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SFBCIAI STUar S-53-3 

ARnrrciAT, PUXSDIWG WJTESTIALITISS 
RDR (R02R) RIvYP. 

S3CTT0KI 
IKTRODOCnCK 

r 

1-01    A.S3JCK BIT, 

This special study was •salted to the Military Hydrology 
Research and Development 3rench, Engineering Division, Washington 
District by letter fron Office, Chief of Engineers, EECFE, to the 
Division Engineer, M>rth Atlantic Division! subject •Military 
Kydrvlogy R&D Project Ho. 8-72-U-C/01:  Special Assignment" dated 
9 September 1952. 

1^02    PKPOB* *?D 300°B. 

a.   This rep «*t presents inf omatl m regarding the hydraulic 
effects and nature of artificial flo ding potentialities in tho Tau* 
(itoer)» River basin.    It consists largely of a ccmpilati'jn and con- 
solidation of information presented in vsri-oa lr.talligence documents 
and technical publications, with certain sup-laieniary analyses and 
discussions.    The material forming the besis of this report was 
Had ted to that arailablo in the *7ashingt n, D. C. area.   Adcii tioi..l 
data fr*>t* oth*r sources and fisld reconnaissance are needed to ade- 
quately carer the subject for r«i«"al military requirements. 

.   b.    The report is designed t. furnish basic dtta and results 
of analyses needed to answer questions eoncemingt 

(1) N raal and extreme discharges,  stages, and vcV>- 
oitios at key stations en the Rur River in the roach influenced by 
the tJrft Dam, So)inau« auel (Rur) Dam and other dars in the group 
conta-nly known as the •Seharfdt D*aa* Or •EifcltallspcrreB" (Eifci 
Reservoirs). 

(2) Streac characteristics including gradients, depths 
and widths   f channel and flood-plain in that reach. 

gaging stati ns, 
(3)    Data concerning locations and aero elevations of 

tmi bridges. 

torporery dsjas. 

(4)   Data ernceming locatians and dimensions    f dams 

(5)    the extent of flooding possible by erection of 

spelling ia •ftur,* Dutch spelling is *Ro«r.* 

CONFftfcNTiAL 
SfcCU.uTY  INFORMATION 



1 

i 
\ 
< 

i 

CONFIDENTIAL 
SECURITY  INFOHMATION 

(6)    The nepr.itude and duration of flood waves and 
flow variation!  greeted by breeohlng or regulated discharge froa tf*» 
daar.e end reservoirs and the effect on r.llitary brldrir.?, end  erotilr.j 
operations oo the Rur River* 

1-03   AR?A';3a&;:. 

!hli  report  it  sub-divided as  followti 

Section  I Introduction 

Section II 

Section III 

Section IV 

Sect ton V 

Bibliography 

Tablet 

PUui 

Exhibit A 

Exhibit B 

Exhibit C 

Drainage Bet In Chnreoterlst lot end 
Developments 

Bydrologlo Chnreoterlstlet 

Artificial Flood Potent U lit let 

Effect oa Vllitery Operations 

Deuorlptloo of ftateroourto end Control 
Structures,  The tear  (Roer) end Urft Rivers 

Abttractt  froa Careen Teohnloal  Literature 

Bxoerptt froa VII Corpe Reports  The Roer 
River Crossings and Advance to the Rhine." 

1-04    DlTIhlTIOKS *KL REFERENCE DAT*"'. 

»•    BSt*g£g* ft>kllth-Wtrlo Toraa. 

Both the ffegllth and "eerie  eytteas are uted in this 
report*    Convt-rsloo factor« are preeented for convenient referenoe  in 
Table 1. 

b,    IfrraroUgJlo Torae and AbOrovletlooe* 

(1)    The following ebbrev let loot are used in thla report i 

centlaetare 
ailllaeters 

klloreters 
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liter* 
square kllo»«t»rs 
cubie teeter* 

I'.'ie:       oubl« aeters  p«r second 
fpe feet pet* eeooad 
a/eee        -eters per eeoond 

(2)    Abbrev 1st loos.   In oonfornenoe *itn tUniUrd Servers 
P-;drolcr.lo j—mcttce, ere defined In T'<ble  2. 

o.    Slevetloc Detun. 

ebore  •*> 
All elsvetione referred to  in this report ere in meters 

1 Will" (R. I.),  the  sero of the Gormen Und Surrey u*tu«u 

d,    Ellostotorego Detme. 

River kilometers  in thie report ere beeed on Zero Kilo- 
Meter et e point 1.1 km eeet of Uoati Rigi,  Belgium in the heedeeter* 
of the Rur River end ere meeeured in e downstreem direction. 

The eree of the Rur River befin  ie oovered ly the  following 
steoderd Amerioen-Brltieh steps of C808 (Qeogrephio Seotion Oenerml  Steff) 
eerie* • 

go* Is 

1*260*000 
e 

1,100,000 
e 
e 

l|26.0O0 

GS08 Hep Series Sheet Number • 

4042 *«  3,   £ 
4356 K-61,   K-62 
4416 ,-l»  R-l,  S-l 
4936 «#  » 
2541 2,   6 
4414 4802,  4*02,  4*03,   6003,   6004, 

5104,  5204,  6304,   6404 

f,    Referenee arid, 

5rid referenoes eited in thie report ere to the "Kord 
de Ouerre* Grid System. 

:-Ci    RtTBtncis* 

111 referenoes eited in thie report ere listed in the 
Mbllegrephy following Seotion ? of the text. 

* 
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•* SBCTIOI II 
DRAIHAGZ EAST* CHARACTER! ST ICC" AST) DETELOWEKS 

2-C1    GENERAL. 

a. !r.e Rur  (Roar) River rises  la th« Eifel Highlands  la 
Be*. .-Lx* and flows generally northward along the Gerwaa side of the 
Belglua-Geneca sad Dutoh-KJeraan borders,  esptylng Into the Maas 
(Mouse)* River aaar P.otraoad,   Bolland*    It i#r«i as a aajor source 
of dowectlo aad industrial we tor supply for the Prussian Rhine Pro Tines 
and presides eleotrlo power for the area of Gerwacy south eel south- 
west of Cologne  (rtlo).    The aajor tributaries of the tar River ere 
the Urft,  Kail,   lade, and Mora Rivers,    locations of tha river and its 
tributaries are shown ee tha aaps presented as Plates.1,  2, aad 3 of 
tha report*   A detailed deserlptloa is oontained in Rsferenee 1, a 
translation of srhleh Is laeluded in this report as Exhibit A. 

b. Tale report is confined to consideration of the sain 
stea of the Rur River below the Urft and Sohwcjsaenauel   (Rur) Dear, 

S-02    TOPOQRAPFY. 

The headwaters of the Rur River ere in the glfel Highlands 
which ooaprlsa three distinct regions* the "High Rifel** a region 
4itseeted by deeply iaeieed streeaai tha "Toloaoie Elfel.* oharaaterlsed 
by leva-blocked valleys and voleanlo orator lakest the  "Ftohn Venn," 
ccspoeed of unduletlag hills with slate ridges aad peat-filled depres- 
sions*   The wr River oentiaues to flow In aountalnous oountrv as far 
as Ereuseu  (ka 90).    Proa there to Juelioh (eleo epelled as jGllch) 
at ka 112, the terrain Is hilly, bit at Jueliehlt ehaages to the flat 
Bgrloultural plains of the anas (lleues) Valley, e   The tJrft River 
erlglaatet  in a deep-cut valley la the aountalns near Sehaltheia and 
Joins the Olef River in the •Voloenlo tifel" region r«ar Oaausnd 
(Gcannd)* ass adoring through a deep valley to the confluence with the 
Rur River*   The Ball River has its source  la the highlands of the *Bohe 
Venn* region aad flows northward through aountaiaous country to its 
•unction with the Rur River aaar Zorkall  (ka ?&).    Reference la aada to 
the don laant  listed  ia the Bibliography as Reference 2 Tor detailed 
topographia iaforaatioe* 

?-03    GEOLOGY. 

The Rur and Kail Rivers originate  in the Kifel  region, whloh 
ia aarked by alluvial aoor feraatlons*   The Rur,  Kali,  and Olef Rivers* 
aad part of tha Urft River* cut their way through Lower Devonian leyers 
consisting of greywaekes aad schists*    As the rivers aaerge froa the 
•Hehe Venn" region* they successively cross layers of graywaeke,  elate* 
sendeteo* and oalclte, and oa the line between Sechweiler and •eissweiler 
reach the •Bight of Jueliaa* with its heavy loess oover*    The Urft 
River originates  ia the calcareous 9n*vL-.s of BlankenhefeB*" aad eroeaes 

e Dutch spall lag  is Sees,  Belgian spelling  is Mouse- 
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tha Umtr Devonian region to aetar th* oaloaraoua J»«vir.* of 
Soastaaloh* and than th* nottlad aandstona of the Trlaaiic "Sight 
cf JCaraam,* with its aandatoaai »=d eon£L ;oarat*a.    Abova Saauand, 
it again «ntort a Lower DavotJlan region.    At  *.c»st half of th* »re» 
of the Jrft hiver bmein is ooapoaed of oalcit**,  dolor, itea,   and 
• UUi of the Middle DavooUn Ago.    r*v*il«i geeloglo inforaatlon it 
eontaiaad in Befereoee 3* 

?-04    DEAIKA5E AREAS. 

The total drainage »r*. of th* Rur Bivar ia 2299 km?.    Tha 
axtaat of tha drainage baaia ia illuatratad on tha Drainage Baa in Map, 
Plata 5*    Drainage araaa at b»y gaging atationa ara iaeludad in Tabla 
S.   A tabulation of area* drained by tha hir Bivar and  itt aajor trl- 
butarlaa folloee* 

Drainage 
BJTT Looatioo Area (te*g) 

tu- Above couth ef Orft Hirer 246*6 
rn At Bur Dan (lata Urft B.) 500.0 
a Above south of Kail Bivar 709 .ft 
a At Oberccubaoh Das 794.8 
• Above south of lade Bivar 970,9 
• Abora couth of   airc Bivar 1609.5 
a At Confluence with. Maao B. 2299.0 

wTTt At Urft Daa 676.4 
Ball At Sail Daa 29.0 
*i    -. At Rur Biar r Coafluenoe 77.8 

Ind*    .' At Crallaegarbeoh Daa 10.9 
• At Bur hirer Confluence 552.4 

anraa At Bur RLrar Confluence 456.1 

Z-06    OR*DIRTS A!© PROFILES. 

?ha Bur Bivar tana a vefy. atosp gradient, dropping 6£5 a in 
a diataaee of 160 ka between its sourea (elavctlon 856 a/fa}, and tha 
fersaa-Oatea bordar (elevation fX a/4iK), for an avsrege gradiaat of 
41 par 10*000.   Tha aoaatataous upper ragiaoa cf tha river have 
grcdlante.of aa high aa 500 par 10*000* ahtla tha lo»ar reeehea brlrm 
Stah (ka 162) have gradianta avaraglag 10 par 10*000.    Bafaranoa  la 
and* to tha Bur Blver at roam-bad proflla oa Plata 4 aad to th* following 
tabulation! 

taaah of Bur k. Bivar la 
Average Oradiaot 

per 10,000 

fti-'fft 
6ft- 7ft 
79- 88 
86-U6 

116-160 
180-180 -       % 

56 
ft 
88 
2ft 
18 

ft 
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Orft h. - 
•aftBaaeh - :*r*eil 
lerkell - puerea 
Oaaraa - juei loh 
.feel lob - Dutah Bordar 
Dutah Bordar - aeea R. 180-180 ft I 
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T. 2-0te   CHiVKKLSRBS. 

The RUT River (iw—l1« exclusive of the twiiwlw and reten- 
tion poods* tvlM in depth beteeso 0*4 and 1*0 • at KMB   ater, 1A 
the reeabes lejosasd upstreas fr JI tee Gerean-Outch border*   In apite 
of the reUti velv shallow depth*, fording tioae.e difficult at stag*) 
above a* neassti of the hifh, velocities resulting 2roe the prevailing 
eteep gradient of fee river*   D ring flood oondiUone, tfie river nay 
reach an average depth of above 2,5 *.   Reference ie node to the 
tabulation of depth* included 1A Exhibit * and to the depth profile 
presented on Plata 10*   Representative noraal depths at »elooted point* 
along the Bur River are given in the following tablet 

Zernll 79 
Dueren 98 
Juelich U3 
Orebeck U9 

lfl8*&A 8*£KJa\ 3<!Pfo at "K (si 

0.6 
0.5 
0*5 
1*0 

2-07   GHW.Ktl AMD FtfOT-PUIK WIOTHS* 

Detailed information on channel and flood-plain widths are 
cx.taJr.9d in Exhibit A and on Plate 5*   A tabulation of representative 
width* along the Bur River follows i 

flood-fit in 
to«^q{JtecJlva£     ttzaJfe    Qfaawaa aa»ufail   Wtttt (a) 

99 1S-20 20-300 
93*98 26-30 No overflow 

Dueren - Juelioh                98-413 25 400-500 
juelioh - Linnlch            113-426 20 300-600 
Union - Or aback            126-449 18-20 300-600 
Orebeok - Duosh Border   149-460 23 5004000 

4-08   KAWOATIOK. 

C 

2-09    HUlULaliOe. 

Beaaonal variation of floe In the Bar Blear is c ,ntrolled to 
a greet extent by the operation of the reservoir s/stsa in the Bar River 
volley.   High eater flow* are Ispmawlsd In four eejor a Van 
and too socialising pools*   The tare larger dame,  the Urft and 
(Bar) Dasa, have storege ospaolties of 45*5 and 100 aillion •? respectively, 
and are esed for power generation sod ester supply as soil ss fined pro* 
lection*   The 1*11 sod ftranjuartiaah Dans on tributariea of the Bar 
River ere primarily aoall voter-supply projeeta for the Aachen district* 
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Bslobsob - Ssrkall 63-81 16 
ZsrksU - Irousau 81-89 .18 ICC -200 

The Bar River and its tributariea are not navigable except 
for a abort reach near the aouth in the Boerojood harbor **-*- 
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Tha storage iwtnrjin are normally kept at jOJ cs$s£ity fros» April 
to Jjr.e, at 5d capacity from August :? Dec-?b*r, and average 67* 
capacity during the Mining transition parix»s of the yaar.   Re- 
reguletlon of dischargee from the large dans and control of water 
levels for downstream industries ia aade possible by opsratton of the 
Bel abash and Obsraambann Dane,   A aors detailed description of the 
etrootmrs and operation of these dans Is ebntained in paragraph 2-10. 
In order to control atreae velocity and to provide Industrial water 
to the dreeloped reaches of the Rur River, low ohaok dsas have bean 
installed epptroaciaataly ana ka apart along  the river.   These check 
dans, magmnfttwd by 4 a vide channels on either eide of the aain strean- 
bed, psnait withdrawal of water for Industrial ose froc the Sur River 
during periods of low flow,, 

2-10   DHA AND RE3ERV IRS. 

a.   qaqeral.   In the Rur River eye ten there are sever. 
iaportant daasf namelyi    the Urft, Paulushof, Schwaaaenansl (Rur), 
Helnbach, Oberaaubaoh, Kail, and Drsllaegerbach Daas.   Collectively, 
they are oosnonly known as  the "Eifeltalsperrwn" (Sifel Reservoirs), 
Rur Dane, or Schmidt Dans.   Table 3 provides, a summation of their 
individual general characteristics.    The geographic locations are 
shorn on Plates 2 and 3, and sketches and phonographs illustrating de- 
tails of the dass are presented on Plates 6 to 9, iielasive.   Detailed 
description ia contained In Exhibits A and B which consist of transla- 
tions of pertinent excerpts from Oeraan ailltary documents end technical 
literature. 

