at Brinkhausen) valley. Demolition of power instal-
‘ 15 & (&t Asel) latiens creats electric deficiency
5 m (at Herzhausen) in Kassel Power A.G. Demolitien
d. 245.0 afNN bottom eutlets would eliminate
flood protection & water supply
for Veser R.

Oon VYaideck Tull: (0.76 mil, cbm) b. Solid concrete struc- Pewer: Peverhevss on right dank
PETERSKOPY _9¢ Reservelir, a, 320 n (mean) ture belev Femfurth, 4 turbines, (eperated
aders 185 Pusping b. 155 & (mean) Crest 507.6 mfNN, only during peak power demand per-
HEWFURTE Sterage, c. 20 m (max. at surge tank) average elev, at fods) total cap. 115,200 kv

en right Fever for d. 507.0 mfNN foot 490.0 mfNN Discharge: Max. cap. of outlet
bank VYaldeck 48 cd 3
bl kn Destruction: Demolition ef dam
abeve : weuld destroy pewerhouse, AFFOLDERN
auth of WRIR and village, ard endanger
& R villages in Bder Valley. Demolitien
of powerhouse by itself weuld ;
create pover deficit witheut damage
to EDER DAM or AFFOLDERN RESERVOIR.
55 k- 96 Affeldern Re~ Peel: (1.63 mil cbdm) b. Solid concrete c. Sudden discharges Pewer: 1 turbine, total capacity
-Delew 121 regulatier d. 201.5 mfNN gravity weir and dampags agriculture, 2,560 kv, serviced by remote con-
EOER DAM Reserveir, Full: (3.8 mi), cdbm) adjacent eacth daa. disturdb t .ffic, % trol from HEMFURTH pewer station.
as Fleod Pretectien a. 5.5 km A 3.5 kmn long earth destroy villages Discharge: Max. cap. ef outlet
AFPOLDERY Pover & Flevw c. 10 m (mmx.) dam extension en in Lower Eder-Valley 90v cbm/sec..
98 ks re~regulatien d. 2044 mfu . left bank of Eder R. Destructien: Demelition ef the
abeve < (in cennectiea crest 205.5 m¢NN structure weuld place pumping
mﬁh o with Eder Dam) storage reserveir out of cemmiesien
“M B. & impair water supply fer Weser R.



Fulda Basin (Sequenceé Downstresm)

DumCRIPUVIVK U7 COVT?GL STRUTTIRES

{ . Pog 1 Data Lock & Dam Dats Cperation Eifecte
iLocation jshest Ho.® | Control Structure | &, Backwater Brtent d. Euadsﬂipr Elev, a, Lock 5 a. Full Closurs
River Xz | ¢bi. Ho. | (Name % Purrose) |b. Pocl Width e. Tailwater Xlev. b, Dam . ™11 Opening Remarks
c. Pool Depth ¢, Bridgeway c, associated Results '
— £ 2 £ - 6 ' 7
At Rotenburg Lock a., 2.4 km &. Solld meson wwy lock, &a. None Destruction: Navigaticn & mill
Rotenburg _97 Navigation b. 40 m (mean) wood miter gates., bv. Nhone operation suspendeds downsiresm
12.3% km 49 Brugsing Mil] - c. 1.5 o (mean) Chamber length 27,3 m, ¢c. No dammge bridges and dams endangered,
CUperation d., 184,04 mfNN (normal) wiith~-chamber and gate ' K
e, 182,20 miNN (MNW) L.4 m
’ h. Fived weir with movudle
crest, length 60,4 m,
Fived crest 184,04 mfNN;
movable crest 184,32 mfM)
At Meumarachen Lock a. 2 km a. Solid wmasonry lock, wood a. None Destrudtion: Navigation & vitul mill
Neumar- SO havigation o, 35 m (mean) gates. Chamber iength b. None operation suspended: downstream .
schen 146 Flour #ill C. 1.6 m {(mean) 28.3 m, width~chamber c. No dassge bridges and dime endangered. -
26,55 kn Uperatiocn d., 175,16 m¢N: (normai) 6 m, gate 4,5 m. 8 . :
€. 173.60 mENN (MNA) b. Pired weir witnh movable i
i ’ crest, length 77 m. 2
Fixed crest 175.16 mNi:
movable crest 175.46 mélN
AL - Melsusger Lock a. 1,7 knm . 'a. Solid masonry lock, wood & - c. Nonse Destruction: Navigation. i&&ninport&nt
Melsunges _97° Navigation b, 60 m (mesar) miter gztes. Chamber mildl operstion guspendsd’ dovnntrutm 2
W2l xm 154 Powsr plant c. 15 m (w0an; length 24,4 m; width~ : oridges and dams andangered.
P n apd mill d, 164,68 nfiN (normal) chember 5.6 m, gate 4.4 nm
i nperation e. 163.00 miNN (MNW) . b, Fixed weir, length '
i : » 2 161.,0 m. Right bank crest
: ? 16L.70 miNN; left bank
i : crest 164.66 mENN ‘
?‘At Cuxhagen Lock 2. 1,6 knm a., Solid mesonry lock, wood & =~ c¢. None Destruction: Hsviéaficn 1mp srtant
Qurhagen 92 Navigation b, 65 m {mean) miter geies. Chamber mill oper&tion suspsndad; uuwnstrlan
61.15 km 163 Plouvr mill & ce 1.7 m (mean) length 24,5 m; width brideges and dams endangered. :
dye mill d. 47,24 miny (normal) ciuenver 4.6 m, gate L.L o
eperation ®. 145.50 mf¥n (inv) b. Fixed weir, length 158 m
. Right bank crest 1L7,2Y
nfHN; left bank creet
147.25% mivn .
Be ywesn NEUE MUEHLE a. 3.7 kn e. Solid mmsonry lock, wood a.-Nope: Destruction: Clasing down of pumping
Kassel 83 Lock b. 90 m (mean) miter gates. Chamber b. Upstream mille and station causes suspension of water
and Teérg- G2 Navigation c. 2.3 m {mean) lengtn 24,3 m; width rsvigation out of supply to 2 large mert of Tassel,
shausen Cperetion of d. 130.72 mflli (normal) chamber 5.85 um, gates comrission, Mavigation suspended. Bridges
755 kw " pumping and e. 137.0 mfNK (MNW) 4,6 m c. Sudden raising of ondangered .
Lo cdrrigetien b. Figed weir, length 165 m roller gate weir
p?gﬁtc- , Aight bank crest 138,78 creates & flood-
= mfub, left berk crest wave downstrean
138,73 of ki
“Gsneral sBp Refarends

-~



-DESCRIPTION OF CONTRCL STRUCTURES

—Julda Basin (Sequence Downstream)

. Pool Data Lock & Dam Data | Operatioz Effects
Iecaticn (Sheet Yo,® |Control Structure | &. Backwater Ertent “d. Headwater Xlev. [a. Lock™ T Tav Pull Closure T T
River &n | ObJj. bo. ! (Bame & Purpoee) | b. Pool Widtb e. Tallwater Elev. b. Dam b. Full Cpening Remarks
¢. Pool Depth c. Bridgewny C._Aesocinted Results
1 2 3 L L 5 é 7
At ) Kassel Lock 8. 4.6 kn a. Solid masonry lock, a. None Destruction: MNavigation & important
Kassel 83 Navigatien b. 70 m (mean) 3 Airon miter gates. b. Upstream flour aill pill operatisr suspended; downstream
61.3 km $5 c. 2.8 m (mwean) Chamdber length 85 m, & navigation dis- bridges and dams endangered.
4. 135.82 méNN (normal) vidth~-chamber 11.3 n, rupted.
e. 133,02 nfNN (MNW) gate 10 a. c. Tlood weve created
d. 2 rcller gates, length by sudden roller
2k.3 m each. Crest gete opening
’ 135.82 mfNN.
. C. Walkway over lock 1 m,
over weir l.4 m
¥. o2 8s ¥olfsanger Lock a. 4.2 km a. Solid meeonry lock, a. Insignificant
¥olf- 98 Navigation d. 5560 m vood miter gatee. b. Upstream navigation
c. 1.8 m (max.) Chamber length 60 m, etopped
a. 132.98 afNN width-chamber & gate c. Plood wave of short
o. 131.34 mfNN (M¥) 8.6 m duration created by
b. 1 fixed & 2 needls sudden opening
weirs, lengths 24.4,
30.2, 26.6 =.
c. Walkwey fer weir
servicing.
Spiekershausen a. 4 kn a. Solid masonry lock, a - ¢c. Same as adove.
lock d. 55~60 = wood miter gatee.
Navigation c. 1,8=2 m (max.) Chamdber length 60 =,
d. 130.98 mfNN width-chambe:r & gate

Kragenhef Lock
davigation

Spsele lLeck
Javigation

v - g gt %

&,
b.
Ce
d.
6.

a.
b,

4.
..

129.33 mfNN (M)

3.4 kn

55~60 m

1.8-2 a (wax.)
129.98 afMN
127.37 wfNN (i)

4,) km

55-60 m

1.8—2 E mo)
127.18 nfN)
124,92 mfNN (MW)

8.6 m
b. 2 fixed & 2 needle
wveire, lepngths 30.3,
26.6, 26.1, & 15 »
c. Walkway for weir
servicing.

a. Same ae Spiskershausen

b. 2 needle weire, lengths
30.3 & 26.6 a

c. Walkway for weir
servicing

a. Same 2s Spiekereshauveen

b. 1 fixed & ] needle weir,
lengths 4 & 17.5 m,

¢. Walkway for weir
servicing

C.

b, Same as adove
Spiekersbausen
Yoerry out of
commiesion

&2 - . Same as

EFX]

a ushitt

'y

Vet

a4 _&td*' ¥ais

Sod T3

’

o S

g
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Pulds Pasin (3equence Dowmstream) DESCRIPTION OF CONTRCL STRUCTURES
] Pool ] - __lLock & Dam Data Operaticn Effects
Locetion | Siicet No.* | Control Structure {a. Backwater Extent Headwater Elev. (a. lock Tt T a. Ml Closure "‘"‘1
River xm | OvJ. Be. | (Name & Purpose) |b. Pool Width e. Tailwater Klev, b. Dam b. Full Opening Remarks
c¢. Pool Depth c. Bridgeway c. Assccieted Results
2 3 4 2 6 7

8. of #ilhelimshausen a., 4.5 'm a, 3ame a3 Spiekershausen a,- b, Same as ebove
VILEELN- _3 leck b. 55-60 =m b. 2 needle weirs, lengths c. Wilhelmshausen Ferry
SEAUSEN 1 Navigatien c. 1,82 » (maz,) 30.3 & 26.6 m above dam out of

101.5 d. 124,52 mfNN c. Walkway for weir commiasion

1 = e. 122.46 mfNN (M) servicing

B, of 85 Bonafort lock e. 3.8 k» &. Same as Spiskershauser a - c¢c. Same as above a -~ ¢. Nece
BONAFOR? £33 Navigation b. 55-60 m ©. 2 needie weirs, lengths

105.3 k» c. 1.8-2 m (max.,) 30.3, 26.6 m

) d. 122.06 mfEN c. Walkway for weir
¢ o. 120.11 =fuN (W) servicing
85 HARN MUENDEN a. 3 kn a. Solid mmesonry iock, iron
Tanzwverder 234 leck b. 55-60 m miter gates. Chamber
bavigation C. 2.2=2.4 » (max.) lecgth 60 =; width-

Bann Mava- d. 119.65 mfkM chamber & gate 3.6 m

map refersnce

—— s i .

