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SPECIAL STUDY S-52-3

1
-
1
»

ARTIFICIAY, PLOODING POTLVTIALITISS
ROR (ROER) RCVER

SECTION I
INTRODUCTICN

1-01 ASSTQy TUT,

This special study was assigned to the Mlitary Hwirology
Researdh and Develcamont Srench, Engineering Jivision, Washington
District by letter fram Oflice, Chief of Enginecrs, 2G-E, to the
Division kEnginecr, North Atlantic Division: subject ®Mlitary
RBydrvlogy R&D Project No, 8-72-12-001: Sveciul Assigmoent® dated
9 Septover 1952,

1-02 *R208E XD SCO®E,

a. This ren vt rresents inf .mation regarding the hydraulic
effocts and natire of artificial flo ding potentialities in the Fur
(iwer)s River dasin. It consists largely of a coerpilation and con--
solidation of informtion presented in varisus inteiligence documents
and techmieal publications, with certain supolauentary analyses and
discussions, The material forming the basis of this report was
lizited to that available in the Tashingt n, D. C. area, Adaltion.
data frvm oth~r srurces and field reconnajssence are nceded to ade-
quately cuver the mbjoct for ceneral military requiraments,

. be The report is designed tu furnish basic date and results
of analyses neoded to answer questians concerning:

E
E (1) ¥ reml and extrere discharges, stages, and veln-
€ oities at kqy stations cn the Rur River in the reack influenced by
: the Urft Dam, Schwammenauel (Rur) Dem and other dams in the group
: comnly imom as the Ea2imidt Déms® Hr "Pifdl tallsperren® (Eifel
E‘ Reservsirs),
¢

(2) Stream charscteristics including gradients, depths
and widths £ channel and Tlood-plain in that reach,

(3) Dais concerning losations and soro elevations of
geging statd ms, )

(4) Data ccrcerning locations and dimensions < f dams
and dridges, :

(5) The oxtent of floéding possible by eroction of
tarporary dams,

«Germar spelling is ®R®ur,“ Dutch spelling i{s "Roer,®
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{6} The rapgritude and duration of flood waves and
flow variations createl by breaohiag or reguiated discharge from trw

da=z arnd reservéirs and the effeot on military bridginz and crossing
Sperations on the mur Hiver,

103 ARFANGART,

This report {es sub=divided az follows,

Seotion ! Introduotion
Section I Drainage Basin Characteristics and
Developaments

Section 111 Rydrologioc Chareoteristics

Section IV Artificial Plood Potentialities

Section V 2ffect on Military Operations

8ibliczraphy

Tadbles

Plates

Exhidit A Deuscription of iiatercourso and Oontrol
Struotures, The Rur (Roer) and Urft Rivers

Exhibit B Abstrects from German Teohnical Literature

Exhibit C Excerpts from VII Corps Reports “The Roer

River Crossings and Advansee to the Rhine,”

1«04 CDEPINITIONS AXD REFERSICE DATUY.

¢ Buiveleas Bugl ish-ietric Terss,

Both the Inglish and Veirio systems are used in this
report, Conversion factorc are precented for convenlent reference in
Table 1.

b, mrohiu Terme and Abbreviations,

(1) The following adbreviations are ueed in this report;

om cent insters

= nill tneters
3 neters

Jom kilowsters

CONFiDENTIAL -
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1 liters
m? sSuare kilometers
e cubis maters
a3/sec  cubie meters per second
fpe feat per second

n/ese  meters per second

{(2) Abbrevistions, in conformance with standard Gerran
Rvdrologio p-actioce, are defined in Trdle 2,

6 Elewtioc Datum.

All elevations referred to in this repcrt are in meters
above "Normal %ill”® (X, ¥.), the zero of the German land Siivey vetum,

4, [Kilowmetersge Detum.

River kilameters in this report are based on Zero Kilo-
meter at a point 1.1 ken east of Wonti Rigi, Belgium in the headwaters
of the Rur River and are measured in e downstream direction.

The area of the Rir River besin s covered ty the following
standard American-British saps of GSGS (Geogrsphioc Seotion General Staff)

series:

Soule GSGS Map Series Sheet Numbers
11280,000 4042 A, B, B
. 4358 K=-61, K-62
1,100,000 441¢ Q=1, R=1, 8=l
= 4336 4, 9
» 2541 2, 6
1325,000 “l4 4802, 4902, 43903, 65003, 5004,

5104, 5204, 6304, 5404

?. Reference Grid,

5114 references oited in this report are to the Mord
49 Qusrre® rid Syetea.

1-<0S REFERENCES,

All references oited in this report are listed in the
3idlicgraphy following Seotion V of the text.
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, SBCTION 11
DRATRAGE 2ASTN CHARACTERYSTICS AND DEVELCPWENTS

2=01 GCERMERAL,

¢, The Rur (Roer) River rises in the Eifel Highlands in
Belgiua and flows generaily northward along the German side of the
Belgiun~German and Dutoh-German bdorders, e=ptying into the Maas
(Meuse)e River mear Roermond, Holland, It serves as a major source
of domestio and industrial weter sup;ly for the Prussian Rhine Province
end provides sleoctris power for the area of Qermary south ew! south-
west of Cologne (KB1n). 7he major tridutaries of the Rur River are
the Urft, Kall, Inde, and Murwm Rivers, oocations of the river and its
tridutariss are shown o= the maps prssented as Plates.l, 2, and 3 of
the report. A detailed desoription is ocontained in Reference 1, a
translation of which 1s included in this report as Exhidit A,

b. This report is oonfined to consideratioan of the main
stea of the Rur River below the Urft snd Solwemmenauel (Rur) Deme,

i=02 TOPOGRAPFY,

The headwaters of the Rur River are in the Eifel Highlands
which comprise Shree distinct regiomsy the “High Kifel,® a region
dissected Dy deeply inciscd streams; the "Voloanic Eifel," oharseterised
by lava«dlocked walleys and voloenio orater lakes; the "Hohn Vemn,®
sompoded of undulating hills with slato ridees and peat-filled depres-~
sions, Th¢ Rur River oontinues to fiow in mountainous oountry as fur
as Freuseu (km 90). Prom there to Juelioh (also spelled as 31 ich)
at i 112, the terrain (s hilly, it at Juelichit ohangss to ths flat
agrioultursl plains of the maas (Meuse) Valley., ® The Urft River
origimates in a deep-cut valley ir the mountains near Schmitheia and
joins the Olef River i{n the "Voloanic Bifel® region rear Gesuend
(Gewlnd), meandering through a desp valley to the confluense with the
Rur River. The Iall River has its source in thse highiands of the "Hohe
Yeun® region and flows northward through mountainous ocuntry to its
dunction with the Rur River neer Zerkall (km 79), Reference is made to
the dooument listec in the Bibliograply as Reference 2 ior detailed
topogrephio informmtio=z,

=03 GEOLOAY.

The Rur und fall Rivers originate in the Eife]l region, whioh
ie sarked by slluvial moor fermations, The Rur, Kkall, and Olef Rivers,
and part of the Urft River, cut their way through Lower Dewcanlar layers
octsisting of greaywackes and schists, As the rivers emerge from the
®Hohs Vean® regilon, they successively oross lsyers of graywacke, slate,
sandstcas and caleite, and on ths line between Eschweiler and Weissweiler
reach the "Bight of Juelish®” with {ts heavy loess cover, Ths Urft
River originates in the celcarecus “iavine of Blankenheim,® and crosses

e Duteh spelling s ¥aas, 8elgien epeliing {s Meuse
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the [ower Devonian region to enter the calcerecus "Ravine of
Soestenioh® and then tiw mottled sandsione o©f the Trisssic ®3Sight
cf Kommern,™ with its sandstcones ard conzi:merates. Adove Gemiend,
it again enters & Lower Devonian region. At least half of the area
of the irft aiver besin is owmposed of calcites, dolomites, and
slates of the Niddle Devorian Ages Detalled gesologlo inforwation is
contained ir Reference 3,

2=04 DRAIFAGE AREKAS,

The totel drainage area of the Rur River is 2293 km¢, The
exteat of the drainage basin is illustrated on the Dreinage Basin Map,
Plate 3, Drsinage areas at vy gagiag stations are included in Tebdle
S. A tabulatico of areas dralned by the mir River and its major tri-
butarties follows, :

Urainage
River Looat {on Aree (kmzz

Rr Above mouth ¢f Urft River 246,45
2 At Rur Dan (less Urft R.) 300,0

” Above mouth of Kall River 709,83

b At Obermaudbach Dam 704 ,¢€

)¢ Above mouth of Inde River 70,9

o Above mouth of #ura River 1609.5
* At Confluence with Maas R, £299,0
urfe At Urft Danm 376.4
Kall At Tall Dam 29,0
RS R At Bar River Coafluence 77.8
Inde . At Dreilaegurdech Daam 10,6
~ At Rur RKiver Confluence 362,.4

Aare At Rur Riwer Confluemce 456,.1
2<06 GRADIENTS AMD PROFILES.

The Rur River has a very steep gradlent, drcpping 6€3 & in
e distance of 160 km betwsen its scurce (elewetion 686 mAN), and the
Caroan-Dutch border (elewstion 22 adiN), for an svirage gradient of
41 per 10,000, The macuntainous upper regions ¢f the river lave
gradients.of as high as 300 per 10,000, while the lower resches b-low
Steh (s 162) have gradients averagling 10 per 10,000, Reference is
mde o the Rur River stream-bed profile on Plate ¢4 end to the following
tabulation:

Aversge Gradisnt

- Reaoh of Rur K. River B per 10,000
Urft R. = Hoimbach bl=-"63 38
Refsbaoch ~ Serhall 63~ 7% 2
Zerkall - Duerea 7%= 98 28
Dueren =« Juel ioh 98-116 23
Juelioh « Dutoh Border 116=160 12
Dutoh Border = Maaas R. 160-180 9
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2-0% GCRANVEL DRPIES,

The Rur Riwur channsl, 2xclusive of the reserwoirs and reten~
tion popds, varies in depth betassn Ced and 1,0 m at Mean ¥Water, in
the reaches located upstream from e German-Dutech border, In spite
of the relatively stallow dspths, fording beocomes difficult at stages
above MW because of the high velacities resulting from the pgroawailing
esteep gradient of the river, Diwring flood conditions, the river may
reach an averagd depth of abowe 2,5 », Rsference is sade to the
tabulation of depths included in Exhidit i and to the depth profile
freaented on Plate 10, Rspresentative normal depths at selscted points
along the Rur River are given in the following table:

lesstin RAvec Xa Repth et )M ()
Zcx'hll '79 006
Dueren .98 % 0.5
Juelich 113 0¢5

Orsbeck U9 1,0
2-07 CHANNEL AND FIOOD=PLAIN WIDTHS,
Detalled information on channel and flood-plain widths are

cantained in Bxhibit A and on Plate 5. A tabulaiion of representative
widthe along the Bur River follows:

. ; Flood-Plein

Reach o Rur Rler RirecJa Qmnel ¥idth (a) dt ()
feiadach =« Zerkall G- a B ———cr—
Zerkall - Xreuvem - 8l= 89 . 18 12200
Kreussu - Lendersdorf 89« 93 18+20 - 20=300
Lendersdorf - Duerea 93~ 98 26=30 No sverflow
Dueren -~ Juelich 98-d1) 25 400-500
Juslieh - Linnich 113-026 20 300600
linnich - Orabeck 126149 18-20 300600
Orsbeck = Duwch Border 149-140 3 500=1000

4=08 FAV[OLTION .

The Rur River and ite tributaries are not nsvigable sxoept
tcatcrtnnbnouthomﬁ:m&oww“.