D*   ntfl D1*    Ir- thm psriod 1900-05, this large aasonry 
daa was built on the Urft River, approximately 4.5 as upstream froa 
the ooBilssnes of the Urft and Rur Rivsre,   It is a multiple purpose 
resorvoir, iapounding 45.5 million a3 of water for power, water supply, 
end flood control.   The £m structure le 226 a long* 58 a high and 
50.5 a wide at its base.   30 eP/eee car. be discharged at full pool through 
the 3 bottom outlets into the "-chwasneneuel (Rur) Reservoir, and 
34 aVeee through the 2.8 ka long   unnsl and penstock leading to the 
Hsimbaoh Power Plant.   Reference is made to Plate 6, Table 3 end Exhibit* 
A end B for further details. 

o.   S/tl Malll*!1!! tftW 1 Pjtj     This is the largest daa in the 
Rur River valley and ass built in 1935-7? to eoaplets the regional water 
eoonoay program.   It le located on the Rur River at ka 99*8, about 
15 las below the Urft Daa.   The existing reservoir capacity of 100 
million e>  aapplsasnts the Urft Dam's multlpls purpose functions of 
power, water supply, and flood c *>tr ;1.   The Rur Dan is 300 a long, 
62 a nigh, and 300 a wide at the basej and is of an unusual type, con- 
sisting of eeveral layers of earth with s flexible core of steal end 
concrete.    Provision was aade in the design for future enlargement of 
the atrastnrs to provide double the existing etorags ea ecity.   The 
2 bottom outlets sen ttsoherge about 80 atysao at the axis ting full 
pool, while las spillway oaoacity Is approximately 750 aP/seo.   Table 3, 
Plate 7 end Sxhibits A end B contain additional Information* 
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<*•    BP||tttfJttfc    B* "saU (10.5 a high) earth dax at 
PauluShof was built In con .Junction with  the construction of the 
Sc nwassensisl (tor) Dee to regulate the water level in fee upper reaches 
of the Scheaasiensusl Reservoir.    It has little hydraulic significance, 
but prlaarily serves  to prevent the natural beauty of the area free 
beir.g iapeired by anJlgntly exposure of sud-fXata during periods of 
low pool levels in the Schwacnenauei Reservoir*   See Table 3, Plato 8 
and Exhibits A and B for further details. 

••   jJeasfrssM sssl BMjMteBft Da&B I   Thaaa so-called equalising 
basins on the Rur River at m 63*4 and 83#9 (See Plate 2) were built in 
1934 to --5F.plar.ent the Urft and Schwasssenauel Dana in regulation of the 
Rur River*   Their functions are to equalise the discharges froa th*» 
storage reservoirs and tc control the water supply to the industrial 
regions of the Rur Valley*    These two dans are respectively 9 and 7.3 n 
high, and have storage capacities of 1*25 and 1.65 zillion s3, respectively* 
The Heiabach Dan has a gated weir 5*5 n high and 18 a long, which pro- 
vides automatic regulation of ope trees stage*    The dual gates of the 
Obermaubaoh Dan are each 5*5 a high and IB s long and are similar in 
design and operation to the Heiabach installation,    additimal detailed 
information appoarn in Table 3, gn Plate 6. and in Exhibits 4 and B* 

f.   assas^ssssfftMl say *» lVW-il# this 43 n high by 240 a 
long r,as.?rry dan was built on the Drellaegerbach, a tributary of  the 
7ichi Rivar, a branch of the Inde River which flows into the Sur R5ver 
at tes 112 near Juelich.    Its sole function is to provide a portion of 
the water supply for the aaehan district and it impounds up to 4*3 
aililon a? of water.   The natural drainage area waa increased by eon- 
»traction of the Kail Dae, Kail Tunnel* and several collecting channels, 
as explained in detail in Exhibits 4 and B*   Pertinent date are auassar- 
iaad in Table 3, and sketches of the dan are included on Plate 9* 

*••   taaaJeaaV   ^k* Raii Cao *** built *° supplement the 
Dreilaagerbeeh Dan as part of the 1934-99 regional water economy program* 
The dan is located on the Kail River about 15 km above the Rur River 
confluence at ka 79 near Zsrkall*    It is a 130 a long* 39*5 a high earth 
Am wvnn a concrete core*   The existing reservoir storage capacity is 
.2*1 million B3*   after the proposed future 9*3 • increase in dam height 
la effected, the stores safsasltv would be increased to 4 Billion s3. 
(See Plate 9 and Sxhibita 4 and B).   The Kail reservoir Is connected 
by aeana of 6*2 kr. tunnel to the Drellaegerbach reservoir*    Pertinent 
dan data are euaaarissd in Table 3. 

2-11    UJVEE5. 

The Isvee systen of the Rur River ia concentrated in the 
der^loped areas below Oberasubech (an =4).   The following table extracted 
froa Exhibit 4 La an indication of the extant of the flood protection 
leweet 

e Al.no spelled as •Sreilagorbach* 
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0bers*ifc»eh-*r«u3jeJU 

Kreu *^=i<attdersdorf 

Lsndersd arf «$ueren 

34- 39 

39-93 

93- 93 

Near I>i«run 93-002 

DuereaWuelich 102-013 

Juolich-Lij\. ich 113-016 

115-026 

Liraiieh^) rebeck 127-129 
HfiJUfi 

3rsbt2k-3tan 150-052 

Re-sctted HR eabankaent on 
right bask* 

So proteetisn. 

High'water does not 
overflow banks. 

Ousren to Hover, is regulated. 

Ho protection except for 
local feetoriea, etc. 

Flsoti protection on right 
bank at Juelieh. 

Ho protection* 

Dikes both aides* 
Dikes bath sides. 

Flood projection 
"ikes both sides. 

2-04   04 413. 

The?* are no naviratSon canals in the Eur River basin, the 
QPJ^ eigr.i fle«it canals in this area are those asntijaed in paragraph 
2-G5& and ^feiort supply ri^sr satar to the local industries. Although 
detailed current ir.farscstior. an the status or location of those industrial 
canals is cot available, it is assumed that the reach of the kur River 
between Kerusatt} and Orsbeok has Indus trial canaeLs along both banks of 
the riser? 

Thfese a&r.als have a standard width of approxijt.ately 4 c and, 
for the most part, parallel the river ohatuisl*   fiefersnee is made to 
Exhibit A for information circa 1940. 

2-03    BRXDGB. 

Reliable information with respect to post«*ar bridge re— 
construction was not available in this   -sffice at this time* however, 
a tabulation of available bridge data extracted fron Reference 1? is 
pre* en ted in Table U ,    Locations and clearances  (wherever data are 
available) is indicated or   Plate £• 
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SBC7IC5  III 

-YEROLOOIC  CHARACTERISTICS 

3-01     Crnrnxt. 

a. Information re^rding river stage,   discharge,  flow dura- 
tion and  Telocity are presented  in  generalised graphical  fore  insofar 
as practicable to  facilitate  application of the d*ta to specific aill- 
tery probleas.    The cited references should be utilised for supplemen- 
tary data, 

b, Mo«t available long-tens stage and discharge records  in 
the Bur  (Roar) alter basin cover periods prior to ooapletion of the 
present reservoir systcs  in 193? er.d consequently are not   indicative 
of the regulatory effect of the reservoirs.    Data presented  in this 
report for the available 1537-1H8 period prooebly reflect the general 
stage and disobarge trends to be expected with the present reservoir 
system in operation. 

3-02    CLIsUTOtOGY. 

Cllstatolo^ical  data for  the region covered by this report may 
be found is References 3, and 18 to  7X,   inolusive.    The significant 
facts concerning precipitation ic this basic ares   (1) the relatively 
higher Toluase falling in the drainage area of the upper nur. Sail and 
lnix> Rivers when cnwptred with the Urft River basin*  (2) the periodical 
cycle sf wet and dry yearsi end (3) the general decline of the seas 
amuai runoff over the past 15 years,    Referees*  should be aeds to the 
"-jfelisfttioQ listed as Reference 3 for detailed discussion of the geo- 
graphic*!  distribution of annual runoff in the Rur River basin*    A 
tabulation of annual aaan rainfall and runoff over the drainage areas 
at key 1 coat ions for the period idea-43, extracted froa Reference 3 
follOWSl 

River Location drainage 
Area  (ka*) 

Rainfall Runoff 
<aa/V»2) 

Rur Rur Sea 3O0.0 1014 619 
• Zerkall 787,1 910 420 
• Ju«i ich 1344,2 613 340 
• t'tah 2076,8 768 280 

Urft Orft Daa 376.0 868 434 
Kali Rail Daa *9#0 1044 686 
Indt Ore tlaafersaoh 10,9 1011 661 

a Saahweil.-r *i£«a 639 803 
#urss Ooilsnklrehan 227.6 729 292 

3-03     STRIA*  ORGIES STATIOKS. 

Streea j&gicv stations have been established on the aaln 
stea of the ksir River el  Zerkall,   Juslloh, and 8tah| on the lade River 
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at Escfeweilsrs »nd on the Want Rivsnr *t Qeilenkirehen.    Stage and 
discharge records for thase stations appear in References 18 to 30, 
inclusive*    LMQWIUIIII are indicated so the Rlvsr aaain Mftp, Pla*-* ? 
and on the Rur River Strean Profile, Plate !t»    Pertinent oata con- 
cerning the ; T River gages are contained in Plata 5. 

3-*   RIVER STACSS. 

*•    Hecorda,   Statistical data regarding the seen and extreoe 
stages eacperienced at key gaging station* on ts* R*sr River during the 
193?*j*0 water-years are twaarised In Table 5*    Reference la nade to 
the Semen Hydroiogic Yearbooks, References 18 to 20, Indue ire, for 
additional  inforaation. 

b.    Seaacsftl VartstieBs    The seen aonthly gage height* for 
the key Rur Rirer P5S SSFSSt fhe 1?374K> water-years are tabulated 
In Table 5, and the eonthly variati-tis of staga are graphically illus- 
trated on Plate 12«   Stage durations extracted fraa Reference 18 are 
s.-.crm as Plate 11*   The effect of regulation of the Bur River reser- 
voirs for eater supply of the Dusren-juelich industries la reflected 
in the slight variation of stages during the SUEOST sonths.   While the 
short period of record cannot five an accurate indication of the eaxi- 
evtt stegss to be expected, this period does include a tins* of abundant 
precipitation and it is believed that the data presented provide a 
reasonably accurate iidex of the norael stages to be expected* 

X*   RI7ER DISCHAJKES, 

a,    Records,   as mentioned in paragraph 3-011 the completion 
of the reeerro*F eyeTea is 1937 aafcse the records of dischargee ir 
this area during the period prior to that tise generally unrepresenta- 
tive of the present day floe.   The paucity of port-war data further 
explicate* the eetahlishnent of norm upon which to base coaparieons. 
However, the lack of specific cm rent discharge inf creation is not con- 
sidered a serious handicap, and consequently the derived short-term 
records were utilised wherever possible*   Oener^us use ess tsade of data 
given in Exhibit 1 and References 3» and 16 to 21, inclusive.    Lent- 
tera records of nean natural discharges for areas above the daaaites are 
ahoen in order to provide basin for eetisBtes of the filling time of 
the reservoirs*   These natural runoff a or inflows would be unaffected 
by construction of the dasts* 

b.    Runoff Volume.    Froe information contained in Reference 
>, the natural runoff Tor the drainsjs areas above the aajcr dees1tea 
is nreeented below.    It aay be sssn that between 70 and 60 percent of 
the sveaags yearly water supply is obtained during the first sis feoathe 
of the waterwyaerj while, on the other hand,, the natural floe does not 
satisfy the norsel industrial usage during the r—alnlig six ssnths. 
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year. Voivgeg cf Katursl Susoff (million a3> 

I       B       J       F MAS* J        J      A      S 0        Tear 

Urft :«c, 375 !a»2 fl8?"'-19u2) 
•     III     — ^.     •*-    . — I      •    .1 I - j        I    •• II 1 -i» 

20-1 ?6.3 30,8 23.*   2l».0   19.8 10,5   5.6   5.2 5.2   6.8   10,5   188.5 

r-eheanaenausl  (Eur) Daa, 300 ka? (1912-1926) 

20,3 30,3 35.2 22.5   20,1*    1?.? 12.?    6.6   6.3 6.3   f.6   12.6   2QU.8 

Cfcenssubach (Estlaatedj, 795 }•£ 

13.1 55.1 65.1 i*9.6   51.1   1*1.6 2x.9 12.6 U.l 10,6 llt.l 22.1    396 

Kail Qgt| 29 te2 (1926-19L2) 

2.1    2.3    2*6   2.0     1.8      ie9   0.8    n,r   0,6   0.6   0.5   1.2     17.3 

Drelleegerbach Dgg| 11 fcjg (1713-1^2) 

0.8   0.9   1.2   0.8      0.7     0.8    Oji    0.3    0.3    0.3    0.3   0.5       7d 

e«   Mean Dischargee.   An discussed in Exhibit s? runoff In 
the "ur River area ia subj#ei t* large MMCM! variation, being v*ry 
high in winter end lav in sune»r.    Baring the eusner aonths the naivrai 
runoff only average*- 6 to 7 liters/seo/hn*.    Operation of the resets oil 
aystea of the 3nr Hirer regulates the flow so as to insure? about 9 nV 
see to as*:, the eater roquiri—nts of the industrial regions below 
Heisbesh.   far purposes of ooaperison, asaa monthly and annual discharge 
rates ("orrespcndir-s approximately to natural runoff or infloer rates) 
for the areas above the daaeiies a» derived froa baaie data in Reference 
3 are tabulated below, together with regulated discharge m\m tot ice/ 
locations downstream of the reservoirs as extracted froa Reference 18, 
It may be noted in the following tabulation that the adnisuu mean 
aorthljr ret as at Zerfcall end Juslieh are lass than the 9 a3/eeo lndue- 
trial requirsavsita.   Thi# seearlng discrepancy is probably dye to the 
dlfferenoe bat.iean average flow and peak usage of industrial eater 
during working hours or to diversion of enter through the industrial 
cenel* aentljosd in paragraph 2-12. 

Mean Monthly and Annual Discharge (a3/sec) 

I      S       J       F       V    . a       I J JAS0       Tear 

a—srvolr Inflow Bates 

ITft panel ts 375 k*2 Cl897-19fe2) ?.y rcrnrfno fSriS £.2    2.8   2.1 2.1 2.5 i*.2   6.1 
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Sdamsmsmml (Bur) t&amite 30Q fcs2 (1912-1922) 
T^T  IZ.l 1L7T 8.1   8S1   7.3 1,1    1,6     2.5   2.5     3.7     5.0     6.6 

yfe*roetatbe.cfa Deaeite 795 ks2  (1897-I9ii2) •stiantcd 
ngg ^c.s &.!» go.* iga i6J 8.3—sir~xs ^i   $*k   8.3 i?.? 

3.7 5-0 

5^ 8,3 

0.2 0.5 

0.1 0,2 

Kail Saaait© 29 ks2 (1926-1912) 
O—O.g    1.0   P.g *P.7   P;8    0.3      0.2     0.2   0*2      0.2      0.5      0.4 

Dr*dla*gerfeach Daaaita 11 \o£  (19X3-l9k2) 
0^—HTTGS TC3   3.3 "8.3 TO—OTT^  0.1   0.1    0.1    0.2    0.2 

P.tfilit8d Stress Discharge firtjgg 

Eerkall 757 to? (1937-19U0) 
11,3   17„U1B:0 23.0 18.5 56.0 10.0     7.0     7.0   7.0     7.0     7,5   12.8 

Jasllch 13lii k»? (1937-19kO) 
nf.p itfcO go.o ronro 53:0 9.5   5.0  LO 6.0   7.5   us 13.6 

Stah 2066 kng    (1937-1^0) 
173   13,1 2^.5 fe.O ?8 5 ?3.0 16.5   ii.5 10,5 10.5   11.5    U.O   19.? 

d#    HMJtiguB Dl3ch*3S5*    ***• aaxSjB• discharges of record, 
derived fron data in BSISB * Bel Reference! 3 and 20, are tabulated 
below*    It saesld be set©4 that tbo*» values represent eetlseted, 
rather than obewved retea af discharge, sad that certain discrepancies 
are,- apparent (probably doe to different period* of records I  ' ng 
utilise by the various eoaress). 

