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V7SSER RIVER SYSTEM 

HYDRAULIC EFFECTS OF DEMOLITION 

OF F.DER DAM 

SECTION I.    INTRODUCTION 

1-01.    ASSIGNMENT.    This special study was assigned to the Militaiy 
Hydrology R&D Branch, Engineering Division, Yfeshington 
District, by letter from office of the Chief of Engineers, 
ENGTJE to Division Engineer, North Atlantic Division, subject, 
"Military Hydrology,  R&D Project No. 8-72-13-001: Special 
Assignments." dated 1 November 1951. 

1-02.    SCOFE OF THIS REPORT. 

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

b. The report is designed to furnish basic data and results of 
analyses needed to answer questions concerning: 

(1) Size of breaches and rates of discharge in dams 
and levees. 

(2) Utilization of navigation structures and levee 
systari3 in conjunction with demolition of Eder Dam. 

(3) Stages, dischr.rges, velocities and time of travel of 
the artificial flood waves at key stations on the 
Eder,  Fulda and *..reser Rivers. 

(4) Low, mean, and high stages,   including duration, at 
key stations  on the Fulda and Weser Rivers. 

(5) Character of the stream bed materials and banks of 
the rfeser River. 

(6) Locations and elevations <f zeros of gaging (pegel) 
stations• 

(7) Reservoirs,  navigation  structures,  levees and bridges 
on the Eder,  Fulda,  Diemel and Vfeser Rivers, 

c. Additional studies are needed to adequately cover the sub- 
ject for general military requirements. 
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lr-03.   ARRANGEMENT OF REPORT.    This report is sub-divided as follows» 

Volune I 

Section     I.      Introduction. 

Section    II.      Drainage Area Characteristics and Developments 

Section III.     Hydrology 

Section   IV.     Artificial Flooding Potentialities 

Bibliography 

List of Exhibits contained in Separate Folio 

Appendix A,       Description of Watercourse and Control Structures 

Appendix B.       Geology 

Appendix C.        Destruction and Protection of Dams and Levees 

Voluno II 

Folio of Exhibits 

1-04.    DEFINITION CF TERMS, 

a. Equivalent English-Metric Terras. Both the English ami metric 
systans are involved in data contained herein. The following 
conversion factors are presented for convenient reference: 

To reduce A to Bf multiply A by F.   To reduce B to.Af multiply B by G 

Ihit A Factor F* Factor G Unit B 

Miles (Mi.) 1.60935 .62137 Kilometers (Wn.) 
Meters  (M) 3.2808 .30480 Feet (Ft.) 
Meters 39.370 .025400 Inches 
Cubic Meter (M3) 35.3145 .028317 Cubic Feet (Cu.ft.) • 

Acre-feet 43560. .000022957 Cubic Feet 
Acre-feet (Ac-ft.) 1233.5 .00081071 Cubic Meters (M3) 
Second-feet (cfs) 1.9835 .50417 Acre-feet per 24 hrs* 
Miles per hour 1.4667 •68182 Feet per second 
Meters per second 3.2808 .30480 Feet per second 
Meters per second 2.2369 .44704 Miles per hour * 

- 2 - 
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b.    Selected hydro logic terns and abbreviations used In this 
report arc- given in Exhibit 1. 

1-05•    REFERENCES.   All references cited herein by marker are listed 
in the bibliography at the end tf  the repcrt. 

- 3 - 
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SECTION II t 

DRAZ'AGE BASIN  CHARACTERISTICS & DEVELOPMENTS 

2-01,    GENERAL. 

a. The Weser River is formed by the confluence of the Werra and 
Fulda Rivers, near Hann Muenden,  each of which has its source 
in the hills of the Mid-German Highlands.    The Yfcser River 
traverses the North German Plain,  flowing from South 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 tributaries are the Eder (which joins tht  Fulda near 
Gunterhausen), the Diemel, and the Hunte; the right bank tribu- 
taries are the Aller and Hamme Rivers.    Maps are presented as !. 
Exhibits 2 and 3, and a detailed description is tabulated in. 
Appendix A. i 

b. The information presented in this section is limited to con- 
sideration of the main stan of the Weser River, the portion 
of The Eder and Pulda Rivers below the Eder Dam, and the 
reaches of the Diemel River below the Diorel Dam. 

2-02,    DRAINAGE AREAS.   Watershed lines of the major drainage basins of 
Geimany are shorn on Exhibit 3.    The total drainage area of 
the ^eser River and tributaries is 45,548 sq. km, which is \ 
13 percent of the total area of post-war Germany.    Following 
are tabulated drainage areas at key stations on the Weser River: 

Station River km Drainage Area 
(Sq. km.) 

Hann Muenden 0 12,460 
K&rlshafen 45 14,825 
Hameln 135 17,113 
Nienburg 268 21,891 
Intschede 331 37,906 

2-03.    TOPOGRAPHY, GRADIENTS St CHANNEL PROFILES. 

a.    The topography of the Weser River basin is mountainous in the 
Upper Weser (Oberweser) above Porta.    There the Middle Weser 
(Mittlere Weser) enters the North German Plain.    The portion 
from the Hemelingen Weir to Bremerhaven, knom as the Lower 
V/eser (T>iterweser) is tidal and flows thmugh flat marshland. 
The Outer Weser (Ausserweser) below Branerhaven consists of a 
wide estuary characterized by extensive sands and rtwat+3w#, 
which are exposed only at low tide.   The topography of the Weser 
River and its tributaries is indicated on the profiles presented 
on Exhibits 4 to 7,  inclusive. 

- 4- 
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b. Tho gradient in the 7eser River varies ornsiderably.    Shallow 
stretches with very steep gradients alternate with deep 
stretches with very slight gradients.   Navigation structures 
tend to equalize the gradient variations.    The gradients of 
the Fulda, bder,  and Diomel rivers are generally steop, ex- 
cept -where modified by navigation and water pover dans.   Aver- 
age gradients are tabulated belowi 

rfeser River 
Hann Muenden 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/^,000 

Eder River 
Eder Darn to Gunterhausen 11.6/10,000 

Diemel River 
Dienel Darn to Twiste River 23.2/10,000 
Twiste River to Karlshifen 6.8/10,000 

c. All elevations referred to herein are referenced to "Normal 
Null," (NN) the normal zero of the land horizon of the old 
Reich. 

d. Official stationing along the rreser River is measured in 
kilometers dovmstream from Hann Muenden to Bremen, and is 
used herein for referencing profiles and locations.    The 
tidal sections of the -Teser River are measured downstream 

"from Bremen.    Profiles shorn along the Fulda and Eder Rivers 
are measured upstream from Hann Muenden.    However,  for con- 
venience,   certain data are referenced in kilometers dov/n- 
stream from Eder Dam.    Distances along the Diemel River are 
sho*« as kilometers dov/nstream from the Diemel Dam. 

2-04    CHANNEL CROSS-SECTIONS AND GEOLOGY. 

a.    Cross-Sections.    The general character of the V7eser River 
channel and valley is  indicated by typical channel and valley 
cross-sections  shovn  on Exhibits 8 to 12,  inclusive.    The 
cross-3ections shown are fairly "typical of the general 
stream, characteristics in the vicinity of those locations, 
thougi  considerable local variations can be expected.    Addi- 
tional cross-sections are contained in the document listed as 
Reference 1 in the Bibliography. 

-  5 - 
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b.    Nature of Stream Bed,    The './eser River bed is firm and subject 
to but slight shifting.    The bed from Hann Muenden to Minden 
is stony gmvel,  inclined to be roclgr in certain locations. 
Below Liebenau the bed is composer of clay, becoming Increas- 
ingly sandier to  the mouth of the A Her River.    Belt** that 
point the river bed is  sand.    Detailed description of the 
geologic conditions is presented in Appendix B. 

2-05.    CHANNEL AND FLOOD-PLAIN WIDTHS, 

a.    The channel vddth of the Weser River can be detennined by 
reference to the typical channel cross-sections shown 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 typisal valley cross-sections presented as Exhibits 
10 to 12,  inclusive.    Accurate information regarding the 
natural flood plain as modified by the extensive system of 
local dikes and levees is not available.    Firstr-hand informa- 
tion should be obtained bv local reconnaissance. 

b.   Following is a general indication of the widths of main 
channel and flood plain at various locations along the ,: 

River and its tributaries! 
Channel 

• eser 

Weser River 
Hann Muenden to Hameln 
Hameln to Porta 
Porta to Nienburg 
Nienburg to Mouth of Aller 
Mouth of Aller to Bremen 
Bremen to Bremerhaven 

flidth (meters) 
60-110 
60-110 
75-110 
75-110 

110-150 
150-aaco 

Flood Plain Width 
(Kilometers) 
0.15- 2.6 
0.2 - 4.1 
0.2 - 4.0 
4.2 - 21.3 
9.0 - 20.0 
9.0 - 22.0 

Fnlda River 
Gunterhausen to Hann Muenden       45-75 

Fder River 
Eder Dam to Gunterhausen 

Diemel River 
Diemel Dam to Marsberg 
Marsberg to T7arbyrg 
Warburg to Karlshafen 

25-45 

7.5-10.0 
10.0-13,5 
15.0-30»0 

0.5   -    1.6 

0.8   -   3.0 

- 6- 
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2-06.    CHANNEL DEPTH & TIDES 

a, Upper & -Jiddle "/eser (non-tidal).    The depth at mean low water 
(NNW)j  as augmented, by regulated discharge f ram the Eder and 
Diemel Dams, varies from 1.1 to 1*6 meters.    The depth at mean 
water varies from 2 to 3 meters.    Reference is made to the 
stream profile on EAibit 5 for detailed depth information. 

b, Lower and Outer Weser (tidal) •    The tidal range between mean 
flood tide (MThw) and mean ebb tide  (MTnw) of  the Hemelingen 
Dam near Bremen was 3»0 meters for the period of record 
(1931-1935).    The main navigation channel in the Lower *"rener 
is designed to permit access up to Bremen of vessels of 8.0 m 
(26 ft.) draft at favorable water stages,   Westerly winds tend 
to raiee the water level, while easterly winds tend to lower it. 
The channel at Branen is subject to  considerable sediment 
deposition and dredging of  the channel above Bremerhaven is 
necessary to maintain navigable depth.    The mean ind extreme 
depths are indicated on the profile, Exhibit 5. 

c, Fuldaf Eder and Dispel Rivers.    The depth above the naviga- 
tion dams on the Fulria River is 2,5 to 5.0 meters.    Reference 
is made to the profiles shown on Exhibits 5 to 7, inclusive, 
for depths at specific locations.   Following is a general indi- 
cation of the average depthst 

Low Water     Mean 7/ater 
Fulda River (meters)        (meters) 

Kassel to Hann Mucnden 1.5 1.7-2.0 

Eder River 
Eder Dam to Gunterhausen 

Diemel River 
Diemel Dam to Karlohafen 

0,4-0.5        0.7-1.2 

0.2-0,9        0,5-1*5 

2-07.    NAVIGATION. 

a.   General.    The Lower and Outer Vfescr River for the greater 
part of the time is navigable for sea-going vessels of maxi- 
mum depth of 8,0 meters and capacity of 7,000 tons as far up- 
stream as the Kemelingcn Vfeir at Bremen.    The Middle and Upper 
V/eser 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 V/eser 
during low flow conditions.    Ultimate canalization to a project 

- 7 - 
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depth of 2.3 meters is contemplated, but infoiroation is not 
available upon progi^as of that project.    The Fulda River is 
theoretically navigable up to K&ssel by 650-ton barges (draw- 
ing about 1.9 meters fully loaded).    Reduced loads are resorted 
to during low summer stages.   Above Kassel, the Fulda is classi- 
fied as navigable by small 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 structures, 

b. Highest Navigable Water.    The river stage above -which naviga- 
tion on the Weser is suspended for open river conditions under 
peacetime operation, designated as Highest Navigable Vfater 
(HScKV?), is  tabulated in Appendix A for certain critical loca- 
tions.    Those tabulated values approximate the line designated 
as Mean High Water on the profile of Exhibit 5. 

c. Ice.    The V/eser River below Bremerhaven does not completely 
freeze over, nor does ice ever bank up in that part of the 
river.  'Between Bremerhaven and Bremen the navigation channels 
are kept open with ice breakers throughout the year.    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 rdnters on the Tfeser 
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 lUver 
often freezes in December and January to a thickness of 0.4 
meters, but is always ice free by the end of March.   The broakup 
of ice is not dangerous except at the confluence of the Eder 
River. 

2-08. LOW-TTATER REGULATION. 

a.    Until recent times,   the depths of the Middle and Upper rVeser 
Rivers were too shallow to permit passage of barges during 
periods of low water.    As part of an extonded development plan 
drawn up in 1896, two storage reservoirs were oonstructed; the 
Eder Dam in 1914 and the Diemel Dam in 1924.    The purpose of 
the reservoirs ist 

(1)    To augment the flow in the upper reaches of the ^Teser 
River during low water periods.   Approximately 18 rn^/sec 
flow is available from the two reservoirs to augment the 
low water discharge, resulting in an increase in stage 
of about 0.35 m as far doniBtream as Minden, and about 
0.15 ra at the mouth of the Aller River. 

- 8 - ' 
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(2) To replace water drawn from the "Veser to feed the 
Mittelland Canal. 

(3) To retain excess flood water in order to reduce 
flood stages on the 7eser River • 

» 
b, Three navigation locks and dams are now provided to further 

regulate low stages at Hamelri, Doervcrden, and Hemelingen, 
Additional structures are proposed at: Petershagen, SchluesoelL- 
burg,  Landesbergen,  Drakenburg, and Langwedel.    Detailed 
information is lacking upon the progress of the project subse- 
quent to 1933, at which time the Drakenburg,   Petershagen, and 
Langwedel locks were in preliminary stages of construction, 
A mufcer of navigation locks are located on the Fulda Kiver, 
and several snail rater power dams arc provided en the Eder 
and Dianel Rivers to regulate low water flow. 

c, Locations of tne control structures are indicated on the 
profiles of Exhibits 5 to 7, inclusive,  and detailed descrip- 
tions are contained in Appendix A. 

2-09.    DAMS AND RESERVOIRS. 

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

b, Eder River.   The Eder Dam (Edertalsperre) is situated on the 
Eder River at Heanfurth, 49 »2 kilometers above the confluence 
with the Fulda River.    It is a multiple purpose reservoir 
providing storage for augmenting low flows on the 'feser River, 
for control of floods on the Fulda and 7eser Rivers, for water 
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 L4 for sketches of the structure. 
The following pertinent data are presentedt 

Type - Rubble stone masonry 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 Dam are the auxiliary Peterskopf ptnp- 
etorage reservoir and the Affoldern re—regulating reservoir. 
Several sirall dams, providing pondage for operation of mills and 
for local water supply, are located downstream from the Eder Dam, 

- 9 - 
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o,    Diemel River.    The Diemel Dam (Diemel talsperre) is located on 
the Dianel River near Holminghausen 85.3 kilometers upstream 
from the confluence with the 7/eser River at Karlshafen.    To- 
gether «ith the Eder Dam,  it provides for low water regulation 
of the T7eser River,  as well as for power generation.    Reference 
is made to Appendix A for detailed description and to Exhibit 
15 for cross-stction of the structure.    The following pertinent 
data are presented: 

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 dianel Dam is an auxiliary re-regulating 
reservoir downstream from the main structure.   Several small 
dams for mill operation and local water supply are located 
below the Dieroel Dam. 

d. Fulda River.   Nine locks and dams are located on the Fulda 
River between the mouth of the Eder River and the junction 
of the Fulda and Yferra Rivers at Hann Muenden.    The dams 
provide for navigation of the Fulda River and for operation 
of mills at the dam sites.    Reference is made to Appendix A 
for detailed descriptions and to the profiles on Exhibit 5 

'for location cf the dams. 

e. Tfeser River.   At the present tims,  locks and dams at Hameln, 
Doerverden, and Hemclingen provide storage for power generation 
and irrigation in addition to the primary purpose of navigation* 
The ultimate plan for canalization proposes five additional looks 
and dans as previously discussed in paragraph 2~08b.   The Hameln 
Dam has a fixed crest weir, but the Doerverden and Hemelingen 
Dams have movable crests.   Normally, the Hemelingen l?eir is 
operated to maintain a stage above the dam of 4.50 arW. during 
the summer (16 March to 14 November), and 5«50 m*NN during the 
winter (15 November to 15 March) i    Reference is made to Appen- 
dix A for detailed descriptions of the existing lorks and dams, 

f •   Leine River.   Although beyond the scope of this report, data 
regarding the two major dams located on tributaries of the 
Leine River are included as a matter of information for possible 
future consideration.    These reservoirs are so far removed from 
the vreser that f loodwaves originating at the dams would be 
small upon reaching the Tfeser River.    The Oder Valley Dam is 
located north of Bad Lauterberg on the Oder River, v?hich flows 

- 10 ~ 
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Into the Rhtsne, tributary to the Leine River near Northern, 
The Soese Valley Dam is  located north of Osterode on the 
Soese River, like-wise tributary to the Rhwne River near 
the mouth of the Oder River.    Both are multiple purpose 
reservoirs providing storage for flood protection, water 
supply, power generation, atid flow regulation.    Locations 
of the dams are shovn on Exhibit 2.    The following pertinent 
data are presented* 

Oder Valley Dare 
Type - earth dam of river gravel 
Elevation,  crest of dam - 363.00 rm-NN 
Elevation, foot of dam - 329.95 r*NN 
Maximvm water surface - 381.10 rm-NN 
Storage capacity - 30.6 million cubic meters 

Soese Valley Dan 
Type - earth dan of river gravel 
Elevation,  crest of dam - 328.50 rm-NN 
Elevation, foot of dam - 279.10 rm-NN 
MaxLmwi water surface - 326.5C m+NN 
Storage capacity - 24.45 million cubic meters 

g.   Yfcrra River.    Detailed descriptions of the navigation and 
power dams located on the 'Yerra River are not presented as 
they are considered beyond the scope of this report. 

h.    Other Rivers.    Nunerous small navigation and -water power 
dams are located on other tributaries of the "reser River but 
are net discussed a3 they are considered beyond the scope of 
this report* 

2-10.    LEVEES AND CANALS. 

a. 

V 

Levee3.    The banks of all the larger rivers of the "'eser 
Syston are protected against erosion by groins,  revetments 
and training walls as part of the canalization program. 
An extensive systan of dikes and levees provides local 
flood protection to urban and agricultural areas along the 
flood plain.    Data relative to the most important levees 
along the ""feser River are presented en Exhibits 16 and 17. 

Mlttelland Canal.    The Mittelland Canal System is the largest 
and most Important of the German canals.    It extends from 
Duisberg on the Rhine River to Magdeburg on the Elbe River. 
The course is shovn on Exhibit 2.    The Ems->7eser portion of 
the Mittelland Canal crosses over the Weser River at Minden 
by means of a canal aqueduct.    Two short branches connect to 
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the Tfeser River at that point through locks.    The main canal 
likewise crosses the Loine River by means of an aqueduct; 
while a branch,  provided with locks,  connects the river and 
canal.   A diagrammatic map and a profile of the Mittelland 
Canal are presented on Exhibit IB arid standard canal cross- 
sections are sho\m on Exhibit 19» 

c.    Bruchhausen-Syke Canal.   At Hoya,  the -reser River is connected 
to the Bruchhausen-Syke  (Meliorations Kaupt) irrigation and 
drainage canal through an inlet lock constructed In the TTcser 
dike.    The lock includes three openings,  each of 3.3 meters 
clear width.   A second lock is located on the Main oanal at 
Stapelshom,  8 kilometers west of Hoya.    That lock has a 
clear width cf 12 meters and serves V-  close off the main 
canal in the evont of dike failures and to raise the canal 
water level for Irrigation of higher situated lands.    Seven 
side canals branch from the main canal for distribution of 
irrigation water. 

2-11.    BRIDGES.    Locations and clearances (wherever data are available) 
of major bridges across the ^eser, 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 information upon post-"»nr bridge reconstruc- 
tion and modifications subsequent to 1945 is not presently 
available. 

- 12 - 
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SECTION in 

HYDROLOGY 

3-01.    GENERAL.    Information regarding flood discharges,  stage duration, 
observed water surface profiles, and surface velocities of the 
Vfeser River are presented in generalized graphical f orm insofar 
as practical in order to facilitate application of the data to 
specific military problems.    References cited should be utilized 
for supplementary data, 

3-02,   -OIIMATOLDGY.   Annual precipitation in Germany ranges from 35 
inches in the west to 24 inches in the east, with a national 
yearly average of 26 inches.    The greatest precipitation falls 
during the summer.    The water level of navigable streams fluctu- 
ates in response to seasonal and regional differences in rainfall. 
Low water interrupts navigation on all German 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* 

3-03,    STREAM GAGING STATIONS.   As an aid to navigation and to provide 
data necessary for hydrologic purposes,  an extensive system of 
gages has been established on the Yfeser River and tributaries. 
Continuous or daily records are maintained at the more important 
gaging stations.    Stage-discharge relations lor k^y stations on 
the   Pulda and ^eser Rivers are presented on Exhibits 26, 27, and 
28,    Locations of gages of primary importance are indicated on 
the general map, Exhibit 2, and on the stream profiles of Exhibits 
5, 6,  and 7. 