209 HBOULATION,

CONFIDENTIAL

SECU! 7Y LiFOAMATION
n ’ At



sea

CONFIDENTIAL

SECURITY iNFORMATION

The slorage reservuirs are normally kept at 30% cagacity frow april
to June, at 505 capacity from August .: Dece=bar, and average &7
ospacity during the remaining transitix: perixds of the year, Re-
regulation of discharges Ixrom the large dams and cantrol of water
lsvels for domstremm induvtries is made poesible by oparstion of the
Heimbach and Obermacbach Dams. A more detailed description of the
structure and operstion of these damd is edntained in parsgrarh 2-10,
In order ¢o control streax ve'ocity and 0 provide industrial water
W %w cevelopod reaches of the Rur River;, low check dmss have been
installed approximatsly one km apart along the river, These check
dams, sugmented by 4 m wide channels on either side of the main stream-
bed, permit withdrawal of water for indusirial use frac the Rur River
during periods of low flow,

2-10 DAMS AND RESERWVIIRS.

a, In the Rur River system there are seven
important dams, namely: the Urft, Paulushof, Schwammensuel (Rur),
Hedimbach, Obermaubach, Kall, and Dreilasgerbach Dams, Collectively,
they are comtonly known an the "Bifeltalsperren® (Eifel Reservoirs),
Rur Dams, or Schmidt Dams, Table 3 providec a summation of their
individual general characteristics., The geographic location® are
showm on Plates 2 and 3, and sketches and pholographs illustrating de-
tails of the dams are presented on- Plates 6 %o 9, i:clusive, Detailed
description is contained in Exhibits A and B which oonsist of translia~
tions of pertinent excerpts from German military docume:ite and technical
literature.,

b {rftDeg. In the period 1900-05, this large masonry
das was built on the Urft River, approximatesly 4.5 i upstres from
the canfluence of the Urft and Rur Riwers, It is a multipls purposs
resorvoir, impounding 45.5 million m3 of water for power, water supnly,
ad flood controls The dam s ture 18 226 m long, 58 1 high and
50.5 mwide st its base. 30 m’/se0c oan be discharged at full pool through
the ] bottom outlets into the ichwammensuel (Rur) Reservoir, and
34 =’/sec through the 2,8 km long 'unnsl and penstock lsading to the
Heinbach Powsr Plant, Reference is made t5 Plate 6, Tadle 3 snd Exhibits
A ad B for further details,

o wememel (Fux) Qe This is the largest dam in the
Rur River valley and was duilt in 1 0 complete e regicnal water
e0ONORY progrem, It is located on the Rur River at km 59,8, about
15 i bolg' the Urft Dan. The existing reserwoir capacity of 100
aillion »' sup,lemsnts the Urft Dam's multiple purpose functions »f
power, water supply, and flood ¢ mtr:le The Rur Dem is 300 » long,
62 » high, and 300 n wide at the base; and 1s of an wnusual type, con-
sisting of severel layers of earth with ¢ flaxidbls core of stesl and
oconcrete, Provision was made in the desipgn for future enlargement of
the structure to provide doubls the u:itSnc storege ‘capacity, The
2 dottoms outlests can discharge about 80 »’/sec utm?m ful)
posl, wiils the spillimay capacity is spproxinately 750 »7/sec, Table 3,
Plate 7 w3 Bxaidits A and B contain additional infuraation, :
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d.. Paulashof Dm. The small (10,5 = high) eartn de= at
Paulushof was built in conjfunciion with the construction of the
Schwemmenssel (Rur) Da= to regulate the water level in the upper reaches
of ths Schrammensiusl Beservoir, It has littls hydraulic significance,
tut primarily serves 0 prevent ihe natural beauty of the area from
being impsired by unsightly sxposure of mud-fists during periods of
low pool levels in the Schwassmenauel Researvoir, See Tabls 3, Plate 8
s Exhibits A and B for {urther detalle,

~10

9. Hainbach bach Dags. Theee so-called equallsing
basins on the Rur River at km 8344 and 83,9 (See Plate 2) were built in
1934 to complement the Urft and Schwammenauel Dams in regulution of the
Rur River. Their functians are %0 equaliss the Zischarges from thie
storage rese~voirs and tc control the water supply to the industrial
regions of the Rur Valley. These two dams are respectively 9 and 7,3 B
high, and hawe storage capagitiss of 1,25 mnd 1,65 million m’, respectively.
The Helmbsch Dam has & gated weir 5,5 m high and 18 & long, which pro=
vidos automatic _razuht.i.ax of upstrean stage. Tie dual gates of the
Obermaubach Dam are e&ch 5.5 m high and 18 5 long and are similar in
design and operation to the Heimbach installation. Aadditiimnal detalled
information appears in Tabls 3, on Plate 8, and in Bxhibits A and B.

f. Qreileegertech Dag. In 1909=ll, this 43 m high by 240 =
long mesorry dam was built on the Dreilasgerbach, a tributary of the
Yicht River, a branch of the Inde River which flows into the Rur River
at k= 112 resr Juelich, Its sole functiom is to provide ¢ portion of
the water supply for the Aacher district and it impounds up to 4¢3
aiilion a3 of water. 7The nsetural drainage arsa was incrsased by oone
struotica of the Kall Dam, Kall Tunisl, and Several ocollecting chamels,
as explained in detail in Exhibits A and B. Pertinent dale zre sumrar-
ized s.n Table J, ad sketches of the dmm are inoluded on Plste 9.

ge mxmn-mmutwmpmzm 3
Dreilasgerbach: a3 part of the 1934=39 regional water sconomy program.
The dan {8 located an the Kall River about 15 lm above the Rur River
oonfluance at im 79 near Zarkall, I¢ is = 130 a lomg,; 395 = high earth
day. wivh a oanoretls care. Ths existinc ressrvoir storage capasiiy is
2.1 million =3 After the proprsed future 9,3 m incresse in daa heizght
is effected, the storags sapasity would Le increased to 4 million m3,
{(Seo Plate 9 &xd Exhibits A and B). The Kall reservoir is connected
by means of 6.2 k= tunnel to the Dreilasgerbech resarvoir, Pertinent
dan dats are summarised in Table 3.

2-l1 IEVEES,
The lsvee system of the Rur River is concentrited in the
devloped areas below Obermaubach (lm 24). The following table extrasted

from Ehibit A 18 an indication of the axtent of the flood protection
lewes:

® Also spelisd az ®Mreilagorbach®



Spipre

el

asvsitad HR emdbankement on
right btank,

Yreuzpe~landaradorf e §3 Ho srotectiisn,.
Lendersdorf-Cusre. ‘ 3= 98 High water does not
awrfiox banks,
bdear Duersn GB=102 Duerer; %0 Hovsn i3 regulated,
Dueren=Jueaiisch 102-133 | No mroteciion except for
lnca.l factories, etc,
Juelich-lin.:ich 113-116 "Lsad protection on right
S - bank at Jjuelich,
116126 - No protection.
Linnich<Orsbeci ’ 127129 Dikses both sides.
' 130-149 © Dikss both sides.
Orabdbe zk-3tah © 150132 Flocd protacticn
- ' "ikes both sides,
2«12 Q& AlS .,

Thare are no navization nmna in the Rur River basin, Tha

b M.,ly eignificmt canals in this area are thoee zentimed in paragranh

2«05 and =hiaeh mipply river water to the losal industries, Although
detalled currert inforrsauan on ths status or lonation of those industrial
canals 18 rot aveilable, it is sssumed that the resch >f the Rur River
between Kerusau and Orabock hss incustrial canads alang both bsnks of

the l‘iV%?';

Tobsa ur.&h have a standard width ot npproxu.aulrl. e and,
for the moet pert, parsllsl the river chanisle Refwrense is mads %0
Exiiibit A for information circa 1940. N :

2=13 BRIIGES,
Hollable information with respsct to post-war bridge re-=

conttrvation was not available in this ffice at this time; however,
a tasulation of avallable bridge 2ata extracted from Reference 17 is

presanted in Tanle 4, Locations ar! clearsrces {wharever data are

availables) iz indicated o Plate 4.
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SBCTION Il

SYCROLOGIC CHARACTERISTICS

1-01 GENERAL,

a2, Information regarding river stage, discharge, flow durs-

tion and velocity are presented in generalized graphical form insofar

ss practicable to froilitate applicaticn of the data to specific mili-

tary problems, The cited references should be utilized for supplemen-
tary dala,

b, Most availsble long-term stage end discharge records in
the Rur (Roer) River basin cover periods prior to completion of the
present ressrvolr system in 1937 and aoneeq"::tly are not indicative
of the regulatory effect of the reservoirs, Data preseanted in thias
report for thy awmilable 1537-i944 period probabiy reflect the gensrsl
stage and discharge trends to be sxpected with the precent reservcir
system in operst fon,

102 CLIMATOLOGY .

Climatolozical data for the region covered by this report mey
te found in Referenoces 3, and 18 to 71, inolusive, The significent
facts concerning presipitativn in this tesin ares (1) the relatively
higher volume falling in the drainage area of the upper Rur, Kall and
Inde Rivera whea compsred with the Urft River btasin; (&) the periodicsl
oyols af wat ard dry yearss and (3) the gensral declins of the meas
amual Tunoff over the past 15 ysirs, Refersnte should be mede to the
rublisation listed ae Referencs 3 for defatled discuesion of the geo-
graphivsl distridution of annual runoff inm the Rur River basin, A
tabulstion of anmusl mean reinfall end runoff over the drainage areas
at key losations for the period 1984-63, extracted from Reference 3

follaws, ¢
River Location Qnimgo . Bainfall = Runoff
Ares (knm2) 55(1:22 (monskme )
Rurp Rur Dam 300,0 1014 619
2 Zerkmll 787,1 810 420
. Jel ish 1334,2 813 340
» stal 2076,8 768 280
Urft Urft Dan 37640 863 434
Eall Kail Dam 29,0 1044 588
Inda Dreilasgerdach 10,9 1011 661
b Lagtmeilor 218, e3¢ 603
fure Goilenkirchen 227 6 729 292

303 STREAK JAGING STATIONS,

Streem fging staticcs have beec estadlislwd on ths main
sten of the Rur Ziver at Zerkall, Jselich, and Stah) on the Inde River
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&t Bschweiler; and on the Wyurm River st Geillenirchen, Stage and
discharge rwcorde for these stations apoear in References 18 to 20,
inciuvsive, lockticns sre indicsted on the River Basin Mep, Plata 2
arnd or. the Rur River Stresa Profile, Plate 4, Pertinent dats con-
cerning the | T River gages are contained in Plate 5,

3-Qi RIVER STACES,

3, Records, Statistfcal data regardiing the sean and extreme
slages experienced &t key ssging stations on the Pur River during the
193740 mater~years are smmarized in Table 5., Reference is made to
the Oerman Hydrologic Yearbocks, Referemces 18 to 20, inclusive, for
additional informaticn.

be Seascnkl Variation. The pean aanthly gage bheights for

the key Rur RiVeT ghgee ouring the 1937-40 wster-years are tabulated
in Tables 5, and the manthly variations of stage are grephicélly 1llus-
trated on Flate 12, Stags duretions extracted from Reference 18 are
homn a2 Plade 1l. The effect of reguistion of the Rur River reser-
voirs for water supply of the Dusren~juelich industries is reflecied
in the slight variatian of stages during the suwmmer months., Thile the
short period of record cammot zive an accurste indicstion of the maxi-
mus stiges to be expected, this period does include & tims of abundant
pracipitation and 1t is believed that ths data presenmtsd provide a
rekgcnably accurate irdex of the normal stages to be expecied,