Dleeanrfig-itnr River 

DraJ.nag» HHa HHS 
Station      Area (te>2) pete {l/eeefia2) {g3/®oe) 

Urft Das             375 unknown                    550                    206 
Rur &w»              300 -                       U»3?                   U30 
KelabacH            67$ »                          620                    11*18 
Sarkall ?S? 12 jaa 19fS 355 260 
JoaUeh IJisii 12 Ins 1920 208 260 
3tah 2066 31 Dec 1925 2L2 500 
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>o*  sung VELOCITIES 

&•    Tenoral.   The velocity ef stress flap varl^a *-«M»diBg 
t* the •ertforaetioc 3P the river bed, depths* obstructions, rwtrli* 
tieppj local v£riat<a» of sl«f>»s etc,    Channel jjsp?m<3BmntG and eat- 
n/f3, training walls and l«vee*f spsmtion ef dasie and either aodiliee- 
t'.ow «f natural conditions appreciably affeet the gtraas velaeity. 
Influent rivers la flood tend io elevate the sain river waters at the 
point *£ eanflaenoe according te the E&gaiiud© ef the flood, than 
tending te reduce the slop* abovs and to inem&ae It feeiee the paint 
rt eonflsnneo*    Aeseardingly, e^rrelsticas between river etagas and 
9*Brt*9B *sl*citi>ss at gsginf stations sanftot be interpreted as applicable 
t« all paints along the ad^arani river sectione, but wily serve as 
general indications. 

b.   Surface Velocities*    Insufficient basic Infsaraatiiw ean- 
*!*>ming the etreeai iqwsenllt functions '.croas-soctienal areag wetted 
p* fleeter, isaier ourf&e* slops, r^gjssess factor, etf#), was available 
to- pa rait accurate determination of strata velocities*   Eetlasts® rare 
Laned an veloeltiee observed during discharge ne&surasmnte at gaging 
i'tati-sea as regarded la Reference 19*   The observed v#i$eitiee were 
saguned to be seen «rei5s«se«Si«al rslscitiee, whioh were lnerenned try 
13 percent te indloat* the mean surface v-lccity«   As Indicated la ths 
velr*itr studies la Reference 229 the nean croe» eootisml vsiecltle* 
rhenld be increased by o to 7$ percent te obtain the BSJC&UB surfae* 
velocities likely to be encountered during grossing operatic^,    Mean 
ero6S*-*ectlonal velocity durst ions are illustrated en Plates H anjS 
If»   Htm surraee velocity ratinpi at the §aging station* are Loosen   4 
la Flats !}•»   lisas t^faee velocities at selected statirsn, as sh^en 
« Plate IS. ere tabulated belewi 

i 

Mean Surface Velocities foe/see} 

SUtlon River m W HUT (Exhibit A) 
0 4MMWMUH)* •Wlll-.MC-    V^^.„   !••   II SW» I       1111-11 II ifniiri    ll'ITllll   fl«ll I   III I      I        Sgsfa 

ferkftll ff 0.9 3.® 
Jtstlieh 115 0.7 2#y 
suh 15? ^.7 1.1 

**    Flo^d lave Travel Tiste.   KresdLnatiea of flo<si srtMrt tines 
a* reoorded in'"tfieT'oJTleiai" 8mBn Qf^n&egdn TearbooluB (neferaneee 
18* I9f 20) prcvided the felloring eetlsate of travel tine sraS rste ?f 
travel ef natural flood waves on the Rur Rivert 

Average travel 
ATsrafs traval rate ef ^»fc 

ReacM River gs (tlne-hre,] (WW.)   _ 

EerkallWlleh     ?9-ll5 8^0 t,5 
Jwiieh.-6tat        U5-152 il.5 f«5 
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ASTITIC1AL TUKfST'Q PCTVTlAUTIac 

4-01    GB'DUL, 

a.    The tern •artificial flod« as used in this report 
•ppli.es to any najor increase in the ertent of flo ding,  over 
that n melly prevailing with existing developments,   that is 
brcu^t abnut by nanipulatiun    f c ntixl structures,  breaching of 
dar.5 or levees,   »r t<r-.p rary darrdx.g opwaticr.c designed V  creatr 
floding ccnditi.r.s.    Applications   'f artificial flooding consider- 
ed In this report fall int.  the to Homing four general categorical 

(1)    Stlll-witar bsurrlorer created by f 1? ding land 
to fcm «ater obstacles, using such naens as breaching levees, 
diverting flew frvm canals, raising crests   f existing dana or 
c instructing temporary 

(2) Drainage obstacles cr nnxUTlata. in which the 
wetness • f the soil is increased to fow middy   r aarahy conditions 
that w.-uld irpada military  traffic, br* ught abo'it by disrupting 
the r. mal drainage, destroying pumping and drainage facilities used 
to drain roarehy or 1 w land,    r by inducing shallow inund-tice of 
flood-plains dt reclai ed land*   r!ud-f lata nay aleo be formed by 
draining areas n mally inundated by raaarv^irs cr ponds. 

(3) Str—a f 1 w varlatlona. in rhich changes in 
discharges, depths, vel cities and -.ddths   f streams are brought 
about to hinder stream-cr ssing • perati r.s or navigation such *s 
ndght be accrpliahed by vpenlnc and closing   utlet - ,r':a of water 
c -*.r 1 strueturaa. 

U)   "a.1 :>r flx>d wavaa. created by sudden breaching 
of a dan to release large quantities   f i-pounded water. 

b.    Opportunities exist f-r effective use of each of the 
four general categories of artificial fl- ding.    The p tenUalities 
are reviewed and quantitative evaluate-n at the effects are presented 
In this section. 

e.    Previous studies by Geman and allied   tilitary staffs 
indicate the nature and extent   f possible artificial flood in;-.    The 
dxatrwr.t listed in the Bibliography as ?.«f arence 1, a translation of 
which U included in th*s rep rt as Exhibit A, was   repared for the 
Geman Oeaeral 3taff and c rtaina considerable infumsttco on the 
effects  uf artificial fl da.    The l.-Jf. nati n contained in that 
dwcuroent fumed the bas.s f r.*Zatir»tes *t t e Situation" and 

- planrir.g by bcth German and Allied ataffs dsrlng the Kur (Soar) 
P "Uier cr*>ssL-.sa   f   'rid * ar :i, as illustrated in the eWrtr*r.t 

listed as Bafarenee 23. 
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d. The possibility    f a flo d "£ve Induced by the destruc- 
tion of 3ch*arr«J«uel and Urft I)er-3 by the Oerwns to hinder the 
Alliei crossing of the Rsr Hirer, and the actual  German denoliti-r, 
of the   vjtlets of th se dens had a  treat effect upon tactical 
op*ratijr.a by br.tv. the German ar.d    Allied f-rce?."   A detailed 
aco unt    f that rner»tl n Is c >nteir.ed in Reference 2£, a 711 Corps 
report in elided aa Exhibit Z    f ?M* r«p rt.    Refer er.ee is als- 
made to Sefererces 23 and 25 fcr additional informs ti«. 

4-02   SirLLJ»AT?l BARPISRS AT1) DRAINAGE 03STACM3. 

e. General.    The studies herein reviewed ii. this paragraph 
pertain bo artificial flo 'ding produced by creation of still-wstar 
barriers and drainage obstacles along the Rur ?.iver belv the 
Schw«r>enauel (Rur) Dera.   The studies -ere largely based on a -nap 
study, using the li25,000 G30S IXU, nan series.    Sxact determination 
of eleTStd-ms, contours, and boundaries fron these naps was 
difficultf h^ever, the results    f this study are believed t   offer 
g. xi indicatlana of the relative p ssibllities of such flu dir.g. 
Pirst-hand information sh-uld be obtained b.- Leal reccn.naissance 
regarding ground elevations a.ui the 1 cations, eleveti  na and 
dimensions •• f levees,  roadfills and culverts ir. the vicinity of 
specific barriers in   u*der t   accurately establish the area sub- 
ject V* artificial flo xttng. 

! 
b.   -jydroL.gic C-wsid crating.   The effect of artificial 

flying is largely contingent upen the natural hydir 1 gic condi- 
tions prevailing at the tine of the operation,    lhe v.lune of nater 
stored and available td toils the basin, the rate cf stream fl •T and 
tn? river stage are ir%> rtant fact rs.    Refer enoe is made t   Peo- 
ticn TIT   )T this rer> .rt for detailed description, and to the follow- 
ing susreti-n cf pertinent hydrt logic considersti ma. 

(1) Atter.ti r. is directed t   the  *ide range between 
high and W fl-wa and t   ti ? s«a*«al variation in discharge ehown 
In Table 5 and •Plates 10 t   12,  inclusive end discussed In para- 
graph 3-05.    The annual average mean discharges are tabulated belowt 

Average year 
Beach Discharge foVssc) 

Halrtoaeh-Dueren 12 
Duersn-Juelieh 13 
Juelleh-Orsbeek 16 
Orsbeck-Maas R. X 

(2) A plentiful supplementary water supply is afforded 
by the 150 sdllion m3 storage sapacU? of the existing reservoirs 
located within the drainage area*   During extended dry periods, the 
st lure of stored water available for artificial flooding would be 
o josiderably reduced. 
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«•   Hawa   f Creatlcr: StiU.~«tar Carriers «nd Drainage 
Obstacles. 

(1)    The ^eter   v*taele aff rded by the easting 
strears    f the "roar River basin, e uld be increased by utilisation 
.f  ,r.e   r - re of the f Hurting -»vis: 

(a) Crsatin\   .f sttll-^ater barriers by raising 
crests    f existing dans .r by c r.structi-n -.f tarp rary da-», com- 
bined with cloairg   f culverts and    ther 0~r.ir.g3 ir. levees and road 
fills. 

(b) Inundati-r.    f Inlands al ng the streans 
by breach!.-r di'.ces and leveee and opening *t fle d gates ir. levees. 

(c) Inurdati.r.    f lowlands by closing normal 
drainage outlets. 

(3)    In ,-rder tr    btain a comparative quantitative 
evaluate-r   f  the p. ter.tial artificial fl-.-jd'ing at various lcca- 
ti ns, analysis wis arbitrarily confined t, still-water barriars 
resulting fpr tar? rary dwr^ng V- 3 re ab ve nean *.-ater ('r')» 
In t IS study,  't TOS aasuno* t'vt the fater surface   f the p^ola 
ab ve the ter^ rary dans *? uld be level, and that -Tear, vrater condi- 
tions r uTd  -srevnil at tie tl-e    f the operation.   During high water 
conditions, greater fl > ding cjuld be ejected due to tve increased 
sL>pe of -water surface opstrean fwii the temporary dsms. 

d.    Effect • f Still- ater Barriartt. 

(1)    General.    TV* ef *e«ta   f artificial flooding 
created by t«np>Tery darrring operati -ns tn the Rur River are surmar- 
iied in Tkble 6 a -A tho arter.t .£ inundation outlined ?n °late U. 
Serial n'jrters   f situs correspond t   bridge aerial writers of Table 4. 
Ihe fl --ding pr» d:ced by the terporary deaning w uld c ver ia lated 
areas ab ut 0.1 t   0.6 «c- *ide. . Ptametitjn of continuous ovcrbank 
flooding *t>ulc n t be practicable except during periods of high flows. 
Insufficient data regarding the cxloti..^ ssall check dans along 
the r*.r*r were available to perait analysis ;f thn possibility of 
increasing their hsipht, but it a->pears prcbable that the resulting 
vtrbanV flu-ding v» uld bs slight.'   Hmrim   f the effecta   f stills 

water barriers in apecific reachee rf the Rur Rivsr follows. 

(?)    mxbMb 088 m tc Pueren (-fa 981.   Temporary 
dsrr^nf at the 2 bridges in Unterrwsibach iteo 85.3 «nd 85.6) and at 
tie rdLnsen bridge {3srlal  25) c uld produce a  still^water barrier 
practically c r.tinu us f r about 3 Jc%  and averaging 100 to 200 « wide 
as sh<»T» in Table 6.    As illustrated on ~late U,  the -mly ether 
suitable site in this reach i* at Krausau (Sarial 26)| at <*hich 
l^cati T.t darr-i.ng M uld have U> be carried to tha height ^f the road 
erijsnte'^r.t in   T^WT t   be effective. 

1 
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.   (3)   ftieren to Joe? ieh f «a ll«).   In the upper part 
of thi 3 reach, tw. suitable s till-^a ter bar li er si tea e:d st; the 
*"*J3snau railroad bridge (Serial 31} and t e Avrt bahr. bridge 
Cte 101.4).    Inundation   f areas I -'sa Ions and IOC to 200 w -ride tt» 
«n average dept- of about 0.5 -. c.uld be produced by t«Ep>rary dans 
at th se laca£Lar.5.    At the (pHarart lr'«r 'erd . * this reach, a ccn- 
tinuous barrier about 2.5 tes long, 150 to 500 m wide, and averaging 
aboat 0*7 K deep could be produced by tea? rary darning operations 
at the 3 Juelich bridges (Serials 35, 3$, and 37).   As indicated in 
Table 6 *nd e*n TUte It, n    '.*lb<r suitable sites for significant   . 
flowing exist in.this reach. 

(4) £aftm ty .Or»*tti; (S? KU>   Significant flood- 
ing 3f!«id be effected at 5aal {Serial 43) and Orsbec': (Serial 47} 
by t9n?-,rary dajrw at th se bridges.   Inundation   f areas about 2 Isa 
la^g and 600 p.wide to an average depth   f 0.5 m at each of these 
lecati-T.s could be produced.   See Table 6and-Plate 14.    Otherwise 
Oxer* are na suitable sites f r significant still-i»ater barriers 
'in this reach* _-- /.::~~ '*_-•'. 

(5) Orsbeck t- Maaa River.   N   significant flooding 
dull be or. dueed in thia reach by means   f terp-.rary damning 
•opera ti^s during other than  xsriuds of extremely hi-ghr flows in the 
Hvsar.    .-,-„-.-. / -    - -   .-. • + 

«'•   ^f Vtff JBBJIT ffifo &E ?tt^H*ter garriffrg* 

(1) Ap.-jrtodrstsly 2.5 sdHtor. z£ a? 5sater vould be 
required to effect the artificial flooding described in the preceding 
paragraph and shown in lable h and  JO Plate 14.   the still-water 
barriers in the vicinity of Juelich, Baal, arid Orsbeck wculd account 
for about 2 rtfllion as3 c< that required Viler* and could be filled 
inabcut 36, hours, at the a mal mean rates of flow giv«i in para- 
graph 4-02b*   The mminder of the v.line could be famished in 
approximately 12 hours at th se rates, thus corresponding to a total 
estL-»tedi ti-^e if filling   f 48 hours. 

(2) The vlwne stored in the reservcirs, about 150 
rillicm a?, could be made available for supplying water for the 
still-***t«r barriers.   The combined outflow fron the Sohwacrenauel, 
"rft, Kail and Dreilaegerbaeh Dans la apprord-a tely 140 r3 /sec under 
full pmt euiditljns.' Studies described in paragraph 4-04 indicate 
that It would take abcut 1U-15 houva fur the Initial increase in fl>w 
to travel d..^ streets to the vicinity < f Orsbeck, plus abuut 60 hours 
f ,r tho fflrfw there to reach the aaxirwa sustained rate. 

'4-03  MUOR twm tr«ns« 
a»   QgEeral.   The studies in this ..paragraph pertain to 

the artificial flooding that night be produced along the Rur River 
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by breaching ?f the Schrranmenauel (Sur), Urft,   Kail and Dreileeger- 
bach dara.-  Broaching of the Keiribach and Obemaubarh Dana was not 
considered, because the effect would be but slightly greater than 
that produced by th? sudden opening or der*olitior. of their large 
weir gates discussed in paragraph 4--04.    Refsrer.''* Is -ade to 
paragraph 2-10 and to Exhibits A and 3 for iescriptive data and to 
Plates 6 to 9,  inclusive,   fur sketches and plioto graphs of the dan 
structures. 

b.    "ydrologic Considerations, 

(1) The Rur River stages aro regulated by operation 
of the reserroirs tc increase tlon during dry periods and to reduce 
flv.c flcr? *irtn"g w«t periods.    In study of the effect of najor 
f lo.d waves cr. the Rur Riv?r,  it was assuned that the base flow in 
the stream at the start of the wave approximated a mean water flow 
of 10 n3/sec, ooc»rised of 5 r^/sec constant inflow into the Urft 
Reservoir and 5 BK/SOC flow in the Rur River above the Urft River 
confluence. 