3-04.    STAGES AND DISCHARGES. 

a. Stages,    Data regarding the maximum, mean, and minimum stages 
of record at various gaging stations on the Pulda and Weser 
Rivers are presented by months on Exhibits 29 to 32,  inclusive, 
together with data pertaining to the gaging stations. 
Definitions of the liydrologic terms and abbreviations a3 pre- 
sented on the exhibits and as commonly used in European litera- 
ture are contained on Exhibit 1,    Reference is made to the docu- 
raent listed as Reference 3 for detailed gage and stage data, 

b. Discharge Ratine Curves.    Average stage-discharge rating cuives 
for 11 key stream-paging stations on the V/eser and Pulda 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 al3o shovjn on the exhibits. 
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c. Discharge Records,    Daily discharge records, monthly and annual 
averages and other pertinent data for the VTeser River and tribu- 
taries are contained in the document listed as Reference 3 in 
the bibliography, 

d. Seasonal Variations In Flood Stage,    The maximum and minimum 
stages recorded during each month of the year at key stations 
on the Weser River are shown graphically on Exhibit 33 •    In 
order to permit convenient comparison of relative stages in 
successive months, stages equalled, or e»eeded 25,   50, and 75 
percent of the time, respectively, are also Indicated graphi- 
cally.    The period of record included in computations covers 
the 10 water years from 1926 through 1935.    It may be observed 
that the magnitude and duration of flood stages at all stations 
are greatest daring the vinter month of January.    The range of 
stages during the -winter is much larger than during the summer 
months.   It maybe noted that the interquartile range (within 
the 25 to 75 percentage lines) becomes increasingly larger 
for the downstream stations,  though for all stations is like- 
wise generally larger during the winter than during the summer 
months.    The seasonal operation of the Hemelingen weir is re- 
flected in the graph for the Intschede gage,  located 30,7 kilo- 
meters upstream of the weir. 

e. • Flood Crest Travel Time,    Comparison of the recorded cresting 
time of the floods of January 1926, January 1938, and February 
1946 indicates an average rate of progression of cresting time 
of natural floods as tabulated below: 

Average Travel Rate 
Station of Peak (\anA\r) 
Gunterhausen-Hann Muendsi 5.6 
Hann Muenden-Karlsliafen 5.5 
Karlshafen-Hameln 4.7 
Hameln-Minden 3#7 
Mindai-Nienburg 2.9 
N ienbur g-Hoya 2.2 
Hoya-Baden 2.9 

3-0&   STREAM VELOCITIES. 

a.    The velocity of stream flow varies according to the conformation 
. of the river bottom, depths, obstructions arid restrictions, local 

variation in slope,  etc.    Channel Improvements and cutoffs, 
training walls and levees,  operation of dam3,  and other man made 
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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 cf  confluence according to the 
magnitude of the flood.    This tends to reduce the slope above 
and increase it below the point of confluence.   Accordingly, 
correlations between river stage at gaging stations and sur- 
face velocities cannot be interpreted as applicable to ail 
points along the adjacent river sections, but only as general 
indications. 

b.   Available information regarding velocities at various points 
on the ^Tesor River, against distance from Hann Muendm, between 
Hann Muenden and Bremen, are plotted on Exhibit 34.   Veloci+y 
profiles are showi on this exhibit for the January 1926 high 
water and mean water.   The velocities showi represent the 
estimated average surface velocities corresponding to the 
similar water surface profiles shown on Exhibit 5«    Surface 
velocities were derived from crest stage and discharge records 
and cross-sectional areas at various typical locations.    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 nay 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 34t 

River 
Location km. 
Hilwartshausen 3,6 
Rarlshafen 44,6 
Bodenwerder 110,8 
Hameln 135.6 
Minden 203.2 
Nienburg 267.7 
Hoya 298,9 
Intschede 331.2 

Surface Velocities (ft/sec) 
1926 High tfater Mean "Water 

3.3 
2.1 
3.2 
1.9 
2.9 
3.1 
2.5 
2.0 

5.5 
6.3 
7,9- 
6.2 
8.9 
6.7 
7.3 
6.3 
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SECTION IV 

ARTIFICIAL FLOCD POTENTIALITIES 

4-01.    GENERAL. 

! 

I 

a, The teim •artiiicial flood" as used in this report applies to 
any major increase in the extent of flooding, over that nor- 
mally prevailing with existing developments, that is brougit 
about by manipulation of control structures, breaching of 
dams or levees, or temporary damming operations designed to 
create flooding conditions.    The following 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 levees, or 
by similar means. 

(2) Streamf low variations,,  in *hich sudden changes in dis- 
charges,  depths,  velocities,  rridths of streams are 
brought about to increase difficulties of stream cross- 
ing operations,  such as might be accomplished by open- 
ing and closing large flood gates intermittently to 
create cyclical flood waves for limited distances 
downstream. 

(3) MgflSg flood TSTcsf which may 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 ^feser River basin, 
and all three methods should be fully considered in the 
planning of military operations.    This report deals prin- 
cipally with a mB»$(XP- flood wave" caused by breaching the 
Eder 'Dam; however, certain quantitative evaluations of the 
effects of breaching the Dlemel Dam and controlled manipula- 
tion of the regulating gates of the Eder and Diemel Dams are 
also presented.    The following paragraphs also review the 
possibilities of creating "still-water barriers," "streamflow 
variations" and %aJor flood waves" on the main stem of the 
Weser River, and present certain data regarding the manipula- 
tion of the regulating gates or demolition of existing dams 
and canals on the Fulda and 7eser Rivers. 
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4-02.    ARTIFICIAL  FLOODING POTENTIALITIES OF NAVIGATION DAWS T 

THE FULDA AND "^SER RIVERS. 
LOCATED CM 

a. General,    The studies reviewed in this paragraph pertain to 
•   the vise of the navigation dams and levees on the Fulda and 

r/eser Rivers to create artificial flooding.   A large part 
of the information summarized hereinafter is obtained from 
Reference 5.    Reference is also made to Appendix A for more 
detailed information. 

b. Means of Creating Artificial Flooding.    The navigation dams, 
levees and bridges on the Fulda and Tfesar Rivers provide at 
least five methods by which artificial flooding could be 
created to make the 7eser River a m >re effective military 
barrier: 

(1) Flood -waves created by demolition of navigation dams. 

(2) Flood waves created by regulation of centre 1 gates of 
navigation dams, 

(3) Inundation •€ lowlands by raising crest gates of navi- 
gation dams to maxiimm height. 

(4) Inundation of lowlands by installation of auxiliary 
barriers at key points such as bridges. 

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

c. Utilisation of Navigation Structures on the Fulda and   feser 
Rivers for Military Purposes. 

(1) By raising the gates of the Hersfeld Fulda 7eir located 
at the confluence of the Fulda and Haune Rivers, ap- 
proximately 30 centimeters and closing the gates at the 
power plant and Haune-Bingartes Mill, water can be 
diverted through the irrigation facilities at Haunc- 
Muehlengraben and oajise flooding of approximately 3/4 
square kilometers of valley.   By rapidly opening the 
gates at the weir and releasing approximately 135,000 
m3 of water, an abrupt wave can be released.    This could 
be repeated approximately every 3 hours which is the 
tijiie required to refill the storage pool at mediim flow, 

(2) By use of the roller dm at Kassel (km 75.5), the flood 
plain upstream on the right bank below the railroad 
bridge at *raldkappele (km 80) and Karlsaue can be 
temporarily flooded at mediijn flow (MT.r).    Overbank 
flooding occurs at •<-4»00 m on the gage at Gunterhausen 
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(15 kilometers above K&ssel).    This corresponds 
to a discharge of 470 ro3/sec. 

(3) Since the dam at Haroeln (km 135.3) has a fixed crest, 
raising of the upper pool is not practical.   No mill 
tary use could be made of the Haroeln weir. 

(4) By completely closing the gates of the Doerverden "7eir 
(km 308.3) the pool stage can be raised 0.50 meters 
over the normal stage of NN+15.10 meters.    This would 
cause flooding of the valley within the winter dikes 
up to Hoya  (km 300) with resultant damage to agricul- 
tural land.   An abrupt wave can be created by txmpletely 
opening the gates.    This can be repeated every 2 or 3 
days by completely shutting off the power station and 
navigation. 

(5) Through the complete closing of the Hemelingen V/eir 
(km 362.0) above Branen,  the valley within the dikes 
can be flooded TO.thin an area of abmt 30 square kilo- 
meters, bounded by Hemelingen, Mahndorf,  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 kilometers in the 
Oohtum Depression betveen Brinkum, Arston and Bremen- 
Neuonldnde.    The flooded area would be about 10 kilo- 
meters in length and the operation -would require 
approximately one week with a continuous flow of 100 
nv/sec passing through 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 
flooding of the banks of the upper pool and creates a 
considerable obstacle. 

(6) The release of a large TOlwne of water from the Hemelingen 
rroir to create an abrupt flood wave would disrupt naviga- 
tion upstream,  shut down the power plant, and vculd cause 
minor damage tc the river banks and the city of Bremen 
immediately downstream.    Below Bremen,  hovrever,  the wave 
would not be effective because it enters a wide channel 
which is subject to tidewater, 

(7) In the Imor 'reser (below Bremen) it is possible to 
flood the large marsh and depression regions to varying 
degrees by breaching the dikes.    The depth of flood- 
ing will depend particularly on the difference in eleva- 
tion between the mean water stage (see profile,  Srtiibit 
5) and the elevation of the adjoining terrain.    Factors 
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affecting the stage are the losses from storage in 
culverts, ditches, and sluices; also seepage and 
evaporation.    The tenparary drop of high tide stages 
due to east winds is also important to consider. 
Reverse effects occur frore runri'f of the uplands 
which flow into the depressions, particularly in the 
winter time.    Considering all the circTsnctance3,  the 
depressions generally can be filled approximately 50 
centimeters below the existing stage in the river. 
Several days will be required to produce effective 
flooding of the area either by opening the flood gates 
or breaching the dikes. 

4-03.    ARTIFICIAL FLOODING POTENTIALITIES OF CANALS. 

a. General. Reference is made to paragraph 2-10 and to the 
doc\itient listed in bibliography as Reference 2 f.r a de- 
tailed description of the canals. 

b. Mittelland Canal. 

(1)    Demolition of the Mittelland Canal  (Ems    eser-v/eser 
Elbe) aqueduct at Mind en wuld empty the water stored 
in the canal (approximately 17 million nP) into the 
"eser River, provided the canal safety gates were 
raised (see Exhibit 18).    The rate of flow from the 
canal, however,  would be so slow that this operation 
would not create an effective artificial flood on the 
,reser River below --linden.    Approximately 5 million m3 
w uld be discharged in 48 h';urs, and several weeks 
would be required tt   drain the remaining water in 
storage.    The rate   -f discharge is indicated in the 
tabulation belowt 

Average Discharge 
 m3/scc 

Start End 
of Discharge' 

Hour   Hour 
Duration 
hours 

150 
100 
50 
35 
25 

_15_ 

0 
0.5 
2.0 
7.0 
15.0 
30.0 

0.5 
2.0 
7.0 

15.0 
30.0 
4B»o 

0.5 
1.5 
5.0 
8.0 
15.0 
18.0 

(2)    The witer in the canal could also be diverted into 
tributaries    of the ~reser River.    Breaching the canal 
where it crosses the Aue, ".'eser, Leine,  Oker and Allcr 
Rivers  (see General Map Exhibit 2) would drain it more 
quickly than demolition of the aqueduct.    The rater 
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would eventually flnw Into the '.reser 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 Tfeser River, 

c.   Bmchhausen-Syke Canal.   Preliminary investigation indicated 
that it might be possible to divert part of the flow of the 
TTeser River into the Ochtun Depression area through the Bruch- 
hausen-Syke irrigation canal at Hoya by raising the Doerverden 
Weir gates and opening the canal gates.    This fL oding opera- 
tion will be quite slow since the capacity of the canal is 
relatively small,   Vftth a carefully arncoived plan,  it is 
estimated that it w< uld require from two to three weeks, 
depending upon the flew diverted from the '7eser,  to accom- 
plish a successful flooding operation.    Further detailed in- 
vestigation may shov- that this diversion operation might be 
done more effectively by construction of temporary Harriers 
at certain points on th3 "eser River; for example,   one of 
the two bridges at Hoya,    The latter study is considered 
beyond the scope of this  report. 

Ir-Oi,    ARTIFICIAL FLOODIN)  POTENTIALITIES OF DA^  LOCATED ON  THE HEAD- 
WATERS, 

a.   General. 

(1) The studies reviewed In this paragraph 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 Mcdhne, Sorpe and Eder Dams by 
the RJL.7., in May 1943 provides the basis for 
estimating the siee and shape of breach that could 
be made by demolition.   For a detailed description 
of the results of the attack, reference is made 
to the document listed as Reference 6 in the bibli- 
ography, a translation is inclosed as Appendix C 
of this report. 

(3) Since both the Eder and Diemel Dams are gravity, 
r\i>ble-masonry structures,  and have approximately 
the sane height and thickness (see paragraph 2-09 
for description),  it was assxmed that demolition 
would cause a breach in the Diemel Dam similar to 
the one in the Eder Dam; therefore,  the reference 
nisnbers assigned to the various size breaches des- 
cribed In this paragraph apply to both dams, 
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(4)    The information summarized hereinafter that pertains 
to gate regulation of the two reservoirs has been ob- 
tained from Reference 5.    Observed stages and discharges 
of the flood wave created by the May 1943 breaching are 
fran Reference !• 

b»    Hydro logic Considerations. 

(1) The natural discharge of the Fulda and "feser Rivers 
normally is not disturbed by operation of the dams 
for power, because of the r ©-regulation pools immedi- 
ately below the Eder and Diemel Dams,    During low flow 
periods, h wever, navigable stages are maintained by 
releasing the water from storage in the two reserv drs. 

(2) The hydrologic conditions, discussed in "the following 
paragraphs, -that influence possible artificial flood- 
ing are initial reservoir pool level and base flow, 

c. Means of Creating Artificial Flood Tfaves.    The Eder and 
Diemel Reservoirs each provide two methods by which artifi- 
cial flo.;d waves cculd be created to increase the effective- 
ness of the '7eser River «3 a military obstacle: 

(1) Breaching the Eder Dam would cause the  greatest possible 
artificial flo^d on the Eder and "'.'eser itivers.    The 
greatest artificial flood on the Diemel River likewise 
would be caused by breaching the Diemel Dam.    The latter 
flood could be used to support the flood wave fran the 
Eder when it reached the confluence of the Diemel and 
Tfeser Rivers at Karlshafon • 

(2) By alternately opening and closing the control gates of 
the two dams,  a series of lesser flood waves could be 
sent down the Eder and Diemel Rivers,    The number of 
days that cyclic waves could be generated would depend 
chiefly upon the quantity of water stored in the reser- 
voirs at the time.    As in the case of breaching,  the 
flood waves from the Dianel Dam could support the flood 
waves from the Eder, 

d. Effects cf Breaphlng the Eder and Dianel 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. 
Available information gives only approximate dimea3ians 
of the opening.    Exhibit 13 shows the repair line after 
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the breach was closed.    The repair line is probably 
larger than the original breach because loose and 
broken sections had t- be removed during reconstruction. 
The discharge capacities of variously shaped breaches 
were compared with observed data for reservoir draw-down 
after breaching.    The estineted control section of the 
opening is indicated by a broken line on Exhibits 13 and 14. 
Breaching Operation No. 2 was assumed to be two openings, 
each cf 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 headwater areas, a discharge hydrograph 
was computed for an opening made by progressive breaching 
in the following mannert 

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

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

(c) Followed by third breach same as Breach No. 1 at 
time when the three breaches will discharge a 
total of 4000 m3/s 

(2) The broach-ratine curves for Breaching Operations Nos. 
1,  2, and 3 are shown on Exhibit 35. 

(3) The reservoir storapc- curve for the Eder Dam is from 
Reference 1 and is shown 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 Report on the Disposition of 
Sediment in Reservoirs'' by A. 7.r. Van't. Hul, (See 
Reference 7) 

The equation of the computed storage curve for the 
Diemel Dam is: 

S - 945 h2»82 

where S - storage in cubic meters 

h m reservoir depth in meters 
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* 
(4) Artificial Fled No, 1 is the flood wave on the Eder and 

^Teser Rivers caused by Breaching Operation No. 1 In Eder 
Dam, and is shown on Exhibits 36, 37, and 38.    The out- 
flow hydrograph at the dam was computed from the storage- 
discharge relationship and routed doTmstream to the 
mouth of the Eder  (Quntcrhausai gage).    The peak dis- 
charge of 8500 n?/8ec at the dam Is reduced to 2450 
m3/sec at Gunterhausen.   Estimated surface velocities at 
various stations on the T/eser River resulting from the 
breaching of May 1943 are tabulated below.   For compari- 
son with the surface velocities for mean water (M7) 
and the 1926 flood, reference is made to paragraph 
3-05b and to Exhibit 34. 

Location Surface Velocities (ft/sec) 
Hilwartshausen 7,0 
Karlshafen 7.2 
Bodenwerder 7.9 
Haroeln 5.9 
Minden 6,7 
Niaaburg 3.6 
Hoya 4.2 
Intschede 3.0 

(5) Artificial Flood No. 2 hydrograph results from Breach- 
ing Operations No. 1 in the Diemel Dam and is shown on 
Exhibit 39.    The peak discharge is reduced from 
8500 m3/sec at the dam to 480 mVsec at the mouth 
(K&rlshafen gage).    Since this floed has only one-tonth 
the volume of that of the Eder, the peak reduction 
takes place at a greater rate than for the Eder flood, 

(6) Artificial Flood No, 3 is caused by Breaching Operation 
No. 2.in the Eder Dam.    The peak discharge decreases 
from 17000 m3/sec at the dam to 3200 m3/sec at Gunter- 
hausen. (Sec Exhibit 36) 

(7) Artificial Flood No. 4 Is the flcod wave on the Diemel 
River that results from Breaching Operation No. 2 in 
the Diemel Dam.    (See Exhibit 39)    The peak discharge 
is reduced from 17000 ro^/sec at the dam to 500 mVsec 
at the mouth (Karlshafen). 

(8) Artificial Flcod No. 5 would be created by Breaching 
Operation No. 3 (progressive 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 rn^/sec 16 hours 
after tine of demolition, • Since the peak of this flood 
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is lower and later than that of Floods 1 and 3, the 
flood hydrograph resulting from Breach No. 3 at the 
Diemel Dam was not developed. 

(9)    Artificial Flood No. 6 is created by the simultaneous 
breaching of both dams,  tslng Breaching Operation No. 2 
at the Eder Earn and Breaching Operation No. 1 at the 
Diemel Dan.    The effects on the Eder and Diemel basins 
are the same as Flood No. 1 on the Eder River and 
Flood No. 2 on the Diemel River.    The increase in dis- 
charge at key stations on the Feser River ever that of 
Flood 1 are indicated on Exhibit 40. 

(10) CoTTparison of Artificial Floods.    The stages, discharges 
and travel times for Floods 1 through 6,  inclusive, are 
tabula tea on Exhibit 40. 

(11) Effect of Non-synchronous Breaching.    It is t<   be noted 
in considering Floods 2, 3 and 4 on Exhibit 39 that, 
assuming simultaneous breaching of both dams,   the Diemel 
hydrograph peaks at Karlshafen approximately 12 hours 
before the Eder hydrograph.    If the Diemel breaching 
occurs 9 to 15 hours after the Eder breaching,  the peaks 
«d.ll combine at Karlshafen producing a peak flow of 
2900 rr?/sec, which is an increase of450 m3/sec over that 
of Flood 2 at Karlshafen  (2900 m3/sec-2450 m3/sec). 

e.   Effects of Gate Regulation of Eder and Dianel River Dams. 

(1)    The main outlet -works of Eder Dam are designed to dis- 
charge a maximun of 230 m3/sec.    Since the lower Eder 
overflows the banks at 190 m3/sec,  it is possible to 
create floods by gate operation.   TTien the reservoir 
is full, the maximxm discharge of 230 m3/sec would de- 
crease to 190 mVsec *** 6 days.    To sustain a flow of 
190 vrr/aec,  it is necessary to maintain the reservoir 
pool at elevation 233 m*-NN. 

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

In order to release more than 230 mVsec, the emergency 
outlets located at the upper third point of the dam can 
be opened.    This will increase the flow to 290 rn^/sec, 
which will gradually diminish to 190 m3/sec in 5 days, 

A large release from Eder Dam was experimentally tested 
in 1929. This release had a base of 84 hours (24 hours 
rise, 24 hours uniform flow of 60 nP/sec and a 36-hour 
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recession) -which was used to refloat a nunijer of vessels. 
The effects of this wave are given as followsi 

Dam   Hann Muondai    Haroeln   MJindcn    Hoya 

0 90 225 295       389 

Travel tiiie of 
the crest, hours 0 

Duration of wave 
in hours from 
start of rise 
to full recen- 
sion 84 

Rise in cm ~- 

22 52 60 76-1/2 

88-1/2 

60 

81-1/2   84 

JQ 40. 