305 RIVER DISCHARCES,

8. Recards., Ay mentioned in paregreph 3-01, the campletion
of the reserve’r system ix 1937 makxos the records of discharges ir
tiis area during the period peior to that time genemily unrepresents-
tive of the preset day ficw, Ths paucity of poot-wer date further
coxplicates the establishment of normé upon which to bese comparisons,
However, the lack of gpecific current dissharge information is not con-
sidered a ssricus hindicap, and cansequantly the derived short-term
records were utilised wherwver possible, Oener~us use was made of data
given in Exhibit A and References 3, and 18 to 2, inclusive, Zong-
tern records of mesn maturel discherges for areis above the damaites are
shown in order to provide basis for estimstes of the filling time of
the reséivoirs, These maturel runoffs or inflows would be unaffected
by canstraciion of the dams, ’

be Runoff Volume, From information contained in Reference
3, the natural runclT Tor the dreina » areas abovs the major dameites
{s nresented below, It mey be seen that betwesn 70 and 60 percent of
the averege yearly water supply is cotained during the first six mcaths
of the materwysar; whils, on the other hand, the natural flow does not
satisfy the normal industrial usage during the remsining six =onthe,
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Vean volums of Natursl Rumaff (miilion mJ)

N | J 3 - A M J § A S o) Year

Urft Das, 375 lw2 (1897-1547)

’L\'}'l 2‘5.3 30.8 23.‘ 21].0 19q8 lO.S SQ‘ 532 5.2 6.8 1065 188.5
“clwammenausl (Rur) Dam, 300 ka2 (1912-1926)

20,3 30,3 3502 2205 20sh 17¢9 125 6¢6 643 6.3 906 12.6 20L.8
Cbermaubach (Estimsted), 755 km?

| =

LW

C
v

; 65-1 h906 5101 L!llé Cic? 12:6 -Ll 1 10’6 lbol ?201 398
' Xa11 Damy 29 k2 (1926-15k2)

2.1 203 2@6 2,0 108 i:9 0.8 n.:‘ 01,‘5 006 ’0.5 3 i 1703
Dreilsegerback Dam, 11 m? (1913-19L2)
0.8 0s9 102 008 0,7 068 0Osh 0.3 0¢3 03 0.3 0.5 7ok

Ce loan Dischar An discussed in Exhibit 8, runoff in

ur River Wto large sesscmal varistion, being vary
in wintsr and low in susmer. the smmer smonths the mtvral
runoff only avermges & to 7 1iters/sec/i?, Opsrstion of the reservolr
systea of the Rt- River regulates the flow 80 &8 to insure about 9 ml/
8600 L0 mee. the water requirements of the industrial regione delow .
Heimhach, For purposss of ocmpArison, mean monthly and annual discharge
retes (corresponding approximately to naturcl runoff or inflow rates)
for the areas above the damsites az derived from bosic dsta in Reference
J are tabulated below, together with regulated discharss sates for key
locations downstream of the Tesarvairs as extreactad from Reference 18.
It 34y be nocted in the fallowing tabulation that the =ininun mean
monthly retes ot Zeriall sad Juslich sre less then ths 9 ml/sec indus-
trial requirammmts. This seeming discrepancy is probably dus to the
differonce belseen avarege flow sxd peak wags of industricl water
during working hours or to diversion of water through thew industrial
canals mentied in paregreph 2212,

5

lean ionthly and Annual Discharge (w3/sec)

N D B ) 4 ¥ A K J J A S 0 Year
Regervoir Inflow Rates

2.2 2.1 2‘1 2‘5 h'z 6.1

bONF?Dc_N"‘]AL
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Sotpemmerauel {Rur) Dussite 300 ke=? (1912-31522)
;08 I r JJA} 301 891 7-5 .5-:1 2195 &‘5 ‘:-5 3:7 See 606

Toermaubach Demsite 795 kmd (1897-1%h2) estimated
15 GS 20;; ZI.Z 20.5 1901 1602 st} hgé hel 2}“'1 S:L' 803

12.7

mu Densite z? %33 2 %6—' 9&2‘! '
’3 O 2 0.2 L;,? 002 G.S 006
.J*gillsgrblch Daaaitm 1 kmz ng'l}-l?bZ}
.} ol 0.1 Onl 6.2 Qe?

Regulated Streas Discharge Rates

Zeriall 787 el (1937-15L0)
1:‘3’“{7’0"*3"6‘13"0’18‘5"2&. 17, . .0 10,0 7.0

2.0 3.0 . 15 TS 12.8

Juelich 13LL ke? (1937-19L0) -
] ¢ sV Jde [ . 9#5 500' !400 600 765 ?-S 1.306
8,0 16.5 11.5 10,5 10.5 11.5 11.0 19,2

d, Waxisum Discharges. The maximum dischargss of record,
derived 'ra- m%ad Referencas 3 and 20, are tabulated
balow, It should be noted thal thesd valuss represent estimated,
rather thsn cbsevved rates of discharge, and that certain dherepamie-
are eppareat (fEcbebly dus to different periods of records i °ng
utilised by the various scuress).

Waxisum Discharges-Rur River

Dreinage ' HIQ
Station la? Date Q(-&hﬁ (a3/vec)
Urft Dam £Y 1] Unknows: 550. 206
Rur Dem 300 5 1437 L30
Heisbach LYo " 620 118
Sarhal) ™ 12-%an 1920 s 86
Juslich 13k, 12 = 1520 208 280
stah 2066 31 Dec 1925 252 500
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3-00 RIVER VELOCITIES

&. Jenaral, Ths velacity ef strezs flew varian azpawding
¢+ the eonformition of the river bed, deptlia, cbstructions, Testrigw
tione, 1ncal weriatien of sleps, ele, Channel improvamenis &nd cut-
c#fs, training walls an! levess, “psration ef damg and ether sedifics-
tiow af netyral cosditions sppreciably aifeet the ztrwam velaaity,
InCluent rivers in flood temd L olevate ths main river waters at the
pant wf eonfluene accarding to the magnituds of the fiood; thas
tonding te roduce tha slope abovs and Lo increase ir. belew ihs pednt
rf confluenee, Acserdingly, esrrelaticns betwaen river stages and

surf=zes walscitiss at gaging stations cannot be interpreted as applicabis

te 21] paintg aleng the adjaeent river seciions, but wnly cerve ag
general fodicaticna,

b, Surface Velezitics, Insufficient bagies infsrmatian gen
aerning the strean bd’mmie Tuncticns {ecross-eoctientl ares, wotted
perimeter, weter owrface s15pe, rougiawss factor, etf,), wan availabis
te romit aciurate determinetion of gtream velocities, Estimates wers
baged an velocities obhserved during discharge measuremsnto at gaging
tatisne a2 regarded in Referonfe 15, The observed velocities were
agsumed Lo be moan orocs<gesiieal velocities, whish were insreaced by
13 pereent %» indinate the mean surface velocity, A= {aatad in the
valroity studiec in Reference 22, the mewn crosoegectienn]l wolecities
cheuld de incrassed by 25 te TS psroent to obtain the maximum suriege
wvelccities 1lksly to be encemntorud during croesing ocpereticss, lean
erass-sectional valecity durstions are {1lustrated en Plates 1) and
1%, Wedn surfase velocity retings at the gaging statiere are psosen =
ia Flate 13, Mwan surface woliceitles at gelected suatian; ag shewm
™ Plats 1§, ere tsbwated balew:

Mean Surface Veiccities (m/ses)

Station River R» w HAN (Exhibit A)
Zerimll ’9 Ce9 3.0
Juweldich 115 Ce? 2e7
Stah 152 fel 1.7
e, Flood Wava Travel Tirze, Examination of flocod srest times
56 recerded in he oITi00Al Uerman Hydrealegie Yeartooke (References

18, 19, ) provided the following estimate of trevel tims and reis of
travel ¢ mR*wsel flood waves on the Rur River:

Aversgs (revel

Averags trawvel rate of zaak
Reach River in {time-hre, ) (lon/he)
Leri®llaluslieh 79115 8.0 L.S
Jual feh-ital, 115262 1Le5 £.5

CONFIDENTIAL

LS

I . §

Ltn--....




+4

CONFIDENTIAL

SECURITY INFORMATION

SECTICY IV

&0l E'ERAL,

&, The term %artificial flod® as usad in this report
applies %o any mAjor increase in the evtent »f flo ding, over
that n rmally orevailing =ith existing develerments, that is
briught abruv by rmiisulation ~f e .ntrcl structures, bresachirg of
dams or levees, r tam rary damring operaticns designed t¢ create
floding ecnditions, Applicatina ¢ 2rtificinl fiooding consider-
ed in this recrt f2ll (nt: the folloving four genersl categorisa:

(1) 3till-water Dapsiers, creatcd b floading land
to fcrm water chstacles, using such mesns as breachiing levees,
divarting flow frum canals, ra sing crests of existing dams or
omstructing taporary dams.

(2) . c in which the
woetness «f the soil is increased $o form muddy r marshy ccnditions
that would ivpede military traffic, bruught about by disrupting
the n armal drainage, destroying puping and drainage facilities used
to drain marshy or 1w land, . r by inducing shallow inund~ticn of
flood-plains .r reclai-ed land., id-flats ray also be formed by
dreining areas n rmally irundsted by reserwirs cor ponds,

(3) Jiresp Ll varisticgs, in rhich changes in
discharges, Cepths, vel citias and iidths £ streams are brouwght
about to hinder stremm-crvssing vperatins or navigation such as
md ght be acc'rplished ty spening and cksing utlet wur'ss of water
c.ntrol structares.

(4) Yajor Llod waves, created by sulden breaching
of a dan to release large qumntities f ipounded water.

b, Cpportunities exist fcr effective use of sach of the
fo.r gameral oateguries of artilicial f1- ding., The > tentialities
are reviewed and Qquantitative evaiumati-n uf tha affects are -reosented
In this section.