(2) Peaks and durations uf artificial flood waves 
are greatly influenced by the initial reservoir pool level and 
storage capacity of the reservoir.    In this study it was assumed 
that, for aost of the artificial floods studied, the reservoirs ware 
at the rnaxJsaaa level in order to define the s»xlrMB probable limits 
of the flood waves.    However, * ntnfcer of floods resulting from 
breaching of the dar.s -her. the reservoirs rare filled to one-half 
cf their raaxknura capacity- ware studied in order to illustrate the 
effect of partial filling of the reservoirs upon artificial flood 
w»ves.    As noted in Exhibit A,  the reservoirs are generally only 
one-half full from August to December, 4/5 full frora Aprjl to June 
and in the ether nonthw filled to 2/3 capacity.    Only after a 
heavy rain   >r In tine of melting an. •» do the pool levels exceed 
the full or spillway elevation.   Following is a tabulation from 
^lates 15 »nd 16 of the reservoir levels corresponding to full and 
one-half full capacityi 

tuiw 
*&&* 

r leva tic 

45.5 
1.75 

100.0 
1.25 
1.65 
2.1 

322.5 
263.0 
265.5 
2U.0 
165.0 
421.5 

Dreilaegerbach A.2S 39^.6 

IV-5 
• - • r ' 

1/J-Full Pool 

K Elevation 
lartt' 

27.75 311.5 
0.87 260.3 

50.0 252.5 
0.62 211.2 
C82 163.0 
1.05 4U.& 
2.U 366.0 
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The reservoir storage curves sh^wn on ?lates 15 and 16 wnre developed 
b>- the method present*.: la Referer.ee 26.    2-e resulting equation? 
f-a* the storage curves cr be expressed as: 

3 - Cf? 

"here S equals storage volvne in ra^, K equals reservoir drpth in in, 
and There C la • coefficient and r\ ar. err-onent.    The values cf C 
and n as computed for the vari.us reservoirs folio*: 

Reservoir 

Urft 5,350 2,27 
PsnlUfhof 6,320 2.26 
Schwemaneuel (Rur) 11,100 2.35 
Kelnfcach 21,900 1.84 
Obernaubach 19,200 2.23 
tall 49.7 3.02 
Dreilaeferbaoh 90.2 3.06 

(3)    During passage of a major flood wave do•stream, 
an appreciable amount of volume is retained behind embankments and 
in degressions on the flood-plain, and lost through evaporation, 
seepage, etc.   For sample, 39.5 percent of the vol\r»  if water dis- 
charged from the War Dan broach of *Tay 1943 **s lost ir. tte passage 
of the floxl wave tc Intschsds,  426.6 ten below the dam (Sse Refer- 
ences 27 and 26).    Consequently it was sssuned in this study  that 
for each 10 ten of travel, about 1 percent rt the volume withir. the 
flo A wave would be lost or retained on the flood-plain. 

o.   Means of Creating Ha,1or Flood   V.ss. 

(1) Major artificial flo id waves   sn be created on 
the Rur River by breaching of the Urft end 9chww nwnaual Dans, on 
the fall River by breaching of the *5all Dan, and on the Vicht and 

^nde Rivers bj breachir.g  if the Dreilaegerbach Dan. 

(2) The bembin* of the Mohne,   Jorpe, and Eder Dans 
by the R.A.F. in "ay 1943 (described in Reference 19) provided the 
basis for estirating the site and shape cf breach.    For purpose of 
this study,  it was assumed that demolition would cause an opening 
si-sllar V» that produced by the Sder Dan burbing. 

(3) The assumed breach approxl-natea a parabolic ahape, 
corresponding closely to the equation: 

bLvi  i i   • '«. .    '     *    '• 
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x2 equals 51 y 

"here x equals horizontal distance fron vertical axis 

of tha opening 

y equals vertical distance abcre lowest point 

of breach opening 

It was cn'.aide.* ed that  the assumed breach approxirates the largest 
feasible opening likely to he produced Ju the Urft, 3chw*rr»enauel, 
"All ar.l Dreilaegerbach Dans.   Breaching of earth duns,with steel 
cr concrete ccr«?s like t!.« 3w..;xT»«£:el z-.i XalV Dams would require 
•pedal preparati jns and procedures as described in Reference 27, 

(4)    Ir. order to pemit oorrsaretive emluati.x-. of 
the artificial floai waves it was assvned that the lowest point of 
the breach was 23 ni below the normal full pool water surface (eirai- 
lar to the Eder Dam breach) for large breaches designated in this 
sbidy as breach I* and 10 m beli>w full pool level f.r snaller 
breacres desigi^ated as "Breach II «•   At the wator surface,  the 
length of opening of Breach I would be about SB -a and of Breach II 
would be 45 m. 

d.    Effect of Dan Caching Operating* 

(1)    ycrerftf.    TVe es*j_-*ted affects of artificial 
flo -d .«aves on the Rur River produced by broaching of the storage 
dara are sumariied in Tables 7,  8, and 11, and typical disenarge 
hjdrographs at key locations are presented on Plates 17 and IB. 
The artifielal floods studied are desert bed ir; subsequent para- 
graphs.    The various major flood waves are designated aa followst 

Artificial Dsss 
Jin* F°« arsaohsd 

1 Urft 
2 • 
3 Rur 
4 • 
5 • 
6 Urft ft Rur 
7 • 
3 Urft 

9 Sail 
10 Dreilaegerbach 

Type of 

I 
n 

II 

Pool 
gflBflsitoa 

Pull 

1/8 Full 
Pull 

e 
1/2 Pull 

(Urft-hill) 
(Rur-Ehpty) 
Pull 

L< 

1*^7 



1 
CONFIDENTIAL 

,  ... SECURITY   INFORMATION 

{>.)    Artificial TL gd Po. 1 rebxlta frcn large si;«d 
breacK-g (3reaeh I) of the  .rft Dax w*.pr. tho res-rvoir    f both 
'.'rft »rr» SchwsrTPenauel (Rur) Dars are full,  the resulting "ave 
passing    Y<~ the tizvi spillway and oper.<*i spillway w<?ir gat« of 
th« Rur Dan.    (See Sketches yt Dars,  Plates 6 and 7).    >e spill- 
way capacity of the Rur Da- is sufficient to ~er-_t  the nassage 
of this wave without overflowir.s; the cr%«5t  ;f the dUr..    P~e pee"^ 
discharge of 8500 rP/sec fror- the '.'rft Dar breach wuuld he reduced 
tc  1*50 rvJ/sec during ita passage through t^e 3 chwsrsr.a u«0   (Rur'/ 
reser; ir,  and would decrease tz 740 rr/sec at. Stah and tc  600 nVsec 
at the confluence of the Rur and Vaas Rivers.    Discharge hydrographs 
at key locations are shown on Plate 17 and the effects are tabulated 
ir. Table 7»    Plate 10 shore the depth, discharge and Telocity result- 
ing fror. riood No. 1 ccnnarvjd to natural values. 

(3) Artificial Flood ?o.  2 results fror arvller 
si:ed breaching (Breach II) of tni? Orft Dan during full pool con- 
ditions.    The peek hraach discharge of 1000 cP/sec would be reduced 
to 360 n3/sec during ita passage through the full Rur reservoir 
pc 1 and over the spillway and opened weir of the Rur D.-e. Peak 
discharge would be on*'y 252 nr/sec at Stah and 224 n^/sec at the 
"aas liver Junction, as sh >wn in Tabl* 7. 

(4) Artificial Fls d NOi 3 discharge hydrographs 
sh*sn on Plate 17 result fr m large vised breaching (Breach I) of 
SchwwrMrtauel  (Tur) DSJB when the reservoir is full.   The oea> dis- 
charge of 85CC n3/sec at the dar. would  reduce to 2660 !&3/see at Stah 
or 2000 ra^/sec at the "aas River,  as showa o* Plate 17 and in Table 7. 
Tha width -f flooding during tro peak of the flood is shown on Plate 5. 

(5) Artificial Flood flo. 4, "Wild result from the 
large Breach I In Rur Dan when the reservoir was filled Xr 1/2 of 
full capacity.    In this cv.se,  as shown in Table 7,  the oeak dis- 
charge at the dan would be only 1100 rn^/sec which would decrease 
to 375 sw/seo at V e Maaa River,  illustrating the influence of 
Initial reservoir stage upon breach discharge, when corpared to 
Flood No. 3. 

(6) Artificial riojd No. 5 is the result of  the 
ana Her sited Breach II  in Pur Dar under full pool conditions. 
Table 7 stvws that th.j oeak disoharge at the dar of 100C nr/sec 
would reduce to 365 V/sec at the Maas River, approximating the 
results   f Flood No. 4. 

.. 
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(7) Artificial flood Ko. 6 If proceed by siMaltaneous 
breeching of both Urft and Bar Ben* vt th openings corresponding to 
Breach I under full pool conditions in both reservoirs.    The result- 
ing 0500 CJ3/SSC peak discharge »t the breached dans would produce 
the auXmm pesit of the various flood waves studied.    As shown in 
Table 7, pec* discharge wouM bs 28*0 raVsec at Stah and 2180 m3/eec 
at the C'-nf luenoe of tha Rur and Mass Rivers.    This is the largest 
of the artificial floods studied, 

(8) Artificial Flood No. 7 differs frcm Hood No. 6 
in that t> e reserroir storage was assumed to bs at 1/2 of full 
capacity, reciting in prest diminution or" discharge.    A pea> dis- 
charge of 1^50 ar/sec would issue from the breached Urft Dan and 
U30 nr/ae-j from Rur Den.   the flow at Stah would be 635 m3/seo and 
at the Mass River 535 mVsec.    (See Table 7). 

(9) Artjflelal flood Mo. 8 would rssult from breach- 
ing (Breach I) of Urft Dan at a tires when that reservoir was full 
and at snne time subsequent to drawing down of Rur Reservoir due 
to a previous Breach I opening in the Rur Dan.   This flood might 
be considered aa a sequel t   nood No. 3 and illustrates the cyclic 
effect attainable by progressive breeching of those two dans, 
(Another cyclic combination eould be Flood 1 followed by Flood 3), 
The Flood No. 8 initial peak discharge of 8500 mVeeo «t the Urft Dan 
would be diminished to only 540 ai3/see af ter passing through the »• 
partially filled Rur Reservoir, resulting in flows of 352 sP/see 
and 306 mtysec at Stah and the Haas River confluence, respectively, 
ae shown in Table 

•  (10)   Artificial Flood No. 9 discharge hydrogrephs 
are presented oa Plate 18 end the effects are suawrited in Table 8, 
showing the results obtainable by the smaller sited breaching 
(Breach XI) of the Sail Baa, located on.a tributary of the Rur 
-iver.    (See Plate 9 for sketch of that dsa).   The 1000 rP/sec 
peak d-seharge at the dan would be reduced to 300 n3/sec In passage 
to the confluence of the tail and Rur Rivers near "erica II,  15 km 
below the Kail Das.   Due to the small capacity of the reeervolr, 
the duration ->f the flood wave would be lees then 6 hours as ray be 

on Plate 18 and in Table 8. 

(11)   Artificial Flood No. 10 is, similarly, the 
result of the smaller Breech II at Oreilaegerbaoh Dan,  Vested 37 km 
from the Rur River up the fleht and Xnde River.   See Plate 2 for 
location and Plate 9 for eketch  .f the.dam.    The discharge hydro- 
graaae plotted oa Plate 18 and the summary of effect* tabulated in 
Teble 8 snow that the resulting flow at the Rur River near Jueliea 
would reach a peak of only 922 sP/see and that the duration of the 
wew# *«ou Id be ebor t. — ~ ,.,..,-.»-.  —.»,. 

CO.Nir ;.)r.... U\im 
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• •    Cors>ari*qr, -f ~ffect;i  ,/f Par? ^reaching Derations.    The 
cnparatiTe pea:< Taiues and durations of tre various flocd wares 
produced b    dan breaching operati  ns arc s\rrjeri:ed In Tables 7 and 8 
end the resulting widths it flo ling diving passage of the -eak of 
the -avra are tabulated in Table 11.     %e relation <S representative 
artificiai fl-.*j wires to natura'. condltiODS is graphically illus- 
trated en Plates «, and 10.    Extracts of pertinent effects fron: 
>  " *s 7, 8 and 11 at selected key 1 oeti-ns are presorted below to 
facilitate ccnparlssn bet*e*i the raricue artificial floodsi 

No. 

?ea< Values 

"lood   Dlsch.   Stage 

•Jftn*    r?*" 

Surf, 
-ft. 

arriwal. «ldth 
X1ooded_ 

Duration 

JflQ. 
_AbOTB &£5         AbgTfl 

aVicc    30 ro^/aeo 
Hour JfiL p»rt JSZL 

'i i)  *v >rfrtt. fr 7v 

I 
2 
3 
4 
5 
6 
7 
3 
9 

10 

1065 
330 

5260 
745 
700 

5510 
920 
4.90 
300 

177.7 
175.4 
182.* 
176.9 
176.8 
182.6 
177.3 
176.1 
175.2 

3.5 
3.0 
A. 3 
3.3 
3.3 
4.3 
3,4 
3.2 
3.0 

4 
6 
2 
3 
3 
2 
4 

0.1 
* 

1.5 3.5 
1.5 3.5 
1.0 1.5 
1.0 1.5 
1.5 3.0 
2.0 3.0 
1.5 3.0 
1,0 2.5 

(2 hre.) (3 hre.) 

(?)    At Jucllch. a H*> 

1 
2 
3 
4 
5 
6 
7 
S 

10 

1 
2 
3 

6 
7 
8 
9 

10 

960 
288 

3610 
580 
560 

4000 
755 
400 
170 
222 

81.6 
79.8 
82.8 
81.0 
81.0 
82.8 
81.3 
80.4 
79.1 
79.5 

(3)    Ay gjdu  >a 133 

740 
252 

2660 
465 
465 

2350 
635 
352 

lAt 

33.5 
33.3 
35.1 
33 .A 
33.4 
35.1 
:3.5 
33.3 

2.9 
2.6 
3.1 
2.6 
2.8 
3.1 
2.9 
2.7 
2.3 
2.4 

1.3 
1.2 
1.3 
1.2 
1.2 
1.3 
1.3 
1.2 

8 
12 

5 
6 
9 
5 
9 

11 
4 

\1 

15 
18 
10 
U 
15 
10 
15 
17 

33.1       1.; 15 

0.9 
0.1 
1.8 
0.5 
0.5 
1.8 
0.9 
0.3 
0.1 
0.1 

1.7 
1.4 
2.4 
1.7 
1.7 
2.4 
1.4 
1.4 

0.6 

ii5 3.5 
1.5 3.5 
1.0 1.5 
1.0 1.5 
1.5 3.0 
2.0 3.0 
1.5 3.0 
1.0 2.5 

(5 hrs.) 
(3 hrs.) 

(6 hre.) 
(5 hrs.) 

1.5 3.5 
1.5 3.5 
1.0 1.5 
1.0 1.5 
1.5 3.5 
2.5 3.0 
1.5 3.0 
1.5 2.5 

(7 hrs.)      (10 hrt.) 
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a. General. 

(1) The studies in this paragraph ptrtair. to the 
artificial flawing effects that might be produced by release of 
water frxr. the outlets of the Urft,  Schwacraenauel (Rur), Hei.-^>ach, 

3bor.neuba,ch,  .tall and Dreilae-jerbach reservoirs. 

(2) Inciucsu »re Huanuiiaiive esii-mvea of  uio 
potar.ti.al ei 'ccta of det: i-^-.tal flo^ variation produced by 
or-eraticr.    f the existing jutlete and by rv>dificati, >n it the 
o;tLe*. structures t.   increase the discharge capacity. 

O)    Reference ia made to paragraph 2-1C and Exhibits 
k and B f• r de»«<lpU<nio   f V* structures,  to Plate 2 for locations, 
to Plates 6 to 9 for sketches of the d*ms,  tnd tn documents listed 
as References 4 to 16, inclusive,  in the 3ibliography of this report 
f- r detailed descriptions and drawings of the daps and their -mtlet 
structures. 

(4)    Flow rariat!cms may be repeated to produce 
cyclic effects,  Uependfr.t upon the replenishma*. t of  the deleted 
storage in the reservoirs. 

b. HTdrologic Considerations.    Refereno«s is made to 
paragraph 4-03b for discussion of the influence "f natural strear 
discharga and initial reservoir po--.i le*??! on artificial flooding. 

o.   Veans *£ Creating Detrimental Flow Variations. 

(1) pyneral.   Detrimental flcn: variations may be 
produoad downotrear. fr-m the Rur itiver dans by one of the follow- 
ing two methods i 

(a) Tree A. operation of the existing controlled 
outlets foi  sustained   >r cyclio discharge. 

(b) TTOQ 3P modification at the   utleta to 
Increase discharge capacity, ace relished by temporary by-passing, 
alteration, d«rr;lition  «• dianantllng of restrictions, nadiinery 
or other   outlet appurtenances. 

(2) Vrft gee %,qet Discharges. 