87-1/2 

JO  

In the above case, the effect of the wave depends also 
on the base flow of the 7/eser.    The velocity of the 
wave will increase with increase in base flow. 
Extreme flooding on the Pulda occurs at a flow of 
470 mVsec.    In order to cause such a flow, the 230 
m3/sec release from the Eder would have to be made at 
a time **ien the Fulda was carrying a flow of at least 
240 m3/3ec which occurs greater than  2   percent of the 
time.   At W flow on the Fulda 050 raVsec) a release 
of 230 m3/sec,  however, would cause a considerably 
high stage* 

The Affoldern Re-regulating reservoir  (capacity 3,8 
million m3) can be used by itself when the Erler lake 
is low to create a very effective flood wave of 900 
m3/sec for a short duration,   Yfoen storage is avail- 
able in the Eder Reservoir, the operation can be re- 
peated by refilling the Affoldem Reservoir. 

(2)    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 Dam, 
The right outlet of Dianel Dam can be opened without 
difficulty.   The left outlet, however,  is normally 
locked and is more difficult to open.    During this 
operation, the turbine penstocks should be closed. 

The Dianel River overflows at a discharge of 12 
ra-Vscc 30 that by releases from the dam flood waves 
could be produced and maintained for a period of time 
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depending on the water In storage.    By a sudden release 
from the re-regulating reservoir a flow of 114 m3/sec 
can be obtained causing a flood wave of short duration, 

f.    Coaclttolcna, 

The following conclusions are derived from this investigationt 

(1) The May 1943 breaching of the Eder Dam caused major 
destruction in the Eder Valley.    The flood wave washed 
out the retaining dike of the re-regulating pool and 
heavily damaged the power stations at Hemforth and 
Affoldern.    The locks of seven of the dams on the 
Fulda between Gunterhausen and Hann Muenden were 
silted in, and -the weirs and gates severely damaged. 
The flood wave cauaed extreme scouring immediately 
below the dam and shoals were formed by the sediment 
movemom; as far downstream as Hann Muenden.    It was 
thai necessary to ranove these shoals by dredging be- 
fore navigation could be resumed on the Fulda and 
Vfeser Rivers,    The dikes on the upper Vfeser and Fulda 
Rivers were also severely damaged.    The surface velo- 
cities of Flood No. 1 below Hann Muenden to Hanelingen 
Tfeir are indicated on Exhibit 34-. 

(2) Artificial Floods 1, 3 and 6 would destroy or damage 
most bridges on the Eder River down to the vicinity 
of Goisungen   (35.0 kilometers below dam).    From Gen- 
sungen to the mouth of the Eder no certain estimate can 
be given.    On the Fulda River below the mouth of the 
Eder, bridges down to the vicinity of Kissel may be 
damaged (especially from Artificial Flood No. 3).    Be- 
low Kassol, bridge damage would probably be slight, but 
some foundations might be weakened by  scouring action* 
An estimate of danage to bridges on the Eder River as a 
result of breaching the Eder Dam are indicated in the 
following tabulation: 
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Km from 
Eder Dam 

Name and 
Location Type Remarks 

2.0 Hemfurth Road f-ciqpletcly destroyed 

2.3 Hemfurth Rallied Completely destroyed 

6.5 Affoldern Road Completely destroyed 

7.0 Mullen 
(Affoldern) 

Road Completely destroyed 

9.0 Bergheim ISdlroad Completely destroyed 

10.0 Bergheim Poe.d Comoletely destroyed 

12.0 Anraff Road Probably damaged 

u.o r;Gpa Read Completely destroyed 

16.0 Mandera Road Damaged & approaches 
destroyed 

22,0 Fritzlar Road 

25,0 Obermoellrich Road 

28.0 Niedermoellrich Road 

29.8 Lohre Road 

35*9 Gensungen Road 

Probably damaged & 
approaches flooded 

Completely destroyed 

Probably slightly damaged 

Probably slightly damaged 

Probably slightly damaged 

(3)    On tiie Dienel River, no certain estimate can be given, 
but the bridges within 20 kilometers of the dam would 
probably be destroyed or damaged by Flood Nos. 2 or U* 
Below this point to the mouth,  scouring Tiould weaken 
some bridge foundations, 

(O    Artificial Flood No. 6 would produce the maximum damaging 
effect of the floods considered.    Larger breaches which 
wovld completely danolish the Eder and Dicmel Dams would 
not cause stages appreciably higher than Artificial 
Flood No, 6 on the ,reser River below Minden. 
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(5) The elevation of  the. reservoir pool at the time of dano- 
liticn will have a direct bearing on the rate of dis- 
charge of the water through the breach.    This relation- 
ship is shovn by the rating curve on Exhibit 35.    For 
example, at the time of the May 1943 attack, the Eder 
Reservoir was at elevation 244 m*NN, and the peak rate 
of flow through the breach  (No. 1) was 8500 m-ysec.    I* 
the pool had bean, at say,  elevation 235 m*NN,  the peak 
of the outflow hydro graph with the same size breach 
would have been 2100 m3/sec and the effect downstream 
would have been reduced accordingly.    The storage 
available in the two reser'voirs is dependent upon the 
time of the year.    In general, the reservoirs are 
replenished during the winter and spring months until 
filled in May, and then dravn down during the summer. 
It is to be noted that the Eder Dam was bombed in May 
tdien the reservoir pool was one meter below the  spilL- 
way crest. 

(6) The amoimt of flooding to be expected in the rivers 
downstream from Eder Dam depends upon the flow of vrater, 
or base flow,  existing at the time prior to the flood 
wave.    To find the stage to be expected from an artifi- 
cial flc'd wh<n the river at a key station is at a 
given stage, reference is made to Exhibits 26, 27,  28, 
and 40.    Add the difference in the base flow3 between 
that indicated on Exhibit 40 and the flow for the given 
stage to the peak discharge of the flood shown on 
Exhibit 40.    Having determined the new peak discharge, 
determine the new stage from the rating curve for the 
station in question, 

(7) The levees and navigation dams on the 'Teser River can 
be utilized to increase the effectiveness of artifi- 
cial floods caused by breaching Eder Dam,    The eleva- 
tions, widths, and time of overbank flooding for Flood 
No. 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 Hea©- 
lingen weir gates in both lowered and raised positions. 
Raising the gates increases the water surface elevation 
approximately 1.5 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 to    reduce the peak stage),    Flo'.d No. 2 
would increase the peak elevation approximately 0.5 
maters.    ?/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) Flooding of the Ochtum Depression was considered in 
c ,nnaction with Floods 1 and 6 by raising the Hemelingen 
YTeir to elevation 5»5 rm-NN and breaching the levees In 
the low areas along the left banks  in the vicinity of 
Arsten«    The extent of flooding would depend upon the 
size and deplh of the breach.    In the passage of a flood 
wave such as for Floods 1 nr 6, a large part of the dis- 
charge would pass over the Hemelingen Teir and across 
the low grouid to the loft of the weir structure.    Sinoe 
the flood peak is of relatively short duration only e 
fractional part of the volume could be diverted to the 
Ochtum Depression.    Even though this diversion be accorv- 
plished the flow would pass to the sea unless barriers 
were established and gate closures were made within the 
area.    If it is assumed that a broach be made in the 
levee equivalent to  25 meters length with the base of 
opening at elevation 5+m*NN, 'less than 20 percent of the 
volume for Floods 1 or 6 c^uld be diverted.    The diver- 
sion to the area tould flood about 20 square kilometers 
with the construction of necessary barriers.    The velo- 
city accompanying the passage of flow through the levee 
broach would result in very little scour. 

(9) If regulated flood waves or a sustained flow of 230 
m?/sec were released from the Eder reservoir by gate 
regulation, the duration of over bank flooding in the 
Hemelingen pool areas vculd be Increased over that 
caused by breaching and a greater volume of the water 
could be diverted to 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 
Ochtum Depression. 

(10) By means of artificial floods created by the methods dis- 
cussed in this section of the report, the Eder, Fulda and 
'Teser Rivers could, in conjunction with a complete bridge 
demolition program, present a continuous obstaole, for a 
limited time, tn military movements which do not have the 
aid of special bridging operations or amphibious devices. 
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ftiTer: W32SER 

River 
•   SEE 

Place 
Watercourse 
stretch resp. 

DESCRIPTION OF tfATKRCGlfRSE 

All information refers to river reaches and adjacent regions and  indicates the  important characteristics. 
 ^ The order of listing in columns -Land 2 is  jr. downstream sequence. 

Average        I     KKW 1 MI*1'/ i tju 

^v> •egtSo.        Width i   Tow    .     El 
Obj. Ko. m 

0.0   Hann Huenden 

Open River 

130.0        Upper Limit of 
iaioeln pool 

Pool condition 

Headwater 
135.3        Ramelr. Weir 

Tailwater 

•    *. Open River 

1£©.£5     Werre River Mouth 

Open River 

287.0 

i *. j>v      <—   -» 

Upper Limit of 
Doerverden pool 

Pool condition 

Headwater 
jucco      joerverueu  *ejr 

3-* Stasu ' ' 

"KNmar&i Map sefer*nc* 

depth ;   over 
31. 

over 
KK 

Dis- 
charge 

cbm 
sec 

e. 

?3 

Tai iwa ter      47 

115.53 116.0 

50        V.64 30 

63.50   63.97 

100 

fV 

100 

3.0 51 

63.7 
(Weir crest) 

59.74   60.49 

60       3.1 

40.43 

2.5- 

3.5 

56 

68 

14.70   15.26 

77 

14.6     14.6 
(Jiormai stage) 

9.76    10.82 

isr. :   :-:i. j Dfs- 
veio-  f  over    charge 
city  j 

EI/sec 
cbra 

1.0 

1.1 

j   sec       j n:/sec- | 

KSehW                 l HHV I 
riax.'T" &1. 1   "I)ie- "1   i*jr."7 £1. -a, 

velo- jover  -charge   ;velo- i over ! b. 
city j   Wi    I     cbm    j   -ity j ffi    !c 

sec 

6<   47 

64.14 

61.56 

40.99 

16.32 

14.6 

11.97 

132 

142 

172 

188 

1.4 

1.5 

64.42 

64.42 

44.92 

19.43 

15.27 

m/ sec 

.11 

2.2 

620 2.4 

630 

640 

2.4 

2.1 

640 2.1 

T16T 

Supplementary  Itvforaation 
T< iverbecf and  Channel 
Banks and Flcodplain 
Remarks 

(Col.   17-19)  

124.11 b. Steep barks along a fev reach??., 
"icith of flooded area varies, but 
covers entire f*lcoci plain at fiv. 
come everbark areas are not flooded 

6°.51   until aoprox. MV. Short dead 
channels on ri*r;:t bank above 
CIESEI/aHDER. 

67.7 

67.7 
a. Km 162o-lc3.0:  Sandstone reef 

across  streawbed 
b. Flcodplain extends as far as high 

rim of valley  -lain. 

47.43a.    Km 202.5-203.0,  206.0-209.0: 
Rocky clays late   subsurface, 

b.    Banks generally  flat,  in some 
places as high as 3ffi above 
"elevated middle  low water" 
(K.MjEl.tf.). Dikes extend dowr.- 

21.42 strean. frcn OVEJiSTAD'r, Km 220, 

a.    River bed and banks covered by 
sliwy sediment belov DuERvlRBEK 
WEIR, 

b.  Floodpiain eg  wide as   17.5 km in 
16.2 places,   limited by dikes  or high 

embankments,   "Geestraender." 
Large dead channels:  on  left tank 
opposite  LAI'DFiSBTv-lGEli,  opposite 
Hir.!IBuRG  (DUFSTFRE LAKR):   on right 
bank at ftS^ORP,  at km 26?.5. 
Between km 2?2~?G7 on  right  bank 
is  a small depression with small 
deaa  channels, 

c.     Km 29c;   junction of  MELIORATION 
Canal,   fhich provides up to j2 
cbm/sec  irrigation flow  to 
BVXKlUUSZIi-SYE: 
Hefion, 
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I 
Basin: Veaer-Sr 
Riv«r: Weser 

River 
km 

Placu 
Watercourse 
•ire ten resp. 

Or, oC ililit'' > •."   • .-v. _v~.„t .. .?_i 

.-.ii  5 r.formatior. refers  to river reHO.-.es and adjacent rer*. rr.r r.r.l  indi^Dtes   tn>>  i.---ort*.r.t CiiracterKties, 

.r.eet No. * 
CbJ.   No. 

T _Averf-.f:e_        I      I.NV 
.'idth '   Tow      ,      El 

f  iis-tinf  in nolurxs _ 1 m.i L_ ij._ i_:_ drw.-,s?,re? r  sc-.-.iei 

i 

Open River 
.-J_ 

n depth    :    over 
i       i     Ii 

!•••:. i 
^ t-ucn 

Kl. Dls- Max.  I    LI. !     •)!<•-   |   f^x.  I    iLijj      .;is-j     :^x.       Sl« 
over  j   eher^e • veio- ' over    rhc.r/'e| ve;. -    over ci.nrrc-' velc- : over 

80        3.b 
J L    i      6 ±. 

77 

city 
m/sec 

Q 

cbn 
see 

1.1 
It 

city 
n.'sec 

^ba   ;    city  ; 

r>'?e<*  ! 

!  t. 

lr,P, 1,45 
.1    12  i 

S C* 
ii*" 

«U> 
M^LJI 

:•..•:-'    j  _ ~upi-leme.nfory   Information 
1 ;t5vprb°'j  nr.i  Channel 

|rt»nk:6    r.^  "iiedpl.iin 
•(••nv-rk? 

I'CO..   17-1^-") 

I 

' :- 
326.36      kouth of jtller S. 

Cpan Hiver 

• •.. • 

I 
Vpp«r Unit of- 
HetDelinger. Pool 

Suocer (3/16-11/14) 

;-£:  *. 

r*-• • • 
362.0 

VlaUr (11/15-3/15) 

Pool Condition 

Heoeilngen Weir 

iuoner (3/16-11/14) 
Winter (H/15-3/15) 

47 

100      3.5 

160-      4 
200 

t>.45 7.45 

^.75 
.• .6 

4,50 
5.50 

5.21 
6.06 

*i,5v 
5.50 

13* 

134 

b.93 

C9 297 

6.55 
7> 

^.50 
5.50 

11.93 13.^3 

1.15 ^30        2.4 

' . 3C 

10.3ft 

93C 

5.15 

11.0 
12.03 

0.     Low banks.     Fiat,  very wide,  diked 
fioodpisin.  .-.i<;.  stee.. embenkscnt. 
"Gcc-;rj<.^aer," at ii/&E!l (km 339- 
340),  riaitg up tc  elevation 
35.000/:..'.   Important  "A?,TF. AUJ5H* 
deed channel along t';>e embankment 
betveer  ')AV>;"iL!- *; and BADE*. 

i 
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Basin:   Weser-Lma 
Wv-oi ;   Weser 

Place, 
Kiver i Watercourse 

KQ      atretch,  reap. 

362.0    Heneiinpen Weir 

Jx^CRI .-'71' ' • A : _.riVy^v^^^ 

AJLX  information refers  to  plnces  (regions,  watercourse  stretches',   ir. ro.uir.s 

Wj,   ;«o. )    wiatn      hed      •  ever 
depth   i     in 

m HThrf 
MTnW 

4? 

I 

! 

r« r.ccJ Lc£orain£ to t,r='-viier.t, ar.d  their 
ces. near surroundings, for purpose of represents tii:i^f_J_^oj-_tir.t, ti,g for_ :ertlr,er,t stretches zr,:rk£U rlstlr, dif:>rt: 

~T   '" I    " " "T   !,;.*    f __ r?nV      i      !'?h*     ] 
neet  Ho.*   hvera^re !     hi. hi. Dis- Ve.%.   \       Li. .,uopie men tar.'   I:.form-1 ion 

_L_JL__i 

over   i    c;:2rf;f    veio-   i     ever 
:bni city   ]        liN 
6eo it/sec 

9      I _10_ 

(..     diverted and Channel 
:    b.     Panks t-.n*   '-'Loodri»ir. 
!    c.     HenwtrVrs 
L (Col.   17-19) - KTV:     :ol.   11-16 not Applicable. 

if' 

Lower Weser 120 ^21 
2.70 

-1.92 -0.79 
at 
2tt6 
up- 

streem 
diach. 

0.6; 2.95 a. 
at b. 

28r^ 
UT>- — * 

stre«!r 
disch. 

60ra :."vir?>tion  channel 
hank pro'tected  o;' groins or riprap.     (.Id  riverbed of M""?!7 <•T£Z", 

(TLVI'T. -C-S.r)  alonf left bank for appro*.   1.2 km. 
Tide  limit  -'-t '•'>'.: ZI I! 02!    C-.H.     THverbanV- area: gardens,   roeadowa. 
rerrrptior. ?-nd  sport arf-is,  do:ks.  ?ac'-* arer>; urbnr. development*. 

•a1. v r 

366.8     Lridge (Bremen; 
0.0)      (Snd of Upper & Middle 

:•• Weser,  start of Lower 
Weser kilometerage) 

Tl.Jl4>     Railroad Eridg*  (Bremen) 

I*— 4 

-- 
4.0 

"** * - 

Entrance  to 
Free Harbor I 

120        6.90    -1.92      -1.08 330        0.60 2.21 
3.60 

140        7.40    -4.9*      -1.10 360        O.bO 2.20 
4.11 

150        9.40    -1.99      -1.13 <*20        0.60 
o.lO* 

a.     'leavy  stc::e  WH,1R a:onf most of  rive-bar.'-.     On   left bank,  0.6 km 
belov.- hrid^-e,  I3IGand L1TT T. h'ESEH ?..   separated by a small   diKe. 

a. 
b. 

c. 

c. 

70 m navif.-.tion channel. 
Hif'at L: '.!::   veser Railroad Station,   industrial ur.J hvrbor facilities, 
Left bar.*:     Starting at  movth  of L!TThK VESKR R.,  H0HEWTOR  -rAP3C~. 
Zm 2.-;  confluence of BIG and LITTLK tfESES H. 
dead of navigation for ocean-^oing snips of 4-5 m dr*ft.     Hi verbal 
area;   industrial and  s^ort areas.    Back areas;   ^XUHI:   levelopna.r.ts . 

70 zi :.  vi^tio-   c\>„. ,\.-l - 
ftl.ght 3ank;  Harbor facilities.  Left -Bank:   5^0 m v/icie plai-v-re-idcv/s, 
^st-.>rcs ar.u fields. 
Ccean-£oi..p snipping; to >'ree rifrbor.     !*f t_ bank area:  bou/.ip5 by 

•".W-2'A and  . .'.".*JM dikes,   inciudos  » lDT.P.Vl]y.]Ji'rZ) mBrsli and villages 
of  :A!"'v A!* and  '*TSIKDEi:H. 

5,5     Sr.trance to 
Free Harbor II 

1 «?i 

*s»w»J..?*p Rrf*r^c# 

180      12.20 
9.00 

-2.01      -I.15 450        0.60 2.16 a.   100 m navifration channel. 
b. '{i^ht Bank:   -ihipywr]  F-'f-rbo. .   'JKSCHIMA.O  Shipyard,   Industrial  find 

conrrver^ift 1  hnrbor. 
heft ?ank: »'m 6-7..r; wir.t-r   iilc«) close  to river:  kn 7.5,  dike  swi.n/is   in 
a wiie  curve  un  to  I'ASE! ^^T-:*   formirt- an  C:C0  m wide  fioodplftin. 

c. HinDSTRV:2;::j,.*D oersh lendvard of  'A';"*"'V.- and SSSHArSEJ-, whir- »r* 
lo"'-ted HIC."  tr.e   left bnr.'r dike.   7M 7.0, •ir. a  l.'.r:  l.Vr. 
lr:-ir.'i<-^  t>ui u* '^2.17   , ' cross-oectional arc-)  for  ri^.TE^VIvJL/. 

A  sumitier di'*'*,   %re&t eiev.   ].2<"  ra/l'r>,  befi.'if at  ksi 7.J,  pr^vidinf  par~ 
tial  protection   to  the   fxoodplain  afainr.t   '^s^l  -!.   flou.ls. 1 
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I/ESCRTPTTf'N  OF WATERCOURSE 

.Rive* 
' in 

•Place, 
w*at*rcour>* 
ctretcn, resp. 

'•m* 
f'f 

".- V'"Y.'   .   - 

A.MiX 

All information refers to places 
near sur round ln/rs^ for purpose 

cneet hu,* 
ObJ. *o. 

8.5  Entrance to Industrial 
and Commercial Harbc* 

.Average 
Vidta 

i • i... -. I 
lflO 

Bed 
depth 
*HTntf 

iffigg 

(regions, 
of  repres 

.MM 
El. 

over 
KB 

watercourse  stretches)   in columns.1-2,  arranged according to rradiaivt,  and  their 
entatlon ef  important,  and  for pertinent  stretches characteristic, differences. 