¢, Previous stulies by Jerran and Allled :ililtary staffs
indicate ti:c natpre and extent .f pussible artificial floodinpg. Thre
doarwnt listed in the 3ibliogrephy as “¢ference 1, & translation of
which i3 included in this ren re¢ as Zxhidit A, mas repared for the
Ger—an Gemeral 3taff and ¢ .- tains oonsideradle infurrstica on the
effects .f artificial fL ds., The inf.rmati an contained in that
doument furved the bas.s £ r "Sstimtes +f the Situation® and
plan-ing by bcsh Cermmn and Allied sta’fs duaring the Rur (Roer)
Uver crresings £ 7orld “ar II, as illustrated in the docunent
listed as Referemce 23.
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de The pc3sinilitr T a N5 @ ave indiced w the destamue-
tion of SehrarTenecel 22 Urf% Jam3 by the QOerams @ hinder the
Allied crssing of the Rur River, and the actus) Cerman demoliti-n
of tre :utlets of th e dams had a ceat ef fect unan tactical
ap-:ra‘.iur:s by bnth the Gemm and Allied f-rces., A detailed
acount I that coerstl n s ciontaired in Referance 24, 3 VII Corps
report included 83 ni2it T f thi« ran v, Reforence i3 2als»
made to References 23 and 25 for additionel infora¥d m,

02 SIILLATER BARPIZPS AT DRAIVAGE O3ISTACT=S.

e, QJeneral, The studies herein reviewed L1, this paragraph
pertain to artificial f£1lc ding oroduced Yy creation of still-smater
barriers ad dreinage cbostacles along tre Rur 2iver bel:wr the
Sehwavrenavel (Rur) Dam, The studies ~ere largely based on a8 -8
study, using the 1:25,000 G338 4414 mep maries, Exact determination
cf elovatims, contours, and wundaries from thcse mips ms
difficulty hovever, the results f tris study are believed t. offer
g A indications cf the relative p asidilities of such flo ding.
Pirst-nand infamation shuld be obtained by lical reconnai ssance
regarding gruurnd elevations and the 1 tions, eleveti -3 and
dimensicns - £ lewees, roadfills and culverts in the vicinity of
specific barriers 1'3 rder ¢ accurately establish the ares sub-
ject t~ artificial flodng,

be Zxdrologic Consideratins, The effect of artificial
floding {s largely contingent upcn the natural hdrl gle condi-
tians preval ling at the time uf the operatinn. The v.lume of mater
storod and «vailable iithin the basin, the rate cf stream fl v and
tos river stage are irp rtant fact.rs, Reference is made t Sec-
ticn TIT of this rep irt fur detalled descripticn, and to the follow--
ing swratd r cf sertinent hydr logie consideratioms,

(1) Attenti n is directed t the wide rangs between
high and Iyw flws and ¢ t:2 sessmal waristion in discharge shown
in Table 5 and Plates 10 t L2, inclusive and discussed in para-
graph 3-05. The anual aversze mean discharges are tabulated below:

Averege
Reach
He {rbach-Dueren 12
Dueren-Juelich 13
Juel { ch-Orsbeck 16
Orsbeck-ags R, .o}

(2} A pientiful supplamentary watsr supply is afforded
by the 150 =milldon m3 storasge 2apaci ty of the existing reservoirs
located within the drainage area, During extended dry periods, the
w lume of stured water available for artifidal floding would be
onsid eradly reduced.
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¢, Yoar3 f Creating Sti)l-"ater Terriers and Dmainage

(1) The water .“atacle aff ~ded b the existing
strea~s ¢ tre Iur Ruver basin ¢ uld be increased by utilization
of ne r - reof the £ 1leming -erns:

() Creati m -f still-water bearriers by raising
crests { axisting da=s .r by ¢ nstructicn -f tarp rary da-s, cm-
Mred with closirg £ culverts and ther openings in levees and road
£ills,

(p) Inundatin £ lowlands 8 ng the streans
Y breachins dikes and levees and ‘mening f flo d gates in levees,

{¢) Inudati n -fJowlamis by closing normal
drainage cutlels,

{3} In -oxder tr Jmn a8 cormarative quantitative
eval 8ti-n f the = unt.ial ard ficial 1. x!i'xg at varisus loca-
td ns, analysis was arbitrarily c~£1red % still-water barriers
rc*u‘tm" fr-— tep mary darving t~ 3 m adb ve nean “rater {'77),
In L ls stedy, ‘t mas assu-ed trt the water swrface f the ols
ab ve thie te rery dams — uld be level, and that mean vater condi-
ticns ~uld ~revail &t e ti~e [ the cperatim. During high water
crnditt s, greater 715 ding could be sxpected due t. the increased
slope of ~ater surface upstream frmn tne tauoorery dams,

d. [ S -’7'3 ar te

(1) Ceneral. The ef’ects f artificial flooding
created by tenprary darrag opsrati ms «n the Rur Rver are sumar-
1268 in Twdle 6 a'd U2 extent L ‘nundation sutlined -n Plate 4.
Serial nrdpers { situs ccrrespund 4. dridge serial nunbers of Table 4.
The £) ~dirg " d:ced Yy the teaporary damdng ~ uld ¢ ver is lated
aroas ab ut 0.1 ¢t 0,5 ¢ *ide.  Formatiun of continuous overbank
flo.ding Yuli n .t be practicable excet during periods aof high flows,
Insufficient data regarding the edsting mall check dams almg
the river ware availadle b, sav:’l aralysis of the Dossibility of
incroasing teir height, but 1t asnedrs Hribabdble trat the resulting
~verbmb floAing v uld be slight., Raviewr .f the eflects f still-
water barriers in snecific reaches rf the Pur River follovs,

{(?) telrdach (B 63) %« Dueren (% 38). Teporary
durr al the 2 bridges in Untevmbach (ks 85.) and 85.5) and at
Un "Mrian Sridre {Sertl 25) ¢ 2)d nroduce 2 still-smter barrier
practically ¢ ntinu. us £ r about 3 km, od aversging 100 W 200 m wide
83 sham in Tedle 6. As {llustrated on “late 14, the ~nly cther
1 itadle "to {n th's reach ¢s 2t Trousan (Suhl 26); st which
licatd n, dxring v uld have t» be carried tc the ‘zeight of the rosd
abanicrert {n ‘dc' t- be effective.
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. {2y ! T t..xe urtper plrt
ol thiz reach, t*n suitabie stiil-nater barxm* sites exd si; the

~Ta'aengy __railmad tridge (Serial 31} and the Aut bahn bridre
(%= 101.4), Inindaticn f arsas 1-'z lomg and 100 to 200 m wide o
e average dept™ of about C,.5 - e u_Td be craduced by tennsrary dars

8t th 3e locations., At the e-trars lwer erd |~ thls reach, & Con-
tinusus barrier-ahout 2,5 v long, 150 tc- 500 m *'r“"‘n and averaging

gout 0.7 1 dee could be snduced by teup rar dac 1..1:‘:6 oseratims :
st the 3 Ju el.ch bridees (” *i&.s 35, 35, and ;7). As indicated in

Table & and on Nlate 14, n Hie sul Able sites for sigﬁfiw’.nt-
flo.ding exist m thi'a rsac
- (4) 9) . Sig:ificant “lood-

tnz acuid Yo effected 2 and Ovsbec’: {(Serial 47}
by trp,x‘anr dams at ‘:21.-- briite:. sudation - £ areas about 2 i
long.end 600 m wide to an average deoth i 0.5 @ &% each of t.hcee
lecati'ns eould he. oruduced, See Table & and Plate 14, Ctherwise
there are no mitadle sitea fr significant still-rater barriar
in this reach. - I T ‘

{5) Orsbeck . ‘ias g;g N sigﬁifiéé. ¢ T1s:ding
vld be apr: d.z:ed in this reach by means f terp-rary dazr-ing '
u,..f::ati“rﬂ durt ‘e othcr t.har ,eriuds of e:ctrs'ae‘" h.ﬂm flovs in the-
river, . . : :

éo i

5 (1) AU)?(.ﬁ."‘tﬁly 2 5 mm OL smter r'u'ul.u be
required t: effsct the srtificial £1s-ding déscribui in the nreceding
parsgragh and shown 4n Teblée 6 and n Plate 14. 'The still-water _
bazriers in the vici:sw of Juelich, Baal, and Orsback wculd acoount
- for about 2 million of that required v.1lze and eould be £11iad
in abeut 36 howrs, at the o mal mean rates of flow given in para-
graph 4&~02.. The raainda- af the v.lume ctuld be furmnished in
apommub 12 Yours at th se rates, thus carreapmding to a total
uttnt.ed e« f filnng £ 48 hours, . -

(2) The v-liume stured in-the reaervcirs, about 150
#411ion m?, could be made aveilable for ewpplying water for tha
suu.-m.er bSarriars.  The cobined cutflow from the Schvammenauel,
urft, Xall and Ureilsegerbach Damy ts spprodi-ately 140 nd/sec under
rz.h gl cwﬁiz..ns. Studies described in naragraph 404 indicate
that it would take abcut 13-15 how's fur the initial increass in fl.m
to travel d.mstm to the vicinity £ Orsbeck, plus sbuut 60 hours

£.r the £l thers to reach the. m:d.rm auuinad rate.

" 463 VAJOR TLOOD “TAVES, _
| a. Qmors)l. Ths stultes in this paragrach pertain to
tha artificial fliuding that might be produced along the Rur River

74 :
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by breacring .7 tre Schvanmenavel (Rur), Urft, Zall and Dreilaeger-
bach dxns,. 3Sreaciing of the Heimbach and Overmaubach Dams was not
conzidered, Decause the s8ffect would be but slightly greater than
Lrat ;:ru.i-:czd by the sudden cpening or demlition of Shelir large
weir patew discissed in paragraph 404, Refsrenne !5 —ade to
peragranh 2-12 and to Exhitits A and 3 for deseriptive dats and to
Plates & to 9, inclusive, fur sketches and photographs of the dam
str.octures.

b, “ydrologic Tonsiderations.

(1) The Rur River stages are regulated by operaticn
of tre reservoirs to ‘ncrease fls: during dry periods and to reduce
1.2 €1lows Anring wot periods. Ia study of the effect of major
flood waves on the Rur River, it was assumed that the base flow i
the «trew &t ths start of the wave approxi-ated a mean water flow
of 10 m3/sec, rised of 5 m3/sec constant inflow into the Urft
Reservoir and ?5/3& flow in the Rur River above the Urft River
confluence.

(2) Peaks and durations cf artificial flcod waves
aro greatly influenced by the initial reserwoir pool laval and
storage capacity of the reserwir. In tiLs study it wmas assumed
that, for most of the artificisl floods studied, the reservoirs wave
at the maxinm level in oarder to define ths -8 xirnm probable limits
of the flood waves. Hovever, a number of {loods resultirg from
breaching o the dans ~hen :he reservolrs vere filled t> one-half

? thelr maxdmm capacity ware atudied in order to illustrate the
efTect of partial filling of the reservoirs uoon artificial floaod
waves, As noted in Zxhibit A, the reservoirs are generally only
one-talf full from August to Decarber, 4/5 full from April to June
and ir the other monthy £111ed to 2/3 capacity. Only after a
heavy rain or in time of melting snuw do the pool levels exceed
‘..".c full or spildway elevation. lollowing (s a tabulation from

"lates 15 and 16 of the reserwoir levels corremonding to full and
ane-hall full capacity:

o8 ™ll Pool 1/2-Ful) Pool
Capacity Elevation Capgcity  Elewation
J&é_ DA ___ J&é_ N
Crft 45.5 32.5 27.75 311.5
Palushof 1.75 %3.0 0.87 2&.3
Cehw—earauel 100,0 265,5 0.0 252,5%
Yel=bach 1425 L0 0.52 11,2
Obermaubach 1.65 165,0 .82 1€3.0
"all il 421.5 1,05 Ll4L.S
Weihegc‘bﬂch ‘.28 392.6 2.1‘ 386.0
IV-5




Y

lad Y . Sl el — Vi
CONFIDENTIAL
SECURITY INECHYATION
3t
The reservoir storsge cirves showm on Plates 1S anc 14 were Zeveloped

by the method prescnte: in Peference 25, The res:ltirg »juations
{7 the storege curves can Se erprezscd as:

3 o CP
“here S equazls storage wolume in m3, Y eguale reserveir denth inm

and here C 's & cnefl Mcient ard n ar erponent, The values cf C
and n as computed for the vari.us reserwirs follow:

?

dezervolr ¢ ]
Urft 5,350 227
Banlushaf X 8,320 2.26
Schwarmenauel (Rur) 11,190 2,35
Helrbach 21,900 1.8,
Obermaubach 19,200 2,25
Xall 49.7 3.02
Dreilaegerbach 90,2 3.08

(3) During passage ~f a major flood wave domstream,
an apprecishle amount of volume (s retained tehind embanicments and
iri denressions on the flood-plain, and lost through evaporation,
secpage, etc. For example, 39.5 percent of the volume of water dis-
charged from the Bder Dam broach of “‘ay 1943 was lost i~ tu:e nassage
of the flo-d wave W& Intschede, 426.6 lon below the dam (See Refer-
ences 27 and 28). Consequently it was assumed in this study that
for otch 10 km of travel, about 1 percent of the volume within the
flo 4 wave would be 1lost or retaired on the flood-plain,

o. Meoans of Croating Mator Flood “'sves.