(a)    TTPS A.. The three existing >utlets beneath 
the dm- have a owsbined capacity    f abc ut JO n^/sec when the reser- 
w.'.r is full, discharging intr   Schwameniuel (Rur) Dan reservoir 
pool.    The funnel and penstock fro- the Jrft reservoir V   the "el-ribach 
n*w **lent can carry 3X m3/sec under full pool eonditlor.s.    Refer- 
ence is -iade to Exhibits A and 3 f^r detailed descriptions and to 
Plate 6 for a phctograc-   and sketches of the Urft Dan; outlets. 
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(b)    Troe 3.    Her. ml af'.the valves and a sh;r* 
length of c-.-i-.li pipe Sumsprpm of the c-merete ping in the bottco! 
autlet tunnels w&uld. effect an increase in the discharge capacity 

- f th-.a« three   titlsts to about 44 n^/sec.   See figures It and ill 
:f Plate &    Ha-5-.val  ;? bypas'?i".g cf the turbine* in the Heir*>*eh 
FS-r?<sr ¥imt and breaking ef t>e penstock would increase the capa- 
city of the power   utlet te ab at 36 cp/see under full pool condi- 
tions.   H**eirer,  ur.der lesser po-1 elentirne, such action could 
result in drastic decrease of the capacity by elicdnation of 
aiphor.ic action, thus .reduei-g the elective head,    The demolition 
of this penstock by,'^he Germans bef re their retreat from the 
locality resulted in a lr*r rate "f discharge fr-jr this source, 
according t   eyewitness accounts^ 

(3) Paulush-f Bar. Outlet Discharges.    Vs e?3ilained 
in £&tS%£tfl A and 3, the Paulushof Dan serves only tc prevent the 
upper reach*.?   f the S chwsrrwnauel reservoir from being subject "to 
profit flucvja&ena in extent of inundation, and serves W?re for an 
esthetic than a hydraulic purpose.    The large spillway gates ehiwn 
in Hgure II cf Plate 9, have a capacity far Ir. excess of the 
Schwartneriaael formal outlets,    Consequently, no analysis was made 
if the possible ef. set of discharge fuss this dam as the critical 
control point would" be'at th*;   outlets of the main Schwarmenauel Dan. 

(4) Schwamenauel  (Rur) San Outlet Discharges. 

(a)   type' 4"*-: -*» outlet tunnel of the 
Seh«»«rMr.ausl  (Ror) Dam, shown .on Plate 7, has a discharge capacity 
at full, pool of about 80 Ta3/eec, a- described in Exhibits A and B, 

(*>)   ?ypa %•   1>es traction r€ the control valves 
and pipes at the exit of the   utlet tunnel (Figures III and V, 
Plate 7) uould increase the discharge capacity art-full pool to 
about 135 wf/mo*   3udd«n opening or demolition of the 9 B "Ida 
weir gate in the spillway **ould increase the peak contoined dis- 
charge capacity at full pool to approximately 305 HK/sec.   Since 
the crest of this gated weir ie only 4 a below the full pool 
elevation, the duration -of discharge through the weir opening 
«r>uld n t exceed about 24 h ur3.    Reference is made to Plate 7 and 
tc the detailed doscriptlm contained in Exhibits A and 3.   The 
outlet exit valves and entrance gate were blasted b * the Germans 
upon their retreat as described in Exhibits B and C.    the reser- 
voir wa? only parti/ full at the time    a.ne" the estimated discharge 
computed by the Allies at that ti--e ~*s arprorir«tely 91 nP/sec. 

(5) Heirfcach and Ofrermaucach 3a.me-~utlet Dischargiea. 
The  »«tlet» ej Helmbaeh aad Obemaubech Dams are similar, both con- 
sisting cf large flap gates hinged at the button, as shown on Plate 8 
and described .in Exhibits A and ?..   In addition both have a small 
bntt:r gate?   utlet.   Vpan sud.d«n opening at full pool, approjdjnifcaly 
407 ssVsoe ear. be discharged from Hei-'bach Dam and 500 ra3/sec fran 
Cb«*«utsch a*-, ..'_   CONF'Df Ml 1/ 
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(6) Sail Da.- Outlet gigtJfggg. 

(a)    Tyr* A*    7r.e Uk   axistin£ b^tt.r- outlets 
have a crrtir.ad discharge capacity  of 15 rv/sec at full pool.    The 
spillway is of the fixed  jvcrflf.^ tyoe.    Reference is rade t) the 
•Vetches or. Plate 9 sr.d  tc Exhibits A and 3 for further detail. 

tfe)   lim 3»    Th* diaoharge capacity cculd be 
increased t/» about 37 n3/sec at full pool by !ne*is of destruction 
of the valves ir. the    utlet tunr.el and r«r. nl   if a shirt section 
of ti-9 2 outlet pipes iroadietely dovnstrea- <: f the concrete core 
of the de-,    (See figure ?,  Plate 9).    It is ?<->98ible that further 
increase in discharge mgftt be effected by breaching   >r Qan lition 

of the r und spillway t«ar,  shorn io Plgnre I  of nlate 9; however, 
insufficient data -era available regarding its detailed cor.str.JO~ 
tl'.r. to ;>errrit inclusion in this rep rt of the possible effects of 
such, action. 

(7) Dreil*e»erbaoh Dao Outlet Discharges. 

(a) TVpe A.    The bittern autlet has a de3igr. 
discharge capacity of 12 n5/sec under full head;  although in m.nal 
operatl>«n,  the full capacity i* not utilised due to vibration in Ue 
faulty valve as discussed ir. Exhibit 3.   A plan and cross-sect ion 
of the Dreile«gerb*ch Dam sh wing the cutlets ia included on Plate 9 
and description is contained in Exhibits A and 3. 

(b) Type B.   A alight Increase in discharge 
oapacity   f the bottom   utlcts to 16 nP/sec at full pool could be 
effected by rem val    f the valves and short sections of the outlet 
pioe near the ©vicrete olag in the   -utlet tunnel .    (See Figure III, 
nlate 9). 

d.    Effects of Detrimental "lo* Variations. 

(1)    Per oral.    The effects  ;f the detrirental flaw 
variations produced by release o£ diacharge fran the outlets of 
the various ftur River dans are sxmarixed in Tables 8 to 11, 
inclusive.   Pistes 19,  20, and 21 ah «r representative diacharge 
hy<An graphv st <ey looatins.    The trttficirl fla ds studied are 
individually described in subsequent sub-paragraphs,    for purposes 
of identlftos^Lx., the artificial flo ds resulting frm flcr* vari- 
ations are designated herein as follows: 

CONFIDENTIAL 
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-044(11 
-r 

Initial 
Artificial Tr;« of 
?:> i Vo. 2*1 '-tlet 2i3Ch8T£8 conditions 

Vrft * Rnr _»ajns 
nur A: S' r-»l outlets \\ ?uU 

i; • •                   a 1/2 Full 
13 5 3: S-.larred    • Full 
H • •              • 1/2 Pull 
15 Urft I Rur •A-lt Nor-*l    • Full 
16 • •A-2:       •           • t 
17 • *A-1:       •           • \/2 Pull 
\z « •A-?:       •           • 1/2    • 
19 • •3r      Br.larged • Full 
7T 9 m       « 1/2 Ml 
n * •       n Urft-Pull 

i^irbach 4 ~v.«r—aubach Dans 
22 Heinbach A; Sudden opening Full 
r3 (He i:-bach & 

"bemaubech) 
M c\/n<,hmiired 

opening 
• 

:* • Ai Delayed openini ; Heira.-Pull 
Ober«— Brsoty 

25 Cbrt-Nfibech At Sudden opening Full 

Sail 6 DreiUeRcrbech PTO! 
26 Kail At Normal outlets Full 
27 • B: Enlarged      • • 
2? Dreilaegerbach At Nomal          • • 
*> » Bt Enlarged      • • 

•Type A-l & Bt Urft Da- b-ittnr.   >utlets and power tunnel pine Rur Den 
outlets 

Tyoe A-2t t'rft Oar p-wer tunnel   <nly plus Rur Dars cutlets 

(2)    Flow Twriatior.a treated by Urft and Rur Dane. 

(a) Artificial  Floixl N^. 11 corresponds tn the 
fin   variation croated \j sv.stained (Type A) diach a rre fron the 
awning n rrrl bitt/r.   utltrta   f Rur Den under initial full pool 
co >i it ions as described in paragraph 4-0£c(4).    Trxt pea': discharge 
at the d*r* of 90 r^/aee ^uH be onl* subtly dirlniflhed at do-sm- 
strean locations, decreasing \r 76 aP/aec at the -outh of the Rur 
River, as r-rnarited in TWvle 9. 

(b) Artificial ?loM • o. 12 differs fr—. Flood 
'•'   . V  ir. that initial discharge aas assuvied tr  teens' >rhen the Rur 
reservoir la at 1/2 full capacity•    The initial pea>  >utlet discharge 
of 7? s^/aee at the dar *t uii b- red-cerf tr 6i ra3/aec at the "aas 
Rlr^r e r.fluerce as ahr«r. in Tablo 9. 
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(o)   Artificial Flo 4 -go. 13, would rea-ult frees 
sustained (Type B) discharge fSris the'enlarged outlets and from the 
opened spillway j»eir~gat€   f Rur Das under, initial A: 11 p^ol as 
descr*b«! in paragraph 4-04cU).    The initial peak discharge of 
305 rv/sec iwrold rapidly d irinish to 130 rc3/sec in .about 24 hours 
as the pol ata e drop.-ed fee  ih* cre3t   £ the "sir, arid then d«— 
crease at a slower rate ta a^pty the reservoir In about 13-13 days. 
7r.e peak discharge at the "aae River otnTiuer.ee n uld be 195 ta?/aio, 
3e«i tabulated effects in Table 9. 

(d) Artificial Fls^d He. U results from dis- 
charge fror, the enlarged b ttorr outlets  >f Rur Dam Then the initial 
reaemir stage corresponds t? 1/2 fell storage capacity.   Table 9 

sTB-rrarites the effects.    The peak discharge iTuLi be 117 ir^/sec 
at the isr. and 107 rtr/sec at the Vaas Hiver and the duration of 
the *ave iruH be abut 5 days lass than that   f Flo*l No. 13, illus 
tratirg the effect of initial p:>"l level upon the discharge from 
the dan. 

(e) Artificial Floti ;!o. 15   represents the 
resulting flow variation created by sinsiltaneous discharge from the 
existing noir»al betters   utlets and prmer tunnel of both 1'rft and 
Eta* Sans.    Ths cc?-bined pssk flow at Heirbach irould be 114. m3/sec 
and hi the 'teas Ri^ar 109 r«3/sec.   As may be rr.ted In Colisms 
13 ar.d 14 of Table 9,  the duration of the wave ahoy* IOC nP/sec 
-would'be abuut 9 days and above 30 nP/sec would be about 24 days; as 
cof^TST'.'^ tr  the respect!^ values of zero days and 21 days shown for 
Flo d Ho. 11 discharges froni the Rur Dan. ::. ' - . 

(O    Artificial Flo-d No. 15 is slallar tc 
Flood Ko, 15 except that it v*s assurssd that the bottom   utlets of 
Vrft r«rs *r»uld bt kept closed until the pool had receded tv the 

elevation of the" intake of the rJrf t'Danv-Heirtoac-h **vwer Tunnel.   As 
rriay be n ted In Table 9, no difference in ~>eak discharge wuM 
result; hoeever, Flo d Sc» 16 would be sustained above 100 ta3/s9C 
'{a-prcxinately bank-full flnw) about 1 day longer than Plod Mo. 15, 
b-.:t «>ula be    f ahcut 3 days less duration ab-ve 30 trr/sec, 

(g)    Artificial no4 No. 17 is the result of 
discharge fron all the. n rrnai outlets and power tunnel of both 
'Jrft and Rur Das» like Flood So, 15, but with the reservoirs 
initially at 1/2 full capacity.    The  *sak tun at ''.einbach would be 
102 ?£/»« cornered to 1H Tf^/aeo f r Flood Ho, 15. but the dora- 
ti -m nf flow would be only 1 to 2 days above 100 r^/sec and 15 days 
•Uve 30 j»V»ee.    (See Table 9).   Representative hydrographs for 
this artificial flo d are presented on Plate 19 and a graph af!"'-.' - 
-idths of finding is sbwn   n ^late 3.   This flood approxL-*t*a 
the erdltl v.s described in paragraph ill-la of Exhibit A, 
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1 
(h)   Artificial Flood Z^ IB is 

niltiocs sirtUr to Fl-?od Ho. 17, except that it * 
is the result of 

c nditlecs a fella r to Tl-xA Ho. 17, except that it -tas here aasu-ved 
that the button outlets   f Urft Daa "Jould be kept cl sed as In 
Flo -A No. 16.    The result  »f such op^rati^n TO old be that the dur- 
ati r. jf flow woultf be reduced several days frcre that produced by 
Flood So. V. as r*y be aean in Table 9. 

(i)    Arlficial Fl.xt So. 19 involves Type D 
discharges fran all the outlets  ">f Urft ar.rt ."*ur Dars enlarged as 
described in paragraph 4-04e(2) and (4).   The enlarged nutlets 
woulrf incr»*s« the diseharg* at Heirfeach tc 3&1 r?/sec, but the 
durati jn   f the wave eb.ve 100 nP/eec T*>uld be cc.ly (ne d=y longer 
than the 9 days corputed for Flo d N*>. 15.    fls^i ¥*.. 19 would 
recede to 30 aP/seo in 16 days, about 6 day a a-   tier than in the 
case '.f Flood No. 15, as sh/^ei In Table 9.    Plate 10 ah.wa the 
depth, discharge, and velocity of this f 1- .d compared u. natural flows, 

(J)   Artificial Flo d No. 30 sh^rs the effect 
_f initial pool stage.    The p-vl nas assumed to be at 1/2 full 
capacity whileotherwise comiiiiors *-re identical to th-se   f Flood 
Ho, 19.   The initial discharge of Flood So. 20 is 148 mVsec at 

•• einbach as cc-npared to 341 iP/sec for Floxl Ko. 19, while the 
d»rati-*i  .f fl^w is about 5 days less act isiy be noted ir. Table 9. 
mschRrge hjdrcgraphs of  Flo-d No. 2D at Heiirbach and the Maas River 
appear on Plate 19. 

(k)   Artificial Fiord Ho. 21 illustrates the 
possible flow variation that c uldbe effected b*- means of the Urft 
tkv\ outlets in the event that the Rur Reservoir had been previously 
emptied.   A peak discharge if approximately 66 or/sec wcuM be 
attained at Hd-bach frcn the omMned flow «f the normal b tb - 
outlets and p-wer tunnel -t Urft Das.   The d scharge *^uld be sus- 
tained ab vo 30 a3/sec fur abr>ut 10 days, considerably less than the 

21 daye fr: I similar opening   f Rur Dans alone (->ee Flood No. 11) 
and the 24 days cf Flojd So. 15, involving c/rhened d-sco^rge* fran 
both the Urft and Rur Dens, as shown in Tabl«? 9, 

(3)    Flow Variations Created bv Heisbach and Cbena»- 
Wvn rfiMi 

(a)    Artificial Flood Ko. 22 represents the 
tlm variation in the Rur River resulting from sudden opening of 
the woir gate at Heipbach Dar. under n mal full p. .1 conditions. 
3ee Paragraph 4-04o(5) for description of the weir discharge capa- 
city.   The peak discharge w uld be 407 nr/a«o at the dan, but the 
durati.« of the wave ^uld be only ab-ut 2 hours as sbum in 
Table 10.   Assuoing that the similar dar. at Oberaaubach was pre- 
wi usly opened or destroyed,  t> peak discharge at tie !<aas River 
w;uVJ be 76 «n3/sec and the durati-?: of the "«»• av.wt 5 hours at 
the Latter location.    Plate 2C sh ws rereseAative discharga hydro- 
graphy f rtM.i flo.d. 
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(b)   Artificial ?lr>xi Ho, 23 ah ws the effect 
of synchronised operation cf !:el-*aeh and Cbemaubach Dans.    Aesuo- 
ir.g t-»t the gate at Obexrwubach was held in closed p.sitijn until 
arrival of the peak   f the wave resulting frvn opening of the 
Kei-oach veir gate,  the oeak discharge f rore Oberneubach Dar. would 
be abcu'i 63C iv/eec as show in Table 10 and or. ^late 20.    The 
resulting peak discharge at the Maas River would be 170 nP/sec as 
contrasted with 76 and 99 a^/tec correspcoJlng respectively tc 
separate operation of the Helzabach and Oberneubach Dans.    (See 
Floods 22 and 25). 