El. 
ever 

Kit 

•>ffnw 
" Dis-  I Max. 
charge| velo- 

cbm 
sec 

city 
m/sec 

WThV 
II. 

over 
Mi 

10 

 Supplementary Information  
a. Riverbed ana Cfiannsl 
b. Banks and Floodplain 
c. Remarks 
 (Col." 17-19) - Col,   11-16 not applicable 

Alii 
a.7 

-2.06    -1.16 520 0.60        2.13 

A-    v      -  ,   : 

M-»- 

•v 

>  i 

Egg*!    *<Je»er«.l «•»» Reference 

v:-jj3S£ • ~ :._•••: 

- 

sS* • '•'sr->; '"-'V 

.   ?       o ,,—. 

rf 

. 4   ". 
»*.'* 

- 
*W.t, . »- 

- >-' Ci 
i'•••   .  . 

i •-''•> 

^ ••      • . 

•-;•    v*   H      v.' 

'--  •%-'• <r 

-• 

a. 120 m navigation cnannel 
b. Adjacent  to Harbor Entrance is a  lock leading to the industrial 

•• harbor area;   lock length 170 ci, 2 slide gates each 2^ •? vM.j, 
HigJ.t Bank:    Ka d.5-10.6, slightly elevated floodplain 
Km 10.6-12.5, curving dike creates 500 m wide HIITELSBUKREM floodplain 
Km 12.5-14.0, dike close to river bank. 
Km 14.0-15.5, curving dike creates 160 m wide floodplain. 
Km 16.5,  Joining of tfESER and LESUM B. valleys. 
Left Bank;  Km 9.7. village of HASL'KBVEREK. 
Km 9.7-11, dike cy^rves around HASENB1.T.HEW, false chanLels. 
Km 12.5, dike, WEiiER and OCHTUM R.  form a common valxey, appro7. 
1 km wide. 
K& lh.2*   Moutii  of 0CHTUM R. 

c. Right Bank: VfERDEHLAJT) marsh between WISER and Ti?SUM R. Em 15*0. 
NIEDERBUXSEh"Sluices, each 1.0 a dian.  ie. 0.75 <1* croes-tectional 
area,  tot«l 75 4» Area*    (TiCTI:   "qm" equivalent to square aeters) 
Left Bank:  MSDERYIEnLAKD marsh between VESER and CCKTl'M t; 
Km 9.0,   1.5 qm RASELBUEREN Sluice in dike. 
Ploodplain below 0CHTVM ?... which together with (-CHTUM KANAL were 
formerly tne beds of the 0C::rUN and WSSIR R., now defined by dike 
along west bank of 0CKTUM VANAL. 
Em 15.1,  Mouth of 0CKTUV YAxk1.  Immediately downstream is the 
slightly elevated DEICHSHA"S£fc Plain, now occupied by an airfield: 
WISER ?.. valley narrows to 300 m at this point. 
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WATERCf URSE • 

All information refers to places (regions, water course stretches) in columns 1-2, arranged according to gradient, «nd their 
near surroundingse for purpose of rcrregfrt^ticn of iinportant, and for pertinent stretches characteristicf  differences. 

" 1     !<hW ______  ?-?Tny*" !     MThW   j 
Dis- |     .MaxTj       El. 

charge J   velo-      over 
Sheet Ho,.* 1 Averege 
Obj. l*o. 

i |  El, 

Mi 
Width 1 Bed  | ovp- 

'depth i 
m   I KThW 

I MT'nw 
4 

«fe*< '-Ifrath of 
-1 

SI. 
over 

Lesum R, 2^0    10.2 -2.00 -1.44 
7.8 

supplementary Information 

sec 
city 

m/sec 
m 

| a. Riverbed and Channel 
j b. Banks and Floodplain 
I  c.    Remarks 
I "(Col.  17-19) - Col.   11-16 not applicable 

10 

•%mxOh of £unte IV 

ivon 

1400 

3^0   10.4 -2.39 -1.W   2800 

2.0    a. 120 in navigation channel. : 
b. Right Bank: High embankment, "Geest," with villages ef VEGESAC?:, 

B1UMENTRAL, B02SMEBECK, and FARGE. 
Left Bank: "Plat banks and floodplain, appro-. 500 m wide, occupied 
by factories. Dikes along the WARFLETH and ,:,*ESTF.RGATI old channel*. 
Km 29, joining of the WISER *ft& HUNTS R. valleys. 

c» Right Bank; Harbor of VEGESACX at the mouth of LESUM R. KB 28.6, 
BJCKtJM Sluice. Right back area: villages, forests, shifting surfaced 
wasteland: 05TERSTADE marsh beginning at Km 26. 
Left Bank; STEDIFGEri marsh, a 2»5 km side depression extending 
westward to the 0LTSi= R., a tributary of the HUKTE S. 
Km 17.5, LUWERMK Sluice. 
Km 27.4, WESEKDEICR Sluice. 

1.79   o. Right Bask: Km 33, rignt side channel of river in the middle of 
2 km wide floodplain. 
Left Bank: Narrow floodplain, dikes, close to stream. Villages 
along the dikes. Factories, shipyards apd docks near the city of 
BRAKE. Harbor entrance 13.3 "> wide. 

c« Right Bank: 3.5 km wide uSTERSTADE marsh in back area, extending 
to the "Geestrand." 
Km 3^.0, Sluice, 2.?5 a high x 2.8? m wide x  15. m long, bottom 
elev. -1.10 m/SN 
Km 36.£, ASOHVASDEH Sluice, 4.35 si high x 4.08 a wide, bottom 
elev. -1.86 mfKN 
Km 37.2, 'YURTHFLETK Sluice (Syphon type), 1.60 m diam., bottoa 
of ditch -1.10 i^tKN 

0.85 Left Bank: 7-10 km wide OLIffilSURG-WESER Marsh, (a marshland *swd 
Moorland region) in back area. 
Km 36.^ MQ0RI3MS Sluice, 2 openings, each 4.05 * 4.35 x 25 m, 
bottom elev. -2.70 m/itt.' 
Km 36.8, KAESSBURG Sluice, 4.20 x 4.85 r.  22 m,  bottom &l*v. 
—2.j?   BfNN 

-.-.•- -<;.=•, 

r#fewste* .;' 

v. - 
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"DESCRIPTION CF WATERCOURSE 

•••»     A 

}   Place» 
aver 

km 
>urse 

stretch, resp. 

All inforaation refers  to places  (regions, water course stretches)  in columns  1-2. arranged according to gradient, and, their 
n«sr surroundings i,   lor purpose of reoresanSation cf important, and  for oertir.ent stretches characteristic, diffareneeifc*   - 

Sheet fro*• 
Obj. No. 

'Average 
tfidth Bed 

depth 

El, 
^over 

r.r, 

El. 
over 

NK 

MTuV 

ihargi 
gba 
sec  • 

{.A    *. -•»v«v 
s   iL S 

velo- 
city 

a/sec 

KThW 
El. 

over 
KB 

10 

 ' Supplementary Information 
a. Riverbed and Channel 
b. Banks and Fioodplain 
c. Remarks 
 .    tool.  17-193 - Col.  11-16 notTSftpllcable 

s*** 

£rake Harbor 460       10j£ 
7.1 

:.55   -1.62 3700 

.-.JO'. ". 

•* 

•<*30 

t 

ref«r©ioc©- 

0.96 

1.6*0 gight. Bank:  150 m wide fioodplain up to mouth of r .giit sidechannel 
at SAM5STBOT, Km 44.0. A dike close  to  the  side channel up to 
DEIS^SDCRF, Km 54.0. Km 54.0-50.3,  outlet of depression formed by 
the OLD. WESER H., which divides the LUKE PLATE from the main stream. 
Left_Bankr A pier, appro*.  1 km long, along the bank in the harbor 
region. Km 43-3s dike curves in vide arc up to 2 km away from the 
river, approaching tae river again at Km 51,8,  In that fioodplain 
region is  tLe STROHHAUSEN PLATE,  separated from the back area, by 
one old branch, '»SCR¥Et3URG." A dike runs in ft flat arc along the 
other parts of the WESER R.,  forming a wide fioodplain with  the 
DEilKSBORF PLATE. 
Right Sank:  NORDER 0ST2RSTADE Marsh extending up to Km 51, LAW) 
wTJEKRDES Marsh above that point. Both marshy regions J-h km wi&«. 
Km 42.0,  2 QFFKhmSDm Sluices, 2,0 (2,3) m high x 1.68 (2,37) "«*. 
wide, bottom elev. -1.97 (-2.43) m/NH. 
Em 44.0,  SANDSTSBT Sluice,, 2.33 a wide, hot to or elev,-2.28 a^lSJ.f* 
Km, 47.0, RKCTTEhFIET-4 Slu|,oe,  2.20 m wide, bettors elev -2.32 a^NB. 
Km 4cyo, DREPTE Sluice, 3,rj a wide, bottom elev. -2.29 m/HlI.    * 
Km 50.5 NEUEKLAKI) Sluice, with.pump,  1,46 m wide, bottom elev.' 
-1.97 ns/M. . > 
Km 50,9t BUTTELE Sluice, 2.5 » high x  1.80 a wide x 32 a Jong, 
bottom elev. -2,23 B/M. 
K© 53.8, HEDESDORF Sluice, 4.0 x 4.0 x 27,5 a. bottom elev. 
-2.44 mfTlM. 
Km 58.0, ERDMMW Sluice  (IWNI  PTATF),  bottom -2.44 m/?iN. 
Left Bank: Continuation of 0LDSKBURG-WE3KH Marsh. Approx. 1 km 
long pier above NORDilAM Harbor. 
Km 41.2, BRAKE Sluice. 
Km 44.5,  C-OLDZVARD&Ji Sluice* 
Km 4$„6,:8CHMALEhFLErd Sluice,  2.70 ra high y 3.52 a vide x 23.6 a 
long, bottom e.iev. -2.10 ra/NN. 
Km 48.0, A3SEB Sluice  (wood),  2.65 * 3-28 7. 23.75 a,  bottom elev, 
-1.57 u/Mli. 
Km 49.0, STROHpLAUSSJii Sluice, 2 e 2.90 x 2.10 x 10 x 20.75, bottom 
-2.i4/fcL. 
KM 51.6. BECKUM. Sluice, 4,50 x   ;..80 x 15.30 m,  bottom -i.«4 m/M. 
Km 53.4, KLKIMB Sluice,  2.80 x 2.0 >  2.0 x 19.0 a, bottom -1.57 m^N*. 
Km 56.0, GROSS1 Sluice, 3.55 x 2.0 x 19.55 m. bottom -1.71a/)W. 
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BKSCBXfTlGIi OF WATERCOURSE 
"•—Ssr' ' 
• 

Basin;  jfeser-Sms 
Siver; Weser 

j  Fis.ce, 
Hiver   ?   Watercourse 

km        stretch,  resp. 

•—r 

I 

t     .««„«    ^tPrrourae stitches}  In columns  1-2, arranged according to gradient, and their 

El, Supplementary Information 
t~a Khftet Ko.» I Averse 

Qoj, *©.   j   Vidth I Bed 

38,7        semeehaB-y*'tr*.Bc« 
to fisnery harbor 

800 -11.4   -2*75   -U?6 
8.0 

7200 

1000 

MBJC* 
velo- 
city 

m/sec 

over Rl"V"erlbed"and" ChahneT 
r^r^^^^d^*««*WF^V**"*^^'i 

J I 10. 
1.71 

1.06 

m   - 

j    b.    Banks and Fioodpl&in 
c.    Remarks 
 (Col. 17-19) - Col. 11-16 not applicable 

a.    "Riverbank in original stream valley, 150 ns navigation channel." 
D«    Hi^fit Bank: Up to km 63.5 Is the LlIN* FX&fE, t* storm and fleoa- 

free, diked marshy island* East of it is a 1.6 km wide depression* 
"ALTE tfESER," the north ~*xt of which'is crossed by the LUNS R„ 
which joins the WESER 3, at km 63»5."A short distance above tee- 
mouth of the GEEStE R.  (km 65.5)  ** the entrance to VESERKUEKDE 
Fishery Harbor. The entrance is provided with a double lock of 
100 and 105 a clear length, and 30 and 12 m clear width, respec- 
tively. *     /.:. 
Left_Bank: Up to km 65.5; dlk*_£ifts«•to stream, floodpiain 
approx. 200 m wide, industrial &r«a of- BLEXEN at top of tank. 
At km 65.5,  the dike makes a rigftfc-angled turn^to the Sorthwsst 
to form a floodpiain approx.  1 km wide, 

c.    Right Bank:  Marshy LAliD itflffiRDEN depression and adjace&t LUhE 
depression. At km 59»0, valley area contained by dikes appro*. 
3.2 km wide; at km 62.0, appro*, k.2 km wide; widening to 5 k» 
at km 63.5; and narrowing to 2.5 km at km $*.5* LUNK LOCK, a 
concrete structure, clear width of 10 m and depth of 2.5 m at 
&W, 5*3 m at KW, 
Left Bank: BUTJADIMJSJi LAHD, fairly completely populated. 
Km 59.1» FLAGBALGEN Sluice,  2.50 * high s 1.50 m wide x 1$ a 
long, bottom -2,19 m/lil*. 
Km 61.7, BLSSXEK Sluice, 3*10 x 3.30x..i9 m, bottom -2.02 ro/lffi. 

•     •   5   • v         • 

• 

•  . 

i 
s 

• 

.f. 

1 

• •*^**^sr«aak;    a^y    F*3* *»* " **•-»« 

• ••jjQBiTf- '--^V;-'-''   _-.«_ 
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obj. iso* 

DESCRIPTION OF WATERCOURSE 

Alt information refers  to places  (regions, watercourse stretches)  in columns  1-2, arranged according to gradient, and their 
i near &urroundinga, for purpose of representation of important and for pertinent stretches characteristic, differences, 

El* 

Unit 
beiwsea Lower end 
Sater Wees* 

W i Ct ~»iX Bed . 
depth 

 . MEnV 

over 
UK 

- 

- 
nlnti 

/> •» gh w 

m 

Dis- 
charge 

com 
sec 

.,_4 
Max     ; 

velo- 
city 

m/sec 

over 

10 

Supplementary Information 
a* Riverbed and Channel 
b. Banks and Eloodpiain 
c. Remarks 

(Col,  1?-19) - Col.  11-16 not applicable 

1200        13.6    -2.92    -1.71 9600 

**; •* 

'     * 

1.67      a.    Riverbed in original stream valley, 200 m navigation channel to 
mouth of the estuary, 

b.    Widening of*the stream mouth,    ^ide sand-flats,  "Watten," Along 
both sides of river, flooded at high tide but dry a.% 5w tide. 
Right Bank: FORT BRIMCAJ4AHQF with lighthouse. 
Left Bank:  LANGLUETJEil FORTS  I and  II*  situated on low flat 
islands,  "Watteninseln." 

C-    R'^ht Bank: City areas of BR?SKERKAVEN and WESSRMUENDE located 
landward of their respective harbor areas. 
Km 66.7, KgUEH EAEEft Lock, docking lock 22 a clear width, with 
•high and low tide gate (alter gats  typ*-! 

•Km 6?S8S KLEIKE KAISER Lock,  docking lock 1? m clear width, high 
and low £ide miter gates. Eoreharbor and lock gates silted, depth 
at both locks ^.5 m at m, ?.& m at HW. 
Em 6§r0, GR0SSE KAISER Lock, chamber 223 » long * 28 i wide; high 
and low. tide miter gate ofi riverward end, slide gate on landwards 
end of lock. ' 

H&&. «#ser 

fff X"I* '':,.._ ' '.|4^^pyg«»;: 

.-*• "*£+• y*M.'— 

(-•if. W»r,:fl;w>i[ 

Mg   -2.72   -LfiO   1^000,000 
10.5 

- 

i i 

1.12 

Tidal effects persist as far upstream as the upper rwfcches of. the 
LOVSR WESER ?.,    In the lower reaches of the "LOISR VESER R, «ar. 
stream velocity is 1.0-1*7 B/Se(*. 
Em 69,3, MOBJ) Lock, chamber 372 a long x &5 m wide, slide gates, 
depth 11.2 m at W, 1^.5 a at HW,^ 
Km ?1»0, end of harbor aree, adjacent LAND tfURSTEU marshland. 
3.5 km below entrance to JOSS _(il9rtfc) Lock is WEDDEWARDEW Sluice; 
10,0 kffi below that initial point. VEEMEH Sluice; 17.5 km. 
PADDIKOBUETTELBR Sluice; 20.0 km, SOHUM Sluice, 
Left Bank: North Sea marsh of 3UTJADINSEN, 
htS  km below 3UBSH village, TETTSBS 21uic«; 7.0 a, *£&&& 
Sluice; 11*0 km, BURHAV2 Sluice. 

>- ... i~ , 
"t**m<mmfb*a&w*!' • 

a 



Sugr B«*1B CSawaco HmHwMl 

Lacatiea |-gf t gt,* 
Hear ka !   Cfbj. ie. 

 : 1 a  

Central Structure 
(law A Purpose) 

  Peel Dat% 
a. Backwater Extent    d.     Headwater HOT. 
b. Pool Width t. Tailwater 21OY. 

Descrlptlen of Control Structures 
I Leek & Daa Deta"  ' 

c.    Peel Depth 

*. Leek 
b. Daa 
c. Bridgeway 

Gueiratien Effects 
a. Pull Clesure 
b. Pull Opening 
c. Associated Rtsults 

Reaarks 

At 
HAiCLM 
134,8- 
).35.4 ka 

•Wef 
nun 
i 

108,85 

22 
33 

EAMLl WISER Weir 
navigation 
Pewe? 

a. 
b. 
c. 
d. 
e. 

5 ka 
112 a 
3.7 (lai.) 
63.7? a/la 
60.49 a/BI 

fsz 
80a 

laiiafliiJiJi Weir 
navigation 
Irrigation 
Paver 

a. 22 ka 
b. 130 • 
c. 5.8 a (aax.) 
4. 14,60 =*« 
e. 10.82 a/VK (MKV) 

a. #1. Concrete long-tew 
leek, chaster length 
225 •, width-chaaber 
A gate 12.5 a 
#2. Old ashlar aaean- 
ry leek. Chaaber 
length 61 a, width- 
ehaaber a gate 11 a 

b. 2 fixed weire, cen- 
orate a ashlar aasen- 
ry,  lengths 135* 165 a 

c. Walkway 0.8 a 

a. 

e. 

#1. Heinf. concrete 
leaf-taw lack; chaaber 
length 350 a, width- 
chaaber a gate 12.5 a 
#1. Walkway 0.8 a 

a. #2. Saall selid aases- 
ry leek,  length 85 a, 
wldth-chaaber a gate 
12.5 a 

c. #2. Walkway 0.8 a 

a. £3- Selid concrete 
leek,  length 28.2 a, 
wldth-chaaber & gate 
6.2 a 

c.  #3. Walkway 0.54 • 

a - c. Pixed wtiir. Poll opening 
and closing not poaatible. 

b. 

ypstreaa:    Headwater can be 
raised to 1>.10 a/KN; creat- 
ing 25 ka backwater, partial 
flooding of banks near weir, 
increased power generation. 
Downstreaa: Resulting drop 
in stage causes navigation 
difficulty at MW & WV. 
Upatreaa: Lowering of head- 
water stage reduces naviga- 
ble   'raft A dUfuptf-parer 
generation at naraal stage 
& at MW. 
Downs t/caa. Sudden opening 
endangers navigation and 
banirs. 

Power: 4 turbines, 2 genar- 
atero.  Peak oapaelty 2900 
kw, average capacity 1950 
kw, daily output 46,500 kvh, 
laergoncj closure af weir 
openings by noodles la eveat 
of failure of slide gate*. 
"Attention at HW." 
Destruction.: Shutdown of 
power plant would aft aater- 
lanyeTTecClreTr eperatier. 
but current supply for weir 
operatioa would be inter- 
rupted by destruction of 
weir bridge. 

104b 

-    * 

b. 3 double loaf slide 
gates (lower leaf 4 a, 
upper 3», high) 
Additional 1 a high 
aovable ice flap ea 
upper leaf. Lengths 
k2.  42, 24a. 

c. #4. Walkway 3 a 

'tt      " 

»aaaa:ml aa, 

~ * 

P reference 

-•• •'  -vi-.V 



Wooer Basin (Sequence Downstream) 

Rivor km Obj,  Fe. 
Control Structure  Fiu 
(Knee & Purpose) 

A* Suburb 
of 

HASTSDT 
sosr 

HBMELlifGEJJ WEIR 
(Breo*B Weser Weir) 

42 , Navigation, 
8 Irrigation. 

Power generation. 
Increase of 
rirer & greuiid- 
water levels 

Fool Data 
•DESCRIPTION OF COMTBCI STRICTURES 

b. 
Backwater Extent d. Headwater Elev, 
Peel Width e. Tailwater Her. 
Peel Depth _____  

Lock & Das Data 
j a. Leek 
| b. Dam 
| c. Bridleway 

Ope 
a. Fu 

Operation Effects 

J 
a, 
b. 
c. 
d. 