(1) Major artificial flod waves .an be creatod on
the Rur River by dreaching cof the Urft end Schmmrmensual Dams, on
e ¥all River by breashing of the 7all Dam, and on the Vich? and
fnde Rivers by breaching =f the Dreilacgerbach Dam,

(2) Tie bambing of the Mohne, Uorpe, and Eder Dams
by the R.AFe in ''ay 1943 (described in Reference 19) provided the
basis for estirating the sisze and shape cf broach., For purncse of
this study, !t was assumed that demplition would csuse an opming

sidlar ¥ that produc~d by the Eder D&~ xebing.

(3) The assumed breach approximates a parabnlic shape,

‘correspond ing closely to ‘he equation:
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x2 equals 51y
There x equals hwricontal distance from vertical axis
of ts opening
Yy equals vertical distance abcve lowest point
of breach opening

It was considered tWhat thie assumed bLreach approximates the largest
feasitle opening likely to he nroduced in the Urft, Schwarmenauel,
¥all ard Dreilacgerbach Dams. 3roeecting of earth dumms with steel
cr concrete cores lke tie Suamensmiel a2 Xall Dams would require
special preparating and procedures as described in Reference 27,

(4) Ir order to perrdit camareiive cvrluatior of
the artificial floxd waves it was assumed that the lowest point of
the “roach was 22 m below the normal full pool water surface (simi-
lar ¢ the Eder Dam breach) for large breaches designated in this
stidy as "ireach I® and 10 m below full pool level f:r sraller
treactans desigrated es "Sreach 11,° At the mater surface, the
length of opening of Sreach I would be about 68 1 and of Breach II
Nul‘l b‘ 45 Me

d. g@ffects of Dan Breaching Operaticns.

(1) gepersl. T™he es‘immted effects of artificial
flo.d waves on the fr River produced by Wreaching «f tho storage
dams ars swrarited in Tablss 7, 8, and 11, and twypical discharge
hydrograshs at ey locations are presented on Plates 17 and 18,
The artificial floods studied are descrided in subsequent pars-—
graghs, The various majcr flood waves are designated as foliows:

Artificial Duan Type of Pool
Jlood Mo,  Bresched Bresch  Copditicne
1 Urft 1 Rull

2 e II .
3 Rur I .
4 ) I 1/2 Auld
5 s n Al
6 Urft & Pur 1 ot
7 . 1 1/2 11
8 vrfe 1 (Urfe~-Full)
(Rur-2mpty)
9 211 11 Pull
10 Dreilaegerbach 11 s

1v-7
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(2) Artificisl M- xd Ko, 1 resulis fra- large 3i:~d
breacti-g (3reach 1) of the irft Ca when the reservoir I baoth
Trft and Jchwarmanauel (Rur) Dase sre full, the resulting vave
2a33ing v the fixed spiliway and vpenad spillwmy woir gats of
e 2ur Jan. (See Swtches of Dams, Plates € and 7). Te soill-
way casacity »f the Rur Da= (s sufficient %o -er~ut the ~assage
uf this wmave withmg overflowing the crest :f ¢ho da, I-e ne2x
discharge of 8500 r’/se; fro~ the "rf{t Dar ‘reach wmould he red:ced
tc 1250 =3 /sec duriig its pasiage throych tte Schwamensuel (Rur)
reser: ir, ard would decrease ¢ 740 mj/sec at 5tar and to €00 m3/ssc
at the confluence of the ur and “aas Rivers. Discharge hydrographs
at vov Incations are shovm on Plate 17 and the effects are tabulated
ir. Table 7., Plate 10 shuws the depth, discharge and velocity resuli-
ing fror Flood No,. 1 camard to natural values,

(3) Artificilal Tlood !o, 2 results from s ller
sisad treaching (Breach IT) of s Urft Dam dyuring full pool con-
ditions, The peak breach discharge of 100C m’/sec wouid be reduced
to 360 =3 /sec during its passage through the full Rur reservoir
pc 'l and over the api’lway 1113 opened weir of the fur Uxm, Peak
d! scharge mould be on"y 252 m’/sec at Stah and 224 m3/sec at the
“aas Uver junction, 83 sh:wn 4in Tadble 7,

(4) Artificisl Flo d Ko, 3 discharge hwdrographs
shvm on Plate 17 result fr =~ large wized dreaching (8reach I) of
Schrarenacel (wir, Dam when the reserwoir is full, The peax dis-
charge of 85CC m3/s=ec at the da~ v>uld reduce to 2660 m3/sec at Stah
or 2000 m’/asc at the “aas River us shown on Plate 17 and in Table 7.
Thas width ~f flooding during t-v peak of the flood is shom on Plate S.

-~ (5) Artificia) H would result frmm the
large Broach I in Rur Omm vhen the reservoir was f1lled ¢~ 1/2 of
full capacity. In this case, as shuwm ir Tadble 7, the osak dis-
charge 3 the dam vould be only 1100 m/sec which would decraase
to 375 =7 /300 at e Maas River, illustrating the influence of
in{tial reservolr stage upan breach discharge, when corpared %0
Flood No. 3.

(6) Artificis) Floxd YNo, § is the result of the
Taller sized Sreach II in Pur Da~ wder full pool omditzg\s.
Tahle 7 shvws that thg ecak discharge al tie dam »f 100C m’/sec
wuld reduce to 365 :v'/sec &t the Maas River, approximating the
remlts f Flood No. 4.
N RS e "-. -v-;‘ a.'

e s oV - .
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(7) Artificial Fleod Ko, é is produced by eirmltanecus
uwresching of both Urft and Rur Dams v th openings correspanding to
Breach I under full pool conditions in bot: reserwirs. The result-
ing 8500 m3/sec peak discharge at the broacted dams would produce
the maximzs peak of the varicus flood waves studied. As &o'nmgn
Tadle 7, poek dischargs would bs 2850 m’/sec at Stsh and 2180 m’/sec
at the confiuence of the Rur and *aas Rivers. This i{s the largest
of the artificisl floods studied.

(8) Artificisl Ylood No, 7 differs fram Flood No. 6
in thet the-reservoir storsge was assmed to be at 1/2 of ful2

capacily, wmls in great dirinution oJ discharge. XA pea- dis-
oharge, of 1350 %oc wuld issue from the breached Urft Dam and
1130 m/se: from Rur Usm. The flow at Stah would be 635 m}/sec and
at the Maas River 535 m3/sec. (See Tabie 7).,

(9) Artiffoial Flood No, § would rssult from breach-
ing (Breach I) of Urft Dam at a time when that reservoir was full
and at some time subsequent to drawing down of Rur Reservoir due
to 8 previous Breach I opening in the Rur Dam, This flood might
be nsidered as a sequel ¢ Flood Ro. 3 and illustrates the cyclie
effoct attainadle by progressive dreaching of those two dams,
(Another cyclis carbination cculd be Flowd 1 fo od by Flood 3),
The Flood No. 8 initial ‘peak dischzrge of 8500 mJ/sec at the Urft Dam
would be diminished to only 540 mJ/sec &iter passing mmuﬁ the w
partislly filled Rur Reservoir, resulting in flows of 352 m’/sec
end 306 m3/sec at Stah and the Maas River confluence, respectively,
as shown in Tedble 7.

© (10) discharge hydrographs

are presented on Plate 18 and the effecis are summrised in Tadbls 8,
shawing the resulte obtainable by the mmaller sized dresching
{Breach II) of the Xall Dam, located on.a tribtutary of the Rur
Hver, (See Plate 9 for sketch of that dam). The 1000 m?/sec

d.scharge &t the dan wuld be reduced to 300 m3/sec in psssage
to the oonfluence of the Kall and Rur Rivers near 7erxall, 15 lkm
below the %all Dam, Due to the amll capacity of the reserwir,
the duration of the flood wave would be lees than § hours as ray bde
sear on Plate 1€ and in Tedle 8.

(11) Artifioja) Flood No, 1O is, similarly, the
result of the mmaller Bresch II at Oreilaegerbach Dam, located 37 M
from the Rur River up the Vicht and Inde River. See Plate 2 for
location and Flate 9 for eimtch f the dam., The discherge hydro-
plotied on Plate 18 and the msurmmry of effects Latulated in

‘Table 8 show that the resalting at the Rur River near Juelich

would reach a peak of only 222 mY/sec and that the duration of the
wsve would be short. SN e e,
L,L,'-wf' .)5 B 8 .:ln’
Y
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e. ULgparisor I Zflects .f Dem “reaching Operations, The
¢ rroarative peac values and durastions of tre varicus flocd waves

and the remalting widths «f flo :iing during passage nf the -eak £
the waves are talmiated in Table 1', e relation of reprosentative
artificial f1~54 wyves %o natura’ conditicns is graphically illus.
trated o Plates ¢ and 10, Rxtracts of certinent effects from
Tavles 7, 8 and 11 at selected kay 1 mmtims are preseted below to
facilitate copardison betwem tre varicus artificial floodss

Peac Values Duration —
Mean
"lood Disch. Stage Surf, Arrival “idth A A
Yo Vel, Time Flooded ec 30 ec
fsec 0N misec  Hour o Days Days
(1) At 7erall, T N
l 108s 171.7 3.5 4 0.1 1.5 3.5
2 330 175 .4 3.0 6 ® 1.5 3.5
3 5260 182.4 Led 2 L 1,0 1.9
4 M5 176.9 3.3 3 8 1,0 1,5
5 700 175,.8 3.3 3 . 1.5 3.0
6 5510 182,6 4.3 2 = 2,0 3.0
4 220 177.3 3.4 4 . 1.5 3.0
8 &80 176.1 3.2 L3 L4 1.0 2.5
9 300 17%.2 3.0 2 . (2 hrs,) (3 hrs.)
10 -— —_— - - - - -
(?) At Juelich, ¥m 116
1 960 1.6 .29 8 09 135 3.5
2 233 6.8 2.6 12 0.1 1.5 3.5
3 3610 82.8 3.1 5 1.8 1,0 1.5
4 580 81.0 2,8 8 Ces 1.0 1.5
] 860 81.0 2.8 9 .5 1,5 3.0
é £000 82,8 3.1 s 1.8 2,0 3.0
7 755 8l.3 2.5 9 0.9 1.5 3.0
8 400 80.4 2.7 n 0.) 1,0 2.5
9 1™ 9.1 2,3 'S 0.l (5 hrs.) 56 hrs.)
10 m 9.5 2.4 n 0.1 (3 hrs,) 5 hrs,)
(3) At Stah, %2 252
1 33.5 13 1 1.7 1,5 3.5
2 252 3.3 1,2 18 1.4 1.5 3.5
3 2660 35.1 13 10 2.4 1,0 1.5
['A 465 33.4 1.2 pVA 1.7 1,0 1.5
> L65 33.4 1,2 15 1.7 1.9 35
é 2350 35.1 1.3 10 244 2.5 3.0
7 638 3.5 1.] 15 1.4 1.5 3.0
] 352 3.3 1,2 17 1.4 1.5 2,5
9 -— —_ - - - - =
10 Wwé J3.1 1.2 15 2.6 {7 hre.) (10 hre.)

‘
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2. Qcueral,

(1) The studies in th's paragraph pertairn to the
aruificiel Toding sffects that might be -roduced Sy release of
witer ‘rx the cutlets of the Urft, Schwarmenau:l (~ur) Yei~bach,

Jbor-aubach, Xall and Drei m,arbach reservoirs,

(¢) Inciudwi ere quaniitative esii-m Lea of ‘e
poteartial ef ‘octs of detri~antal flov variation ;roduced Ly
oreraticorn ' the existing Lutlets and by modificatd ' >f the
0:tiet structures t. increase the discharge capaczity.