117.10 miky ()

2 fixed weirs, lengthe
200, Sl m

Roadway 1.65 m, 2
walkvays 0.6 m; single
load capacity 2.5 tens

‘Aa‘/ :wJ." :

Ty

-
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DESCRIPTICN CF CONTRC:. STRICTURES

‘ Dienel win fﬁ&v#co Dewnatream)
L]

Psol Data ﬂ“‘_L;ggk_é‘Qgg_pggg. - Operatien Effects i
iscatien +® | Contrel Structure {a. Backwater Exiernt J. Headwater Elev. a. leck ST T TP e Tl Clesure T
Hiver km | OJ. No. | (Name & Purpege) |b. Pool Width e. Tailwater <lev, b. Lam b. Full Opening Remarks
¢. Pool Depth i c. Brilgeway c, hssociated Results
3 2 3 L > 6 ?
Adeve DIEMEL DAM /7 Full (3 mil. cdr) b. Ashlur Masenry gravity c. 60 cbn/sec disgharge creates Dischargze: Max. capacity
HRIRINGEAU- _%& {Diemei Talsperre) a. 2.5 kw dam. Crest 376.2 mf¥N major fleed in lever Diemel of discharge gates W
SEX 169 Fleed Pretectien d. 359.4 nfNN Foet 340.0 mfXNN Valley, with disturbance eof com/sec
Pewer 1/2 Pull (10 mil, cbm) c. Bridee roadway 5 m, sgriculture & traffic Powver: 2 turdines, tetal
Flev regulatien a. 4.5 kat elev. 378.2 oM\, capacity 1060 kw. Reserve
d. 388.7 mfEN 2 walkway 0,88 m each pover eupply availatle
Full (20,05 mil. cdm) from KASSEL Pewer A.G,
a, 6.5 km in exergencies,
c. 42 m (MHax. ot dam) Dessructien: Destructien
13 » (at STORMBRUCH Bridge) of villages & devastatien
d. 376.2 ofdM of valley belew dam. Dam
ineperative if bettem
2utlets destreyed.

350.» HELMINOHAUSEN INull (65,000 chm) b. Selid cencrete weir with c. Agricultural damegee & Discharge: Max. capacity
‘belew 552.‘ Re-rsgulatien a. 0.35 km slide gate outlets, traffic disturbances can ef discharge gates
Diemel Reserveir c. 4 m (max. at dam) Crest 342.5 mf)Y, foet “be reduced by gradual 114 cim/sec

Dan Tleed pretectien, d. 1.5 mfNN 136,90 miNN iischarge Refilling: 2 hrs. teé re-

Sgenarel map referonce

Plev re-regula~
tien in cennec-
tien with
Dienmel Dam

Reinferced concrete
roadwveay 3.5 m, walkwvay
1.0 m. El. W3,%0 £ ¥N,
Short earth dam »n doth
ends of the dridgze

£f411 at 10 cdm/sec dis-~
charge from DIEMEL DAM.



WESER RIVER SYSTEM
GEOGRAPHIC NAMES & LOCATIONS

Sheet No.* i

GSGS 4416 GSGS 4414 "Nord de Guerre” |
Flace Name 1:100,000 1:25,90 Grid Reference f
Absen L3 2616 4834
Affoldem R 3 4820 9486 |
Ahauhausen M3 3019 8089
Ahsen M3 3020 ° 9086
Albungen R 4 5793
Allendorf Q4 5699
Aller River Mouth M3 3021 9784
Altenbrunslar R 4 4822 1986 .
Altenbuecken M3 3220 9565 j
Altenburg R4 4822 1781
A1t Muenden Q4 4523 22316
Anraff R 3 4820 AKGRL
Arbergen M3 2919 7894 ;
Arsten M3 2919 7593 t
Aschwarden L3 2717 5321
Aulhausen N 3 3719 8107 1
Babbenhauser. P3 3719 7601
Baden M3 3020 ' 9089 P
Bad Lauterberg Q5 9040 .
Bad-(Q0eynhausen P3 3718 7301
Bad Sooden Q4 5699
Balge N 3 3221 9859
Barkhausen N3 3719 8107
Barme M3 3121 9871
Battenfeld R 3 6469 ;
Beckun (Reckum) M3 2717 5214,
Beckum Sluice L3 2516 4937
Bergshausen Q4 47722 2397
Bergheim R3 4820 9786
Beverungen Q4 4322 1342
Bierdem M3 2920 8591
Binnen N3 3320 9448 !
Blexen L3 2417 5349
Blumenthal M3 2817 5509
Bodenwerder P4 4023 2276
Bollen M3 2919 8190
Bonafort Q4 4523 3113
Bornhorst M2 3208
Braake M3 2817 6004
Brake L3 2616 5026
Bremen M3 2918 7099
Bremen-Neuenlande M3 2018 7295
#GSGS Map Series, Germany; Geographic Section of the Gereral
Staff, British War Office; 1944; (availabie frem Amy Map

. Service, Corps of Engineers, U. S, Army).
=6




Sheet No.s

GSGS 4416 GSGS 4414

"Nord de Guerre®

Place Name 1:100,00C 1:25,000 Grid Referenee
Bremerhaven L3 2417 5550,
Brevoerde P 4 4022 1669
Brinkum M3 2918 7192
Bruchhausen-Vilsen M3, 3120 8672
Buchholg N3 3520 8729
Buchhorst NS 3321 9856
Buehren N3 3320 3549
Bue ttel L3 2511 53877
Burhave Sluice L3 2416 4353
Bursfclde C 4 4423 3028
Butjadingen Land L3 2426 4549
Cuxhagen (Guxhagen) R 4 4722 2191
Cuxhaven K 3 6487
Dalheim Q3 4521 0121
Daverden M3 3020 9586
Dedesdorf . L3 2817 5139
Dedesdorf Plate L3 2516 5040
Deichshausen M3 2817 5905
Dennhausen Q4 4722 2296
Diemel R., Mouth Q4 4322 1839
Diemeltalsparre Q3 6909
(Diemel Dam)
Deisel ’ Q4 4422 1734
Dittershausen Q4 4722 2196
Doerverden Weir M3 3121 9974
Prakenburg N3 3321 9955
Dreye M3 2919 7192
Eberschusetz Q4 4422 1228
Edertalsperre R3 4820 9288
(Eder Dam)
Eder River Mouth R 4 472 2092
Eidewarden L3 2517 5140
Eisbergen P3 3820 8801
Eissel M3 3021 9885
Elsfleth M3 2716 4917
Emmern P4 3922 1385
Erder P3 3819 8299
Eschwege R4 6290
Estorf N3 3420 9544,
1z R4 7782
Farge M3 2M7 5312
Fischbeck P3 3821 0795
Flagenbalgen Sluice L3 2516 5045
Frenkenberg R3 4918 7474
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Sheet NO.*.
GSGS 4416 GSGS 4414 ®Nard de Guerre"

Place Narme 1:100,000 1:25,000 Grid Reference
Fritzlar 13 4821 0782
Tucrstenberg Q4 4222 1549
Fu:len P3 3821 0396
Fulda R., Mouth Q4 4523 3315
Geestemuende L3 2417 5645
Gecste R., Mouth L3 2417 5649
Gensungen (Gesungeg) R 4 4822 1282
Germete Q2 4520 Ggs22
Ciershagen Q3 414
Gieselwerder Q4 4323 2535
Gantte Q4 4523 3217
Golzwarden L3 2616 4828
Grave P 4 4023 1969
Grifte R 4 4722 2091
Grirden M3 3020 9087
Grohnde P4 3922 1681
Grossenwieden P3 3821 9998
Grosse Kaiser Lock L3 2417 54,52
Grosse Sluice L3 2516 4942
Guntershausm R 4 422 2194
Guxhagen R 4 4722 2291
Habenhausen M3 2919 7595
Haevern X3 3519 8626
Hagen Grinden M3 3020 5288
Hagenohsen P4 3922 1485
Hajen P4 3922 1679
Hameln P 4 3822 1090
Fann Muenden Q4 4523 3315
Hasbergen M3 2917 6298
Hasenbueren M3 2818 6403
Hastedt M3 219 7597
Havern N3 3520 8626
Haueda Q3 4521 0821
Hedemenden Q4 4111
Hehlen P4 4,022 1978
Helmarshausen Q4 4322 1938
Helminghausen Q3 6909
Hemelingen Weir M3 2919 7596
Henifurth R 3 4072 9286
Hersfeld Fulda Weir R4 3853
Herstelle Q4 4322 1639
Hespringenhausen Q3 7920
Hessisch-0Oldendorf P3 3821 0398
Hilwartshausen Q4 4523 3218
Hoexter P4 4222 1354
Hohenrode P3 3820 9738
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Shoct Mo,
GSGS 4416 GSGS 444 ™Nord de Giwerre®