(o)   Artificial Flo.-d fro. 24 shoes the effect 
prodded by perrrltting the way* from KelTfcech Dars (Flood No. 22) 
tc be temporarily retained in the initially empty Obcxnaubach 
pool ad  then  Suddenly   released.    The peak at Obernenibach would 
be thus increased from 176 to JIU sr/sec but the resulting psak 
dlso.arge at the Haas River would be lowered from 76 to 54 nr/sec 
as corpared U   the uninterrupted ware of Fl. 4Hn, 22,    Tbe dura- 
tion cf the flow would not be appreciably changed, as shown in 
Table 10, 

(d)    •'•rtifldnl Tii d Ko. 25 is the result .-f 
sud dm opting of the Oberoaubach weir g£tea and .utlet under nomel 
full po.,1 conditions.    * peak discharge of  500 BK/SOC vould emit 
fr-.tn the opening but t<.« flow would recede in abut 2 hours to  the 

base flow, as shiwn in Table 10.   The peak discharge at the "aas 
Riv»r wculd be ab ut 99 mVsee. 

(4)   Flow variations Created by Sail and Dreilaogerbech 
Bna* 

(a) Artificial Flo^No. 26 is the result of 
sudden full opening </ the existing normal outleta of rsll Dan 
under c\>nditi'jr.s of full pool.    The resulting hydregraph would 
have a peak of 15 er/sec and a V-tal duration of about 46 hours, 
as sbwm in Table 8 and on **late 21.   The resulting peek flow in 
tho 3ur River at Zerk|ll would bo 24 nP/aec, an increase of 14 rK/'aec. 
over t e assumed 10 m-'/aec initial base flow in the Rur River,  thus 
representing practically n    reduction in the peak flow, 

(b) Artificial Flood Ho. 27 is the result of 
discliarge from the   jutleta of Kail Dan enlarged as indicated in 
paragraph »-C4o(6),    The 'initial peak dlaoharge '•• .-Id be Increased 
frus- 15 to 44 tv/sec but the reservoir would be emptl ed In iibout 
18 h urs as o•-pared tr the 46 hour duration from the unrrdif led 
outltta    f Flood Mr, 26.    Effects are suxArtsed in Table 8. 
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(c) Artmr.ial 71 A Ho. 28 represents the 
effect of full opening of the gristing outlets of Dreilaegerbach 
Dan at full reservoir stage.    Tr« reeultl:.g discharge {gun-graphs 
are itiin on Plate 21.   The r>e«k discharge from tve dar of 12 n^/sec 
•»ouid be practically undirdniahed at the e cfluence vf the Indc 
ar.d 3ur 'S.Tsrs, as indicated on Table 8. 

(d) Artificial »lo->d Ho. 29 is the result of 
discharge fro* the 'lutleta -t Drei laegerbaeh Dam, enlarged as des- 

cribed In paragraph 4-04o(7).   Initial peak discharge at the daw 
would be increaaed only to 16 itr/eeo, thus reducing the total 
duration cf the discharge to 92 hours,  as canpared r-ith  the 124 
hour duration of ?1   d So. 28.    Effect? ire surra ri red in Table 6. 

••   CqcPTiaon of Tffectt :>f ^lg? Variation!. 

The comparative peak values and durations of the 
flow variations produced by discharges fxxen the   utlets of the 
various Rur River dams are summarized in Table? 8. 9, and 10, and 
the resulting widths   f flooding during passage  f the peaks are 
tabulated in Table 11.    Extracts of pertinent effects at Juellch 
frnr. Tablas 6 to 11,  inclusive,  are presented,   as follows,  to 
facilitate oo-iparlaoni 

1 
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4-Ue 

Corearlaon ot Flo* Variations at Juellch  (Tr. 116) 

Peak 7alu«3 Duration 

?t'0. 
Surface    *rrival     Width 

3l»eh.   Stye       Vel. Tine     Flooded 
nJ/sec     n>0-:     g/aec Hew 

re Above 

JfcL 

(1)    "rfV & Buy Dy, fty V*rtatf7R< 
11 78 7872 I7iF 53 
12 67 78.2 1.8 42 
13 225 79.5 2.4 12 
14 311 78.7 2.1 34 
15 111 7£.7 2.1 50 
16 111 78.7 2.1 50 
17 100 78.6 2.1 50 
18 100 78.6 2.1 50 
19 251 79.6 2.5 12 
20 UO 7S.9 2.2 42 
21 65 78.2 1.8 75 

0» 
0* 

0.1 

• 
c 
A 
* 
• 
a 

0* 

-DfiUL 

0 
0 
8 
3 
9 
9 
1 
0 

10 
6 
0 

Ate 

EttI 

21 
12 
12 

7 
24 
21 
15 
12 
16 
11 
10 

;' 

(?)    Helrpaci: 
22 128 
23 322 
24 114 
25 197 

j2>err,aubftch ?JQTT_yarj.atior.s 
7S.8        2.2 8 0.1 
80.0        2.6 8 • 
78.7       2.1 13 • 
79.3       2.4 5 ' 

(3) 
26 
71 
2? 
29 

Kail fr Preilaegcrbech Flow Variations 
,)   — — — 23 (Eat, 

34   • 
21 
25 

77.6 
77.7 

1.2 
1.3 

18 
13 

0* 
0* 

Hours 
1 
3 
1 
1 

6 (total) 
5       • 

KWfg 
4 
5 
3 
3 

«Nc a^oar^t flodL-c: flrr probably confined Mthin strea-i batik" 

4-05   Am^rcTA! FIOCDPG ^ri'Tixin^ CF CJTAX3. 

Tve absence In this area   >f navigation canals ar any other 
larfe canal systen precludes utllintijc   tf canals for artificial 
finding.    The industrial wBter-sup;;ljr car.als •ner.tioned ir. para- 
graph 2-12, vnuld atrw t*> ir.erease the extent nt flc ded areas 
resulting; tram still-*at«r barriers, -»j-r f lo d waves, and flew 
variationa discussed in th'. e section.    Insufficient data are avail- 
able at this ti-« %c p«rr.'t analysis    f t'e "Ttsnt ->t auch increased 
flooding. 

4-06   3l"fJaJ?I. 

The artificial flooding potentialities of tbe Rur River 
described In preceding paragraphs 4-01 tc 4-05 are herein erj-rmritodt 

i 
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ft.    Tmpnrftiy darr-.ir? -oerati-jrs at suitable bridge o?en- 
i.-f* -raid create fl'^^.-.g c ^Mtitr* extending 1 to 3 «r. u^strsAn 
fror th .st Lueatl *ns with average widths of uverbanVr flooding rang- 
ing trn 100 to 500 n and depths of C.4 to 0.S m.   A ccntizraout 
barrier could n >t be f.>r->ed by this nean6 except during oerlods of 
high flows.    Associated breachir.g of local levees i«ould also be 
neoeesary.    Reference is -ade to paragrapn 4-02 for detailed dis- 
ouesion and to ftb!« f and Plate 14 for tabular and graphical 
surra ti on -/ effects. 

b. Breaching of the Vrft and Schwamnenouel (Rur) Dar* 
^ould create rraj r artificial f 1c d waves in the Rur River with 
aniclit-ies ranging frorr appro xinately 4 to 11 ri at ZerVall (kn 79) 
and frora 2 to 4 n at 'itah (Jn 152).    Effects on the Haas River were 
not analyzed in detail, but based an information in Reference 29, 
it is estimud that tve waves would n t exceed 3 m above r.-rtnal 
ntwlgatl n pool stage, assuming that the navigation dans were 
lowered prior to crrival of the -wave.    The   start of the artificial 
f lo d waves would arrive at "er<call ir. about 1 to 2 hours and at 
Stan in 7 to 11 hours.    The average rate of rise c f stage would 
vary considerably, ranging f ro~. about 1 to 10 n/hr at Zerkall and 
0.3 to 4 m/hr at ^tah.    "ean surface velocities at the crest of 
the wave w.,uld T&XJ f non about 3 to 4.5 a/sec at Zerkall but w.uld 
be only about 1.3 n/sec at Stah.   Over ban Ic flooding could be ex- 
pected to persist for not   ver 2 days in ni.st locations; ar.j strean 
velocities in excess of about 1 to 2 m/sec would prevail for 
2 to 4 days. Reference is nade to paragraph 4-03 for detailed dia- 
oassion of effects under vari >us conditions and to Table 7 for sum- 
mation of effects. 

c. 3reaching of the Kail or Dreilaegerbach Dans would 
create relatively snail and shirt flood waves.    On the Rur River, 
amplitudes would be less than 2 ra and the duration of the wave 
w.uld be less than 12 hours as shown in Table 8 and described in 
paragraph 4-03* 

d. Detriaental flow variations could be produced in the 
Rur River ranging in amplitude front aprT'xirately 1 to 3*5 a at 
Zerkall (k* 79) ftnd 1.5 to 2 ia at SUn  (IJT. 152) by ranipuiaUcxi of 
the cntrollad i utlete of "rft and Schwarnaenauel (Rur) Dams.    It 
wuld take about 2 hours f>r t e start ~t the wave to arrive at 
Zerkall and Tmn 12 to 15 hours to arrive at Stah,    The rate of 
rise ** uU vary considerably depending   r. conditions at the dans, 
and " uld range from 0.04 tc 1.2 -i/hr at Zerkall and 0.02 to 0*23 ra/hr 
at Stah*   Mean surf tee velocities during the passage of'tna crest 
of the veves would reach as high as about 3 re/see at Zerkall and 
1,2 -a/see at Stah.   Ovcrbanr flooding could be effected for periods 
of 3 to 10 days in oost locations ry cortflr.ed disctvnrgc from the out- 
lets of both the Srft and Schwrr-cnaicl Errs.    Vosn surface velocities 
in excess of about 1 to 2 n/sec --ouU persist for periods up to ncvly 
4 woeks.    Cyclic vari.-tion *€ flow rrith aaplitudcs -.3 high cs 2 s oouM 
be radntxined for m 3xtendy& period by repealed opailng and closing of 
the outlets.    Detailed inform ti on is contained in Thblo 9 «nd In para- 
graph 4-04. 
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• •   S-aiden opening  >r denoU-ion of the weir gates at 

Hei-fcech ar.d O'oer-»ubach Cans "outa  lrodv.ce detrir-Bntai flow 
variations in the ?ur P-iver d»/«r.a traar.    f those structures J l,8ra 
amplitude at Zexkall and ranging frorr. 7.5 to 2 n at Stah.    As 
sn.-wm ir. Table 10,  synchronised op«*atl r. of these tf> structures 
c u!d appreciably intensify  the effect! dL-wr.strearr of JberPMubeeh 
Daa,    The start of ir.« rise w^ld  require aU,ut 2 hours tc travel 
fro" Keiribaoh Dar t   Obemaubach Can and about 10 hours fran the 
latter point t    ~>tah.    The average rate    f rise of the waves 
n»uld be nearly 2 n/hr in the reaches between the twr  structures 
and ranre from about 0.5 to ne&rly 2 T/nr d'jmstrean    f the Oberrneu- 
bac1- T3ar>.    The d-ratlin -f   nrerbank flooding wuld be short,  only 
about 1  hour; and tt.e deration -f above r.<rral velocities would 
njt exceed 3 tu i \ rirs.    "oesibilitits cf cyclic variatior. art 
•••client, due to large volune t.t water stored ir. the Urft and 
iJc'rwarnenauel reservoirs.    Tv.zc th se a- i-rces,   the rei"baoh pool 
can be refilled ir. ab ut 4 h urs,  and V e ' bermaubach pool In less 
than g h urn.    A sumary    f effects is oresented in ^ble 10 and 
detailed d: scussi n of p ssible flew variations is included 5n 
perfl£r*?h 4-04. 

f. Flow variations in tie Hur Ra-scr caused by operation 
of the Kail ar.d Dreilaegerbach Za-    utleta » uld be slight.    Div 
oharge £T\*V. the existing   '-jtlots cf Tall Dar*. -aould  result in a 
rise of stage in the Bur River ct Zcrkall of only about 0.3 rn, 
and en lax saner, t cf the  jutletc would only result in abcut 0.8 r. 
rise at that locati n.    The DredlaegftrbQch   --utlet dschar^e w.uld 
not raise the stage at Juelich   -ver 0.2 BJ, ".van if enlarged. 
Stages would recede to n it-al in 1 t    6 days.    How fron these 
dana could be utilised to pr'Vide water fur still-water barriers 
or to aligltly ir.creas- the pea^ or duratifwi ->t flow variatijr.s 
fror the    XhBT dans.   w--re detailed infraction nay be found in 
Table 8 and in paragraph 4-04. 

g. The numerous snail check dana located approximately 
ona Vr. apart along the Rur £iv«r w->uld >ave littl« effect upon xhe 
artificial fl ding effected by dan breacMrfc LT utlet discharge, 
as was jbaerved during the February 1945 Rur River crossings des- 
cribed in Exhibit C. Insufficient data *eru available t evaluate 
the n-ssibilities of increasing the heipht of t1,ese da*s t, create 
still-water barriers. 

I 
h.    Th* tnunt   f flooding to be esp#»cted as a result jf 

breaching or regulated discharge depends largely upon the base 
flc*,  (i.e. the flc* of water   listing in tne stream r»ri r to the 
artificial fl    d or flowing into  ths reservrirs).   H real ly nest    I 
the flo* in the ftur Fiver i« cmcri sod of discharge fron the "rft 
and ichwarrtenauel LW.S,  and in mat *vnr.t,  hich base flow v* uld 
n t appreciably increase ths arplifodo -f artificial flood -avas, 
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but «>ald increase s r-«n*iat the rate of travel of the start and 
peaJc -f the waves, ar.d »_v1d in?a*e>ase the duration : f the re- 
ce*»i<•:» cf the mre.    "For erarp'e,  if n    inflow "ere er.terlr.g the 
reservoirs,  the duration   f cverbar.'< fl-nding for the flon vari- 
ati -r.3 designated as 1    da U to 21 (wii.V an average 10 rP/aee 
base flow assxned in this report) nouM be reduced approximately 
or* day and the duratien of fli-wa in axeess of >0 rv/sec i*;uld be 
reduced approximately 10 to 20 percent. 
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5-01    OBiERAJ,. 