(3} Refarence is made to paragrzph 2-1C and Extibits
Aand B for descaiplione £ the structures, to Plate 2 for locations,
to Filates 6 to ¥ for sketches of the dams, zrd to documerts listed
as References 4 to 16, inclusive, $n the 3idliography of this revort
f-r detailed descriptions and drawings »f the dams and their Jutlet
structures.

(4) Flow variations may ba repeated to produce
crcidc eflects, Jependent unon the replanisimant of the deoletod
storags in the reservoirs.

b, c Considerast e Referoncs {3 made to
paregraph 4~3b for discussion of the influence -f natural stree-
discharge and initial reservoir posi ie%2l on artificial flooding.

o, Meapns € C 5 trimental “low Varjatimns,

(1) Genersl. Detrimental flow variations may be
produced downotrear fr-m the Rur iiver dans by one »f the follow~
ing two methode:

(a) 2roe A, operatinn of the existing controlled
outlets for sustained »r cyclic di scharge.

(b) Typg 3, modification of the ‘utlets to
increase discharge capacity, acc.rylishel by temporary by-passing,
altcration, devlition or dismantling of restrictions, machinery
or otrer (utlet appurteances.

(2} yrfy Dam \itdlet Discharzes.

(8) TYpa A.. The three eﬁuing sutlets beneath
the da have a curbined cavacity .f abcut 3D /uc when tre reger-
wiir i3 full, discharging intc Schwarmenavel (Fur) Dam reservoir
pool. The ‘z.:mel and penstocy fro~ the Urft reservcir ¢ the leirbach
Darer “lant can carry 34 mJ)/sec mde:' full pool conditiore. Nefer-
ence ‘s —=ade w0 Txhibits A and 3 for detailed descrirtioxs .ma‘ 7
Plate O for a photogrer - and s"nbc'xes of the Urft lac= outles.

’ . 4 . n!
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(b) Tzvg 2. 2 ﬁ’ of ﬁ‘e vaives and a sh % o %
ce domsirean of -the cmerete tlug in the bottom
ef {ect an i c:'e:}ge in the discharge capacity
te to abou tu. /sec. See Pigures IT and 1T

"'l t? 5, Raoval or bypasting of the turbi .e* in the Heirhaceh
Puoar Tlant and breaking ~f the pers.ock would increase the capa-
city of the pomer utlet & about 36 md/sec under full posl condi-
tims, r’mwn*,' wder lesser po-l elevatiras, such action could
remult i drast*c decrease o' the capeeity by elimnation of
'si:rmic action, thus reduci~g the.ef’ective head. The demclition
af this wsstvc!c by tte Gemns bex re their retreat from the -
Icca-it'a resulted in 3 low rate »f cﬁsclw‘ge rrr this source,
‘ace-rding t eymtness acccunts, -

(3) Paulush-£ Dam Oatist Discharges. 4is explained

in Bdhibite A a..u 3, the Paulushnf ‘serves only tc prevent the
u;ne: reaches £ the Schwamenaudl reservoir from btsing mublect to
groat t.nxéb.muvﬁaf-; sxtent of {nmdatdon, and -serves mire faor an

esthetic than a hydraulic purp-se, The Large spillway gates shown -
in Hgure I of Plate 2, have 2 capacity far in excess of the
Sehwarmenauel rormal outlets, Conssquently, no analysis ves made
of the possible af ‘ect of discharge frem this dar: as the critical
s,c'*trn point wuld be at the ~ut*ets of ‘he msin Scammauel Dam,

(L, Sem_ 1 (2ur) Dam Outlet ")ischar;;es.

TS S m_&. m "-Jtlct tunnel of the
ServaTmatausl (Rar) Dam, ‘shown m Plate 7, has & discharge capacity
at m‘n pool of a“x’mt 80 m3/sec, e~ described in Exhibits & and B,

e T R (b) m Destruction of the contrel va_ves
sd :i pes at the exit of the -utlet tunnel (Migures IIT and ¥,
Plate 7) would increasa the discharge capacity st full pool t.o
sbout 135 m3/sec. Sudin opening or demolition of the 9 m wide
weir gate in the spiliway would increase the pesk :grbined dais-
charge capacity at full pool to approxdmaiely 305 m?/sec. Since
the crest of this zated weir is only 4 m below the full pool
elavation, the duration of dischaerge tirough the weir opening :
7ould n t exceed adout 24 hours. Reference is made to Plate 7 and
tc the detailed description contained (n Exhibits £ and B. The
outlet exit walves and entrance gate were blasted b the Germans
upon thelr retreat as described in Exbibits § and C. The reser-
voir wao only partly full at the time and the estimated discharge
camputed by the Allies at. that ti~e —.s arprodretely 31 r:g/sec.

(5) P -bach and Oharmanrach Danp-Tutlet Dischar
T’se mtlets ~f Helwbach and Oberranbach Dams are similar, both con-

- glsting cf lar ge flap gates hi“gud at the bottom, as ﬂhum on Plate 8
and deseritcl in Ixhibits A and B, In add!tion both have a small
tottae zate! wtlet. Upon sudden: opening &t full nool, mgp/ornximuly

s

407 23 /s0c can be Adischarged from Heimbech Dam and 500 aoc {rom
C%emnuaqhmr. e aRITITITRIT A
4 (WA W \vl W SO A
5{\,..-&-40‘! i,“i ,.-.. x‘i‘:‘."‘ "e
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(6) EZall Da— Qutlet Disolsrgsa,

fa) Type A, The im 2x3ting Lottt cutlets
have a crbired discherge capacity of 15 m3/sec at full 5051, The
spilivay is of the fixed >verflow typs, Refererce is made t) the
sicwtches o Plate G ard W Exhihits A and 3 for further d-tail,

{b) "Te disoharge capacity could he
{n:reesed b, about 37 md/sec at fuil ull pool by means of destruction
of tha valves i~ the “ut;et tinnel and rem wal) of a short section
of the 2 outlet pipes Lrrmediziely downstrea: ¢ f the ooncrete core
of tns dam, (See Pigure V, Plate 9), It is orssible trat QNurther
increase in discharge rignt be ef “ected by brasaching .r aem-liuon
of the rund s.iliway t wer, shovm in Figure I of Plate 9; h-waver,
insufficient data —ers avxilable regarding its detailed construc—~
Wor tc nerewit {nclusion in this rep rt of the possidble affects of
such action,

(7) Dreilaecorbach Dan Oytlet Discharjes.

(.) o« The brttom sutlet has a design
discharge cspacity of sec under full head; although in nor-al
operatd m, the full c:par:i ty 42 not utildzed due to widtradicn in tle
fsully valve as discussed 4n Exhibit 3. A plan and crorss—section
of the Dretlacgervach Dam sh =ring the cutlets {8 includad on Flate 9
and description 43 cntained in Exhihits A and 3,

(b) Iype B. A a2 mggh:. increase in discharge
canactty £ the bottom ‘utlets %) 16 m3/sec 2t full pool could be
effected by rem val ~f tho valves and short sections of the outlet
pire noc)u' the omcrete nlug in the >utlet tymel. (See “4gure IIJ,
late %).

d. 0 F Varist .

(1) GCenersl. The effects :f the detrirental flow
variations muduced gy release i discharge from the outlets of
the various Rur River dams are summrised in Tables 8 to 11,
inclusive. Plates 19, 20, and 21 shuw representative discharge
.\ydn gephe at k@ lomtins, The =rtificisl flo.ds studied are

{rdividual )y desoribed in subsequant sub-paragraphs. For purposes
of idmtiffoa“d n, the artificial flo ds resulting frm flo~ vari-
ations are designated harein as follows:

CONF‘DE»\'T!&\
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CONFICENTIA
Initiald
Ty e of pool
oo =tiet Jischarze condition
= A: “-rml outlels Tull
. s o 1/2 suld
S 8: Mlarged v Ful)
s . o 1/2 ™ald
Urft & Pur eh-): Norml *® a1l
x oA=2: o . L
' “A-1: % - 1/2 Al
] Y ., L " 1/2 L
. #3: BEnlarged * Full
s " . 172 ™
e b * {Urft-Aull
Heimbach A: Sudden ovening Full
(Heibach & A Synehronized ®
Obermsubach ) opening
. A1 Deleved opening Hoim.-Pull
Uber.-aﬁ?t;
Obermaubach A: Sudden opening KB ¢
Xail A: Normel outlets 1219 b
. B: Enlarged ® .
Oreilaegerbach A:; Nomal » .
. 8: Znlarped ® e

oTyre A-1 & B Urft Da~ bottnm sutlets and power tunnel plus Pur Dam

outlets

Tyse A-2: Urft Da— p wer tunnel nly plos Rur Dam cutlets

(2)

(a)
arirting n 2l batur

At the dam of 80
strea: l~eationz,

Artis Floud Nn
f1 s variation created by sustained (Type A) discharpe from the

vtlots £ Rur Dam under inftial full pool
o iltiany as des:sibed in. raragradh 4~04c(4).

decreasing o 76

Aiver, as srrwrited (» Tahle 9,

(v)

\ s
¢ 4

reserw!r s at 1/¢ full cspacty.

Flow Vartatiorns “reated bty Urft and Rur Dams,

ocorresponds t~ the

The pea' discharge
/sec muld be ms slightly dirdnished at dom-
/sec at the mouth nf tio Rur

Artificial Flood 'o, 12 differs fr-— Flood
fr ttat initlal discharge s assumed U ey vhen the Zur
e initial ceav rntlet discharre

of 70 m’/sec at the da~ wm ull Se raducat t- 6L m‘«*/m at the 'faas
2ver ¢ nfluerce 39 shaT (- TaLle 9,

Wty e
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P {=) Artificial F1c 4 Fo, 13 wuld result from
sustaina! (‘hrpe B) discharge T=m the 'enlarged outlets.snd from the
voaed tiilm weir-gzte £ Rur Dam imder initial Al pool as
deserited in rerapraph I.-GLc(L) The initial veak discharge of
30 v-\jlsec would ramidly 2i-2nish to 130 r5/sec 1n about 24 hours
ac the nocl sta ¢ dmop.ed ' “tha crast . e weir) and tren de-
creise at a alovrer rate t ety the reserveir in a"\o._lt 12-33 davs.
ne peak discharge at the “aae River ovniluence would be 195 m3/sec.
ee ta‘mhted effects in ‘!‘able 9.

\

Y

[}

U) »l

(d) Art2 i‘ic 3} Fl 2 Yo, 14 results from dis-
charge from the enlar;c2 b ttm osullets of Rur Dam when the initial
reservir stage Mr*es;u; ds 4 1/2 A1) storsge capasity, "‘able 9
sTrarizes the The peak discharge ruld be 117 m>/szc

at the dx and 10‘7 3/;:30 at the Maas River and the duration of

the wave wuld be abut 5§ days less than that f Tlo~d No, 13, 1llus

tratinrg the effect of initial pocl level upon the discharge _fran- -
the dam, :

: (e) Qg{icig Flod o, )% represerxts t.he
reaﬂ“ flow wariation creatsd by similtanecus discharge from the
exiating ro:r'al bottom -~utlets and Dower tunnel of Yoth L‘rft and
Pus Dane., The co-bined -sa% flow at Feimbach would be 114 m3/s¢c _
and ai tho 'laas River 109 ~.3/sec.‘ 43 may be n:ted in Colums

13 and 14 of Table 9, the duration of the wave abxve i0C m/sec .
would be afuut 9 deys and above 30 m3/aee would be about 24 deys as
comaTred 4 **e raspective valuns of zero days arf’ 3t days shum tcr
Flo- d Mo, 11 di achm'gca fran the Rur Dam, .