(s .V II ks 
150 • 
4,5 • ("ax.- at weir) 
4.50 nf-mt (summer) 
5.50 mf-hV (winter) 
1.40 B/NK (nid-tide) 

a. 2 concrete locks, 
clinker facing- 
chssber lengths 
350 (70) 
Width-chamber & 
gate 12.5 • 

b. Concrete weir with 
stone facing,  length 
125 m. 2 sector gatess, 
54 n sach 

c. Lock walkway 1.4 a, 
weir walkway 2 & 

a. Full Closure 
b. Full Opening 
e. Associated Resu 1£•_ 

Remarks 

*•  Upstream:  Raising of head- 
water  to between 6.20 to 
7.0 B/_JN creates; partial 
flooding of fleedplain, 
flooding of LEESfK-BSIMUM 
Marsh en left bank & 
ARBXRGER Marsh en right 
bank, & increase in OCETUM 
River.stage,     (Cont'd,   in 
Col. 7) 

b.  Upstream:  Stepping of navl- 
gation at  low water, disrup- 
tion of power generation 

Fewer: 11 generators,  total 
capacity 775C k«; daily 
output 90,000 kwh in suaaor; 
135*000 kwh in winter. 
Provides all electric supply 
for private & industrial 
usage in State of Bremen. 
Cont'd, from Col. 6: 
a. Retardation of culti- 
vation of pastures & 
meadows, flooding of 
cellars  in HSMELI1J6E1I, 
interruption of naviga- 
tion st stages above 
6.20 a/m 
Destruction: Disrupts vital 
food production, roetrieto 
important industrial produc- 
tion, impairs important coal, 
oil,  lumber, grain  transpor- 
tation. 

?mmi map re£eress« 



M** waalu (Saauoncc downstream) 
4sWw— j*-i^—^—»» "^*—  • •   •  •   •   f- 

Locatlea 
Rivor km Obj-  X*. 

1*5 km I. *" 

•f & 
nwiaiH 34 
2.5 In 8. 

•f 
WALDICK 
44 km 
above 
m& cf 
Sdor R. 

,   On 
PITlRSKOPf      96 
aaara 185 

ka 
baiew 
rat PAH 

at 
AFFOLDIRS 

121 

Control Structure 
(Vaae & Purpose) 

Eder Dae 
(Ed*rt*ieperrs) 
Flood protectlea 
Power 
Flow regulation 

       Pool 
•* Backwater ftxtect 
b. Pool Vidth 
e. Pool Depth  

Data  
d. Headwater Eie*. 
e. Tailwater Elev. 

Description of control Structures 
Lock & Dan Data" 
a. 
b. 

Lock 
Dam 

Valdoek 
Reservoir. 
Pumping 
Storage, 
Power for 
Valdoek 

affeldem Re- 
regulation 
Reservoir, 
flood Protection 
Power a Plow 
ro-rofolatloa 
(la connectloo 
with Sdor Sam) 

1/20 Full:(10 Ml.  cbii) 
a. 6 ka 
d. 214.2 a/as 
M2 mi-  (101 all. cba) 
a.  1? ka 
d. 233.9 m/N*i 
fui:;   (202 all. cba) 
a. 26 ka (aaz) 
c. 42 a (aax. at daa) 

26 a (at Bxinkhausen) 
15 . (*v Aoel) 
5 a (at Hershausea) 

d. 2^5.0 afMi 

/oil:  (0.76 all. cba) 
a. 320 a (wean) 
b. 155 a (Bean) 
e. 20 a (aax. at surge tank) 
d. 507.0 a/all 

~± c. Bridgeway 

KUlaua Pool:  (1.63 all cba) 
d. 201.5 a/Xtf 
Full: (3.8 all. cba) 
». 5-5 ka 
c. 10 a (1 
d. 204.4 a/ni 

a. 
b. 
c. 

Effects 
Pull Closure 
Pull Opening 
Associated Results 

 2 
Rubble stone masonry 
gravity dan. Crest 
245.0 a/fc'N,  foot 
203.0 m/ltti,  eaergency 
outlet 232.7a m/lffl. 
Roadway aleng daa crest 
2.5 a wide,  elev. 
2*7.0 «fNK.  2 walkways 
1.0 a each 

230 cba/sec discharge 
floods  lower Eder & 
Fulda valley, daaag- 
lng agriculture & 
disturbing traffic 

Roaarks 

b. Solid concrete struc- 
ture 
Crest 507.6 a/NN, 
aTerage eler. at 
foot 490.0 a/KM 

b. Solid concrete 
gravity weir and 
adjacent oarth daa. 
A 3-5 ka long earth 
dan extension on 
loft bank of Xder R. 
crest 205.5 a/RN 

Sudden dischargee 
damage agriculture, 
disturb f *ffic, i 
destroy Tillages 
in Lower Eder Valley 

Powerr Powerhouse »!• on left bank, 
6 turbines total cap. 936O kw. 
Poworhouae "II• on right bank, 
3 turbines, total cap. 16,480 kw. 
Discharge: Max. capacity of outlets 
(including turbinss) 290 cba/soc. 
Destruction: Discharge duo to 
doaolition would destroy Tlllagos 
and derastate Lower Eder & Fulda 
•alley. Demolition of power instal- 
lations create electric deficiency 
In Kassel Power A.Q. Demolition 
bottoa outlets would eliminate 
flood protection & water supply 
for Veser R. 

Pfjjejr; Powerhouse on right bank 
below Heafurth, 4 turbines,(operated 
only during peak power demand per- 
iods) total cap. 115,200 kv 
Discharge: Max. cap. of outlet 
48 cba/soc. 
Dos truetlon: Doaolition of daa 
would destroy powerhouse, AFFOLDXRN 
WEIR and Tillage, and endanger 
villagee in Sdor Valley. Doaolition 
of powerhouse by itself would 
create power deficit without daaago 
to XDER DAM or AJTOLDERM RESERVOIR. 

Power: 1 turbine, total capacity 
2,560 kw, serviced by reaote con- 
trol frea HEMFURTH power station. 
Discharge: Max. cap. of outlet 
90o cba/soc.. 
Destruction: Doaolition of the 
structure would place puaping 
storage reservoir out of commission 
& impair water supply for Weser R. 

•oaaaral map reference 



Fulda Basin (Sequence Downstream) 

Location Sheet jiff»* Control Structure 
(Name &  Purpose) 

aascaiPTiQK o? CONTBOL STBUCTUSES 

a. Backwater Sttent 
o. Pool Width 
c. Pool Depth 

Pool Data. 
"d.  ^Headwater 2iev. 
e.  Tailwater Kiev. 

At Eotenburg Lock a» 2.4 km 
Hctenburg -22 Navigation b. 40 m (mean) 

12.35 Son 49 Bruising MiIX • c. 1.6 a (mean) 
Operation a. 

e. 
16^.04 a/tfN  (normal) 
182.20 m/NN (MNW) 

At Neuaorschen Lock a. 2 km 
ieumap- 9/ Navigation D. 35 s (mean) 
scheh 14b Flour Mill C. 1.6 a (mean) 
26,55 ks Operation d. 

e. 
175.16 a/NL (normal) 
173.60 mpluN (MM) 

At Keisungen Lock a. 
Melsungen „22 Navigation b. 
42.4 km 154 Power plant c. 

..... and mill d. 
• •• ' •"*." v.-' :; : operation e. 

SatimMft   * NSUE HUBHL1 
Kassel fii Lock 
«n4 £«rg~ 92 Navigation 
shfcussn Operation of 
75*5 im ..,- pumping and 

"-: -, v r    irri^tien 
pi-t^eo* 

1.7 km 
60 m (mean) 
1.5 m (mean) 
164.68 a^Kli (normal) 
163«00 sJlOJ (MOT) 

V 
•   At Cnxhagen Lock- a. 

Curihagen Jtt Navigation b. 
61.15 ton 163 Flour Bill & Cf 

dye mill a. 
operation e. 

/ »*t.-i «i *^   1 

1.6 km 
65 m 
1.7 m (mean) 
14?.24 mfXH  (normal) 
145.50 afm  (MNW) 

a. 3.7 km 
b. ^0 a (mean) 
c. 2.3 m (mean) 
d„   13c?2 m/liS  (normal) 
e.  137-0 mfm (MNV) 

Lock 6= Dam Data 
a. Lock 
b. Dam 
_c. .Bridleway 

a. 

b. 

a. 

_J»  

Operation Effects  
a. Full Closure 
b. Fnll Opening 
c. Associated Besults 

a. None 
b. None 
c. No damage 

a, 
b, 
C. 

None 
89 Be 
No damage 

a.  Solid masonry lock, 
wood miter gates. 
Chamber length 2?.5 as. 
width-chamber and gate 
4.4 m 

h- Fixed weir with movable 
crest,   length 60,4 m. 
Fixed crest  1B4.04 m/NN; 
movable crest 184.32 n/SN 

a. Solid masonry lock, wood 
gates. Chamber length 
28.3 m, width-chamber 
6 m, gate v,5 m. 

b. Fixed weir witn movable 
crest, length 77 a. 
Fixed crest 175.16 tdm: 
movable crest 175*46 m/KN 

a. Solid sasonry lock, wood    a * c. None 
miter gates. Chamber 
length 24.4 m; width- 
chamber 5*6 m, gate 4.4 m 

b. Fixed weir,   length        > 
191.0 m. Right bank crest 
164,70 m/NK:  left bank 
crest 164.66 m/NN 

Solid masonry lock, wood    a - c. None 
miter ga^es.  Chamber 
length 24.5 m; width 
chamber 4.6 a„ gate 4.4 m 
Fixed weir,  length 158 » 
Right bank crest 147.28 
m/HN;   left bank crest 
147.24 mf-Vh 

Solid masonry lock, wood 
miter gates ,  Chamber 
length 24.3 m; width 
chamber 5«8. 5 m, gates 
4.6 m 
Fifed weir, length  I65 m 
Right bank crest  138.?8 
mffitN, left bank crast 
138.73 m^NH 

Remarks 

a.-Hone. 
b. Upstream mills and 

navigation out of 
commission. 

c. Sudden raising of 
roller gate weir 
ores tee a floods- 
wave downstream 

Destruction: Jtevigatlon & mill 
operation suspended? downstream 
bridges and dams endangered. 

Destruction:* Navigation & vital aill 
operation suspended: downstreaa  • 
bridges and dams endangered. 

Destrue tion: Navigation A,unimportant 
mill operation suspended• downstream 
bridges and dams endangered. 

Destruction: Navigation & important 
mill operation suspended; downstreaa 
bridges and dams endangered. 

Destruction: Closing down of pumping 
station causes suspension of water 
•supply to a large part of tassel. 
Navigation suspended, Bridges 
sadangered. 

•%#iieral flap xeferejida. 

/* 



r -4, m 

Pulda Beain (Sequence PjWtroaaj 

Lecatlen 
River k& 

gfrt* >••* 
Obj. Ho. 

Control Structure 
(Baa* & Purpose) 

Pool Data 
a. BackvaWrTfcxiVnl    d"7    Headwater liar-. 
b. Pool Width a. Tailwater Kiev. 
c. Pool Depth  

DESCRIPTION OT CONTROL STRUCTURES. 
Lock «. Dcao Data 

1 . At Kaaael. Leek 
: 
• 

Kaaael 
Si.3 ka 

Si 
95 

Navigation 

«r- . 

?3^' 
9 

% 

a. 4.6 km 
b. 70 • (aean) 
c. 2.8 a (aean) 
d. 135.82 a/Ha  (norae!) 
a. 133.02 a/fili (MNW) 

*. ex 
ltelf- 

• eangar 
V 85.5 l« 

S Wolfsanger Leek a. 4.2 ka 
Navigation b. 55-60 a 

e.  1.8 a (aaz.) 
d. 132.98 a/Hll 
0.  131.34 a/NV (Mf) 

*••-• - 

*^*   .    Spieker- 

r.  ? 

-Si 
100 

Splekorshausen 
Leek 
Navigation 

a. 4 ka 
b. 55-60 a 
e.  1.8-2 a (aax.) 
d.  130.98 a/NN 
a.  129.33 a/HV (MW; 

-fiS 
102 

4? 104 

Xragenhof Leek 
ilavigatioi 

Spa*la Leek 
Navigation 

a. 3> ka 
b. 55-60 a 
e.  1.8-2 a (aax.) 
d. 129.98 a/NN 
a. 127.37 a/Kl. (KW) 

a. 4.1 ka 
b. 55-60 a 
e. 1.8-2 a (Max.) 
d.  127.18 a/lOf 
a.  124.92 ajtoc (KW) 

aep reference 

a. 
h. 
c. 

Lock" 
Daa 
Bridgewar 

a. Solid masonry lock., 
3 iron alter gates. 
Chamber length 85 a, 
width-chamber 11.8 a, 
gate 10 a. 

b. 2 roller gates,  length 
24.3 a each. Crest 
135.82 a/NN. 

c. Walkway over lock 1 a, 
over weir 1.4 a 

a. Solid masonry lock, 
wood miter gates. 
Chamber length 60 a, 
width-chamber & gate 
8.6 m 

b. 1 fixed & 2 needle 
weirs,  lengths 24.4, 
30.2,  26.6 a. 

c. Walkway far weir 
servicing. 

a. Solid masonry lock, 
wood miter gates. 
Chamber length 60 a, 
wldth-chaabei  & gate 
8.6 a 

b. 2 fixed & 2 needle 
walra,  lengths 10.3, 
26.6, 26.1, A 15 a 

c. Walkway for weir 
servicing. 

a. Same as Splekerahausen 
b. 2 needle weirs,  lengths 

3O.3 * 26.6 a 
c. Walkway for weir 

servicing 
< 

a. Same as Spiekershausen 
b. 1 fixed it  1 needle weir, 

lengths 4* a 17.5 •. 
c. Walkway for weir 

servicing 

Operation Effects 
ar~Puli Closure" 
b. Full Opening 
c. Associated Results 

Remarks 

a. 
b. 

None 
Upstream flour alll 
&  navigation dis- 
rupted. 
Flood wave created 
by sudden roller 
gate opening 

Destruction: Navigation & important 
mill operation suspended; downstreaa 
bridges and daas endangered. 

b. 
Insignificant 
Upstream navigation 
stopped 
Flood wave of short 
duration created by 
sudden opening 

a - c. Same as above. 

• 

b. Saae as above 
Spiekershausen 
Parry aut of 
commission 

. Sane aa 



r •4-± 
. \  L 

;b • 
Pnlda Mala lJ*aS**SS Dowastroaa) 

Sheet Mo.* location 
Rivej  ka Obj. Me. 

Control Structure 
(Name A Purpose) 

a. Backwater Extent 
b. Pool Width 
c. Pool Depth  

Pool Data 
"d 

DESCRIPTION OF CONTROL STRUCTURES 

Headwater Elev, 
Tailwater Elev. 

.Lock Je Dan Data 
a. Lock 
b. Dan 
c. Brldgeway 

Operation Effect* 
a. Pull Closure 
b. Pull Opening 
c. Associated Results 

Renarks 

S,  •/ 
WILSHJf- 
SHAUSEH 
101.5 

W, tf 
BOlafOa 

105.3 m 

At 
T*nEW«ra»r 

la 
Baan #fc*a- 

daa 
106.3 

iH 

.as 
233 

-§5 
230 

Wi lhe laahausen 
Lock 
Navigation 

Bonafort Lock 
Navigation 

HJLBM MUEK2KM 
Lock 
navigation 

a. 0.5 ka 
b. 55-60 a 
c. 1.8-2 a (aax.) 
d. 124.52 a/XK 
o.   122.06 WHK  (Mtf) 

a. 3.8 ka 
b. 55-60 • 
c. 1.8-2 • (aax.) 
d. 122.06 afbh 
o.   120.11 «/lJH (Mw) 

a. 3 ka 
b. 55-60 a 
c. 2.2-2.0 a (aax.) 
d. 119.65 •/»* 
o.  117.10 a/aa (») 

- 

a. Same aa Spiekershausen 
b. 2 needle weirs,   lengths 

30.3 & 26.6 a 
c. Walkway for weir 

servicing 

a. Sane as Spiekerebausen 
b. 2 needle weirs,   lengths 

30.3,  26.6 a 
c. Walkway for weir 

servicing 

a. Solid msonry lock,  iron 
alter gates.  Chamber 
length 60 a; width- 
chaaber & gate 8.6 a 

b. 2 fixed weirs,  lengths 
200, 51 a 

c. Roadway 1.65 a.  2 
walkways 0.6 a;  single 
load capacity 2.5 tans 

a, 
c. 

- b, Sana as above 
Wilhelnshnusen Ferry 
above daa out of 
coBBiselon 

a - c. Same as above a - c.  None 

afcf- •' 

•' 

•w- 

kt»» 

*;^S8aatr».l reference 

i 



ftleaol Bwln (S—uaaco Dawnatroaa) 

Location 
BlT«r ka 

-L 

fiJBKtl M».» * Centrol Structure 
ObJ. Be. 

Above 
IBtmilQ&AU- 

SIK 

>50. 

0l«Ml 
Dam 

(Haae 4c Purpose) 

DESCRIPTION OF CONTHCI, STRUCTURES 
Pool  Data 

a. Backwater Extent 
b. Fool Width 
c. Pool Depth  

J. Headwater Elev. 
«.  Tailwater  Kiev. 

1/7 rail  (3 ail. cbm) DIXMEL DAM 
(Dieael TnUperre) a.  2.5 lev 
Flood Protection   d.  35V.* af!W 
Power 
flow regulation 

OLMllKHiAl'25* 
Re-regulation 
Reoerveir 

Flood protection, 
Flow ra-rsgula- 
tloa la cennec- 
tion with 
Dieael Daa 

1/2 Foil (10 all. cbaj 
a. 4.5 SUB 
d.   3&.7 a/KM 
Full (20.05 »11. cba) 
a.  6,5 Irn 
c. 42 a (Max.  ot daa) 

13 • (at STORMBRUCH Bridge) 
d. 376.2 a/iOi 

Fall (65,000 cba) 
a. 0.35 In 
e. 4 a (sax. at daa) 
d. 341.5 B/MB 

Lock^^Dam Data 
a.*~Lcck~' 
b. LOE 

c. Bridgeway 

Ashlnr Masonry gravity 
daa. Crest 376.2 B/KH 
Foot 340.0 a/XN 
Bridge roadway 5 m, 
elev.  378.2 B/K*. 
2 walkway O.bS ra each 

Operation Effects __ 
a. Fu11Closura 
b. Full Opening 
c. Associated Results 

60 cbn/sec discharge creates 
major flood in lower Diesel 
Valley, with disturbance of 
agriculture &  traffic 

5eBarks 

Solid concrete weir with 
slide gate outlets. 
Crest 342.5 a/tY,  foot 
336.90 mf-Wii 
Beinferced concrete 
roadway 3*5 •» walkway 
1.0 a. II.  343.<0 / VH. 
Short earth dam *m both 
ends of the bridge 

Agricultural danagee & 
traffic disturbances can 
be reduced by gradual 
discharge 

Discharge •  Max. capacity 
of discharge gates 34 
cba/sec 
Pewer:  2  turbines,  total 
capacity 1060 kw. RooorTo 
power supply available 
froa KASSFI. Power A.0. 
in eBergencios. 
Destruction: Destruction 
of villages & devastation 
of valley below dam. Daa 
Inoperative if bettoa 
outlets destroyed. 

Discharge:  May. capacity 
of discharge gates 
114 cba/sec 
Refilling: 2 hrs.  to re- 
fill at 10 cba/sec dis- 
cbarge froa DIXMEL DAM. 

*l aap reference 



WESER RIVER SYSTEM 

GEOGRAPHIC NAMES & LOCATIONS 

Sheet No.* 
GSGS 4416 GSGS 4414 "Nord de Guerre" 

Place Name 1x100,000 1:25,900 Grid Reference 

Absen L 3 2616 4834 
Affoldem R3 4820 9486 
Ahauhausen M 3 3019 8089 
Ah sen M 3 3020' 9086 
Albungen R 4 5793 
AUendorf Q 4 5699 
AUer River Mouth M 3 3CW1 9784 
Altenbrunslar R 4 4822 1986 
Altenbuecken M 3 3220 9565 
Altenburg R 4 4822 1781 
Alt Muenden Q 4 4523 3-16 
Anraff R3 4820 9984 
Arbergen M3 2919 7894 
Arsten M 3 2919 7593 
Aschnarden L 3 2717 5321 
Aulhausen N 3 3719 8107 

Babbenhauser. P 3 3719 7601 
Baden M3 3020 9089 
Bad Lauterberg Q 5 9040 
Bad-Oeynhausen P 3 3718 7301 
Bad Sooden Q 4 5699 
Balge N 3 3221 9859 
Barkhausen N 3 3719 8107 
Barme M3 3L21 9871 
Battenfeld R3 6469 
Beckun (Reclaim) M3 2717 5214 
BcckTm Sluice L 3 2516 4937 
Bergshausen Q 4 4722 2397 
Bergheim R3 4820 9786 
Bevertngen Q 4 4322 1342 
Bierdem M 3 2920 8591 
Binnen N 3 3320 9443 
Blexen I 3 2417 5349 
Blunenthal M3 2617 5509 
Bodenwerder P4 4023 2276 
Bollen M3 2919 8190 
Bonafort Q 4 4523 3113 
Bornhorst M 2 3208 
Braake M 3 2817 6004 
Brake L 3 2616 5026 
Bremen M3 2918 7099 
Bronen-N euai lande M 3 2918 7295 

*GSGS Map Series, Germany; Geographic Section of the General 
Staff, British War Office,   1944;   (available from Army Map 
Service,  Corps of Engineers,   U. S, Army). 