Place Name . 1:100,0C00 1:25,000 Crid Ecference
Holtorf N3 3020 8886
Holtrup P3 371¢ 7?6031
Holtrup M3 3220 9663
Yolzbalge N3 3221 9758
Holzminden P4 4122 1760
Horstedt M3 2919 8490
Hoya M3 3120 3568
Hunte R., Mouth M 3 2716 4917
Hutbergen M3 3021 9782
Ilysee N3 3520 8730
Irtschede M3 3020 9386
Joessen N3 3619 8623
Kaeseburg (Kueseturg) L 3 2716 5022
Karlshafen Q4 4322 1840
Kassel Q4 4623 2303
Kcrmade P4 4023 227
Kirkchohsen P 4 3922 1484
Kleine Kaiser Lock =~ L 3 2417 5451
Xleine Sluice L3 2516 4939
Kohlenstaedt P3 3820 9700
Kragenhof Q4 4623 2509
Tachem P 3 3821 0595
Iahde N 3 3619 8520
Lamerden Q3 4421 1026
landesbergen N3 3420 9340
Lan gwedel M3 3021 9888
Land Wuehrden L3 2517 5340
Lankcnau M3 2818 6701
Latferde P 4 3922 1683
Laubach Q4 3714
leese N3 3420 9435
Leeseringen N 3 3320 9546
Leeste M3 7288
Leine K., Mouth N 4 2660
Lemwerder M3 2817 5907
Lesum R,, Mouth M3 2817 5908
Letzter Heller Dam Q4 37 .
Liebenan Q3 4521 0723
Liebenau (4n Harnover) !' 3 3320 9346
Lienen L3 2Nné 491g
Iippoldsberg Q4 4323 2537
Lohne P3 6400
Lohre R 4 4822 1580
Luechtringen P4 4222 1656
Lune Lock L3 2417 5547
Lune Plate L3 2517 5244,
Lutter S 4 £310
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GECE 4416 OSBITIZL  ™ord de Guerre"
Place Name 1:100,000 1:25,000 Grid Refercnce
Mahndorf ¥ 3 2919 8194
Mandern Kk 3 4821 0282
Marsberg Q3 4519 7718
Mechlbergen N 3 3320 9655
Mehlen R 3 4820 9586
Mehringex M3 3120 9571
Mrinbrexen Q4 4322 1545
Mel sungen R 4 2683
Mindcn N 3 3719 8111
Mittelsbueren M3 2818 6204
Moorleme Sluicc L3 2716 5022
Muehlgraben R4 7782
Muesleringen N 3 3520 8833
Ncethof P3 3820 9499
Neesen N 3 3719 8107
Neuemhle Q4 4722 2299
Neuenkirchen N3 277 5216
leuenlande L3 2K\7 5336
tweuer Hafen lock L3 2417 5550
Necuhof N 3 3520 9231
Neumorschen R 4 3175
Niedervieland Marsh M3 2218 6400
Niedermmarsberg Q3 4519 7819
Niedermoellrich R 4 4822 1480
Nienburg N 3 3321 9950
Nordcnham L3 2516 4943
Norder Osterstade Marsh L 3 2617 5330
Nord lock L3 2417 5453
Northeim Q4 5648
Obersmarsberg Q3 4519 v
Obermwoellrich R3 4821 1081
Obervieland M3 2918 7295
Oberwegwur th 3 4 3040
Cchtum R., Mouth M3 2817 6005
Ocder R,, Mouth Q 4 6344,
Oder Valley Dam Q5 9142
(Odertalsperre)
Ocdelsheim C 4 4423 2833
Of fenwarden L3 2617 5327
Chr P 4 3922 1186
Ohscn~Tuendern P 4 3522 1286
Oldenburg ¥ 2 2815 3005
Oldenburg-Weser-Marsh L 3 2716 5215
Nssendorf Q3 4420 9324
Osterode Q 4 7450
Osierstade Marsh L3 2617 5428
Ovenstadt N3 3519 8425
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Sheegt No.*
GSGS"ZZIg_m '™Nord de Guerrc"
Place Name 1:100,000 1:25,000 Grid Reference
Padberg Q3 722
Padingbuctteler L3 2316 5067
Pegestorf P4 4022 2171
Petershagen N3 3619 8420
Peterskopf R3 4820 9085
Polle P4 4122 1567
Porta P3 3719 8106
R: me-Bingartes Mill R4 3853
Rechtenfleth L3 2617 5132
Rchme P3 3719 7602
Fhume R., Mouth Q4 5350
Rieda M3 3121 9877
Rimbeck Q3 4420 9125
Rinteln P3 3820 9200
Roennebeck M3 2817 5410
Rohrsen N3 3221 0158
Rotenburg ‘ R 4 3968
Roter Sand Lighthous L2 3369
Ruehle P4 4023 271
Rumbeck P 3 3821 0096
Salzuflen P3 6787
Sand stedt L3 2617 5230
Schaeferhof N 3 3321 9847
Schluesseclburg N3 3520 9122
Schmalenfleth L3 2616 4830
Schwalm River Mouth R 4 4822 1781
Schweringen N 3 3221 9862
Sebbenhausen N 3 3221 9860
Seehausen M3 2818 6502
Sielen Q 4 4422 1429
Soesse R,, Mouth Q4 5948
Soesse Valley Dam Q 4 7852
(Soesseltalsperre)

Specle Q4 4623 : 2710
Spichra R 4 7571
Spiekershausen Q4 4623 2707
Stapelshom M3 3120 8871
Stedingern Marsh M3 2817 5708
Stedorf M3 3121 9974
Steinmuhle P4 4023 1371
Stolzenau N 3 3420 G135
Strecek M3 3020 90868
Strohausen Plate L3 2616 5032
Sudderade M3 277 1721
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Place Name

Sheet o,
GSGS 4415 G3GS 4414

D Ay

1:100,00C 1325,000

ord de Gucrreh
Grid Refercnce

Tettens Sluice
Thedinghausen
Treffurt
Trendelburg
Twiste R., Mouth

Uessen

Veckcerhagen
Vegesack
Veltheim
Vaorden

Vlotho

Volkme rshause b
Vorbrudh

Waddens Sluice
Wahrbeck
Waldecker Talsperre
Warburg

Warfleth
Weddewarden Sluice
Wega

Wehrbergen
Wehrden
Werderland Marsh
Wernshausen

Werra R., Mouth
Werre R., Nouth
Weserdeli ch
Wescrmuende

Vlescr R., Source
Westergate Channel
Wilhelmshausen
Windheim

Winkel
Wolfershausen
Wolfsanger

Wrexen

Wulmstorf
Wulsdorf
Warthfleth

2416
3020

4422
4520

OOV

3020

—v
bt

4523
2817
3819
3021
3819
4523
2717

TOIYXIVRO

O ' ot
WWWWARMNLVWLVALVAVLWWLAVMWALLLWLWWLWWEALW WAWWLWWLWWEERE W WiANMWW

2416
4323
4820
4520
2817
2417
4821
3821
4222
2817

OO

=
=Y

-
™

4523
3718
N6
2417
4522
2716

£25
3520
3020
4822
4623
4419
3020
2417
2717

N EHOOIRIOOIOTN=ZTUOWDE

5C50
8686
7484
1732
9721

8890

2923
5908
8499
0082
7197
3518
2817

4152
2337
9288
9922
5310
5356
0182
0893
1447
6105
8439
2315
7403
4815
£E52
3315
5018
2813
8625
9686
1988
2705
8724
9386
5746
5322




APPENDIX B

GEOLOGY OF TESER#*

xAbstracted from "Report on Teser River (less Aller River)
Part 1," prepared by G.S.I. (R.E.) Hg 21 Army Group,
March 1945,
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Ao

Goology of WESER River

This Appordix is b2sed on matorial supplied by I.S.T.D.

Tho doscription of thou rivor courso is dividod into scotions by shoots
of GeSeTeSe 4%16.

Attontion is direoted to tho naturo of the rivoer banks, river plains and
noighbouring hills as a sourco of constructional matorials

Licbility to flosding and naturoc of vogstation aro not dealt with
spocifiocallye

SHEET Q.4

Tho rivor valley avoragos % mile in w{;h widoning in placos to a mile,
narrowing in gorges to 3 milo or losse On either sido, sendstons hills with
stoop slopce risc ¢tc 984 - 1312 r't. abovo soa-lgvele Tho lowor hill slopos
aro looss® covorede The rivor plain is ioam, sandy and gravelly in parts,
vith mell-markod torracoss

Hann Hgndon.

Hann MGnden 3415 1ie8 on a small loess and loam ooverod plain whero
tho rivers Werra and Fuldn moet, surroundod on all sides by sandstono hills.
To tho Wost of tho town, Stauffonkuppel hill is built of a basalt plug 3/4
milo widoe Furthor to the North-West Gahrenberg 2817 is anothor largor
basalt masse The river bonks and plain in this area arc of loame

Volkmarshausgone 3518,

Tho rivor plain is mainly of gravel and sands Tho sandstono hills
aro covorod in their lowor parts by logss to South and West of tho townj;
thoro 18 a small marsh South-%ost of tho town.

Vogkorhagone 30241

Rivor banks of loams Rivor plain of loam and loess with torraces of
gravcl and rivor sande At foot of hills are alluvial conos of sand and
gravol, on ono side of which the tewn Vookorhagon is situatode Hills ef
sandstonos

Veckorhagen - Odolshoims 2934,

Narrow river valloy flankod by sandstone hillse 6 Rivor plain of loam
and looss chiefly as torracess South-East of Gottsburon 2233, and Wost of
Hemoin 30724 thore ara hills of basalt,

Odolghoim - Holmarshausone 1940,

Sandstono hills on oaoh sido of river, lowor slopos looss coverad
a8pcoially ar>'md Bcdenfelds 2640, Rivor plain mainly loam oxocept around

sloess 18 a fine sandy loam doposited ty winde It is usually well-drained
but when wot, it is very stickye

wle




Be

Webnbock 2438 and Lippcldsberg 2€38, vwhoro sandy gravoel banks aro doveiopade

H:lmrshauson = "'chrdcne 1447,

Hills to East uro still sundstone but to West of vellecy the rocks wrc
limostonas und shalose Rivor plain widens and gravol banks bocoms morc numcr=

cus chicfly along the right tanke Thorc wro patches of locss on tho lowor
hill slopose

Wohrdon - odge of shoote

Hills to Wost arc ca-pcd by hard limostono. To %78t of river, mndstonc
hilis with stccp slopose Rivor plaoin looss and loam torracos with grovol g
banks along river and also along foot of hills East of rivare '

SHE T P4,

Avorago width of river vallcy 3/4 mile, narrowing to % milo, widc¢nine to 1%

milos in placose On both sidos of rivor, hills riso to 820 - 984 ft. Along

Bast sidc of vallcy sandstone occurs as for lerth as Bodonwerdcr 2377,

oxcopt for somc limostono/shals hills botwacn Lobach 2365 and Pczostorf

2071¢ North of Bodorwordor hills {o East of rivor are of limostono/hhalo

goricse Along Wost sido of river valloy, tho hiils uis of limcstonc/shalcs

with a capping of hard limcstonoce North of Bodonwardor. ‘‘ost of walloy, and t
2lso South of Hamoln 1291, yourngor rocks of shalos, sandstoncs and dolomitos ’ '
with Yypsum nnd coal bods occur locallye Along tho river valley loass
covors tho lowcr hill slopous wnd parts of thc valloy floorse Tcrrocos of
sond and loam become incrocsingly important Northwards from Grohndo 1682
oxpocially around Homolne South of Grohndo sand banks and tcrracos aro
wol l-markod on tho innor parts of tho rivor=bcendse

Hoxtor 1455 - Holzmindon 1860«

Rivor alluvium mainly sande Throc tcrracus riso tormrdc hills; that
ara composod of loam and looss undcrlain in parts by sand und grovele Along
the river courso, pockots of sand and gruvol cccure Looss covurs lurgo
aroas West and East of Holzmindon.