(£) Lx’t;gah; QQ: Zoa ;é is uimihr to- -
Fload ¥o. 15 excapt et st was ssmumsd that the b.itom utlets of
Urft Tem would be et clcsed until the pool had receded tu the
elevation of the intake of the Urft Dam-'eimbach Power 'l‘unneI. As
&’ be n ted in Table O, no difference in neak discharge wou
remlt; hosever, *1:d fic. 16 would be suvtained atave 100
(romd:-mtely ban-full flow) about 1 day 10P.ger th \g Fly d ‘lc. 15,
bt =suld he f ahcut 3 dxrs less duratise above [sec.

- (g) gg!‘icml “lo4d Vo, 17 15 the result of
discharge frcm all the n mmal cutlets and :).?ver tunnel of both

Urfl and Rur Demm 1l Flood Ko, 15, but with tla reservoirs
Ln*tin"}; at 1/2 Mall capaci‘y. The Jea: flir=r at ‘eimbach wsuld be
10‘ »3 /565 capared to 114 mI/aec £ r Flowd ¥o. 15, but the dura-
ti v of flew wuld be only 1 to 2 days axmve 100 mj/sec and 15 days
a'. v 30 mI/sec, (See Table 9). Represatative hydropgrsphs for
this artificial flc d are preseted on Plate 19 and a graph of
ridths’ of flxdl.ng ia shm n "late 5. This flood aprrnxiiBtes
the ¢ ~*{t{ ns described in paragrzoh ITI-1s of m&bit Ao
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(h) & 1 F Xn is the result of
¢ r3iticns efdlar o Tisod No. 17, excapt that it "ms here assumed
that the b ttaom cutlets £ Urft Dam would be kept ¢l:sed as in
Fl> 2 ¥o, 16, The remlt of such cpuration would be tha* the dur-
atl n >f f1ow would be reduced several days from that croducasd by
lood No, 17 as nxy be sem 4in Table 9,

(V) Arifieisl F2.4 No, 19 involves Type B
d! scharges from all the ,utiets ~f Urft and Rur Dess enlarged as

described in parsgrspt &-040(2) and (4), The enlarged nutlats

would incraasa tha dischargs it Heirbach tc 341 r//sec, but tre

duratd n f the wavs ad ve 190 m3/atc wuXl de only (ne doy lorger

than the § dayg carputed for Flod No. 15. fio<d Yo, 19 would

recede to 30 mg/m in 16 days, abnut 3 days s ner thun in the

cass of Flood No. 15, as sh~m in Table 9. Plate 10 sh.ws the

depth, discharge, and velocity of this f1,.d compared % natural flows,

3Y Artifiecial Flo d Yo, 20 shovs the effect
o initda)l pocl stage, The pool was azsuned to be at 1/2 full
caracity vhilevtharwise condiiions were idantical to th;se «f Flood
o, 12. Thre initis} dilch&:gs of Tlood ¥o. 0 iz 148 m-/sec at
Telrbach as corparad to 342 m’/sec for Flo~d Mo, 19, whils tha
duoratin »f flcw {8 about Sdays less &z may de rcoted in Table 9.
Mecharge hxdrcgraphs of Flod No, L at Heimbach and the Maas River
8;oear on Plate 19,

(x) ruficiel Flod Mg, 2 1llustrates the
presible flow varisticn that ¢.uld be effec b meane of the Urft
Dam ~utlets in the evant that the Rur Reserwoir besn previcusly

amtied. A peak Aischarge 2f approximately 68 m’/sec would be
attaird at Hedrbach from the aembinad flow «f the normal b ttum
outlets and pwer tunnel *.f Urft Dan., The d scharge muld be sus-
tained above 30 m3/sec fur abrut 10 days, cons'derably less than the
2] days fr-1 similar opaning £ Ruar Dam alone (See Flood No. 11)

and the 24 days of Floxd Yo, 15, involving c ~5‘ned d.scharges frm

both the Urft ard Rur Dems, as shown in Table 9,

(3) v

(a) al F i0, 22 represents tie
{'or varlation in the Rur River resmlting from sudden opening of
the woir gate st Heimbach Dam under n Tyl full pcol conditions,
See Paregraph &-048(5) for descripticn ;s the weir discharge caps-

clty. The peak discharge w.uld be 407 1z’ /sec at the dmm, but the
duratd.a of ths wave uld de only ab.ut < hours as shown in

Tatle 10, Assuming that the similar dam at Obermaubach was pro-

vi usly opened cr destivyed, t!e nea discharge at Ue aas River
w.u'd be 76 m3/sec and the duretiwm of tre wava a'v 2 § hours at
the latler locaticn, Mate 20 sh ws re-resetative discharge hydro-
gepts £ r tiis flod,

1v-16
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: (d) Artificia) P1>d No, 23 an ws the effect
of symchronized 2osration cf Ueimbach and Cbermaubach Dams. Assum-
i~g tat the gate at Chermaubach mas held in clesed p:sitizn untid
arrfival aof tlre reak . f the mave resulting frum opening of the
Hei~oach veirrsn.e, the deak dischirge from Oberrmubach Dam wmo.2d
be ahcu’ €3C m’/sec &s showr in Tadble 10 and on “late 20. The
reculting peaVv discharge at the Maas RUver wull be 170 m3/sec as
eontrasted with 76 and 99 m3/sec correspunuing raspectively tc
separate operation of the Helmbach and Obermaubach Dams. (See
Flouds 22 and 285),

(¢) Ardficial Tood ¥o, 2 shows the effect
prodced by parmitting the mave from Seirbach Dem (Flood No, 22)
tc be tampirarily retained in the initially empty Obcrmsubach
puol a.d then suddenly relemsed. m;he ceak at Oberrmubach would
be thus increased frum 176 to 3C4 or/sec but the resulting ;
disciarge at the Maas River would be lowersd from 76 to 54 m’/sec
as capared 4. the uninterrpted wave of Flo d Yo, 2, The durs-
tion of the flow would not bs appreciadbly charged, as shom in
Table 10,

(d) Az¥ficinl Flo 4 No, 25 is the reslt of
sidaopmning of 4.e Cbermaudach weir gates and .utlet under norml
full po.l conditions. 2 peak discharge of 500 ma/aec wvould emit
fr m the opming but t-e 1o would recedes in av ut 2 hours to the

bases {lov, as sh~wm in Table 10, The ea discharge 2t the “'ass
River wculd be ab ut 99 m3/sec.

(4) Flow variations Crerted by ¥ail and Dreilaegerbach

ban2.

(a) Artificiel Plouz ¥o, 26 is the reslt of
sudien full opering f the existing normal sutlets of Yall Dam
uder conditiuns of _full pool., The resulting hydrcgraph would
have & peak of 15 m’/sec and a total durution of about 46 hours,
a2 shom in Tadle £ ard on Plave 21, The remilting peak flow 1n1
the Pur River at Zerigll wuld be 24 m’/ses, an incresse of 14 m-/sec,
over the sssumed 10 m’/sec initial base flow in the Rur River, thus
representing sractically n~ reduction in the posk flow,

(b) Artificial Flood No, 27 is the result of
discharge from the wmtletn of Xall Dam enlarged as irdicated in
paragrech £~040(6). The initial peak discharge would be increased
fri~ 1% to 44 ™’/ /sec but the resermir would be emptied in sbout
18 hurs s a~pared t& the 45 hour durstion fran the werrdific?
outleta f Flond No, 26, Effects are swrarised in Tadble 2.
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(¢) Artificis] 71 4 No, 28 represents the
effect of full ooming of the axisting outlets of Drellaegerbech
Dam at full resevolir stage, Toe resulti:g discharge mircgrepliic
are sh-m on Plate 21, The peak discha-ge from tre dam of 12 m3/sec
would Se practically undiminished at the ¢ rflaence f the Inde
&d Rur vers, as indicated on Tadle 8.

(4 g;g,técial Flood N 1s the result cof
disctarge from the sutlets ~f laegerdach , enlarged as des-
crtded in para;raph 4-040(7). _Initiad peak discharge at the dam

would be increased only to 16 —ra/eeo, thus reducing the total

duration cf the discharge % 92 hours, 83 oumpared with the 124

hour duration of T1 d )>, 28, Effects are swrmarized in Tadble 8,
Q. E oy f ")lew Y .

The oorparative peak valuss and durations »f the
flow variations produced bty discharges frum the .utlsts of the
veri _us Pur River dams arec sumarized in Tadlee 8, 9, and 10, and
the resulting widths f floxding during passage J the neaks are
tabulated in Table 11. Extracts of rertinent effects at Juelich

from Tables 8 to 11, inclusive, arc presented, as follows, to
facilitate coparisons

iv-18
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W-Tle
Carparison of flow Variations a$ Jueldier (% 116
Peak 7alucs uration
ear:
Flo>d Surface ‘rriwl] Width Ado Abg\'a
%oe Dische. Stage Vel, Tme Floaded 100 n?[sg 30 m’ /sec
P/sec AN p/sec Hour Jon Days Days
(1Y Urft Dam Mow Varia
n 78.2 . 58 0= 0 2
12 & 78.2 1.8 42 0= 0 12
13 25 7945 2.4 12 0.1 8 12
15 111 737 2.1 34 b 3 7
15 11 7€ 7 2.1 b ) s 9 2,
16 1 7847 2.1 50 ¢ 9 2
Y 100 78.6 5% | S0 * 2 15
18 100 78.6 2,1 50 . 0 12
19 251 V.6 2.5 12 . 10 16
p.¢} 140 78.9 2.2 42 . 6 1n
21 65 7€.2 1.8 75 0. o} 10
() Heirpagh %4 Sbermaubach 7low Variations Yours Hours
22 128 78.8 242 8 0.1 1 4
F4) 322 80.0 2,6 8 . 3 5
2/ 114 7.7 2,1 3 o l 3
P 197 3 244 s . 3 3
(3) xal} ¢ ch Flow Varjations Jays Days
2% zzz,mE & - 2 0 - -
n % ® = - - 0= - -
2e Q .6 1.2 18 L 6 (total)
) 25 7.7 1.3 13 * 5 o

@¢ apparsnt flooiing: flovr probadbly oorfined within strsam ba:ilc
4-05 ATIFICIAT. FLOCII' G 2OTHTI LITISE CF CR'ALS,

The absence in this area f mavigation canals or any other
large cmal syster preclices utildization of canals for artificlal
flooding. The industrial water-sup;:ly canals mentioned in para-
grash 2-12, wuld serve to ircrease the extent ~.f flc ded areas
resilting from still-water barricrs, major £10 d waves, and flow
variations discussed 4n this section., Insufficient data are avall- |
a-leo at thHie ti~e & peerm't analysis f t'e axtmt Hf such increased
flooding.