- 16 - 



1i 
Sheet No.* 

GSGS 4416 GSG3 UU "Nord de Guerre" 
Place Nane 1:100, OOC 1:25,000 Grid Reference 

Breraerhaven L 3 2417 5550. 
Brevoerde P 4 4022 166Q 
Brinkum M 3 2918 7192 
Bruchhausen-Vila en M 3 3120 8672 
Buchholz N 3* 3520 6729 
Buchhorst N 3 3321 9856 
Buehren N 3 3320 9549 
Buettel L 3 2511 5337 
Burtiave Sluice L 3 2416 4353 
Bursfeldo Q  U 4423 3028 
Butjadingen Land L 3 2416 4549 

Cuxhagen (Ouxhagen) R 4 4722 2191 
Cuxhaven K3 6487 

Dalheim Q 3 4521 0121 
Daverden M3 3020 9586 
Dedesdorf L 3 2«17 5139 
Dedesdorf Plate I 3 2516 5040 
Deiclishausen M 3 2817 5905 
Dennhausen Q 4 4722 2296 
Diemel R., Moulh Q A 4322 1839 
Diemel talsperre Q 3 6909 

(Diemel Dam) 
Deiael Q 4 4422 1734 
Dittershausen Q 4 4722 2196 
Doerverden Weir M3 3121 9974 
Draken burg N 3 3321 9955 
Dreye M3 2919 7792 

Eberscbuetz Q 4 4422 1228 
Edertalsperre R3 4820 9288 

(Eder Dam) 
Eder River Mouth R 4 4722 2092 
Eidewarden L 3 2517 5140 
Eisbergen P 3 3820 8801 
Eissel M 3 3021 9885 
Elsfleth M3 2716 4917 
Etimern P 4 3922 1385 
Erder P3 3819 8299 
Eschwege R 4 6290 
Estorf N 3 3420 9544 

a 4 7782 
Farge M3 2717 5312 
Fischbeck P 3 3821 0795 
Flagenbalgen Sluice I 3 2516 5045 
Frankenberg R3 4918 7474 

- 17 - 



Sheet No.* 
GSGS 4416 GSGS 4414 "Nord de Guerre" 

Place Name 1:100,000 1:25,000 Grid Reference 

Fritzlar R 3 4821 0782 
Fuerstenberg Q 4 4222 1549 
Fuhlen P 3 3821 0396 
Fulda R., Mouth Q 4 4523 3315 

Geristemuende L 3 2417 5649 
Gecsto R.,  Mouth L 3 2417 5649 
Gen sung tai  (Gesungojx.) R 4 48?2 1882 
Germete Q 3 4520 9522 
C-iershagen Q 3 7414 
Gieselwerder :       Q   4 4323 2535 
Gimte Q 4 4523 3217 
G ol7.ua rd en t 3 2616 4828 
Grave P 4 4023 1969 
Grifte R 4 4722 2091 
Grirden M 3 3020 9087 
Grohnde P 4 3922 1681 
Grossenwieden P 3 3821 9998 
Orosso Kaiser Lock L 3 2417 5452 
Grosse Sluice L 3 2516 4942 
Guntershausen R 4 4722 2194 
Guxhagen R 4 4722 2291 

Habcnhausen M 3 2919 7595 
Haevern K 3 3519 8626 
Ha gen Grind en M 3 3020 9288 
Hagenohsen P 4. 3922 1485 
Hajen P 4 3922 1679 
Hameln P 4 3822 1090 
Hann Muenden Q 4 4523 3315 
Hasbergen M 3 2917 6298 
Hasenbueren M 3 2818 6403 
Kactedt M3 2919 7597 
Havern N 3 3520 8626 
Haueda Q 3 4521 0J21 
Hedeinuenden Q 4 4111 
Hohlen P 4 4022 1978 
Helrrarshausen Q 4 4322 1938 
Helminghausen Q 3 6909 
Hemelingcn Weir M3 2919 7596 
Henifurth R 3 4072 9286 
Hersfeld Pulda Vfeir R4 3853 
htrstelle Q 4 4322 1639 
H e sp r ing enha us en Q 3 7920 
Hessi sch-Oldendorf P 3 3821 0398 
Hilwartshausen Q 4 4523 3218 
Hoexter P 4 4222 1354 
Hohenrode P 3 3820 9798 

- ie - 
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Sheet Ho.» 
GSGS 4416 GSGS 4414 "Nord rt<? Guerre" 

Place Name                      It 100,000 1:25,000 Grid Reference 
Holtorf M3 3020 6666 
Holtrujp P 3 3715 7601 
Holtrup M 3 3220 9663 
Holzbalge N 3 3221 9758 
HolzndndeB P 4 4122 1760 
Horstedt M 3 2919 8490 
Hoya M 3 3120 9568 
Hunte R., Mouth M 3 2716 4917 
Hutbergen M 3 3021 9782 

Ilysee N 3 3520 8730 
Ir.taehede M 3 3020 9386 

Joessen N 3 3619 8623 

K&eseburg (Kueseburg) L3 2716 5022 
Barlshafen Q 4 4322 1840 
Kassel Q 4 4623 2303 
Kcimade P 4 4023 2277 
Kirkchohsen P 4 3922 1484 
Kleine Kaiser Lock L 3 2417 5451 
Kleine Sluice L 3 2516 4939 
Kohlenataedt P 3 3820 9700 
Kragenhof Q 4 4623 2509 

Lachem P 3 3821 0595 
Lahde N 3 3619 8520 
Lamerden Q3 4421 1026 
landesbergen N 3 3420 9340 
Langwedel M 3 3021 9888 
Land Wuehrden L 3 2517 5340 
Lank en au M 3 2818 6701 
Latforde P 4 3922 1683 
Laubach Q 4 3714 
Leese N 3 3420 9435 
Leeseringen N 3 3320 9546 
Leeste M 3 7288 
Leine R\, Mouth N 4 2660 
Lenwerder M 3 2817 5907 
Lesum R., Mouth M 3 2817 5908 
Letzter Heller Dam Q 4 37U 
Liebenau Q 3 4521 0723 
Liebenau (In Hannover) r 3 3320 9346 
Lienen L 3 2716 4918 
lippoldsberg Q 4 4323 2537 
Lohne P 3 6400 
Lohre R A 4822 1580 
Luechtrtngen P 4 4222 1656 
Lune Lock L 3 2417 5547 
Lune Plate L 3 2517 5244 
Lutter S 4 4310 
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Sheet 
GSGS 4416 G?G? 4414 "Nord de Guerre" 

Place Nsene 1:100,000 1:25,000 Grid Reference 

Mahndorf r 3 2919 8194 
Mandem R 3 4821 0232 
Marsberg Q 3 4519 7718 
Mehlbergen N 3 33?o 9655 
Mehlen R 3 4820 9586 
Mehringec M 3 3120 9571 
Moinbrexen Q 4 4322 1545 
Me] sungcjn R 4 2683 
Mindcn N 3 3719 8111 
Mittelsbuerea M 3 2818 6204 
Moorleme Sluice L 3 2716 5022 
Muehlgraben R 4 7782 
Muesleringen N 3 3520 8833 

Ncclhof P 3 3820 9499 
Neeson N 3 3719 8107 
Neuemuhle Q 4 4722 2299 
Nenenkirchen M 3 2717 5216 
IJeuenlar.de L 3 2517 5336 
N'euer Hafan Lock L 3 2417 5550 
Hcuhof N 3 3520 9231 
Meunx>rschen R 4 3175 
Miedervieland Marsh M 3 2818 6400 
Niedeimarsberg Q 3 4519 7819 
Niedermoellri ch R A 4822 1480 
Kienburg N 3 3321 9950 
Nordcnham L 3 2516 4943 
Norder Osterstade Marsh L 3 2617 5330 
Nord Lock L 3 2417 5453 
Northein Q 4 5648 

Obersmarsbcrg Q 3 4519 7717 
Oberrooellri oh R 3 4821 1031 
Obcrvioland M 3 2918 7295 
Oberwegwurth 3 4 304O 
Centum R.,  Mouth M 3 2S17 6005 
Oder R., Mouth Q 4 6344 
Oder Valley Dam Q 5 9142 

(Odertalsperre) 
Oedelsheim Q A 4423 2833 
Offnnwarden L 3 2617 5327 
Ohr P 4 3922 1186 
Ohscn-Tuendern P A ^922 1286 
Oldenburg M 2 2815 3005 
Oldenburg-Weser-Marsh L 3 2726 5215 
Ossendorf Q 3 4420 9324 
Osterode Q 4 7450 
Osterstade Marsh L 3 2617 5428 
Oven5tadt N 3 3519 8425 
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Sheet No.-*-} 

GSGS 4416 Ub'^S 4414 "Nord de Guerre'1 

Place Name It 100,000 1:25,000 Grid Reference 

Padberg Q 3 7211 
Padingbuc tt'eler I 3 2316 5067 
Pegestorf P 4 4022 2171 
Petershagen N 3 3619 8420 
Peterskopf R 3 4820 9085 
Polle P 4 4122 1567 
Porta P 3 3719 8106 

R: uie-Bingartes Mill R 4 3853 
Rechtenfleth L 3 2617 5132 
Rohme P 3 3719 7602 
Rhuroe R., Mouth Q A 5350 
Rieda M 3 3121 9877 
Rimbeck Q 3 4420 9125 
Rinteln P 3 3820 9200 
Roennebeck M 3 2817 5410 
Rohrsen K 3 3221 0158 
Rotenburg R A 3968 
Roter Sand Lighthouse L 2 3369 
Ruehle P A 4023 2271 
Rumbcck P 3 3821 0096 

Salzuflen P 3 6787 
Sand stedt I 3 2617 5230 
Schaeferhof N 3 3321 9847 
Schluesselburg » 3 3520 9132 
Schmalenfleth L 3 2616 4830 
Schwalm River Mouth R 4 4822 1781 
Schweringen N 3 3221 9862 
Sebbenhausen N 3 3221 9860 
Seehausen M 3 2818 6502 
Sielen Q A 4422 1429 
Soesse R,, Mouth Q A 5948 
Soesse Valley Dam Q 4 7852 

(Soesseltalsperre) 
Specie Q 4 4623 2710 
Spichra R A 7571 
Spiekershausen Q A 4623 2707 
Stapelshom M 3 3120 8871 
Stedingei Marsh M 3 2817 5708 
Stedorf M 3 3121 9974 
Steinmuhle P A 4023 1371 
Stolzenau N 3 3420 9135 
Streek M 3 3020 9088 
Strohausen Plate I 3 2616 5032 
Sudderade M3 2717 1721 
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Sheet No.* 
GSG5 4416 G3GS 4414 "Hord de Guerre'* 

Place Name 1:100,000 1»25,000 Grid Reference 

Tettens Sluice I 3 2416 5050 
Thedinghausen M 3 3020 8686 
Treffurt R 4 7484 
Trendelburg Q 4 4422 1732 
Tv/iste R.,  Mouth Q 3 4520 9721 

ties 3 en K 3 3020 8390 

Veckerhagen Q 4 4523 2923 
Vegesack M 3 2817 5908 
Veltheim P 3 3819 8499 
V.:rden M 3 3021 0082 
Vlotho P 3 3819 7797 
Volkirarshause & Q 4 4523 3518 
Vorbruch M 3 2717 2817 

Waddens Sluice L 3 2416 4752 
Wahnbeck Q 4 4323 2337 
Wa3d©oker Talsperre R3 4820 9288 
Warburg Q 3 4520 9922 
Warflcth M 3 2817 5? 10 
Weddcwarden Sluice L 3 2417 5356 
Wega R 3 4821 0182 
Wehrbergen P 3 3821 0893 
Wehrden Q 4 4222 1447 
Werderland Marsh M 3 2817 6105 
Wemfhauswi S 5 8439 
Werra R,, Mouth Q 4 4523 3315 
Werre R.,  Mouth P 3 3718 7403 
Weserdeloh M 3 2716 4815 
Wescrmuende L 3 2417 *652 
V/eser R.,  Source Q 4 4523 3315 
Wester gate Channel M 3 2716 5018 
Wilhelroshausen Q 4 4525 2813 
Windheini N 3 3520 8625 
Winkel M 3 3020 9686 
Wolfershausen R 4 4822 1988 
Wolfsanger Q 4 4623 2705 
Wrexen Q 3 4419 8724 
Wulmstorf M 3 3020 9386 
Wulsdorf L 3 2417 5746 
Wurthfleth L 3 2717 5322 
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APPENDIX B 

GEOLOGY OF T/ESER* 

•KAbstraoted firm "Report on Teser River  (less Aller River) 
Part 1," prepared by G.S.I.  (R.E.) Hq 21 Amy Group, 
March 1945, 



Geology of WESER River 

This Appor.dix is b?sod on material supplied by I.S.T.D. 

Tho doscription of tho rivor coureo is divided into scotions by shoots 
of G.S.O.S. 4416. 

Attontion is directed to tho naturo of the river banks, rivor plains and 
neighbouring hills as a souroo of constructional material* 

Liability to flooding and nature of vegetation aro not doalt with 
spocifioally. 

A. SHEET Q.4. 

Tho rivor valley ayoragos £• mile in wi^th widening in plaoos to a milo, 
narrowing in gorges to \ milo or loss*    On either sido,   sandstono hills with 
stoop slopes ri3C to 984 - 1312 ft.  abovo soa-lovol.    The lowor hill  slopos 
aro loose* covorod*    The river plain is loam,   sandy and gravelly in parts, 
*dth •^all-markod terraces* 

Harm Mundon. 
n 

Eann Mundon 3415 lies on a small loess and loam coverod plain where 
tho rivers Werra and Fulda moot, surrounded on all sides by sandstono hills* 
To tho West of tho town, 3tauffonkuppel hill is built of a basalt plug 3/4 
milo wide* Purthor to the North-West Gahrenberg 2817 is another larger 
basalt mass* Tho river banks and plain in this aroa aro of loam* 

Volkmarshauson. 3518* 

Tho rivor plain is mainly of gravel and sand.  Tho sandstono hills 
aro covorod in their lowor parts by looss to South and West of tho townj 
thoro is a small marsh South-v'ost of tho town. 

Vookorhagon* 30241 

Rivor banks of loam* Rivor plain of loam and loess with torraoes of 
gravel and rivor sand» At foot of hills aro alluvial conos of sand and 
gravel, on ono side of ithich the tswn Vookerhagon is situated* Hills »f 
sandstono. 

Veokorhagen - Odolshoim.    2934. 

Narrow river valloy flankod by sandstone hills*    Rivor plain of loam 
and looss chiefly as torraces.     South-Eaet of Gottsburon 2233,  and West of 
Hemoin 3024 thoro or* hills of basalt* 

Odolshoim - Holmarahauson,    1940. 

Sandstone hills on each sido of river,   lowor slopos looss covered 
especially aro'ind Bcdenfelds 2640.    Rivor plain mainly loam oxoept around 
•Loess is a fine sandy loam deposited by wind*    *t is usually well-drained 
but i*en wot,  it is very sticky. 
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Wobnbock 2438 and Lippcldsbcrg 2638,  rtioro  sandy gravol banks aro  dcvclopod. 

H.;lnr.rshauson - r'ohrdcn«     1447. 

Hills  to East uro still  sandstono but to West of valley the  rocks vrc 
limostono  and  shalos.    Rivor plain vridons and  gravol  banks become more numer- 
ous   chiefly along the  right bonk*    Tho«-c -«ro  patches of loess on tho  lower 
hill slopos. 

wohrdon -  odgo  of shoot* 

Hills to Wost are  ca-ped by hard  limostono.     To E'.st of river, sandstone 
hills with  steep  slopes*    Rivor plain I00S6 and  loam tcrraoos with  gr vol 

bonks along river and also along foot of hills East of rivor* 

B.  3HE7T P4. 

Avorago width of river valley 3/4 milo>  narroMng to •§• milo,  i-idening to 1^- 
milos  in places.     On both sides of river,  hills riso  to  820 - 984 ft. Along 
East side of valley sandstono occurs as  far North as  Bodomrerdcr  2377, 
oxcopt for  some  limostono/shalu hills bot'.voon Lobach  2365 and Pcgostorf 
2071,    North of Bodonwordor hills to  East of rivor aro of limostono/shalo 
sorios.    Along We?t sido of river valloy,  tho niils uio of limcstonc/shalcs 
with a capping of hard limostono*    North of Bodonwordor.. 'foct of valloy,  and 
also South of Homoln 1291,  youngor rocks  of shalos, sandstorxs and dolomitos 
with tfypsum and  coal bods occur locally.    Along tho river valloy loons 
covors tho  lower hill  slopos and parts of the valloy floors*    Tcrraoos of 
sand and  loam become increasingly important Northwards  from Grohndo 1682 
oxpocially around Homoln.-    South of Grohndo sand banks and tcrraoos aro 
woll-raarkod on tho innor parts  of tho rivor-bonds* 

Hoxtor 1455 - HoUmlndon 1860„ 

Rivor alluvium mainly sand.     Throe terraces  riso tov'ards hills;  that 
aro  composod of loam and looss underlain in parts by  sand and  gravel.    Along 
the river courso, pockots of sand and gravol occur.     Looss covors  largo 
aroas ^ost and East of Holzmindon. 

Holzmindon - Folio 1558. 

Gentle  slopod hills oach  sido of rivor composed of thin bor'.dod limo- 
stonos and   shr.los with  tho hilltops composod of hard limostonoo    Rivor 
alluvium mainly sand ?n.th  somo  gravol and loam patchos,   flanked by looss 
and  gravol  torracos.    Korth««South bolt of old river clay East of rivor 
noar Bovorn 2164 which is#  itsolf. on a  gravol bank. 

Polio - Ha.lon  1780. 

From Pogostorf 2072 to Bodonwordor "2377 hills  East of tho vallov aro  of 
sandstono.    Elsowhoro    in this soctio.. the hills aro of thin limostonos 
and  shales,  most of the hills  having a capping of hard limostono*    On tho 
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lower hillslopes, rocks are chiefly clays with an extensive cover of 
loess.   'One mile South-East of Htlken 1978 there is a gravel hill,    lleng 
the river valley, the banks are of loam with a narrow band of river loam 
on each side.* Then come terraces of loess and gravel.    Between Pegestorf 
and Bodemerder, the sandstone hills East of the river have, at the foot 
of their slopes, accumulations of r6ck boulders and pebbles (screes), 

Hajen - Kirchokeen.    1484., 

Right bank of river sandy to gravelly backed by low terraces of loam 
(which is sandy in parts) and olay, At ifegenoksen 1585 a 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 which 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. 

Haraeln.    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 
Narth-East is of limestone, hard in parts.    Lower hills to south-west of 
town are of dolomite marls with hard limestone bands.    Lower hillslopes 
covered by loess*    Just north-east of Haraeln 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 gravel terraces which continue eastwards along »the North 
bank of the river to Kess Oldendorf 0398,    The east-west ridge 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 Valley.    South 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* 

The river plain in this sheet is covered mainly by 6.6 - 13.1 ft. of 
river clay loam overlying 13.1 - 23.0 ft. of sand and gravel.    The sand and 
gravel comes to the surface on terraces along the valley sides. 

Wehrborgen 0893 - Grosswieden 0098. 

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

Qroaswieden - Elsbergen 8801. 

River banks of gravel and sand.    River plains of loam with a little 
gravel near Rinteln.    Ridge to north of massive limestone (sandy in parts, 
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with iron ore bods)  underlain by clays which form the lower hill slopes, 
chiefly loess covered,  facing the Weser valley.    Gravel accumulations arc- 
widespread along the foot of the ridge.    North of Eisbergeh, and just south 
of Steinbergen 9502 there are local clay areas.    South of the river the 
hills are of sandstone,  underlain by clays  in the valley.?.    From Krankcn- 
haven 9296 to Stemnen 8793 thcra is a belt cf glacial gravel;  locr.s ccvorj 
many of the lower hill slopes and smaller valley sides. 

Eisbergen-Babbenhausen 7601 

The river cuts a gorge through sandstone rock.    The river banks are of 
sand, flanked by a narrow belt of river loam.    Hills to north of Ufi'eln 
7898 of sandstone.    North of Vellheim 8400 there is a large patch of glacial 
clay sand and gravel.    Hills to the south of the river are of various rock 
types; a sandstone ridge runs approximately west-north-west-east-southeast 
south of Varenholz 8598.    Further south there are limestone hills south 
of Kalld yrf 6196 and more sandstone hills.    The intervening valley tracts 
are cut in clay rocks with much surface glacial clay.    Loess is confined 
to small patches in the valley sides. 

Babbenhausen-Porta 

Between the sand-stone gorge ct Vlotho and the limestone  gorge at 
Porta, the river forms a local plain.    Here the river banks and 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 limestone and clay rocks, with a small 
belt of l.>am and loess on the river side. 