Holzmindon - ¥Yollg 1558,

Gontlo slopod hills oach sido of river composcd of thin boddod limo-
stoncs and shcles with tho hilltops composod of hard limostonoe Rivor
alluvium miinly sand with somo gravel and loam patchos, flankod by looss
end gravol torracose NortheSouth bglt of old river clay East of rivor
noar Bovorn 2164 vhich is, itsolf, on & gravel banke

Pollo - Hajon 1780,

From Pogostorf 2072 to Bodonwordor 2377 hills Ezet of tho wvallov aro of
sandstonos Blsowhoro in this soctio.. thc hills uro of thin limsstonos
end shalcs, most of the hills having a capping of hard limostonoce On tho



lower hillslopes, rocks are chiefly clays with an extensive cover of
loess. “One mile South-East of Hclken 1978 there is a gravel hill. Aleng
the river valley, the banks are of loam with a narrow band of river loam
on each side, " Then come terraces of locss and gravel, Between Pegestorf
and Roderwerder, the sandstone hills East of the river have, at the foot
of their slopes, accumulations of réck boulders and pebbles (screes).

Hajen - Kirchoksen. 1484,

Right bank of river sandy to gravelly backed by low terraces of loan
(which is sandy in parts) and olay, At Hagenoksen 1585 & limestone cliff
overlooks the river bank. The laft bank of the river is mainly loam with
a few gravel patches, West of which there is an extensive belt of terraced
loam and loess wkich also covers the lower hill slopes practically every-
where. Forst Grohnde hill to West is built of sandstone; elsewhere the
hills are chiefly shales with limestone bands in places.

Hameln, 1291 °

Narrow belt of sand and gravel along river flanked on each side by
loam plain up to 1,000 yards wide {on which town is built)., Forst hill to
Noarth-East is of limestone. hard in parts. Lower hills to south-west of
town are of dolamite marls with hard limestone bands. Lower hillslopes
covered by loess, Just north-east of Hameln some small hills are capped
by gravel terraces.

C. SHEET P.3.

Within the large river loop between Rinteln and Porta 8005 there are
extensive loess and grawel terraces which continue eastwards along.the North
bank of the river to Hess Oldendorf 0398, The east-west ricdge running
along the North of the river is built of oolitic limestone in its upper
part; underlain by shales, ironstones and sandstone beds which farm the
southern slopes overlooking the Weser Vallsy. Scuth of the river the hills
are composed of sandstone and limestone with shales in the valleys; the
lower hill slopes are covered for the most part by loess,

Thd river plain in this sheet is covered mainly by 6,6 - 13.1 ft, of
river clay losm overlyirng 13,1 - 23,0 ft, of sand and gravel, The sand amd
gravel comes to the surface on terraces along the valley sigdes,

Wehrborgen 0893 - Grosswiedsn 0098,

The river plain is composed of loam with many winding depressions of
river clay. The river banks are predaminently sandy to gravelly, The
hills to the south-west are of dolomitic marls capped by hard sandstones
and quartzites, To north-west of the river the hills are of limestone
overlying clays which outcrop in the valleys, Lower hill-slopes, through-
ont this saction, are extensively covered by loess.

Grosswieden - Eisbergen 8801,

River banks of gravel amd sanmd, River plains of loam with 2 littls
pravel near Rinteln, Ridge to north of massive limestone (sandy in parts,
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with iron ore beds) underlain by clays which form the lower hill slopes,
chief)y loess covered, facing the Vieser valley. Gravel accunulations arc
widespread along the foot of the ridge. North of Eisbergen, and just south
of Steinvergen 95R there are lecal clay areas, South of the river the
hills are of sardstone, underlain by clays in the valleys, From Kranken-
haven 9296 to Stemmen 8798 thers is a belt of glocial gravel; 1loCas covers
mary of the lower hill slopes and smaller valley sides.

Eisbergen-Babbenhausen 7601

The river cuts a gorge through samdstone rock. The river banks are of
sand, flanked by a narrow btclt of river loam. Hills to north of Ufteln
7898 of sardstone., North of Vellheim 800 there is a large patch of glacial
clay sarmd and gravel, Hills to the south of the river are of various rock
types; a sardstune ridge runs approximately west-north-west-east-southeast
south of Varenhulz 8598, Further south there are limestone hills south
of Kalld rf 176 and more sandstonc hills, The intervening valley tracts
are cut in clay r.ocks with much surface glacial clay. Loess is confined
to small patches in the valley sides,

Babbenhausen-Porta

Between the sand-stone gorge ¢t Vlotho and the limestune gorge at
Porta, the river forms a local plain. Here the river banks und plains are
of loam with patches of fine sand and gravel., East of the river and rail-
way, there is an extensive terrace of loess and gravel, West of the river,
the ground rises to form low hills of limestune and clay rocks, with a small
belt of 1l,am and luess on the river side,

SHEET N, 3.

The Weser river enters the North German plain at Minden 8111. The
river plain does nut shaw any sudden change, Away from the river hiwever,
the nills have given place cbruptly to low undulating tracts and terraces
of soft rocks (1wess, loam, sand and gravel) in the depressions :f which
arc Yide stretches of swampy ground and marsh, The river plain is crar-
acierized as avove Minden, by a narrow belt of river alluvium, mainly clay
loam, with marginal terraces of sandy tu grawvelly composition which are
more extensive and continuous than in the hill country further south,
Dwmnstream, the belt of river alluvium gradually widens to appraximately
2 niles =t Mienburg, the river ¢ urse winding fram side to side,

Minden area,

Rivor banks of fine sand and loam, South of the town there 1is =
small river pliin of loam, The town itself is located on a loess terrace.
East and west of thc river plain, there is a belt of loam terrace, under-
lain by sand gravel. Westwards fr.m Rodenbeck 7810 the tcrrain becomes
marshy and the svuil clayey. Eastwards from Meissen-Dankersen 8,08-8/12
the sub-surface is clay covered in placcs by loess which is often cioirse
grained. South of Mirden the lower slopes of the Weser Gebirge are loess
covercd with patches of marly soil,
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Petershagen Area 842Z,

From Minden tu Petershagen, the river is confined, rather closely,
beiween nigh terraces on the west, of clay rocks, and lower terracss on
the east of fine sandy lyam and gravel, The river banks are of clay loam,

Petershagen-Nienburg.

Detailed infcrmation is absent. Along the left bank to St)lzenau
9136 dry elevated terraces are oclose to the river course for the most
part. Along the rignt bank large stretohes of river alluvium, mainly clay
lcam, are preduminant, interrupted in places by terrace spurs. North of
Stolzenzu the river is flanked on both banks by river alluvium and low
ground of clay loam, The terraces set back a mile or so from the river
are most extensive tu the West; to the east they are nmarrow and are replaced
eastwards by marsh and swamp, Ncrth of Nicubuwrg, tho right bank of the
river becimes mare favourable due to the presence of loess sand and loam,
tut details of its extent «nd nature are not availabdle.

SHEET H.3.

Detailed information is only available for the nurthern part of the
river cnurse, in the Bremen area., The part above Verden is knwmwn imper-
fectly. Here the river alluvium chiefly clay lvam, forms a broad belt 2
miles wide which becames more and mor. marshy down river., Along the left
bank, the high terrace margin swings away from the river near Hoya 9569
S0 that the river alluvium is flanked by lower ground, normally dry, but
liable to flonding or water-l,gging, Along the right bank, copditions
are more favourable due to the presence of a low sand-dune belt (probably
sandy loam) interrupted south of Verden by the marshy flood plain of the
Aller river, '

Below Verden shere is a rapid deterioration in the nature of the river
banks and plain, The river alluvium is mainly a clay belt broadening to
5 miles below Bremen, (the vertical thickness of which increases d-mmstream)
urderlain by samd and gravel. The river banks may be occasionally sandy,
but their foundations will always be clayey and soft with low bearin
strength, Along the north bank, sand-dunes {(chisfiy fine sandy loam§ form
higher drior gr ,urd along a nmarrow belt on whic cmen, and Achim are l.-
cated., Along the left bank, huwever, the mar’uﬁ,\e, tends for sume distance
(5 miles) fram the river before drier sandy ground occurs, The terraces,
if prescnt, lie mare than 10 miles snuth-west of the river, Everywhere in
this district swampy tracts arc frequent, but peat does not appear t) be
prevalsent, ’

Horsted-Hemlingen 8,90-7596

This part has a surface cover of heavy soft marsh clay down tn 2
depth of about 9,8 ft, below which firmer sand gravel and clzy has becn
proved to 164 ft. and more belw surface, The river banks are clayey
except along the inner banks ~f the river bcnds, mure especially the east
bank north of Dreye 773 where sand occurs, Habenhausen 75% is on a sandy
area, The marsh clay extends south-westwards to Brinkum 7191 anmd Kirchweye
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7689 where fairly dry sandy ground begins. North of the river the marsh
$lay gives place v, fine waterlogged sand south of Uphusen 8392. Then
sumcs the Achim 8892 - Uphusen - Hastedt 7797 bolt of dry sand and sandy
loam which extends north-westwards under Bremen,

Bremen,

The North river bank consists of a narrow clay belt (500 yards wide),
then the sand-dune tclt (1,000 yards wide) forming slightly higher groum
on which the city is built, then marsh clay returns further to the Narth-
West, e.ge. in the city Park %01, South-Wos’. of the river, marsh clays
extend to a line fram Brinkum through Huchting 6796 to Hasbergen 6298
where sandy dry terrain begins with patches of marshy clay ground along
~1d river courses (aligned mainly North-South). A large sand-bank lies
North of Woltmershauservolt 6900 on the West side of the river. Consid-

. erable portions of the river banks have been altered by v.rt construction
wark, a factor not taken into consideration in this report, In the Bremen
area barings show that the marsh clay is 9.8 - 16.4 ft, thick, overlying
sand and gravel to a depth of 164 ft. or so,

Bremen - Braake, 6004,

Along the right bank of the Weser, the marrow sand dune belt (1 mile
wide) continues from the NJW. outsk: us of Bremen to Burgdamm 6509 broken
mly by the River lesum. Between this sand dune belt and the river and
north-west of the docks area, marsh clay forms a large tract frum Mittels-
buren Q4 to Sesumbrok 6107. The left bank of the Weser in this area is
partly of sand, partly of clay adjacent to the river, backed by waterlogged
marsh clay, Borings prove t hat the marsh clay is about 13,1 ft, decp,
under which another 13.1 ft. of peaty clay occurs, before samd is encoun-
tered; the deposits are quite soft to a depth of 39.4 - 49.2 ft,

Braake - Farge 5312,

Frun the north-west ovutskirts of Bremen to Vegesack 6009 both sides
of the river arc of heavy marsh clay except far a large sand bank at
Braake (wost sids of river) and a nwrrw sand bank from Niederburcn 6105
to Vegesack (east side of river). From Braake to Bourdenfleth 5609 the
river bank hag been built up artificially, Small sand patches lying '.n
top of the mapsh clay oecur at Altenesch 5904 and Deichshausen 5906, At
DcichBhausen 6101 a sand z.nc extends nirthwards towards the v‘leser river
along the west bank of the River Ochtum.