&06 SNMARY,

The artificial floading Dctentialities of the Rur River
descrided ir precedinrg paragranhs 401 tc 405 are herein gerarisads

Iv-19
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R, Teporary da—ire ~oeratiors at suitadble bridge oren-—
irer muld cm%c floding ¢ viiciora extending 1 0 3 X upstrean
from thise locatd 'ns with average widths of cverbank flooding rang-
ing £+ 100 %o 500 m ard dexths of Cod e 0,8 m, A ccntisnuous
barrier could n)t be fur-ed by this neans except during cveriods of
Righ flows. Associated breachi-g =f los3l lewees would also be
necessary. eference {3 sde to paragrusn 4&—XR for detailed dis-
ocugsion and te Te%le € and Plate 14 for tabular and gra-hical
sorndon of effects. '

b. 3reaching of the Urft and Schwarmenauel (Rur) Dams
would create maj r artificial flo-! waves in the Rur River with
arclitides ranzing from approximtely 4 to 11 m at Zer'all (ot )
and from 2 to 4 » at Stah (km 152), Effects on the Maas River were
not anelyzei in detail, but based an information in Reference 29,
it is estirmted that t.*e waves would n t exceel 3 m above rnormal
navizatd n posl stage, assuming that the navigation dams were
lowered nrior to srrival of the mave, The start of the artificial
flod waves would arrive at Terkall ir about 1 to 2 hours and at
Stah in 7 to 11 hours. The average rate cf rise ¢ f stage would
vary co-sideredly, ranging fro~ adout 1 to 10 m/hr at Zermll and
0,3 to & m/hr 3t Stah. 'een surface velocities at the crest of
the wave w,uld vary from about 3 to 4.5 m/sec at Zer‘all bui wuld
be only ebout 1,3 m/sec at Stah. Overbank flociing sould be ax-
pected to persist for not wver 2 da,/a in mist locations. ard strean
velocities in excess of atout 1 to 2 m/sec would prevaii for
2 t0 4 days, Reference is made to paragraph 4-03 for destailed dis~
oussion of effects under vari-us ecnditions and to Tedble 7 for sun~
mation of effects,

6. 3Breachirng of the Xall or Dreilaegerbach Dams would
create relatively amall and shurt flod waves. On the Rur River,
arplitudes would be.less than 2 m and the duration of the mve
w.uld e less than 12 hours as shom in Table 8 and described in
paragrach (=C3.,

4, Detrimentsl flow variatiors could bo produced in tha
Rur River ranging in arplitude from aprriximately 1 to 3.5 = at
Zor'all (km 75) and 1.5 to 23 at Stuh {am 152) by manipulatdan of
the controllud cutlets «f “'rft and Schwarmenauel (Pur) Dems, It
w-uld take about 2 hours for t-e start ~f the wave t~ arrive at
Zer'all and from 12 to 15 hours to arrive at 3%ah, The rateof
rise myld vary consideradly depending . ccaditions at the dams,
and v uX range from 0.04 t 1.2 m/hr at Zerkall end O, 02 to 0, 23 r*/hr
8t 3tah, Mean surfase velocities during the passape of ‘the crest
of the waves would reach as high ao ahout 3 m/sae at Zerknll and
1e2 m/sc0 3t Stah, Overbank floodisg cculd be effeeted for periods
of 3 to 170 4ry2 4n most lecat ond by cmm.-:cd disahiarge from the out-
lots of both the Urft and Schrw-cr.m.. Irms, Moon surfaco veloeities
in cxcess of adout 2 %W 2 m/30¢ vould porsist fnr poriods up to nearly
4 wooks, Cyclic vari-tion -f flov vith aplitudes =3 high cs 2 = could
be =adntained for m axtendd period by ropeaied opaning and closing of
the outlets. Detailsd inforrmdon {8 contdned in Tadle 9 and in para-
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8, Suxden orenirg or dewlidon cf the weir gates at
Het tach 8.d Cosr-mudach Dams 'suld sroduce dewrimental flow
variations in the Pur River dums.rex 7 trise structures of 1.8 m
arplitude at Zeriall and rangirg from 1,5 % 2 o at 3teh. Az
sn~an in Table 10, synchronized operati 1 of tiiese &m structures
¢ 2 arprecially intensify the e! ects dommstreaam of Obermaudbach
l&z. The start of tie rise would requirc aliut < hours to travel
fm~ “ei~bach Ja~ t Obermaubach Dam and about 10 hours frem <he
latter -ulit L Stah. The averaze rate .7 rise of the waves
wuld be nearly 2 mhr in the reaches betwom the tw structures
ard ranie from abcut 0.5 th nearly 2 m/hr domstrean £ the Obermau-
bac- Da=. The d'ratisn -f rverbany floudirs w-uld be short, only
abcut ! hour; ard the Zurstion -f gbove rirral velocities would
nut exceed 3 W O brurs, "ussibilitices «f cyelic varistion arc
ecelient, due to large v:lume (f water stored in the Urft and
Serramenausl reserwirs. Triur th se & vrces, the Vei~bach ool
cx: be refilled in ab vt 4 h urs, and ti«~ "bermaudbach pool in less
than S h-urs. A sumary f eflects is oresented in Table 10 and
detailed discussi n of p ssible flew variations 18 included in
para;rach 4-04,

f. Tlew variaticrs in tie Rur River casused by oscerat!on
of %re ¥all erd Dreilaegerbach oa~ . utlets w uld be slight, Dis-
charge frvm the existing tlots ¢f ¥ali Dee wul result in &
rise of stage in the Rur River et Zerkalil of only about 0.3 m,
and avlarganent ¢f e sutlets wwald aniy result in abut 0.8 m
rice at that locati n, The Dreflaesparback .utlet discharge wiuld
not ralse the stage at Juelich .ver C,2 m, sven if enlarged.
Stages would wecede to n ral in 1 ¢t € dsys. Flow from these
dams oould be utilized to -r 'vide water fur still-water “arriers
or t. slig!tly increase the nea or duration ~f flx variations
frov trhe ther dams., .re detailed irforation may be fourd in
Table 8 and in maragroph &-04.,

g€+ The numercus s=al) check dams locateld approximately
one = apart along the Rur Rver vyl tave it a eflect upon che
artificial f1.ding ef”ected by dam brezcring or utlct discharge,
as wmas ubserve! durin; the February 1945 Rur River crossings des-
ceribod in Sxhibit ©, I.".:ufﬁc‘.crt date “arc available t cvaluate
the n-asibilities of ircreasing the Yeight -7 ti'ese dans L. create
8t Yl-watar barriers,

ke The amunt £ flooding to be expected as & result of
traachi~g or regulated discharge igrds ur.‘zolq uzsn the hase
flow, (L.ec the flow of water »dsting 4 tho stroan ori r to the
artificial N1 4 or flowrng %0 ths res c"v“ irs). Y rmally rest f
tre flos in the Pur River ‘e omuriescd of discharge from the "'rft
and chwarmenauel Uams, and in tnat avent, high base flow »uld
n .t anpreciadly increase ths mmlitude £ ard{icial flood wavas,
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but wuld increase sreavhat the rate of travel of the start and
peak -f the wavey, and w::ld in-reass the dwraztinon - f the re-
c299icn of the mve, ¥For evarp’e, {f n inflor were entering the
resarvoirs, the cduration f{ cverban'c flading for the flov vari-
atli 13 desipgnated 28 1 - ds 1]l to N (wis) an averaze 10 m3/sec
base flow assumed in this report) wmould bte reduc roxirately
one day a.d the dureticn of f1lows in excers -137;«: wuld be
roduced aporoximately 10 to 20 percent.
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EFTECT X "TII1ANY OPRAATITNS

501 GENERAL,

The prarpose «f this sfection is 1 assist military planning
personrel in estimating the relative value and offect of artificial
floods upor. assocfated military factrs such as bridging, ferrying,
and trafficablility. The effects -f artificial flo ds upon military
operations may vary greatly, depending on hydrmilngic and weather
conditiors, the tactiocal and logidtical situatin, and the type of
scuipsent involved, Reforence is mmde to Section IV for discussion
of the hydraulic features ass>dlated with artificlal flonding,

&2 CRARACTRISTICS OF NMILITARY SRIDGING.

a., The loading ompacities of standard U, 3, Amy floating
bridging, for conditions classified as "Safe, Caution, and Risk
Crossings,® frr various currat velocities are tatulated in Table 12,
Incliled are theourrmt velocities vhich are presumed to dastruy
the bridge in place with no 1:ed, the valuss rening from O to 16
feet psr necord (4.e. about 2,7 ¢ 4.9 m/sec). Table 12 13 primarildy
based on data contained in References 30 and 31,

b, I% should be n.,ted that th- wvelocities shwm in
Table 12 represent geraral averages, The ability of floating bridges
to wwithstand current velcci tieys deperds upcn numerous variable fac-
fors, such as special prmvisions f-r securing the bridge, the rate
of change in river stage, direction and variahllity of currmt
debris carried by the stream and . ther ¢ nsiderations., S3Standard
bridging has beemn sucoessfully utilised under caxnditions more severe
than indicated in Table 12, and has failed wder apparently less
eritical veloeity.,

$-03 1945 RIR RIVE CROSSI'D,

8. A dotailed account of the difficulties encountered by
the ‘meriomn furces 4wing the cressing f the Rur River in February
1945 (presented as Exhitit C f this repnrt) inocludes description
of 2he eftect that the German possessin of Urft and Sclwarmenauel
Dems and the destruction of the -utlets of those dams by the retreat-
ing Germans, had upon the Allied crossing of the Rxr Kiver. Informe-
*tn 18 also c.antaired in References 23 and 25, listed in the
siblograply, 32 well a3 in several vther ¢ cuents unlisted for
security reasons,
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5, Tho 4rerieT frcces renchad the vost side of the Rur
-dhr in Dovrver 1944, Sstz:'r*ﬂs of *he ztucdon aphasired
ot L rgo-: uﬂn 2roczires o the R Rivir balow the sites o
the J!’Z'» il Simamencucl (oﬂ') Ders ghould ot be undartoicen until
this> dye =zre ir fricndly hends, duc to the possidbility that the
Gerons 'rig,'*t. raolerse artificial flocd waves by destruction of the
dzzs ar thair outl:ts, Attampts 4o raove this tihreat by destruc-
tion £ the dams by 3aricl bambing worm: msucocssful, Intensive
efforts woarc mde to capture those dwmsites by ground attack prior
to attenpting crosaing of the river,

0s The Ardounos breckthrough by the Geimans cmsed withdrawal
of Allded farces from the Rur River lirie until 5§ February 1945.
The Urft and Rur damaites were eaptured on 10 February, but the
enay had blown tho sutle gotes, which created flocding to o depth
of 3 foet over the benks nocr Dueren. Tho resulting eurrentveloci-
wies vere estimated as being 10 to 12 rdles per houwr, and crossing
cpormti s wore daloyed until the cwrrent modersted,

4, The Rur Rivar wes succesafully crossed ty American forces
on 3 February, although the current wvalocities, were still ovor
8 milos per howur. Considerablo difficultios were encountored due
to the gwift current 28 well 23 & ooy resistencs. (See Exhdbit C),
Construction of floeting bridges ms hindered by the awift current
and by the rapid fall 4n river stage during and after the night of
203-24 February., Roference is made to Exhibit C and to Refernces
23 cnd 25 for mxxe detadled dascription of the offect or crtificiad
flonding on thu R River croasing.

5-04f FEFFECT 07 ST LI-WATER BARTIBRS AND DRAINAOE OBSTACLES,

a2, Refaronco 19 mde to paragraphs 4~(R and 4-25 for dis-
cussion of the hWydraulic festurcs associz ted with formmtion and
sugnntation of watar cbstacles by means of temporery damming
operations ar by disruption of n.xmal drainage.

b, Bridging vd ferrying operations wiihin the dbacliwmter
rerches upstroam from thc terporary dams would be hindered by
reasn of tho resulting greater width and denth of crossing
indicated in Table 6 and oo Plate 1k, Approach trofficctdlity
=ould be docreased by the shallow owverbdenk flooding, rnd the
incroased stroeam depths would hinder fording of the affected
roaches of the rivar. Sinoce the reeilting increased weter obstaolo
would nut be cntinuous 2long the stroems (as iliustreted on Plate
14), stillwutar bSarriers mst o c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>