The purpose ot this sect',  n is i    assist military planning 
personnel in eBtt'nating the relative value and affect of artificial 
flwoda upot   associated military facUrs such as bridging, ferrying, 
and traf f:cability.   The effects -f artificial flo da upon military 
operations may vury pmatTty, depending on hydjr»l>gic and weather 
conditions, the tactical and logistioal situati-n, and the type of 
equipment Involved.   Reference is rede to Section IV for dlseusslon 
of the hydTaulic fee tores assxdated with artificial flocking, 

5-^2    CKARACT*9c35TICS OF MILITARY 9RHXEH0. 

a.   The loading capacities of standard U. 3. Ar-y floating 
bridging, for conditions classified as •Safe, Caution, and Risk 
Crossings," fnr various curret velocities are tabulated in Table 12. 
Inolided are the current  velocities vtiich are presumed to destroy 
the bridge in place with no load, the values rar.'ir.g fwn 9 to 10 
feet per second (i.e. about 2,7 to 4*9 m/ieo).   Table 12 la primarily 
based an data c--ntair.ee* in References 30 and 31. 

b*   It should be n»ted that th•- velocities sh-*er. in 
Table 12 represent general averagea.    The ability of floating bridges 
to withstand currant velocities depends upen numerous variable fac- 
tors, such as eoeclal provisions fcr securing the bridge, the rate 
of change in river stage, direction and variability of current 
debris oarried by the stream and   tther c nslderations.    Standard 
bridging has been successfully utilised under conditions more severe 
than indicated in Table 12, and has failed under apparently leas 
critical velocity* 

5-03   1945 RUR RITE   CBSSPO. 

a*   A detailed aecount   £ the difficulties encountered by 
tha Viericsn fjrees daring the crossing   -f the Rur River in February 
1945 (presented aa Exhibit C   .f this report) includes description 
of the effect that the German poeseeaion of Urft and 3c)amiisnaasl 
Dame and the destructlcn of the   -atlets of those dans by the retreat- 
ing Geraans, had upon the Allied crossing of the ftir River.   Tnfanna- 
tla is also e-ntaired in Referencee 23 and 25, listed in the 
bibliography, as w*H as in several oti-gr d curaents unlisted for 
security reasons* 

i 
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b.    The Araerie-TB f-a*cc« rc'chod tho •-ast side of the Rur 
Ri»?r in Dv.'t-~v>er 194£.    Estates of the  situation •irphasisad 
thst X rgo-Ai.ilc eroasirj.a o:~ the Rur Rivtr below the sites of 
the Urft 2ttS Schweattaocsal (S*r) Dcas should not be undertaken until 
Vhrm-2 d-ns were ir friendly hands, due to the possibility that the 
Or-^-s right role-.se artificial flood waves by destruction of the 
I** ?r thoir outlets.    AtUnpts to rorure this throat by destruc- 
tion   f  the dans by aoritl bombing ware jr. successful.    Intensive 
efforts wort; nruie to capture those asatdtes by grouna attack prior 
to attempting crossing of tho river. 

o.    The Ari7nr.ee breakthrough by tho Qosnans caused withdrawal 
of Allied f<rcos frow the Rur River line until 5 February 1945* 
The Urft and Rur danaltes were captured on 10 February, but the 
enortr had blown tho jctle*; gates,  .hich created flooding to a depth 
of 3 foot over the bmka near Dueren.    Iho resulting current veloci- 
ties were estlnated as being 10 to 12 rdlos per hour, and crossing 
oporatiT-.s ware dalayed until the current a>xiereted. 

d.    The Rur River was successfully crossed by American ftrees 
on 23 February, although th*s current velocities, were still over 
8 miles xw hour*   Considerable difficulties were encountered due 
to the swift current as well as t*> oncry resistance.    (See Exhibit C). 
Construction of floating bridges was hindered by the swift current 
and by the rapid fall in river stage during and after the night of 
7~>-~>L February,    Reference is node to Exhibit C end to References 
23 and 2$ for more detailed desertptien of the offact of artificial 
flooding on tho Rur River crossing. 

i 

1 

S-04    J0T8CT OF STILL-WATER 3ARTISRS AVO DRAINAOE OBSTACLES. 

a. Referanco is node to paragraphs 4-G2 and 4-06 fcr dis- 
cussion of the hydraulic features associated with f one Hen and 
entasatatlon of water obstacles by swans of tosporery desrdng 
operatians cr by disruption of n-nml drainage. 

b. Bridging vd ferrying operatians within the backwater 
rorohss upetroaa from the temporary dans would be hindered by 
reason of tho resulting greater width and depth of crossing, 
indicated in Table 6 and on Plate U.    Approach trcfficcbility 
would be decreased by tho shallow overbenk flooding, and the 
increased stress depth .§ would hinder fording of the affected 
reaches of th« river.   Since the resulting increased water obstacle 
would r. t be continuous along the stroene (as illustrated on Plate 
14), stilL-watcr barriers suet be combined with other natural 
obstaole* end with t-ctic--! operations in , rlsr t> channelise 
rulitury action. 

e.   Continuous rdlit-iry suppert if the ttrjpomry dam Instal- 
ls tior.s would be necessary  tc prevent their destruction by enorqr 
air or ground action.   Destruction -jf t taap rary darn would release 
s flo-d wive    f ahnrt duration  that »ould t<nporarily hinder 
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eroesi.-.g operations bel-ar the structure and -*.ich mig-t cause pro- 
gressive failure :>f other dc»n« trean stmcturee. 

d.    Dreachi- g  •{ levr** 'raid be necessary in eone cases 
while,  In others, blocking of culverts end drainage outlets would 
be required In addition to temporary daartng operatiana in -rder 
tr  create effective st! "L-water barriers and drainage obstacles. 

5-05   5FFSCT OP ''AJnR FICOD ''AVgs. 

a. Reference is made to paragraphs 4-C9 and 4-06 for 
diseuseif.r.  .f  the hydraulic features associated «rith creati n of 
rajor fl.   d waves by means of breaching   f the storage darns located 
rr» the Pur River and its tributaries. 

b. Breaching   f the Urft. Schwennenauel (Rur), Kail or 
Drellaegebach Dars would create artificial flood wares that would 
destiny cr endanger bridges end dara along the streams for an un- 
determined dletance below the breaehed da-..    Insufficient data are 
ava51able regarding the structural features of existing bridges 
and djr.s to permit estimate of the degree or den true tier.. 

e.   Breeching   f either or both the Urft and Schwenrjenauel 
(Rur) Dan would produce temporary flood conditions and high stream 
velocities which could interfere with strear- crossing operations and 
endanger equipage and floating bridges along the Rur River for 
several days.    See Tables 7 and 11 f >r surma ry of resulting flood 
conditions. 

d.   Deetructlcn ef the Rur River dens mould seriously dis- 
rupt industrial water supply and electrical power supply of Dueren, 
Juellc   and other irv>r rtant industrial and urban areas. 

a.    Destruction of the '•Call at Dreilaegerbach Dams w-.mld 
seriously disrupt the municipal water supply of the Aachen area. 

f •   Destruction of the Heiabach or Obermeubach equalising 
basins »uld hinder regulation of industrial water supply for the 
Dueren-Juelleh area. 

g. Deliberate demolition of ie Rur dans would prevent 
their use by the ene^y in producing de-rinental naj r fl' -d waves 
or f 1 <w variationa during a later critical period. 

5-06  error c? *KT VASUTI^S. 

a.    Reference is made to paragraphs 4-04 cad 4-06 for ill 
oussi&n of the possible detrimental flow rariati r.s that c -old be 
created   n the Rur River by means   f reflated discharge fro- the 

«Rur DSJBS.    The resulting flow conditions are surmarited In Tables 
8 tr 11,  inclusive. 
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5-06 

b. Corfcinea -T cyclic release of rater from the outlets 
of t-e 'Jrft and Schwairmenauel  (Kur) Dam, especially If the    utleta 
are r-*iifi»d to increase tit discharge capacity, wruid produce 
appreciable flow variatior.a along the e?ur River th*t -TMZA endang&r 
floating bridging f,rc nsiderebie distances downstream.   The large 
•turage capacities   >f t; j reservoirs perrait extended d-»rati r-s or 
nultiple repetiti >ca of flow variations.   See paragraph 5-00 and 
Exhibit C f->r desert pti on of observed effects and difficulties 
encountered during the actual 1*4$ crossir-s ~f the Rur River, 

c. Sudden opening  >f the weir gates of KeLmbaoh and/or 
Obenaubach Dens would produce appreciable flow variations along 
the Rur River   f shirt durations that e-uld pa repeated f->r cyclic 
affect by   itllitati r.    f water i-poiodec in Hrft or Schwamenauel 

reservoirs. 

d. flo» variations induced by release of water from the 
outlets of Kail or Dreilaegexbech Dars wi uld net have a significant 
effect on floating bridgea and -rossing operations on the Rur River* 

e. Deliberate demolition of the Rur dans or their   utlet 
ecT.tr Is would produce flo* variations lasting up V>  several wee'es 
and prevent use by the or.cry in producing raejor flo d waves  :r 
detrimental flow varietiors during a later critical period. 

5-07   BJTBCTS RSUrJ) © TO2R BASKKS. 
i 

Artificial floding along the Rur River could be coordinated 
with similar uperati r.s on other river basins (especially on the 
nearby Rhine or Mama Rivere) to create simultaneous or progreesive 

water vbstaol*a affecting military action.   Reference is nade to 
reports on studies, of artificial fin ding visibilities on the Shine, 
Den\±>e,    '•»^', ftis, allar and Leine Rivers listed as P.eferwces 28, 
30 and 32 to 35.  inclusive, in the Bibliography of this rep rt.    Some 
i  f r«Uji regarding artificial flooding possibilities on the Maae 
C'ense) River is contained in "eferer.ee 29* 
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Jo rwiue* A toB. ja»V tlr^ A br ?.    To reduce 3  to A. malttDiy B to G. 

Unit A Factor F Factor G "nit 3 

Vile 5 
Meters 
Vc-tars 

UBiOTH 
1.60935 
3.2*06 

39.370 

.62137 

.30480 

.C25400 

Kiloreters 
Feat 
Inches 

Square Miles 
Sqt^re Miles 

Anres 

AR£A 
2.590 
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2.47104 
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.3361 

.0*38610 

.40469 
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Square kllcneters 
Hectares 
Acres 
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Cubi? Voters 
Cubia Feet 
Acr*v-f«;-t 
Acro-foct 

V-LL'VE 
35.3U5 
28.317 

43560. 
1233.5 

.023317 

."353H 
,000022957 
.00091071 

Cubic Feet 
Litr-rs 
Cubic Toot 
Cubic "etrrn 

CuMc faet per i^cord 
Cubic neters ocr second 

wilos por hour 
Miles oGr hour 
Utters tr+r aseend 
Mct*rs rxr second 
"rt<s*s p^r SOC <*i 
fc^t v^r Jooond 

Tons (nvtrlc) 
Tana  (long) 
Tons  H>tric) 
Tons  (nitric) 

DISCMARGE 
1.9835 .50417 

35.3*45 .023317 

VETOCITY 

Aero-feet per 24 hours 
Cubic-foot per second 

1.60935 
1.4667 

3.2908 
2.2369 
1.097 

•ma'.' 
1.102 
1.016 

1D0C. 

.62137 

.68182 

.3048.^ 

.4/7(4 

.9113 

.9072 

./842 

.OCr4<36 

.001 

X':lof« tors per hour 
Feet per s»c(r.d 

Poet per second 
Miles por ho'!r 
Tilor^eVrs per hour 

Tor.s   '2h:>rl) 
Tons  (rv:tric) 
'hmnds   faYoirducoia) 
Tiloprnns 
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^shingtan District, C rps of rngineers, "tunm "Strarage- 
biet das Hhein, Einwirkung auf die   aasarfue^r<lng,, (Shine 
RiTer 3a«ir., Influence of Flow).   Military Geography 
{"»*ijK>€o") Trainir.c  'anual H. Dr. g. 34a.   General Staff 
of Qigrstm Ar?y Section ¥!, <*iaister 1939. 
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12.    'JEE »TR (fiCSS) A55 um SEVSBB 

Stretch of riv«ar fro*- iJ\e sour** t-o aonfluenca 
with the Maas Ofeus*} River.i 

I,    Short De a carl? tier, of the Watercourse, 

The Rur (Boer) Rttfur ris«s in the Hoaheifel (Hobos Verm) and flows 
as far as, Rrauin so'/ih of Dueron in iwrontain cotrr.tr>',  fro-, there to 

'•Jueliefc in hilly country, and then to the Omars -Netherlands border in 
flat country.    At Roernond in Dutch t«rrit.iry it emptier into'th* w*as 
("euse') River*   In the mountain country at low and new water levels, 
whatever the Rsa" Fiver is not dammed, it constitutes no obstacle be— 
cause of its low discharge; the same is true in the hills and in the 
flat country as far as Linnieh, because water is withdrawn into 
lateral industrial channels.    Downstream from here to the border, 
-wan water (W) does not fotfifj sore than about Ira depth.    The current 
velseity is considerable,  since the fall amounts to 0.29* declining 
to 0,16$.    At hl£i water 0r?) in the spring, the Rur River is a con- 
siderable obstacle because of its rushing current and bank overflows i 
*atar depths at stjitrser• KW are at 'erkall "U48m (70*9 m-Vsec), at 
Juelich l.?5m (130 w3/sec), *n* at Stah 3.10» (140 mVsec); highest 
hi#\ «tar (Hfff) at gerkall is above 5*Om (56? rr^/sec), at Juelieh 
3.80- (400-500 mVsec) and at Stah 3.75m (400-500 nd/seel    The larger 
tributaries are the -rft,   the Kail,  the Inde and the ^urm Rivers.    At 
the rsouth, the high water csf the Mass River under certain circumstances, 
oaoks up 15 km into tht-Fjur.River,   The norael length of th- r-ttr.tion   . 
porid of the ^aas River lock at Roermond is about 7.5 tenv 

— 11^  Peacetime Regulation and U'tili^ition 
j:_..   1 of Discharge ; . 

Tho Rur Rivor »d its tributaries ar© not navigable — except fnr a 
shart stretch In the retenti in basin of the Mass Rivor at the mouth at 
Roarwbnff harbor.    The river is used for domestic and drinking water ih 
the industrial region on th*  left bank of the Rhine Riv*r (Rur,    Indo 
and !»urm River Baefcns, and the Aacntr. local district).    The Urft Dam 
(Ho, 189) with 45.5 million m3 storage capacity and the Rur Dam (Ho. 
251) H.th 100 millionrM-j storag- ospaeity impound the flood water and 
release uniformly about 9 rsVsec into the Rur Rivor for power gemr- 
ation.    Tn tr* •vw.tHtJng basins at Hcisbsch (Ho, 242) with 1.25 mil- 
lion m-> capacity and at Qbermaubaeh (Ho. 234) with 1.5 million m3 capa- 
city, the water is again impounded and is supplied according to nc<?d to 
ther downstrca-i industries.   Jr. industrial canals (ponds) the water 
flows on both sid-M* of the See River to the plants.   Waste water returns 
in tho channels and thu» t • th»» PUT River, 

Independent of this water storage darr systir., are the ia*i "2as - 
(H:». 232) with 2.1 million «3 capacity, and tt* DreDs-gerb^ch txxz 
(Ke» 66).   The latter has s 4.3 -11 lien m3 capacity.and is connected 
with the farmer by mcani* of a tunnel*   These reservoirs supply the 
Aachen looal district with industrial and drinking water..   The ftm*- 
basdn at Peulsaho?," (So. 394), has nVpractice! sSgnificanee-,    Building 
of. additional ~*stsr storage -dams- is planned (1933)* . ,-   _ 
•»TE.  '!!«e plate 2 for goosraphiaal locations.^ 
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III,    Tartine Changes ir, Disch-rgrr' 

l*    vtil'litftUJr, for'-arfarg." 

n*   ii:-lr-f-.-re-spent gj an Dostacle. 

7ue «at*ar supply uf tho'• fsacrv «irs car. be used to raise 
ths lovol of tho Rsr .RiT--r so high that it -rill have jfcijjh rater for a 
long, ttm and sill overflew its banks in places and becewe unferdablu. 
The'extent of the high fester "rf.ll depend as' the available -rater supply 
in the ressrvoirs ar.d tfea inflow from the- tributary stroana at toe 
t!~=o»- 'the. reservoirs are generally- ouly *bout 1/2 full fror? August to 
OecaRdwr, 4/5 full free .April to June, and in the•'j-thir swntos filled 
to 2/3 of their capacity.   Only after a heavy rain or in tdaas of rolt— 
lag siow do the dans ran over.   Since the Rur has a great fall and at 
high -sater levels a groat velocity, forcing beoorae* difficult even at 
a depth of i.50a.    Such a depth exists at surwar high 'siter '<?ith a dis- 
charge of 75 i!K/«ec at ZertesB  fraouth of the Sail River), river tea. 
73*3| at a  '*   -*wrge of 100 ir?/ams at Jueiieto, river tea 115; and--even 
at 30-»Vs*v «»„.. h, river-'KP 154.   Therefore, to produce a "s'ontinuoua 

- ^t'*r.ob"9taclc ':'fTe(ff^,.,th^^re^€rvoir*;to"'";the J%as fever;* supply-of.. :\.. 
100 nvyscc fro?? the basins'rmuM bo sufficient*   She total vctlisse of- 
-too -reservoirs,-rasaed amounts tc-*b<K!t 16G nallion IJKV  If half •••*T this 
t3QOilier,"a?) is available, &m the fljsr cf 100 n^/soc would last 
about 9^1/2 dsys.   Wfth :^[^,ittti^|y|^.iJ^^^!ificiw wjuid occur 
WS* practically ttie *r.tSSiv    "^to,Sie dooth in •'-th> river .Would then 

Tba 3**fc ,at:,;crk&.l._lr 1.5te at J,^_^;«^d;2,7Cte;-at-3"fehi    The .flood 
%ill last longer if toe-jj^-aor^irs have beaa eeaptetaly filled pro^- 
vi^usly by ifall-tiraed closure ofF^lfe bwtiets*   The ef fect can bo 

r.inereasgdhby closing toe;-indt»trlnl"'cha^el^:er"by--.'*ort diversions.. 
intu thefts? Mvcr and b* barriers at; the bridges.   To release a        '•> 
aischarfe of about 100 r*3/*ec frop to© basins, toe= following is 
necessary i release pf-aboat ""551 !*3/«se i£tothe Ssr "Si^or frsa toe 
fully feathered turbines of tooHelakach pv^er plant *>f the Urft Dan 
(this pater fiors into the Heinbach Btpislising basin belec the Rur   , 

•-UeiBat 3ch«t*raenauol)«   The -rep&ining ^ator {78 !n3/see> trill bo obtained 
'_tev^ ths S&ar Sera **ich oan furnisti 90 avtysec. 