Dwmnstream from Vegesack surface conditions are similay to those at
Sremen, The north river tank has o nmarrow clay belt backed vy a narrow
sand dune zone on which Grohn, Vegesack, Blurenthal and Farge arc situcted;
behind this sand znne, marsh clay appears .once more and extends to the
northeast, but the terrain is higher in altitude amd well drained., Along
the south bank 3f the river, marsh clay covers the river plain south-
westwards to a line through Moar 5301 ard Hude 4802 where fairly dry sandy
ground begins, In the Vegesack arca, the marsh clay is 13,1 - 16.4 ft,
thick lying on sand and grawvel, :
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SHEET L.

The surface is waterlogged calt marsh clay along both sides of the
river, especially t» the wast, Five to ten miles east of the river slighrtly
drier sandy ground begins but even here the water table is very near the
surface, .

Osterstade - Wuhrden

Along this tract east of the river, marsh clay forms a north-south
belt 15 miles long, 3-5 miles wide, the land curface being but 6,6 ft,
above sea level, Borings at Neuenlande 5336 proves clay to a depth of
5.8 ft. with a peaty bad from 19,7 - 26,2 ft, below surface. Below 55,8
ft, sand and gravel form a 9.8 ft, thick bed lying on old firm river sands
am clays which have been encountered down to 190 ft, below the surface,

West of the river marsh elay is univeraal except for the river banks
which are sandy in places., Borings at Rodenkirchen 4835 proved 13.1 f%t,.
of recent marsh clay, then 16.4 ft. of o0ld marsh clay, then firm sand and
clay below, At Blexen 5248 the marsh clay is probably 66 - 8 ft. thick.
It is useful to note that the firm sands underlying the marsh clay are
shallowest under the river banks, deeper away from the river towards the
west and deepest under the river ,bed; and also vhat the artificial dykes
have caused sudden changes in the surface deposits so that on one side of
a dyke, there may be sard, .whilst on the other, marsh ciay may occur,

Bremerhaven,

The river swings eastward to the edge of the marsh clay, The town is
situated on drier samdy ground but details are not available, A water table
close to the surface must be expscted,

Landewursten,

North of Bremerhaven the river swings westwards amd a marsh clay belt
forms the east bank (coastline)

RIVER TERRACES.

Frequent mention has been made of terraces in the Weser River Valley
mainly in the hill part. No heights have ®een given since their determi-
nation would have meant considerable expenditure of time,

However, it is possible to summarize the position as follows:-

1. The Hilly Part above Minden

Here three terraces, an upper, a middle and a lower, have been dis-
tinguished, All three terraces increase in height, above river level, up
river, mare or less regularly, At ¥inden, the lower terrace is 9,8 ft,
atove the river level, the middle terrace 26.2 ft, and the upper terrace
49,2 ft, At Hann Munden the lower terrace is 6,6 ft, - 9.8 ft, above
river, the middle terrace 49.2 ft, and the uppor terrace 85,3 ft,



2., The Lowland Part balow Mirmden

Here the upper terrace is usuiily atsont or some distance away from
the river, The lower and middle terraces are usually well developed ox-
cept in the lower river reaches below Verden., Tnere does not appear to
be much reduction in height abowe ¥dver level as we go downstream, The
middle terrace remains about 26,2 ft, above river level, the lower terrace
about 9.8 ft, above river lewel,

Usually the terraces are well drained loams, sands and gravels; the
higher the terrace the coarser the subsoil tends to be; but also the
higher the terrace the less extensive, and the mare discontinuous it be-
comes, since it has been subjected to wearing away for a much longer time,
Locss terraces are exceptional in this respect; they are usually fine

. grained and equally extensive at all altitudes above the river level; they

H.

have been deposited by wird on high and low ground more or less si.multa-
neously.:

Sourcos of Information

l., Geologische Kartevan Preussen und Benachbarten deutschen Lan\.ern.
Scale 1 25,\)000 Sheets 55/32, 26 13, 7, 2 1 [01/5), 4, 7 54,
53, 52; 40/ab; 23/58, 57, 50.

<4 Geologische Ubersicht Karte van Deutschland, Scale 1: 200,000,
Sheets 80, 99, 112,

3. Geologisch: Karte des Deutschen Reichs (Lepsius). Scale 1:500,000
Sheets 7 and 13,

4. "Handbuch der Vergleichendes Stratigraphiec Deutschlands - ALLUVIW"
(Stoller) Berlin 1931,

5. "Beitrage zur Kenntnis des FPliocans und der diluvialen Terrassen in
Flussgebiet der Weser" (Siegert) Abhand der Preuss, Geol., Landesan-
stalt Neus Folge: Heft 90: 1921,
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APPENDIX C

DESTRUCTION AND PROTECTION
OF DAMS AND IEVEESs

#Translation of "Zerstcerung und Schutz von
Talsperren und Daemmen, ™ O. Kirschmer,
Schweizerische Bauzeitung, 14 May 1949,
pPp. 277-81 and 300-303.
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DESTRIOTION AND PROTECTION OF DAMS AND LEVEES

During World War II three of Germany's dams located on the MOHNE,
SORPE and EDER Rivers were attacked on the same night, This operation
was carried out by the Royal Air force during the night of 1¢ and 17 May,
1943 as a low-level surprise attack from 2 height of approximately 18 m,
using special heavy rstating bombs (Roll Bm‘bs).l Figures 1 and 2 show
the location of these vorks. The flood wave released by their destruc~
tion zaused widespread devastation., To obtain a basis for the prepara-
tion of plans for precluding or roiucing damages from such occurrences
in the future, these flood waves were later carefully studied. It is
believed that the results of these investigations are of sufficient
general interest to be published,

1, Description of the Dams and the Damages.
A, The MORNE Dam,

This dam was built in the periocd 1908-1913, from a
design by E., LINK, mainly for the purpose of providing domestic and
industrial water supply in RUHR area. The drainage area above the
dam is 430 km?, the averagg annual inflow is 240x10° m3; the_ reser-
voir capacity is 134::10g , and the sv_face area is 10.2 km?, This
graviiy dam with an arched axis is 650 m long at the crest and 40 m
high, (Maximan wvater ievel 32 m). The top width is 6.25 m and the
base width 34 m (Pigure 3).

The attack by the Royal Air Force was carried out during the
period when the rescrvoir was completely full, On 17 May 1943 at
12:49 a.m., a8 bab exploding close to the face of the dam approximately
10 m below the water surface breached the upper part of the dam. A gap
75 m wide at the tvp and 22 m dgep developed in the center of the dam,
Fithin the next 12 hours 116x10° m? of water escaped through thjs breach,
On the 1€ of May 1943 the sterag: in the reservoir was 132,2x10°¥ m’, It
was lartr.? determined that the initial rate of flow through the gap was
8,800 m/sec, In the narrow MOHUE Vallcy this caused a surge 10 m high
which caused great destruction., This surge was considerably higher than
the highest [lood of record, the flood of 1830, Approximately 1200 lives
were lost., All buildings situated on low ground between thc dam and
HAGEN (approximately 65 km downstream) were either swept away or damaged.
All bridges for 50 lm dowmstrear were destroyed. Eye witnesses report
that the water piled up as high as 2 m on the bridpges before they collapsed,
The power stations, No, I located at the font of the dam (4,800 kv out—
put, four gonerating units), and N:. II (300 kw, ¥wo generating units)
located at the re-regulation pool at GINNE, just disappeared. At the
confluence of the RUHR and the RHINE Rivers (148.5 k from the MOHNE -
Valley dam) the stage rose about 4 m when the crest of the flood wave,
25,5 hours after the catastrophe, pasced there., This meant that the
discharge of thc RHIME River increased by 3100 ma/sec.
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Tho offocte of the rupture of the MOHNE dam were very
serious because on onc hana this damwas the rain source for the
water supply of the dmsely populated RUHR area, and on the other
waid its ruplwe flooded most other water supply plants in the RJHR
211 the may to ESSEN and put them out of sommission. A largs ruber
of Lowns like HAMME, RAGEN, BOGHUM and IORTMWND were without water,
Also, the pump storagc plant a} HERUECKE gn the RUHR, 60 km below
the MOHNE dam, vhich with 1ts 132,000 l& eubput is one of the most
jimportant power tions of the NEWINE-MERTPALISCHEN Elcctric
Pawver Comany (RVE), could not aperebs for )4 days “ecause its powver
house was under 2 m of wvater,

B, The SOFPE lam,

Here we deal with a dam constmcted in the period from
1922-1933 as an earth fill stmeéture with a watertight concrete
core va2ll also designed and built under the direction o E. LINK
(Figure 3). The height of this dam above the valley fiovor is 60 m,
the maxdmum vater depth is 57 m, and crest 18 700 m long., The up-
strecam and downstrcam slopes at the centér of the dam are 1 on
2,25 and 1 on 2,50, respectively, To make 1t difficult for water
to penctrate the dam the upstream part 1% canstructed of impervious
material covered by a protective layer. The downstream part is
constructed of pervious material to allow that water which seeps through
the impervious part and the core wall to drain as fagt as possiblc,.
The storage capacity of the SORFE reservoir is 81»10° m?, When com-
pletely fall 2 lake of 3.8 o is created. The anrgal flow of water
from the catchment area into the reservoir is 31x10° m3,