D.    SHEET N.3. 

The Weser river enters the North German plain at Minden 8111.    The 
river plain does not show any sudden change.    Away from the river however, 
the hills have given place abruptly to low undulating tracts and terraces 
of soft rocks  (l>ess,  loam,  sand and gravel) in the depressions   if which 
are Vide stretches of swampy ground and marsh.    The river plain is char- 
acterized as above fiinden,  by a narrow belt of river alluvium., mainly clay 
loam, with marginal terraces of sandy to gravelly composition which are 
more extensive and continuous than in the hill country further south. 
Downstream, the bolt of river alluvium gradually widens to approximately 
2 miles at JJienburg, the river course winding from side to side. 

Minden area. 

Rivnr banks of fine sand and loam.    South of the town there is a 
small river plain of loam.    The town itself is located on a loess terraoe. 
East and west of the river plain, there is a belt of loam terrace, under- 
lain by sand gravel.   Westwards fr.m Rodenbeck 7810 the terrain becomes 
marshy and the &oil clayey.    Eastwards from keissen-Dankersen 8408-8412 
the sub-surface is clay covered in places by loess which is often course 
grained.    South of Mindlen the lower slopes of the Weser Gebirge are loess 
covered with patches of marly soil. 
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Petorshagen Area 8622. 

From Minden to Petorshagen, the river is confined, rather closely, 
between high terraces on the west, of clay rooks, and lower terraces on 
the east of fine sandy loam and gravel.    The river banks are of clay loam. 

Petershagen-Nienburg. 

•    Detailed information is absent.    Along the Loft bank to St ;lzenau 
9136 dry elevated torrace.* are olose to the river course for the most 
part.    Along the rignt bank large stretohee of river alluvium, mainly clay 
loam, are predominant,  interrupted in places by terrace spurs.    North of 
Stolzenau the river is flanked an both banks by river alluvium and low 
ground of clay loam.    The terraces sot back a mile or so from the river 
are most extensive to the West; to thai east they are narrow and are replaced 
eastwards by marsh and swamp.    North of Nic;*»burg, the right bank of the 
river becomes more favourable due to the presence of loess sand and loam, 
but details of its extent and nature are not available. 

E.    SHEET M.3. 

Detailed information is only available for the northern part of the 
river course, in the Bremen area.    The part above Vorden is known imper- 
fectly.    Here the river alluvium chiefly clay loam, forms a broad belt 2 
miles wide which becomes more and mor~ marshy down river.    Along the left 
bank, the high terrace margin swings away from the river near Hoya 9569 
so that the river alluvium is flanked by lower ground, normally dry, but 
liable to flooding or water-logging,    Along the right bank,  conditions 
are more favourable due to the presence of a low sand-dune belt (probably 
sandy loam) interrupted south of Vorden by the marshy flood plain of the 
Aller river. 

Below Verden there 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 downstream) 
underlain by sand and gravel,    "he river banks may be occasionally sandy, 
but their foundations will always be clayey and soft with low bearing 
strength.   Along the north bank,  sand-dunes (chiafiy fine sandy loam) form 
higher drier gr mnd along a narrow belt on whichBremen, and Achim arc lo- 
cated.    Along the left bank, however, the mar»njjextends for some distance 
(5 miles) from the river before drier sandy ground occurs.    The terraces, 
if present., lie mare than 10 miles south-west of the river.   Everywhere in 
this district swampy tracts arc frequent, but peat does not appear to be 
prevalent. 

Horsted-Hemlingen 8490-7596 

Thi3 part has a surface cover of heavy soft marsh clay down to a 
depth of about 9.8 ft. below which firmer sand gravel and clay has been 
proved to 164 ft. and more below surfaoe.    The river banks are clayey 
except along the inner banks of the river bends, more especially the east 
bank north of Dreye 7792 where sand occurs.    Habenhausen 7594 is on a sandy 
area.    The marsh clay extends south-westwards to Brinkum   7191 and Kirchweye 

-5- 



7689 where fairly dry sandy ground begins.    North of the river the marsh 
clay gives place to fine waterlogged sand south of Uphunen 8392.    Then 
somes the Achim 0892 - 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 belt (1,000 yards wide) forming slightly higher ground 
on which the city is built,  then marsh clay returns further to the. North- 
west, e.g. in the city Park 7401.    South-Wos,, of the river, marsh clays 
extend to a line frcm Brinkum through Huchting 6796 to Hasborgen 6298 
where sandy dry terrain begins with patches of marshy clay ground al^ng 
old river course* (aligned mainly North-South).    A large sand-bank lies 
North of Woltmorshauservolt 6900 on the West side of the river.    Consid- 
erable portions of the river banks have been altered by port construction 
work, a factor not taken into consideration in this roport.    In tho Bremen 
area borings 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 Woser, the narrow sand dune belt (1 mile 
wide) continues from the N.W. outski us of Bremen to Burgdamm 6509 broken 
inly by tho River Lesum.    Between this sand dune belt and the river and 
north-west of the.docks area, marsh clay forms a large tract frun Mittels- 
buren 6204 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 that the marsh clay is about 13.1 ft, deep, 
under which another 13.1 ft. of peaty clay occurs, before sand is encoun- 
tered; the deposits are quite soft to a depth of 39.4 - 49.2 ft, 

Braake - Fargo $312. 

From the north-west outskirts of Bremen to Vegesack 6009 both sides 
of the river are of heavy marsh clay except for a large sand bank at 
Braake (west side of river) and a narrow sand bank frcm Niederburon 6105 
to Vegesack (east side of river).    Fran Braake to Bordenfleth 56O9 the 
river bank has been built up artificially.    Small sand patches lying ^n 
top of the mar-sh clay oecur at Altenesch 5904 and Deichshausen 5906.    At 
Dcichfhausen 6101 a sand zone extends northwards towards the Weser river 
al>ng the west bank of the River Ochtnm. 

Djwnstroam i'r.m Vegesack surface conditions are similar t.> those at 
Bremen,    The north river tank has a narrow clay belt backed by a narrow 
sand dune zone on which Qrohn,  Vegesack, Blumonthal and Fargo arc situated; 
behind this sand zone, marsh clay appears once more and extends to the 
northeast, but the terrain is higher in altitude and well drained.    Along 
the south bank  >f the river, marsh clay covers the river plain south- 
westwards to a line through Moor 5301 and Hude 4802 where fairly dry sandy 
gnuna begins.    In the Vegesack area, tho marsh clay is 13.1 - 16.4 ft. 
thick lying on sand and gravel. 
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F. SHEET  L.3 

The surface in waterlogged salt marsh clay along both sides of the 
river, especially to the west.    Five to ten miles east of the river slightly 
drier sandy ground begins but even here the water table is very near the 
surface, 

Qsterstade - Wuhrden 

Along this tract east of the river, marsh clay forms a north-south 
belt 15 miles long, 3-5 miles wide, the land surface being but 6.6 ft. 
above sea level.   Borings at Ne.ienlande 5336 proves clay to a depth of 
5f .8 ft. with a .peaty bad from 19.7 - 26,2 ft, below surface.    Below 55.8 
ft. saiid and gravel form a 9.8 ft. thick bed lying on old firm river sands 
and clays which have been encountered down to 190 ft. below the surface. 

West of the river marsh elay is universal except for the river banks i 
which are sandy in places.    Borings at Rodenkirchen 4835 proved 13.1 ft. 
of recent marsh clay, then 16.4 ft. of old marsh clay, then firm sand and 
clay below.    At Blexen 5248 the marsh clay is probably 66 - 82 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 "that the artificial dykes 
have caused sudden changes in the surface deposits so that on one side of 
a dyke, there nay be sand, .whilst on the other, marsh clay may occur. 

Bremerhaven. 

The river swings eastward to the edge of the marsh day.   The town is 
situated on drier sandy ground but details are not available.   A water table 
close to the surface must be expected. 

Landewursten. 

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

G. RIVER TERRACES. 

Frequent mention has been made of terraces in the Weser River Valley 
mainly in the hill part. No heights have been 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 Minden, the lower terrace is 9.8 ft, 
above 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 upper terrace 85,3 ft. 
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2.    The Lowland Part balow Minden 

Here the upper terrace is usually absent or some distance away fron 
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 above river 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 leveL. 

Usually the terraces are well drained loams, sands and gravels; the 
higher the terrace the coarser the subsoil tends to bej 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 *»ime* 
Loess terraces are exceptional in this respect; they are usually fine 

. grained and equally extensive at aXl altitudes above the river level; they 
have been deposited by wind on high and low ground more or less simulta- 
neously.- 

H. Sources of Information 

.    1,    Geologische Kartevan Preussen und Benachbarten deutschen Landern. 
Scale 1:25,000.    Sheets 55/32, 26, 13, 7, 2, 1; 41/55, 4, 9,  54, 
53,  52; 4O/46J 23/56,  57,  50. 

2. Geologische Ubersicht Karte van Deutschland. Scale It 200,000. 
Sheets 80, 99, 112. 

3. Geologische Karte des Deutschen Reich/? (Lepsius). Scale 1:500,000 
Sheets 7 and 13. 

4*    "Handbuch der Vergleichendes Stratigraphie Deutschlajxls - ALLUVIUM" 
(Stoller) Berlin 1931. 

5.    "Beitrage zur Kenntnis des Pliocans und der diluvialen Terrassen in 
Flussgebiot der Weser" (Siegert) Abband der Preuss. Gool. Landesan- 
stalt Neue Folge: Heft 90: 1921. 
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•Translation of "Zerst<erung und Schutz von 
Talsperren und Daomien," 0. RLrschmer, 
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pp. 277-81 and 300-303. 



DESTRUCTION 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 16 and 17 May, 
1943 as a lov.-level surprise attack from a height of approximately 18 m, 
using special heavy rotating bombs  (Roll Boofcs),1   Figures 1 and 2 show 
the location of these works.    The flood wave released by their destruc- 
tion caused widespread devastation.    To obtain a basis for the prepara- 
tion of plans for precluding or ro-lucing 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. 

I,   Description of the Dams and the Damages. 

A.    The MOHNE'Dam. 

This dam was built In the period 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 km2, the average annual inflow is 240x10° m3, the reser- 
voir capacity is 134x10° mr, and the si*.face area is 10.2 km2.    This 
gravity dan with an arched axis  is 650 m long at the crest and 40 m 
high.    (Maximum water level 32 m).    The top width is 6.25 m and the 
base width 34 m (Figure 3). 

The attack by the Royal Air Force was carried out during the 
period when the reservoir was completely full.    On 17 ffey 1943 at 
12:49 ajn., a bomb exploding close to the face of the dam approximately 
10 ra below the water surface breached the upper part of the dam.   A gap 
76 m wide at the top and 22 m deep developed in the center of the dam. 
Within the next 12 hours ll6xlt° m3 of water escaped through th^s breach. 
On the 16 of May  1943 the storago in the reservoir was 132.2x10-' nP.    It 
was later determined that the initial rate of flow through the gap was 
8,800 mtysec.    In the narrow MOHNE Valley this caused a surge 10 m high 
which caused great destruction.    This  surge was considerably higher than 
the highest flood of record,  the flood of 1890.    Approximately 1200 lives 
were lost.   All buildings 3ltuated on low ground between the dam and 
HAG2N  (approximately 65 km downstream) were either swept away or damaged. 
All bridges for 50 km downstream were destroyed.    Eye witnesses report 
that the water piled up as high as 2 m on the bridges before they collapsed. 
The power stations, No. I located at the foot of the dam (4,800 kw out- 
put, four generating units), and N;. II  (300 kw, two generating units) 
located at the re-regulation pool at GtNNE, just disappeared.    At the 
confluence of the HJHR and the WINE Rivers  (148.5 kn 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  the RHINE River increased bylLOO nr/sec. 



The effect? of thp  rupture of the MOHNE dan were very 
serious because on one  ham this dam was the main source for the 
water supply cf the densely popmifrtqd FUHR area, and on the other 
hand its rupture flooded moat other water supply plants in the HJHR 
all the nay* to ESSEN and put them, oufr of ^orrmission.   A large nunber 
of towns  lite HAM®, KAGSN, ttXBUM And g)8TM«fD were without water. 
Also,   the p\xrrp storage plant «$ H&HDECCB en the HJHR, 60 km below 
the MOHNE dam, which ?dth it* #lftob_*i OVfcput is one of the most 
important power stations of th» U|GfcX*(H-5«TFALISCHEJJ  Electric 
Po-TPr Company  (RWE),  could not ap»r«*A tor 14 days because its power 
house was under 2 m of water, 

B. The SOHPE Dam, 

Here we deal with a dam cotwinacted in the period from 
1922-1933 as an earth fill structure with a watertight concrete 
core wall also designed and built under the direction of 5. LINK 
(Figure 3).    The height of this dam above the valley floor is 60 m, 
the niaxiimin water depth is 57 n, and crest la 700 m long.    The up- 
stream and downstream slopes at the center of the dam are 1 on 
2.25 and 1 on 2.50, respectively,   To make it difficult for water 
to penetrate the dam the upstream part is constructed 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 wa31 to drain as fast as possible. 
The storage capacity of the SOHPE reservoir is 81x10" m~>.   When com- 
pletely fall a lake of 3»8 km2 is created.    The annual flow of water 
from the <:atchment area into the reservoir is 31x10" m3. 

The air attack on the SOHPE dam was carried out at the 
same hour a3 the one on the MOHNE darn, apparently with the intent to 
cause than to fail simultaneously.    This earth dam however did not faij., 
although the crest of the dam received two direct hits which created 
craters 12 m deep.    The attacks on the SORPE dam were later repeated 
several times, including a concaitrated attack on 16 October 1944.    In 
all theso attacks 11 hits were scored on this earth dam without caus- 
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 masonry dam on the MOHNE was 
ripped open vahilc the earth dam across the SORPS withstood the attack 
is uf decisive inportance.    The effect on the RUHR area would have 
beon of catastrophic  proportion* if the SORPE valloy reservoir also 
would have rxm out during those early rooming hours of the 17 of May 1943, 
and the two flood waves D*>uld have combined and superimposed thonselvas 
on    each other, 

C. The EDER Dam. 

This dam is located at IttLDECK in the vicinity of KAS3EL 
and was, after the successful action against the MOHNE dam,   the target 
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of the sams Royal Air Force outfit.    These two dams are only 80 km 
airline di3taace apart.    The EDER d*m is Germany's second largest d-un 
(second only to the BLEILOCT dam on the upper SAALE in TWURINGEN), 
and was constructed ir. the years 1908-1913 as a rubble masonry gravity 
structure.    This dam stores 202x10^ m? rater, and when completely full 
creates the impressive and beautiful KDER Lake which  covers an aroa 
of 11.7 km2.    The average annual Inflou into the reservoir is 500x10° xr/. 
The EDER Lake augments low flows, holpa control floods on the FULDA and 
WES5R River,  benefits navigation, and supplies the MITTELIAND canal 
with water.    In addition, power is generated by the EDER dam.    Immediately 
downstream of the dam are the power stations HEMPORTH I  (13,000 kw) and II 
(17,000 kw) with nine generating units in all.    In addition,  in HEMFURTH 
is the pump storage plant WALDECK, v/hich with its four turbines has a 
peak output of 115,000 kw, and finally there is at AFFOLDERN at the EDER 
re-regulation pool a small run-of-tho-river power plant vdth a single 
turbine delivering 2,560 kw. 

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

In the attack on the EDER dam which occurred at 1:20 ajn* 
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 (a3 seen from the down- 
stream side) •   As the breach was smaller than the one in the MOHNE dam, 
the time needed for the reservoir to run out was longer than at the 
MOHWE.   The maximum discharge through this breach was computed to have 
been 8,500 or/sec, or to have been of similar magnitude as the flow 
from the MOHNE dam.   The time, however, .to empty the reservoir of 
154.4X106 m3 out of a total of 202.4X106 v? which were in storage at 
the time of the attack, extended to 36 hours. 

Besides the opening which resulted from the blftst, cracks 
and loosened sections appeared in several places.    The damage at the 
power stations at HEMFURTH and AFPOLDEIN was reported as severe.    The 
flood wave which was able to spread easier in the much larger EDER and 
FULDA valley, did not have the same catastrophic effect here 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-regulition 
pool showed large crevices and wa3h-outs.    The rapid dropping of the 
water level in the EDER lake caused largo slides in four places along 
the shore*    The locks of all seven dams on the canalised FULDA between 
GUNTERHAUSEN and HANNOVERISCH-MUNTSN were silted ir. and partly washed 
out.   Manifold damage was caused on the weirs and gates.    The flood 
wave caused a heavy bedload movement which made it necessary to dredge 
30,000 ro3 to restore the original conditions on the FULDA.   This bed- 
load movement continued in the WESER downstream of HANNOVEKLSCH-MINDEN 
causing: shoals which had to be removed by further dredging (app, 
5,000 DH).    In addition, about 1,000 spur-dike3 on the WESER were either 
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dfiiru/ed or damaged.    The shore line of both the FULDA and 7/ESEP 
heavily damaged.    On the WESER alone 5.5 km of shore protection had 
to be rebuilt. 

IT.   Flow of the MOHNE dam floodwave. 

The reconstruction of the movanent ^f the flood wave after 
the MOHNE dam catastrophe was difficult, due to the destruction or 
damage of most stream gages on a long reach of river below the damt 
Wost of the gages which were left in operation were incapable of 
measuring the unusually hig£ 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 
town of HAGEN in the middle part of the RUHR valley.    However,  the 
marks which the flood left behind made it possible to determine the 
maximum stages without gage readings.    The determination of the time 
of travel which the flood wave traced was much more difficult.    For 
this it was necessary to rely on the reports of eye witnesses.   As it 
is well known 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 (Wassor- 
wirtschaftsamt) at HAGEN.   The results of this investigation are 
presented 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 
xlOr m3.    Regular observations on the reservoir gage were made only 
after the general agitation and confusion was somewhat reduced at 
6 atfi.    The gage readings obtained at the time of the attack (12t49 ajn.) 
and after 6 ajn. are shown in figure 6, and 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      \ an* the time difference c t (columns 1 and 2 
of table 1) were determined from the reconstructed curve of the storage 
volume V-, as a function of time for points of even 10x10° m3 volume 
(column 5 of table 1).   A definite amount of water was retained in the 
HEVE and STOCKUM forebays, two sub-reservoirs of the MOHNE reservoir, 
connected with the main basin only by small gates.    Column A of table 1 
takes this into consideration* 

The disoharge Q - f(t) can be determined either as 
Q -aV/it (colum 7) or as Q - dv/dt (colum 8) the slope of the tangent 
to the curve V « f(t> at the time t.   Sy this method the maximum dis- 
charge Qmax - 8,800 m^/seo was obtained.    The discharge however dropped 
rapidly.   At 6 awn. or 5 hours after the dam break,  it was still 
2,000 m3/soc and three hours later 1,000 rrP/sec (figure 6).    It can 
be assumed that by 12 o'clock noon the outflow for practical purposes 
was complete. 
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B. The flood wave timing in the MCtfNE and RUHR valley. 

The results determined by the Water Resources Control Office 
at HAGEN are shown graphically on figure 7.    The curves represent the 
theoretical course of the flood wave.    In reality these curves are less 
regular, because the '.vave is dependent upon the changing shape of the 
valley,    where the valley widens the wave "has a chance to spread and 
its Drogress is therefore retarded.    This was the case especially at 
the three RUHR lakes.    These are the HENGSTE2 Lake at HAGEN  (1.6 km2 

area and 2.8x10° m3 storage), the HARKORT Lake (1.4 km2 area and 
3,3x10° rt? storage), and the BALDENY Lake on the south edge of the 
city of ESSEN (1.4 kin2 area and 9xl0» ro3 storage).    The BALDENY Lake 
was completely empty at the time of the accident in the MOHNE Valley. 
This lake was emptied as a protective measure against air attacks 
(t<> make orientation difficult).    The HENGSTEY and HARKORT Lakes were 
full but were immediately emptied when the facts of the catastrophe 
became knowi.2 

To itfiat an extent the BALDHTY Lake reduced the approach- 
ing flood wave can be seen from the fact that the high water level 
downstream was lower than the catastrophic flood of 1890, while up- 
stream it was higher.    The inflow into BALDENY Lake was about 
2, 500 m-Vsec, 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 cf the passing of the crest, are 
shown for the entire reach firm the MOHNE Valley to the mouth of the 
RUHR about 150 km long by curves 1 and 2 of figure 7.    The time 3cale 
on the left of the figure should be used for these tran  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 velocities were 
determined from curves 1 and 2 according to the equation C - dl/dt 
which is represented as tangents to these curves.    Table 2 shows some 
of the important values. 

C. Stages and Discharges. 

In the MOHNE valley the stages exceeded the previously 
accepted maximum,  the flood of 1890, by an average of 3 to 4 m.    In the 
vicinity of HAGEN, about 65 km below the dam,  the stage exceeded the 
1890 flood by 2 m,  and at the entrance into BALDENY Lake by still 
0.50 m.    Below the lake the water level approached the 1890 stage 
within 0.50 m.    It was determined that especially high stages occurred 
wherever the valley became narrow or tvhere bridges and similar struc- 
tures obstructed the flow. 



The measured stages were oonvcrtcd into approximate 
discharges Q by the use or extrapolated rating  curves,  in the  entire 
MOHNE and RUHR valley.    Curve  5 in figure 7 shores the result.    It 
can be seen that a relatively fast flattening of  the floed rave took 
place.    In the approximately 150 km long reach from the origin to the » 
confluence of RUHR and RHETN,  the peak discharge Q changed from } 
3,800 m3/sec to 1,840 m3/sec.    Of this amount 740 rv/sec came from 
the normal RUHR flow while 1,100 m3/sec can be charged to the flood. 
This was determined by gage observations on the RHINE River at DUISBUHD 
just dov/nstream frcm the mouth of the RIHR. 