The air attack on the SORPE dam vas carried out at the
same hour as the one on the MOHNE dam, apparently with the intomt to
cause them to fail simultaneously., This earth dam however did not fai}l,
althcugh the crest of the dam received two direct hits which created
craters 12 m deep. The attacks on the SORPE dam were later repcated
several times, inoluding a concentrated attack on 16 October 1944. In
all thesoc attacks 11 hits were scared on this earth dam vdthout cause
ing a collapse or leakage. After the first attack, however, the water
level In the reservoir was lowered a few meters as a precautionary
measure,

The fact that the gravity rmsonry dam on the MOINE vas
ripped open while the earth dam across the SORPE withstood the attack
is of decisive importance, The effect on the RUNR area wculd have
becn of catastrophic proportions if the SORPE vallcy reservoir also
would have run out duriag those early moming hours of the 17 of Mey 1943,

and the two flood waves would have cambined and superimposed thamselvas
on each other,

C. The EDER Dam.

This dam is located at WALDECK in the vicinity of KASSEL
and was, after the successful action against the MOHNE dam, the target
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of thc same Royal Air Force outfit. These two dams are only 80 km

airline diztance apart, Thc ECLER dam is Germany's second largest aum
(second only to the BLEILOCK dam on the upper SAALE in THURINGEN),

and was constructed in the years 1302-19013 as 2 rubble mascnry gravity
structure. This dam stores 202x10° m? water, and when campletely full
crcatos the impressive and boautiful BDER Lake vhich covers an aroa 3
of 11.7 k. The average anmusl inflov into the reserveir is 500x10° m2,
The EDER lake aurments low flows, holps control floads on thc FULDA and
WOSER River, banefits navigaticn, and supplies the MITTELIAND canal

with water. In addition, power is generated by the EDER dam. Irmediately
dowstream of the dam are the power stations HEMFORTH I (13,000 kw) and IT
(17,000 kw) with nine generating units in all., In addition, in HEMFURTH
is thc pump storage plant WALDECK, vhich with its four turbines has a

poak output of 115,000 kw, and finally there is at AFFOLDERN at the EDER
re-regulation pool a smrll run-of-tho-river power plant with a single
turbine delivering 2,560 lw,

This arched masonry dam is 400 m long at the top, 48 m
high and the maximmmm water depth is 41 m. The wall is about 6 m thick
at the crown and 35 m at the base, A cross section is shovn in Figure 3.

In the attacl:- on the EDER dam which occurred at 1:20 aume
on the 17 of May 1943, a hole of about 25 m radius (figures 4 and 5)
was blasted through the dam near the left tower (as scen from the dovm-
stream side). As the breach was smaller than the one in the MOHNE dam,
thc time needed for the reservoir to run out was longer than at the
MOHVE, The paxirmm discharge through this breach was camputed to have
been 8,500 m’/sec, or to have been of similar magnitude as the flow
from the MBINE dam. The timc, however,, to_empty the reservoir of
154043100 m3 out of a total of 202.4x10° m3 which were in storage at
the time of the attack, extended to 36 hours,

Besides the opening which resulted from the blast, eracks
and loosened sections appcared in scveral places. The damage at the
power stations at HEMFURTH and AFFOLDER! was reported as severc. The
flood wave which was able to spread easier in the rmch larger EDER and
FULDA valley, did not have the same catastrophic effect herc as it had
in the¢ narrow MOHNE and RUHR valley, The damage, however, was still
large enough. The river bed of the EDER from the dam to the mouth
was completely devastated, and in addition, large land areas were
flooded and covered with silt, The retaining dike of the re-regulation
pool showed large crevices and wesh-outs. The rapid dropping of the
water level in the EDER lake caused large slides in four places along
the shuare. The locks of all geven dams on the camalized FULDA between
GUNTERHAUSEN and HANNOVERISCH-MUNDEN were silted in and partly washed
out. Manifold damage was caused on the weirs and gates, The {lood
wave cayed a heavy bedload movement which made it necessary to dredge
30,000 to restarc the original conditions on the FULDA., This bed-
load movement continusd in the WESER dommstrcam of HANNOVERISCH-MUNDEN
causing shoals which had tu be removed by further drcdging {app.

5,000 m’), In addition, about 1,000 spur-dikes on the WESER were aither
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destrused or damaged. The shore line of both the FULDA and WESEP

heavily damaged. On the WESER alone 5.5 lm of shore protection had
to be rebuilt,

IT. Flow of the MOHNE dam flonodwave,

The reconstruction cf the movament of the flood wave after
the MOHNE dam catastrophe was difficult, due to the destruction ar
damage of most stream gages on a long reach of river below the dam.
Most of the gages which were left in cperation were incapable aof
measuring the unusually high stages. For this reason only few
definite gage readings are available in the MOHNE and upper RUHR
valley. Regular and true measurements were only possible below the
tomm of HAGEN in the middle part of the RUHR valley. However, the
marks which the flood left behind made it possible to detlermine tie
maxinnan stages without gage readings. The determination of the time
of travel which the flood wave traced was much more difficult. Fcr
this it was necessary to rely on the reports of eye witnesses., As it
is well knovm that such reports may be very questionable, a conscien-
tious and critical evaluation of all eye witness reports was performed
by the competent authority, Water Resources Control Office (Wassoer-
wirtschaftsamt) at HAGEN., The results of this investigation are
presentcd in table 1 and on figures 6 and 7.

A, The flow from the dam.

At the time of the attack the reservoir contained 132,2
xlO6 m, Regular observatians on the reserwir gage were nade only
after the general agitation and confusion ws samewhat reduced at
6 agqne The gage readings obtained at the time of the attack (12:49 aum,.)
and after 6 aam. are shom in figure 6, amd were connected by a curve
based on the assumption that the flow had been continuous and that the
initial size of the break in the dam was equal to its final size,

The time ¢ and the time difference - t (colums 1 and 2
of table 1) were determined from the reconstructed curve of the storage
volume Vy as a function of time for points of even 10x106 m3 volume
(colum } of table 1). A definite amount of water was rctained in the
EVE and STOCKUM forebays, two sub-reserwirs of the HCHNE rescrvoir,
connected with the main basin only by small gates. Colun 4 of table 1
takes this into consideration.

The discharge Q = £(t) can be determined either as
Q waV/:4 (colum 7) or as Q = dv/d% (colum 8) the slope of the tangent
to the curve V = £(t) at the time t. Dy this method the maxirmm dis—
charge Qmx = 8,800 m3/seco was obtained, The discharge however dropped
rapidly, At 6 aum. or 5 hours after the dam b:eak, it was still
2,000 m3/sec and three hours later 1,000 m3/sec (figure 6). It can

be assumed that by 12 o'clock noecn the outflow for practical purposes
was complete,

.
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B, The flood wave timing in the MCHNE and HJHR valley.

Thie results determined Yy the ¥Water Resources Control Offica
at HAGEN are shown graphically on figure 7. The curves represent the
theoretical course of the flocd wave., In reality these curves are less
regular, becausc the vave is dependent upon the changing shape of the
villey. VWhere the valley widens the wave-has a chance to spread and
its progress is therefore retarded. This was thc case especially at
the three RUHR Jakes. These are the HENGSTEY Lake at BAGEN (1.6 ¥m?
area and 2.8x10° m3 starage), the HARKORT lake (¢4 ¥m* area and
3.3x10° m3 storage), and the BALDENY Lake on the south cdge of the
city of ESSEN (1.4 k2 area and 9x10P m3 starage). The BALDENY lake
was campletely empty at the time of the accidont in thc MOHNE Valley.
This lake was amptied as a protective measure against air attacks
(to make orientation difficult). The HENGSTEY and HARKORT Lakes were
full tut were inmediately amptied when the facts of the catastrophe
became known .2

To vhat an extent the BALDENY Lake reduced thc approach-
ing flood wave can be seen from the fact that the high water level
downstream was lcwer than the catastrophic flood of 1890, vhile up-
stream it was higher. The inflow into BALDINY Lakc was about .
2,500 m3/sec, a flow which theoretically could be held back for one
hour, The time of the arrival of the flood wave head that is the
beginning of the rise, and the time c¢f the passing of the crest, are
shom for the entire reach from the MOHNE Valley to the mouth of the
RUHR about 15C km long by curves 1 and 2 of figure 7. The time 3cale
on the left of the figure should be used for these two curves only.,
It is natural that the lag between the beginning of the rise and the
passing of the crest increases with increasing distance. At the
mouth of the RUHR this lag was 6 hours,

In addition, figure 7 shows the velocity of the wave at
its head (curve 3) and at its crest (curve 4). The veclocities were
determined from curves 1 and 2 according to the equation C = dl/dt
wvhich is represented as tange:nts to these curves. Table 2 shows some
of the important values.

C. Stages and Discharges.

In the MOMNE valley thc stages exceeded the previously
accepted maxirum, the flood of 1830, by an average of 3 t¢ 4 m. In the
vicinity of HAGEN, about 65 km below thc dam, thc stage excecded the
1890 flood by 2 m, and at the entrancc into BALDENY Lake by still
J.50 m. Bclow the lake the water level approached the 1890 stage
within 0,50 me¢ It was detcrmined that especially high stages occurrcd
wherever the valley became narrow or vhere bridges and similar struc-
tures obstructed the flow,
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The measured stages were converted into approximte
discharges Q by the use of extrapolated rating curves, in the cntire .
MOHNE and RUHR vallay. Curve 5 in figure 7 shows the result. It
can be seon that a relatively fast flattening of the flo.d vave tock
place, In the approximetely 150 km long rcach from the origin to the N
confluence of RUHR and RHEIN, the peak discharge Q changed from
8,800 r3/sec to 1,840 m3/sec. Of this amownt 740 m3/sec came fram
the normal RUFR flow while 1,100 m3/sec can be charged to the flood.
This was determined by gage observations on the RIINE River at DUISBURG
just dovmstrecam fram the mouth of the RWHR.

III. Ylow of the FDER Dam floodwave,

Figure 8 shows grapnically somec of the phenamenas associated
with the failure of the EDER Dam, campiled from investigatiors made
by the Wa'erways Bure~u (WASSERSTRASSENDIREXTIQN) at HANNOVER. This
figure pre.ents basically the same picture as the one representing
the failurc of the MOHNE dai. It should be noticed that the peak
discharge values vary only slightly at both dams (MOHNE Dem
Qmax = 8,800 m3/sec, EDER Dam %max = 8,500 m’/sce)}. The duration
of the outflow, however, is considerably different. While the
MOHNE Dam was empty ir 12 hours, thc 1.4 times as great watcr volume
at the EPER Dam required, thanks to the smaller breach, 48 hours tc
fiow out. Figure 9 represents data on the flow of the floodmve
created by the failure of the EDER Dam, in the EDER, FUIDA AND WESER
valley. The floodwave flattened out rapidly because the water had
suf ficicnt space to spread, At 75 km downstream from the dam the stages
werc below the maximum flood of record (Jan. 1841). At the gage at
D.’TS:%EDE near BREMEN (425.6 lm from the dam) the discharge was only
665 m?/sec, and about 58x10° m3, that is, 1/3 of the amowunt that
escaped from the reserwir was hold by the valley storage of the
floodplain above this point.

The velocity of the floodwave too was less hers than in the
MOHNE valley.

These camputed values were verified in August 1946 when a
floodwave, intentionally released from the rebuilt EDER Dam, was
observed throughout its travel. The mean velocitics detemined in
this test for the reach from the dam to HANNOVERISCH-MUNDEN, a
distance of 94.4 km, were 2,00 m/sec for the head and 1,31 m/sec for
the crest of the floodwave. These values are sufficiently close to
the values shown in %tible 3,

Onc of the most urgent, simplest and cheapcst safety measures
that can be devised against the effects of dam failures is a careful
study of the travel of intentionally recleased floodwaves, This would
not only vield informntion reparding the spced of cvents during an
actual dam failure, but would also point out points of probable danger
in time to develop a safety plan and carry out protoctive rcasures.
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Iv. Air Attacks on Canals,

Following the surmer of 1944, navigation and power canals
became the targets of air attacks. Espccially those stretches of
canals were bored where it was cither possible to cause flooding,
duc to the fast that the canal levcl was higher than the surrounding
terrain, or where structures 1likg¢ britged, Jocks, or canal inter-
scction, vhose reconstruction is diffieuwlt or time corsuming, could
be damged or destroyed. An especially worth-vhile target was the
vicinity of DATTELN (figure 1) where several canals join,

A, The DORTMUND-EMS Canal,

This canal is one of the most important waterways in
Germany. It connects the RUHR area with the North Sea, ms a depth
of 3,20 m and an average width at the water level of 4Gm. The
channel sides slope in the upper part 1 on 2.5, in the lower 1 on 4.
The bottan is 20 m wide and slightly eloped at 1 on 40, Where
the canal runs above the surrounding terrain, ths dikes have a top
width of 3.50 m and a landside siope of 1 on 1l.5. This canal was
attacked 6 times in the vicinity of DATTEIN from 23 September 1944
to the emd of the war. The damages worc so extensive that only in
March 1946 navigation was provisionally reestablished. The first
attack caused a dikeogailye through which a 30 km long reach with a
water content of 3x10° x ran dry.

B, The WESEL-DATTEIN Canal,

The dikes along this canal have a top width of 8,00 m,
landside slnpes of 1 on 3 and waterside slopes of 1 on 3 or 1 on 4.
The vater depth is 4.20 me This dike vas damaged by bombs in one
place so badly that 2,5 x 109 m3 of water poured out washing 37,000
m3 of soil away,

C. The DATTELN-HAM Canal,

This waterway was hit by more than 100 bombs in a place
vhere the dike crests rise 6 to 7 m above thc swrounding terrain,
The top width of the dike is 3,50 m and the water and Jand side slopes
are 1 on 3 and 1 on 2, respectively. By this bambing thec mater was
rcleased and 20,000 m> of 80il were washed away,

The high di viding levec between the canal and the river
LIPPE, a levee with a top width of § to 8 m and slopes towards the
river of 1 on 2, also roceived more than 100 hits. However, it did not
collapsc and withstood a flood on the LIPPE river without failure in
spite of the many weakened places,
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Do Th\",‘ F\HEIN—::EFNE Cmalo !
In this case we were successful to close each breach
cpercd by the fall of hecavy bords. Dike failures which would
have anptied thc can2l did not occur, s 1

E. The Canal MTTIAERE ISARQ.

“his 53.5 km long canal, owns=d by the power campany
"BAYERNWERK AG®™ branches fram the ISAR river at the northoeast
edge of the City of MUNGiH.'meig\n'e 11), and carrying at the in-
take a maxdmmm flow of 125 m’/sec, sapplies four power stations ~
FINSING, AUGKIRCHEN, EITTING AND PFROMBACH with a cambined output
of 82,500 kw. Air attacks were carried out against the upper reach
on the 9 of June and thke 11 and 13 of July 1944, A chart showing
the bomb hits was drawn by the construction office of the "BAYEIWNWERK ;
AG" and is shom on figure 13. The canal did not lcak out in spite 1
of 60 tc 7C hits. The levee fill consisting of gravel and clay
closed its own breaches by slumping. Even the power station continued
to operate on a rcduced scale (1/4 to 1/3 of nomal output). Figure
10 shows a dampged section of the ISAR canal where the concrete lin-
ing of the slopes can =9till be szen. The repair work took one-half year,

X X

The cxperience giined from air attacks on canals has taught
us that the usual dike top width of 3,5 m is too smll. However, the -
example of the MITTLERE-ISAR canal shows that in spite of this, the i
dike failure is not inevitable. It is recommendecd tint the crests
be enlarged to about 6 m thickness. The failure of the levee on the a
WESEL-UCATTELN ocanal, in spite of its crest thickness of 8 m, proves
that a thickness of 6 m can still be insufficient., It is most likely
impossible, for economic reasons, to increase the top width of the
dikes above 6 m, Complete safety is not obtained, but for most
instances, the safety is sufficiant, especially if the fil11 mterial
is properly selected.s It would be asking too much to require a levee
cross scction vhich would preclude all dangers. If such an idea is
carried through, one soon reaches dimensions vhich can nct be
technically or econamically justified,

V. MODEL TESTS

During studies made in 1935 by the Saxonian Watenmys Construc—
tion Bureau in DRESDEN regarding a2 storage basin near PIRA (figure 14),
the question as to the extent of damages which would be causcd by a
destructdon of the earth dam of the basin, was raised. This basin wes
to be built for the pwposc of facilitating navigation on the ELBE
during low flows, and was to have a content of 120x10° m3. An answer
was required especially regarding the effect of a floodwave on the
City of DRESDEN, located only 17 lam from thc basin, in case of a dam
failure. As there was no cxperience to draw from, thc author of this
paper was commissioned tu find the answer to these quustions by model



tests. The tests showed that a flood vave originating at the PIRNA
basin would flatten out camparatively fast because sufficicnt space
exists between PIRNA and DRESDEN for overbank flow. This result

was confimmed by the phenomenas obscrved at the failures of the MOHNE
and the EDER dams. A sufficiently good quantitative similarity was
also found, (?) The model tests stiowed further that the stages in

the City of DRESDEN during the passage af such a flood wave would

not be appreciably higher than the stages during the catastrophic
flood of 1845, and the old bridges with thuir comparatively mmll
openings (figure 15) werc just large enough to pass such a2 floud,

The cffects of damage of the dam crest are mare serious. The model
tasts showed that an earth dam is beyond all help if water from the
basin, follrwing a penctrating damage can leak out, even if it is in
the beginning only a thin and intemittent jet. The vater then begins
to scour and gnaws a camparatively narrow, steadily increasiug in
depth, slat in the dam., Thais process does not stop until the entire
reserwir is empty. The different phases of such a dam failure in the
model are shovn on figures 16 A through G. To make the model cordi-
tions as similar as possible tc mature, blasts of onc or more 200 gram
charges (mostly TNT) were set off on a dam mndel 3 m high and 2 m wide
at thc top, which was erectcd in the open. The fill material was non-
binding sands with fram 0,02 to 2 millimeter grain size. 3Th. proponr-
tionality law of explosions is given by the formula ¢ = aYT or t3 = aJL
in which t is the depth of the crater in meters and L is the amount of
explosives in kilograms. This shows that eight tiines as nmch explosives
arc necessary to double the depth of the crater. The factor ®a®

is dependent on the soil cundition and in this case was found te be 0,73,
It was also determincd that "a" is 1ittle depsndent un the type of
explosive used. It was assumcd in all tcests that the explosive occurred
at optirum depth (about 0.8t) and that a crater with the nawrl slope
of 360 (or an overall anglc of 108°) wes found. The proportionality
law of explosions was checked and cunfirmed for charges up to 1,000 kg.
The values for light sandy soils are given in tatle 4 (status 1945).

b

All model tests, regardless of their scale, showed arnclusively
that any lcakage, even an insignificant one, represents prirary danger
becausc it leads without fail to a dam break, except if it is possible
to stop the flow at the darmge point immediately.

This peints the wy towards the development of carth dams of
such form and size that would make the probability of ~r damag:
causing a leak a small onc. This means thicker dams than before,
especially at the top, and flatter slopes. For the earth dam of the
proposed PIRNA rescrvoir, vhich vas t«. be about 30 m high, the crest
width was changed from 10 to 30 m, and the slope from 1 on 4 to 1 on
245, as a result of these model tests. However, this design has not
been executed. These dimensions appear unrcasvnable. Hewever, they
are not if you comparc them with the Russian earth dams on the WOLGA .
The dam at UGLITSCH is at thc normal water surface clevation 60 m thick,
ard the earth dam near RYBINSK is even 147 m thick, It must be remcmbered
that therc are in the RYBINSK SEA " nearly 25x109 mé of vater vhich in a
dan failure vould cause an immense flood,
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With the crater shape and the scale relation determined by
the medel tests, all further work can be done graphically. Figure 17
shows this as applied to the dam at PIRNA under the assumption that 11
and @-1,00C kg charges respectively were simultaneously exploded at
optimum depth in the dam crest. In the first case (a) the dam would
be cut through completely while in the second case (b) several hmps
would remain which the water surge ¢reated by the explosion would
scour away. The mudel tests cenfimmed that the assumption was correcte.
It is assumed that all charges are simultaneously detonated. If this
is not the case, the effect will be ccnsiderably reduced, because the
late blasts would partially fill in the craters blown by the early cnes,
This is the reason why the earth dam across the SORPE River withstood
11 heavy borb blasts. The case of the MITTLERE ISAR canal shows that a
borb mosaic must not necessarily cause a dam failure.