Hit.   n^w of the EDER Dam floodwave. 
I 

Figure 8 shows graphically some of the phenomenas associated 
with the failure of the EDER Dam,  COTpiled from investigations made 
by the Waterways Bureau  (WASSERSTRASSENDIREKTICN) at HANNOVER.    This 
figure pre.ents basically the same picture as the one representing 
the failure of the MOHNE da\i.    It should be noticed that the peak 
discharge values vary only slightly at both dams  (MOHNE Dam 
Qmax = 8,800 nP/sec, EDER Dam ^max - 8,500 nH/seo).    The duration 
of the outflow, however,   is considerably different.    While the 
MOHNE Dam was empty in 12 hours,   the 1.4 times as great watur volume 
at the EDER Dam required,  thanks to the analler breach,  48 hours to 
flow out.    Figure 9 represents data on the flow of the floodwrive 
created by the failure of the EDER Dam,  in the EDER,  FULDA AND HESER 
valley.    The floodwave flattened out rapidly because the water had 
sufficient space to spread.    At 75 km dovaistream from the dam the stages 
were below the maximum flood of record (Jan. 1841).   At the gage at A 
IKTSCHEDE near BREMEN  (425.6 km from the dam) the discharge was only 
665 mVsec. sund about 58x10" m3, that is,  1/3 of the amount 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 here than in the 
MOHNE valley. 

These computed values were verified in August 1946 when a 
floodwave,  intentionally released from the rebuilt EDER Dam, was 
observed throughout its travel.    The mean velocities determined in 
this tost 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 table 3, 

One of the most urgent,  simplest and cheapest safety measures 
that car. be devised against the effects of dam failures is a careful 
study of the  travel of intentionally released floodwaves.    This would 
not only yield information regarding the speed of events during an 
acfc.ial dam failure, but would also point out points of probable danger 
in time  to develop a safety plan  and  carry out protective measures. 
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IV.   Air Attacks on Canals. 

Following the sunroer of 194A, navigation ^nd power canals 
became the targets of air attacks.   Especially those stretches of 
canals were bombed where it was either possible to cause flooding, 
due to the fact that the canal level was higher than the surrounding 
terrain, or where structures Ilk* brttt*#*t locks,  or canal inter- 
section, whose reconstruction U dlttUvlt or time consuming, could 
be damaged or destroyed.    An especially worth-while target was the 
vicinity of DATTELN  (figure 1) where several canals join. 

A. The DORTMUND-EJ© Canal, 

This canal is one of the most Important waterways in 
Germany.    It connects the RUHR area with the North Sea, has a depth 
of 3,20 m and an average width at the water level of 40m.    The 
channel side3 slope in the upper part 1 on 2.5,  in the lower 1 on 4* 
The bottom is 20 m wide and slightly eloped at 1 on 40.   Where 
the canal runs above the surrounding terrain, the dikes have a top 
width of 3»50 m and a landside slope of 1 on 1.5.    This canal was 
attacked 6 tines in the vicinity of DATTEIW from 23 September 1944 
to the end of the war.    The damages wore so extensive that only in 
March 1946 navigation was provisionally reestablished.    The first 
attack caused a dike failure through which a 30 km long reach with a 
water content of 3x10" x ir ran dry, 

B. The WESEL-IIATTEIN Canal, 

The dikes along this canal have a top width of 8,00 m, 
landside slopes of 1 on 3 and waterside slopes of 1 on 3 or 1 on 4. 
The water depth is 4.20 m.   This dike was damaged by bombs in one 
place so badly that 2,5 x 10^ m3 of water poured out washing 30,000 
m3 of soil away, 

C. The DATTELN-HAM'-' Canal. 

This waterway was hit by more than 100 bombs in a place 
where the dike crests rise 6 to 7 m above the surrounding terrain. 
The top width of the dike is 3,50 m and the water and ]and side slopes 
are 1 on 3 and 1 on 2.  respectively.    By this bombing the water was 
released and 20,000 rr? of soil were washed away. 

The high dividing levee between the canal and the river 
LIPPE, a levee with a top width of 5 to 8 ni and slopes towards the 
river of 1 on 2, also received more than 100 hits.    However,   it did not 
collapse and withstood a flood on the LIPPE river without failure In 
spite of the many weakened places. 
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D. The RHEIN-;!ERNS Canal. 

In this case we      were successful to close each breach 
opened by the fall of heavy bor.es.    Dike failures which would 
have emptied the canal did not occur, 

E. The Canal "yiTTLERE ISAR." 

This 53.5 km long canal,  owned by the power company 
"BAYERNWERK AO" branches from the TSAR river at the northeast 
edge of the  City of MUNCH BJ {figure 11),  and carrying at the in- 
take a maximum flow of 125 nrVsec, supplies four power stations - 
FIN3ING, AUGKIRCHEN,  EITTING AND PFROMBACH with a combined output 
of 82,500 kw.    Air attacVs were carried out against the upper reach i 
on the 9 of June and the 11 and 13 of July 1944.    A chart showing j 
the bomb hits was drawn by the construction office of the "BAYERNWERK 
AG" and is shewn on figure 13.    The canal did not leak out in spite 
of 60 to 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 reduced scale  (1/4 to 1/3 of normal output).    Figure 
10 shows a damaged section of the ISAR canal where the concrete lin- 
ing of the slopes can still be seen.    The repair work took one-half year. 

The experience gained from air attacks on canals has taurht 
us that the usual dike top width of 3*5 m is too small.    However, the 
example of the MIT HERE-ISA R canal shows that in spite of this,  the 
dike failure is not inevitable.    It is recommended that the crests 
be enlarged to about 6 m thickness.    The failure of the levee on the «. 
WESEL-DATTELN canal,  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 sufficient, especially if  the fill material 
is properly selected.    It would be asking too much to require a levee 
cross section which would preclude all dangers.    If such an  idea is 
carried through, one soon reaches dimensions which can net be 
technically or economically Justified. 

V.    MODEL TESTS 

During studies made in 1935 by the Saxonian Waterways Construc- 
tion Bureau in DRESDEN regarding a storage basin near PIRKA   (figure 14), 
the question as to the extent of damages which would be caused by a 
destruction of the earth dam of the basin, was raised.    This basin was 
to be built for the purpose cf 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 km from the basin,   in case of a dam 
failure.    As there was no experience to draw from, the author of this 
paper was commissioned to find the answer to these questions by model 
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tests.    The tests shewed that a flood vave originating at the PIRNA 
basin would flatten out comparatively fast because sufficient space 
exists between PIRNA and DRESDEN for overbank flaw.    This result 
was confirmed by the phenomenas observed at the failures of the MCHNE 
and the EDER dams.    A sufficiently good quantitative similarity was 
also found,  (?)    The model tests shewed fur+her that the stages in 
the City of DRESDEN during the passage -tf such a flood wave would 
not be appreciably higher than the stages during the catastrophic 
flood of 1845, and the old bridges with thair comparatively snail 
openings  (figure 15) were just large enough to pass such a flood. 
The effects of danage of the dam crest are more serious.    The model 
tests showed that an earth dan is beyond all help if water from the 
basin,  following a penetrating damage can leak out,  even if it is in 
the beginning only a thin and intermittent jet.    The water then begirt 
to scour and  gnaws a comparatively narrow, steadily increasing in 
depth,  slat in the dan.    This process does not stop until the entire 
rescr-voir is empty.    The different phases of such a dam failure in the 
model are shown on figures 16 A through G.    To make the model condi- 
tions as similar as possible to nature, blasts of one or more 200 gram 
charges (mostly TNT) were set off on a dara model 3 m high and 2 m wide 
at the top, which was erected in the open.    The fill material was non- 
binding sands with from 0,02 to 2 millimeter grain size. 3Th'. propor- 
tionality law of explosions is given by the formula t - aj/E or t^ » &3L, 
in vtiich t is the depth of the crater in meters and L is the amount of 
explosives in kilograms.    This shows that ei^ht times as much explosives 
are necessary to double the depth of the crater.    The factor "a" 
is dependent on the soil condition and  in this case was found to be 0,73. 
It was also determined that "a" is little dependent on the type of 
explosive used.    It was assumed in all tests that the explosive occurred 
at optimum depth  (about 0.8t) and that a crater with the na-cural slope 
of 36° (or an overall angle of 108°) was found.    The proportionality 
law of explosions was checked and confirmed fr>r charges up to 1,000 kg. 
The values for light sandy soils are given in table 4 (status 1945). 

All model tests,   regardless of their scale,  showed conclusively 
that any leakage,  even an insignificant one, represents primary danger 
because it leads without fail to a dam break,  except if it is possible 
to stop the flow at the damage point immediately. 

This points the way towards the development of earth dams of 
such form and size that would make the probability of or damage 
causing a leak a small one.    This means thicker dams than before, 
especially at the top,  and flatter slopes.    For the earth dam of the 
proposed PIRNA  reservoir, which vas tz. 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 
2,5, as a result of these model tests.    However, this desi{^ has net 
been executed.    These dimensions appear unreasonable.    However, they 
are not if you compare them with the Russian earth dams on the W0LGA. 
The dam at UGLITSCH is at the normal water surface elevation 60 m thick, 
and the earth dam near RYBINSK is even 147 m thick.    It must be remambered 
that there are in the«flYBINSK SEA" nearly 25xl09 m3 of water which in a 
dam failure would cause an immense flood. 
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With the crater shape and the scale relation determined by 
the model tests, all further work can be done graphically.    Figure 17 
shews this as applied to "the dam at PIRNA. under the assumption that 11 
and 9-l>000 kg charge? 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 humps 
would remain 'which the water surge created by the explosion 7/ouid 
scour away.    The model tests cenf inr.ed that the assumption was correct* 
It is assumed that all charges are simultaneously detonated.    If this 
is not the case, the effect will be considerably reduced, because the 
late blasts would partially fill in the craters blown by the early ones. 
This is the reason why the earth dan across the SORFE River withstood 
11 heavy bomb 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 catastrophies which occurred in ihe MHNE 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 needs more study today than 
ever before.    Complete and absolute protection is impo^-ible especially 
because in the progress of engineering the meaning of safety is a con- 
tinuously changing one.   However,   as most hydraulic structures, 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 engineering for centuries ahead.    It is the duly 
of every responsible enginser to plan ahead safety measures, and continue 
to improve them, which protect against foreseeable dangers and are 
possible, sensible and economical. 

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

1. Earth dams provi.de greater protection against intentional 
destruction than do masonry dams.    Whenever it is possible to erect an 
earth dam in place of a masonry one, this possibility should be explored. 
Buttress dams are especially vulnerable. 

2. In an emergency it is usually sufficient t" lower the 
water level a few meters to give a fair degree of protection to both 
earth and masonry dams. 

3. It appears that in the future, larger cross sections 
than are normal today, at least near the top, will be necessary on both 
earth and masonry dams.    To the considerations of design used up to. now, 
such as statics and economy, a new one, protection against willful destruc- 
tion, must be added. 
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A.    The most important  step  in protecting earth dans is 
leak proofing.    Once v/ater has found its way to t'.ie downstream or land 
side of a dam,  an embankment failure cannot be averted.    The process 
of destruction once begun, continues automatically.    Relief is possible 
only in the earliest phases, 

5. Flood waves created by dan failures may have catastrophic 
effects in narrow valleys and near flow obstructions.    In rdder valleys 

•Khcre the water can spread,   the  crest of the floodwave flattens out 
rapidly and soon loses its destructive force.    In the RUHR areas artifi- 
cial lakes helped to reduce the flood created by the failure of the 
?.*D*INE dam.    Storage basins like those will prove themselves helpful in 
many instances, 

6. Safety can be improved by releasing trial floodv/avcs 
from dans, to discover hidden danger seurces in advance and to inst.it.ute 
timely,   correct protection measures. 

7. Model  tests have shown themselves as valuable, iraybe 
even an indispensable aid in the design of earth dams and levels in 
connection with their safety against intentional destruction.    It also 
is believed that model tests would help to judge the safety of masonry 
structures against such destruction. 

Footnotes: 

1, See also ''Grundsatzliches zur Wahl des Staumauertyps fur grosse 
Staubecken" SBZ 1948, Nr.  11,  page 150, 

2, The warning system operated excellently during the failure of the 
MCHNE dam.    Villages and tov.r.s in the MOHNE and RUHR valley were 
informed of accident in the shortest possible time.    The many 
fatalities, especially in the town of NEHEIM, occurred because 
the population did not graap the seriousness of the catastrophe, 

3, The main difficulty in reproducing a flood flow in a model  is the 
reproduction of the roughness in the flood plain.    This is only 
possible when sufficient and accurate data arc available regarding 
the natural conditions. 

! I 
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TTTIES AND GLOSSARY OF TABIE3 AMD FIGURES 

Tabelle 1. Table 1 

TTHRZEIT an 17. Mai 1943 Tine on the 17th May 1943. 

Aeitdifferenz in Sokunden Time interval in seconds. i 

Inhalt des Staubeckens in Mio m3 Content of reserveir in 
millions cubic meters. 

Differcnz in Mio m^ Change in millions cubic meters. 

Ausgeflossenes Wasservolumen in Mio nP     Water volume discharged in 
millions cubic meters, 

Sekundlich ausgeflossene Wassermenge Discharge in cubic meters per 
in m-Vsec. oecond. 

Tabelle 2.    (Table 2) Velocity of the wave head and crest in  one 'iOril.n 
and RUHR Valley in meters per second. 

Stelle Location 

Sperre Dam 

Mundung in den Rhein Confluence vith RKElr: 

Durchschr.it tswert Average value 

?fellenkopf Wave head 

Wellenscheitel Wave crest 

Tabelle 3.    (Table 3) Velocity of "the wave head and crest from the EDER 
dam in meters per second. 

Stelle ) 
Sperre ) „ 
Wcllenkopf        ) See glossary for table 2 
Wellenschoitel) 

bei Brenen 

Tabelle 4.    (Table 4) Blast effects in li^ht sandy soil. 

Sprengladung Explosive cliarge 

Trienter Crater 

Tiefe Depth 

Modellversuch Model test 
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3U4 x. ^Figur.-! 1) Location map of MOKNE and SORPE dam and the naviga- 
tion canals in the RUHR area.    Scale 1:800,000 

Talspcrrc 
Kanal 
See 

Dam 
Canal 
Lake 

Bild 2,  (Figure 2)  Over-all map of the EDEH-FuTDA-WLCSER Rivsrs and 
MIT TELIA KD canal  drainage area.    Scale: 1:3,000,000 

Bild 3.  (Figure 3) Crcss-soctions through the tfOHNE, SORPE and EDER 
dan.    Scalo 1:3000 

Talsperrc 

Schutzschichte 

N'ittel 

Schuttung aus dichtem material 

Beton-Dichtungskem 

Schut tun g aus material ,nit starker; Gehalt 
an Kies,  Geroll und steinbruchabfall 
gewalzt. 

Dam 

Protective layer 

Mean 

Fill of  impervious material 

Concrete core 

Fill material containing 
much gravel,  rabble and 
quarry spoils,   rolled. 

Bild 4.  (Figure A) Breach in the EDER dam. 

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

Bild 6.  (Figure 6) Flow firm the V0J"NE dam reservoir. 

Volumen 
Uhrzeit 

Sec^mdliche ^fessormonge 

Sekundliche Abflussmenge 

Zoitpunkt des bruches der sperre 

Inhalt des Staubeckens 

Gesamtcs ausgeflossenes Wasscrvolumcn 

Beobachtungen otn Pegel des Stausces 

Volume 
time 

Discharge 

Discharge 

Time of the dam failure 

Content of the Reservoir 

Total Trater volume 
discharged 

Observations on the reser- 
voir gage 
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Bild 7.  (Figure 7) Flood?/avo at the breach of  the MOHNE dam;  timing, 
velocity and dischargee. 

Uhrzeit T  (Stundcn) 

Ent fern urn.; L var. der !.10H>!E-Tal sperrc in kr.i 

Time t   (hours) 

Distance T- from MOHNE 
dam in kilometers 

>eku~.dlichc Abfussmengc Q rr^/s in MOHNS-u Ruhrtal Discharge Q cubic 
meters Toer second in 
the MOHNE and  RUHR 
valley 

Velocity C in meters 
per  second 

Observed values for 
curves 1 and 2 

Schnelligkeit C in m/s 

Beobachtete Werte fur die Kurven 1 u 2 

Beginn des Steigens  ("feUenkopf) 

TJellenscheitel 

Brach der Staumoner 

Schnelligkeit des ^ellenkopfes 

Seccndliche Abflussmenge 

Schnelligkeit des Tellenscheital 

Pagcl 

P. 

Schleuse 

Bild 8,  (Figure 8) Flew from the EDEP Valley reservoir 

(See glossary to figure 6) 

Bild 9.  (Figure 9) Floodwave in the EDER, FUIDA and WE5ER rivers due to 
the break of the EDER dam. 

Begin of rise  (wave head) 

Wave crest 

Failure of masonry dam 

Velocity of the crest 

Discharge 

Velocity of the crest 

Gage 

Gage 

Gate 

Gcsante Abflussmenge helm Bruch der Speere 

Hochstes bekanntes Hochwasser von Jan  1841 

Total volune discharged 
by the dam failure 

Highest known flood, 
Jan. 1841 

Hochwasserwelle mach dem Bruch der EDER tal3pere    Floodwave following 
the failure of the EDER 
dam 
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Bild 10.  (Figure 10) Damages to the MITTLERE ISAR canal. 

Bi3d  11. (Figure 11) Situation plan of  the ISAR canal;  1*750,000 

Wehr Weir 

Kanal Canal 

K„W. Power Station 

Ausrleich-Y/eiher Re-regulation pool 

Bild 12c ^.:*.gurol2) Cross section through the levee in the area showi 
in figure 13« 

Betenschale als Cichtung von Boschung Concrete liner for -water- 
proofing of slopes and 
invert, average 20 centi- 
meter thick. 

Bild 13v. (Figure 13) Bonk hit diagram from the air attacks on the 
MTTTEERE ISAR canal below MUNOffiN,  Plan .It 17,500 

Wehr und Einlaufbauwerk Weir and intake structure 

Brucke Bridge 

Bild U. (Figure 14.) Situation plan of the 
proposed reservoir at 
PIRNA above DRESDEN 

Oberfloche 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 tost of an earth dam failure. 
Height of the model dam 3 m. top vddth 2 m. 

Bild 17.  (Figure 17) Dike for PIRNA with different blast, oraters. 
Cross-section  . Scale Is 1200,, 

Elf Eleven 
New Nine 
Ladungen Charges 
Trichter Crater 
Durchmtsser Diameter 

NOTE:    All geographic and other names are shewn in capital letters. 
The-German spelling is used so that they match the maps presented. 
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TABI£ 1 -  (M0»:£ DAM FLOODSVE DATA) 

Time on Time Volune of Change in Total Vol'jne Discharge in 
17 !fey Interval Reservoir Volune Discharged cubic meters 
1943 (Sec) per second 

(mill .m3) (mill.m3) (nill..^) 
t t Vl V2 V V Q Q 

1 3 4 5 6 n < 8 

0:49 
1380 

132.2 .132.2 
11.76 

0 
852C 

8800 

1:12 
1080 

120 120.44 
8.42 

11.76 
7800 

8060 

1:30 
1320 

110 112.02 
8.55 

20.18 
6480 

7040 

1:52 
1440 

100 103.47 
8.52 

23.73 
5920 

b480 

2:16 
1680 

90 94.95 
9.50 

37.25 
5660 

5560 

2:44 
2040 

30 85.45 
9.47 

46.75 
4640 

5040 

3il8 
2460 

70 75.98 
9.69 

56.22 
3940 

4350 

3:59 
3180 

60 66.29 
10.00 

65.91 
3140 

3600 

4:52 
4020 

50 56.29 
10.00 

75.91 
2490 

2780 

5«59 
6000 

40 46.29 
10.00 

85.91 
1670 

1990 

7:39 
12300 

30 36.29 
10.00 

95.91 
813 

1530 

11:04 20 26.29 105.91 556 



TABLE 2 - VELOCITY OF THE rAVE HEAD AND  CREST 
IN THE MOHJE AND RUHR VAILEY 

Location 
Darr 

(m/sec) 
Confluence 
with RHEIN 

'.'rr./sec) 

Average 
value 

Wave Head 

Wave Crest 

7.36 

4.15 

1.445 

1.195 

2.88 

1.89 

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

Location 
Dam 

fig/sec) 
Bremen 
(m/sec) 

Wave Hsad 

Wave Crest 

2.39 

1.28 

1.22 

1.08 

TABLE 4 - BLAST EFFECTS IV LIGHT SATDY SOIL 

Explosive charge (kg)      0.2»      100      250      500      1000 

Crater Depth (m)       0.43     3.4     4.6      5.8       7.3 

Crater Max. Diameter (m)        1.2        9.4   12.7    16.0      20.0 

* Model Test 
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