VI. Discussion and Conclusion

The catastrovhies which occurred in the MOHNE and EDER valleys
during the late war, and the failures of the levees along several
canals, point up the fact that in the planning of hydraulic structures
protection against intentional destruction nceds more study tcday than
ever before. Complete and absclute prutection is impoc-ible cspecially
because in the progress of mgineering the meaning of safety is a con-
tinuously changing one., However, as most hydraulic structurcs, especially
dams, are long-term projects which fulfill their purpo~- for a generation
or more, protection is very difficult because it is impossible to fore-
see the development of cnginecring for centuries ahead. It is the duty
of every responsible engincer to plan ahead safcty measures, and continue
to improve them, which protect against foreseeable dangers and arce
possiblz, sensible and econcmical,

In the case of dams and levees the following conclusions were
reached:

1, Earth dams provide greater prdtection against intentional
destruction than do mesonry dams. Whenever it is possiblc to erect an
earth dam in place of a masonry one, this possibility should be explored,
Buttress dams are especially wvulnerable.

2. In an emergency it is usually sufficient t- lower the
water level a few mete:rs to give a fair degrec of protection to both
earth and masonry dams,

3. It appears that in the future, larger cross sections
than are narmal today, at least near the top, will be necessary on both
earth and resonry dams. To the considerations of desipn used up to. now,

such as statics and ceconomy, a new one, protection against willful destruc-
tion, must be added.



4. The most irportant step in protecting carth dams is
leak proofing. Onze vater has found its way to tue dovmstream or land
side of a dam, an embankment fzilure cannot be averted. The process
of destruction oncc begun, continues autematically. Relief is possible
only in the earliest pbases.

5. Floodwaves crcated by dam failures may have catastrophic
effccts in mrrow valleys and near flow obstructions. In wider valleys
vhere uhie water can spread, the crest of the flcodwevs flattens out
rapidly and soon loses its destructive forcc, In thc RUHR arecas artifi-
cial lakes helped to reduce the flood created by the failure of the
MJINE dam. Storage basins like these will prcve themselves helpful in
many instances.

6. Safety can be improved by releasing trial floodwaves
from dams, to discover hidden danger scurces in advance and to institute
tirely, correct protcction measures.

7. Model tests have shown themselves as valuable, maybe
even an indispensable aid in the design of earth dams and levezs in
connection with their safety zgainst intention2l destruction. It also
is belicved that model tests would help to Judge the safety of masonry
structures against such destruction,

Footnotes:

l, Sce 2lso "Grundsatzliches zur Wahl des Staumauertyps fur grosse
Staubecken" SBZ 1948, Nr. 11, page 150,

2, The waming sy stem operated cxcellently during the failure of the
MOHNE dam. Villages and tovms in the MOHNE and RUHR valley wcre
informed of accident in the shortest possible timc. The many
fatalities, especizally in the town of NEHEIM, occurred because
the population did not grasp the seriousness of the catastrophe,

3. The main difficulty in repruducing a flood flow in a modecl is the
reproduction of the roughness in the flond plain, This is only
possible vhen sufficient and accurate data are available regarding
the natural conditions.
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TITIES AND GLOSSARY OF TABYES AND FIGURES

Tabelle 1. _ . Table 1

UHRZEIT am 17, Mai 1943 Time on the 17th Mey 1943,
heitdifferenz in Sckunden Time interw2l in scconds,
Inhalt das Staubeckens in Mio m3 Contaent of reserveir in

millions cuvic meters,
Differcnz in Mio m’ Change in millions cubic meters.

Ausgeflossencs Wasservolumen in Mio m3 Water volume discharged in
millions cubic metcrs,

Sek:gdlidl avsgeflossene Wassermenge Discharge in cubic metcrs per
in m’/sec. second .

Tabelle 2, (Table 2) Velocity of the wave head and crest in onc Modie
and RUHR Valley in meters per second.

Stelle Location

Sperre . Dem

Mundung in da Rhein Confluence vith RHEIn
Durchschnit tswert Average value
Wallenkopf ) Wave head
Wellenscheitel Wave crest

Tabelle 3, (Table 3) -Velocity of the vamve head and crest firom the EDER
dam in meters per second.,

Stelle )

Sperre )

Wellenkopf ) See glossary for table 2
Wellerscheitel)

bei Bremen

Tabelle 4¢ (Table 4) Blast effects in light sandy soil,

Sprengladurg Explosive charge
Trichter Crater .

Tiefe Depth
Modellversuch Mnrdel test
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3414 1. (Figuro 1) Location map of MOHNZ and SORPE dam and the naviga-
tion canals in the RHR area. Scale 1:800,000

Talsperre
Kanal
See

Dam
Canal
Lake

Bild 2. (Figure 2) Over-all map of the EDSN-FUIDA-VISER Rivars and
MITTELIAYD canzl drainage area. Seale 1:3,000,000

Bild 3. (Figwre 3) Crecss-sactions through the MOHNE, SORPE and EDER

derm., Scalc 1:3000

Talsnerre

Schutzschichte

Mit tel

Schuttung aus dichtem material
Beton-Dichtungskern

Schuttung aus material wit starkem Gechalt
an Kies, Geroll und stcinbruchabfall

gcwalzt .

Bild 4. (Figurc 4) Breach in the EDER dam.

Dam

Protective layer

Mean

Fill of irpervious material
Concrete core

Fill mat.rial cnntaining

nmuch gravel, rudble and
quarry spoils, rolled,

Bild 5. (Figure 5) EDER dam after destruction, Upstream face

Bild 6. (Fipure 6) Flow frrm the "O'NE dam reservoir,
A

Volumen
Uhrzeit

Seenrdliche Vassormonge
Sckundliche Abflussmenge
Zeitpunkt des bruches der sperre
Inhalt des Staubeckens

Gesartes ausgeflosscnes Wasservolumen

Beobachtungen an Perel des Stausces

Volume
time

Discharge
Discharge
Time of the dam failwre
Content of the Reservoir

Total water vnlume
discliarged

OCbscrvations con the reser-
voir gage
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Bi1d 7. (Figur: 7) Floodvave at the breach of the MOHNE dam; timing,
velocity and dischargss, '

Unrzeit T (Stunden) Time t (hours)

Entfernun: I var der NMOHNE-Talsperre in kn Distance T. fror MORNE
¢am in kilomcters

Selunliche Atfussmeage Q m3/s in MOHNE~u Puhrtal Discharge Q cubic
reters ver second in
he MOXNE and RUHR

valley
Schnelligkeit € in m/s Velocity C in meters

per second
Beobachtete Werte fur die Kurven 1 u 2 Observed values for

~

curves 1 and 2

Beginn des Steigens (Wellenkopf) Begin of rise (wave hcad)
Tellenscheitel Wave crest

Bruch der Stawroner Failurec of masonry dam
Schnelligkeit des "ellenkopnfes Velocity of the crest
Secondliche Abflussmenge Discharge

Schrelligkeit des “ellenscheital Velocity of the crest
Pagel Gage

P. Gage

Schleuse Gate

Bild 8. (Figure 8) Flow frop the EDER Valley rescrvoir
(Sec glossary to figure 6)

Bild 9. (Figure 9) Floodwave in the EDER, FUIDA and WESZR rivers duc to
the break of the EDER dam.,

G-samte Abflussmenge toim Bruch der Speere Total vwlune discharged
by the dam failure

Hochstes bekanntes Hochwasser vom Jan 1841 Highest known flood,
Jan, 1841

Hochvaasscrwelle mach dar Bruchk der ECER talspere Floodwave following
the failure of the EDER
dam
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Bild 10, (Figure 10) Damages to the MITTLERE ISAR canal,

'Bild 11. (Figure 11) Situation plan of the ISAR canal; 1:750,000

Wehr Weir

Kanal Canal

K. W, Power Station
Musrleich-Yieiher Re-regulation pool

Bild 12¢ [+*eurcl?) Sruss section through the levee in the area shown
in figure 13.

Betonschale als Cichtung von Boschung Concrete liner for water-
preofing of slopes and
invert, average 20 centi-
meter thick,

Bild 13. (Figare 13) Bonb hit diagram from the air attacks on the
MITTLERE ISAR canal below MUNGHEN, Plan 1:17,500

Wehr und Einlaufbauwerk Weir and intake structure
Brucke . Bridge
Bild 14, (Figure 14) Situztion plan of the

proposed reservoir at
PIRNA above DRESDFN

Ober floche Surface area
Inhalt Content
Bild 15. (Figure 15) Model for the flood flow tests from PIRNA reservoir.

Bild 16, (Figure 16) a through g. Model test of an carth dam failure.
Height of the model dam 3 me top width 2 m,

Bild 17. (Figure 17) Dike for PIRNA with different blast oraters.
Cross—-section . Scale 1:1200.

E1f Elcven
Neun Nine
ladungen Charges
Trichter - Crater
Durchne:sser Diameter

NOTE: All geograrhic and other names are shovn in capital lctters.,
The German spelling is used so that they match thc maps presented,
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TABIE 1 - (MOMNE DAM FLOOCRAVE DATA)

Time on Time Volume of Charge in  Tot2al Volume Discharge in
17 Yay Interval Reservoir Volume Pischarged cubic meters
1943 (Sec) per second

(mllamd) (millad)  (milledd)

t t Ve V2 \' \ Q Q
1 2 2 4 5 6 ? 8
0:49 132,2 132,2 0 8800
1380 11,76 8520
1:12 120 120,44 11,76 8060
1089 8.42 7800
1:30 110 112,02 20,18 7040
1320 8455 6480
1:52 100 103,47 28,7 6480
1440 B.52 5920
2:16 90 94495 37425 5560
1680 9.50 5660
2040 3647 L640
3:18 C 75.98 56,22 4350
2460 9.69 3940
3:59 60 66.29 65.91 3600
3180 10,00 3140
4352 50 56,29 75.91 2780
4020 10,00 2490
5159 40 46429 85491 1390
6000 10,00 1670
7:39 30 36429 95.91 1530
12300 10.00 813
1):04 20 26,29 105.91 556




TABLE 2 — VELOCITY OF THE "AVE HEAD AND CREST
IN TVE MORNE AND RUHR VALLEY

Pam Confluence Average

Location (m/sec) with RHEIN value

L ‘m/sec) (m/see)
Wave Head 7.36 1,445 2,88
Wave Srest 4415 1,195 1.89

TABLE 3 -~ VELOCITY OF THE WAVE HEAD AND CREST
FROM THE EDER DAM

Dam Bremen

Location . (m/sec) ~ (m/sec)
Yave Hzad . 2.39 1,22
Wave Crcst 1,28 1,08

TABLE 4 - BIAST EFFECTS I!' LIGHT SAI'DY SOIL

Explosive charge (kg) 0.2 100 250 500 1000

Crater Depth (m) 0.43 3.4 46 5.8 7.3

Crater Max, Diameter (m) 1.2 9.4 12.7 16,0 20,0

+Model Test
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