/ . The Sell Dare and tha Dr<d.lagerbach Dae? tdll then han. to be 
utiliiod only for incroasing too duration of the flood.   Tho equalising 
basins at He^rt>sch and Ober/aaubaeh, and *»r»etinas also the 4n high 
sluieo-gato osi the fasr !>^ at 3shT^rr>aiauel,  crj% be open'ti suddenly in 
ordor tr pr*>duefi c short but high flood T»CVO (500 •rp/sec) after errplcto 
filling of tho basins.    Tho a?f?et ^ su<* e ***v- o^uld bo catastrophic. 
If tho suddx. reloaso frj^ the full equalising basin at Obemeubach i3 
syi.chrenisad to follow too mtry of the flood ??n?e fr^>n toe basin at 
HotHfeaah,  than tho effect will be further increased.    3udh a rravo lasts 
only a for? hours, but can desolate the ftur valley entirely. 

The foregoing ^sastxros can be exeeetod only if the dars arc 
n«t ilroady in ianeff harjds, or if roelosing the opsnod dia<aiarges is 
piNjranted' tr. abandonsjoot of too $m$ i$mndns jf wives, or blasting of 
eonduits)a 

RESTRICTED 
*"' SECURITY INFORMATION 



3TKICILD 

,{3^s-3i"blir', :|E--tfce^ft#5Kst"ion galleries-), , c^nsid-3*ably :gr:2t^dc:?trac~- 
'1i#e S**tejt; &.«&£ ^fti-Ch_• Tf^Tiidjt'e*^--y,., iT-J^'ifting in^ir;d^;sr:lv l»jdu3~   ••' 
trlsliibd valltffS .as- far as '-ikt&TM&4 Siva* ned or, t»'fe"'B«iJ&»it.--a5<Jsa^*- 

•iHg s«H,' pc^lfiWrfi^ ^^i^^a^iiti^i; of the "Kail arid B^^^'i*b&«£> Bafts*'1 ;"!MEM^eb.t"cff-.the^drinfcicg -satisr_ sappi?' $'='. the. cr*tire."Acih-bh district, - 

\;-;;••- ";.,'   this th.r^'^-(5s dcs<2»£bod above) pjs^enu-d by the full 
.*ss^wt4:f*&-;fcl^5^^.)ii»<3s ech .o&ly-be obviated Vy„ tirely"'"release .hsf 
jimt^r Xrors the/das*.'*' :r~^ * - ''* 

• *>•-  RcE»jral'-5 8."-an ObsttftcW.i 

w' ---V'/fh^-Q^tacic^reprBs^tfld ts*£ 1£v daiyxsd: stretches, "4vn.-b6^ 
<iliM^t^-hf r^Js^sii^-tilQ•^i^T frcsr =thc stjrige d^tis .,»nd--bJ:5;<3*sT*r 

»lth ^ str-.-hf n^t«r-l discharge In thb SurRtvcr by cxrt&i^g .'aff '.all 
discharge •yufl^'fec uf ^--valli^^darss and b-ialh^. .-.the Writer 'level .^f"*-_ 
i^e^a* stiver can bs 1 .A-ored for a tl^edepending en .re^ther eonditiuRai 
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ttawr *r A»t. . *»«r. *"»» k.*« 
»» UKIilM tef .• • tflU. *;u 

-f— • • K'Wf .*»» 
noo • «Mt •{  teaU 
twrt •• #•.«'.«••* 

te M 
U.* UM 0«raa>*   »«raa» 3-0 »• ft C.'. y«.? 'CO. 

'»•«.'< 

• ;««r •?'•'•*.  . n"* .   Jxl&X.   •/••*   . af'*     » /••?. . a/aw    ._•?•**_.. 
9Uu,  ate. »• 

0.?       v->     c.w:       ..»       <>a.fc     6.1 1^ ^C1.6 

U.9 

to 
*e.7 

%*r*mr Wl»»i «*UUt 
a*4   WrMtf 

te 

• f  »aM  «r   tea 
mclaatof r*r»-M*i* 

1 .f :.t>   r>>• '   7--.. 1   :2 c.1        2*»S6      J.J»C t.<»        ^6.ft      5« 2.5 277.0 

a*.? 

te.t 

fcatU of ktirxftr 

tea utu.^tit 
at  /**.w*f-«r 

te»»V ratate 
f r»a #«f. >.v   t* 

rataatlaa teal* 
:• tea f»r»- 
t*»U far UM> 
»*• (IU»r) tea 
at m—»i 
»-»:.  te.  2)1. 
UaUtt 1.7) 
•111. • 

-»•• lim teats «av t^Uu 2) 
•*••* Mi* t far teftaltla* af *»raa 

Batea aarahy for 
th* Mtt part. 

Upt*r eaura*  I* 
•-•»   ' r'»»   t»D». 

»l»ar tad    flra 
Utut,  cUw 
I* part. 

NauataU ronalrj    Hanka •»•t1y aartt- 
M*ar t»«  r.-vr.    >••' 4 'lr*:  t* »•>• 
•thtrvtc* fir*.      city of MMCUU 
»IU> datrtttta. qoajr Mil* at litk 

allaa:   urr<i« vmt> 
lay aaatly  ataa;. 
alapaa, y%igu aatar 
avarflava acaka 
aacapt at   teaactMMI. 

*a»j>i* * caaatry.  Aijalalac tea teals, 
la vfeica tea   i»aal 
>• •i«n«i always at 
tea aaraal aucs 
ara a Map ate la 
part waste valla? 
•lapaa. 

13 

• 

1: 

• 

At ka te.65. 
aruu. of tea 
Drfi 4 a* 
upairaaa la 
tea Irfl 4aa 
fra. vhlcu 
aaa» af tea 
water la r 
oaaaaatei to  ' 
flalatoaa lj 
aajr af tea 
pawar oilir- 
lat af tea 
•v <ta«r). 
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'•-*••••.•   •-.'    '•» 

fara-taata   at 
/»•. .•,»!_*> r, 

U.*   • •*>«.»•••<    'at 

**•!    l»|    \JL»   fett   af 

f*«t«*V   •(    !.•»•   • ••.»- 
•*/•*  rataatlaa  aa«ta 
If   ta   r*»«fc  #»l*>,iv   tk 
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•» • •       •»**        a    i*'      • ••<•      a*""* a'•»»»- 

"*aV •^*».'*»•'• ."•?.'.< 

Pvr * »*rft 

•>.f f.   * '   • IUti»V»lr   resatry. 
M»»r   >*»d  with   f»r» 
!••<•»    parti;   rorVy . 

Dt»i»'>.  •f • 

*****  la part v«r- 
ttaal;   lr. part 
alaptaa*.  but fir*. 
.*.••!•  td   aaatty 
——4   aalloy 
• :»r-»». atta ver- 
tical r«<-» faraa- 
•;•».• raachlaf 1* 
pta<-»a ta t&* Svr 
f»»»r!    8l«fe Mter 
• T»rf ;•••   U.a baa* a. 

'aaarka 

Tbla 
atrateb 
• ilMa   iha 
rataatlaa 
raaeb a! 
taa Ur«a 
Seb<M»a> 
axtal d»a. 
addttlaaal 
iuUlU- 
tUu 
art-bat 1? 
bava baaa 
bnllt. 

-. 

Vf.1 kM*»MI*l4>    (tUM- 
aaat 

•• ta 
!•».> H>l«aa*>s aaa a»U a»l    .», 

%»lr   i»«ta> .attax 
r.aaaa* 
ta\«f>- 

la« 
••>! 

Naualala c» -  »r>, 
-•    -   t.r— »      M>a 
"•latact a-iual- 
itlrif baala. 

Adjatatac rataa- 
Man |aaal*w«tly 
waadad  alapaa. 

taa •!»• 
nn af 
daaa *ed 
alallar 
tr.lUttt- 
tlaat. 
Capacity ta 
ta 1.13 
•111. ar>. 
tata tMa 
rataattaa 
baala taa 
pa«tr a)»l- 
larlti af 
th* Vrft 
«•» •avtr 
at taa 
Meat, at 
tba afetav 
baeb powar 
aiaat. 

•aaa btaar aaata  >•>,   ('UK i • 
••^•a Tat.a 1 far i»f)atttaa af Uft 
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<. f    '»rn, , ,    •-•    ' * 

«1 . 

•• 

*fca ,t       ,',   a   .•   t»( l/i 
• f • •,-«»  j. «.j #r 

;«ai   af    (•     t»raa 
s» l    rtttniin   .at* . 

t« 
•, •     t • -aa -. • •   •    f »- 
•.»w :••   .,    ..- .  «< •; 
i r•\»    .•t '•• 

r*   a- 

I ;•• 

* • * 

m 
m 

• . • •   » ;» «t 

• •••••   ••'   « 
m> • •• 

L. L 

- .1 

•    t - • •» S I 

t     »» 

» * . 
traaa  fca-3 ran*a.     .»»»?t, 

I « * • ,    « '»<• •t«-*"-r- 

l*c <.i i t •: n   •finlry 
•'. »»r   rat      ft r«i 

lan*«   parti*   • **•- 
ti<*»;. part! 
alanlns.   *»»ftl*il 
• t   tr>»  *«r   i»««r^ 
ral 1 vav   »r,a»fc- 
»•     • .    *»•    n» • . 

'»• •- ', .'   v • laj 
alao»a.  ae.-atttn- 
• :'.. «tMp. H.W. 

lauadattt  IM»   iov- 
'. vlrf   ft»   It. 

'"he Rur   i*»*rN 

I*   r»r>i»t \* at 
-artatr.   pla^aa 
If   tha   »»t«r  af 
th»  ''ir  it held 
t»rk at Heta- 
iarh.   ^"n   thlt 
rtwtr   ttr*t«h 
tha  f»J1   »an • i-« 
•I  th*   iaft at 
Zarkall   fIra ?fi.V , 
or.  th* uprar 
•••irta  ef »M"h 
It  'hf TaU  daa. 
Dttfhtrra  »f   tha 
*Air  balaw  »ha 
•euth  »f   th»  'all 
•an   t-a   1iy*rt»tfJ 
•>?   iriT»»Otnr   tha 
• uprlv  af ««i»' 
fraa t>» Kail   imm. 
Saa  llal af daw 
on!  ulaliar  la- 
lUUatUd, 
••.   <H2. 

a  v.: tain   ••'jmr> 
land   araa   af   tha 

*     « 1 itla# 
baaia. 

«.••. niv   tha 
ratanttaa   la*al 
a'   watt   and 
tauth .   »la»p   an-! 
»o»"1#1  tlapat, 
at  tatt  b* with 
• tf.arljr   ruin/ 
*••:»: tlapa. at 
nort'    hl^f.   fara- 
ifi *:tn v». 

Sta   a.ta   Utt   af 
<iaaa  and   alallar 
i nttt;Xatlaat. 
Capacity   1.6^ 
•111.   •  . 
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»af.»       aiau 
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?   k»"*      «<S» 

»o 

^ •.»- -.# . ».»t. :-• v»• -v • r.er 

•\ f a •»- B»S1 •'.»•* % •* **v» 

lira*  *ad 
Dlkat,  ate. ***•• 

••   r   t»• • •   .••!•» 

!•-•   Jr»»a»-J   r. »£!.- 
<*ay  br14/« 

, . s 
«lr»r  tad     firs 
t»aitae,  rrarai. 

ftar.ka  partly  alarta*. 
parti    t«rll>*l wna 
fravs \\j   f..b».- • * 
fcallvaj-  ••bank*"        »» 
ula*ft  rM'My  t» 
tha   <ur  (K«ar)  »"»',at- 
t»1.   «i;ttili< • 
flaafl  ar««   10C--       - 
l»  »••• l»i   anl  f.itl- 
vatad. 

TT>a »»r 

far laM»   at 
10M    ;    »   •• 
at   law  »a'.»r. 

•« 

fcrMkfa 
t« ta 

<W.I» ;*fcdarMarf iri*-t» l-   «a .'»-       l .->        ;-»v ;- 
V.lhaut 
!>•<£   fra» 
t*»  ; st%;a- 
trtai 
CJIItlt* 

;">'•,< ,~ U» r>U)' rM»tr». Laa»»  rartlr  alaola*.     At   la* vatar 
• l»»» t^j rrawal,       parti*  »artlcai.  ** «h     tha Jlnr (*•*»•) 
*>u\  f»r». flra rr»w*l ly r,l- ts   fo.-.1a'> ka. 

•all.   rvaad  araa  In Tha   laiuatrla* 
U*  upi^r parti** aai- . i«-Ba.ala,   1  ta 
row.  in tha  latter <• a,   »yifc. »t 
half, at Been a«  "K>0 a h«th atlaa. 
»M». >*a»-   a  dla- 

lurata** «ff*rt. 

;V 

w.e l**^«.-i«rf Vrtda* 
«• v* 

• • •» t*a '.!»•» af lu 
«*»> •.-• iiatrlci ** 

factar;• 

,».  t* v s      »:?.* ii-.t      I.) 11"*   5 ii-.c        ?*? /   c 119.5        Hilly «a«ntr» 
V»*r  tart  Va'.taa 

«     »,v»»    «r»rB   iOWD. 
taUt   ''.fa 

'«-r.   •   «• :   f  with 
rrava11/  aubaal1. 
•w  fhaar)  r»tu- 
Ut«4.   Ml«h wmtar 
1aaa  Mt  •wtrflaw 
Milk*.   *•   »a 
lUlloa 9* 4 *CC, 
t   aaadla walr  pra- 

/  • rJ»a af 
JM ta  1.50 r 
•  it  \r\*  •»•.«•   %• 

»a atatU* 96.03. 

Tte* lur iHa»-' 
it ra/d**l« vp 
U M.V. la««l. 
•ai-.atrui 
r—..ft.  • i* • 

wide   ar   ce'.rj 
»'.J»i   b*w«  a 
ataiur&iac 
affact. 

•*•« <;••• •»•»» •*>- iruu < 
•«V*«  ?*•>«»  «   '»r   >«ftait'aa af  Ttrw* 
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r  laaa   »•*   a»»r- 
ir»a    • ?«•     tlaa— 

• lb*   rla«4   ar*a 
taut   ivo'A  • 

"Tj.a **r 
'»a«r^   1* 
f>rCa>aia) 
at   •  •• 
»la.-a«    Tlaa 
taa>«t".ai 
«tl*M}l   •»   • 
• ICa  *'     •-•• 
atiaa  aa»» a 
41al*rata« 
•ffx-i.   At 

.   HI i  IV' 
a-.   VJ»*   laft 
t«   to*    a*    •• 
•r *ri» 
litS-iitary 

laia. 

>*   art is* 
ta v* 

I Zt>. • *   •      ,»•.'.»» 
r »l«a 

•l'l/ causlr/. 
*l,ar   0*4   •••••a 
Mr. 

«r 
'ha   irrar> '.»r 

fr«T# 
aalta 

nt'»   .art'.,   alap- 
taa*.   lar'.ir  •»*• 
*arty»  a»a  »»rr   Sr- 
-»rular.   fraa  tha 
.'ttallCaY-Ilr-! »VBr# 
-«   lrtd#*   »•  aaavl 
1   ra ba'av t'.» 
.''^i'.<-h MffeamT 
« rv lr» .   U.a  tear 
' »«4Jr     I*   r*/«lata4 
».«]   an   l).-   ri/r.v 
taiur     ••  a   ':••! 
|>rat«-t:a-.  1lt« 
fa.-t-.«r   i. wt.»l r »mM 
»i    U •    ''u-   »*0r- 
'.a»t   t fr*>   bAAkrt   far 
" c-OvX   a      *t 

'.aa°. *..  41 Iras  a* 

r«r«»>«* *t 
«aay   f'.a-raa 
at w :-»•.. 
t-a i»>«  laft 
b«t«  thars 
t«  ••   t»- 
'   "in, 
— anna;   •>   a 
»«*a. 
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, .    '.*:'.• •            ; *i>»     ».•-»• It  '«ri- 
m    !• t •    •.:.»• rft   TT-VI- i '   i »     i • 

.-»#-•; t» 1   «t tft   ;*»; •<  «l i ;»••» 
« # t -.•   r* t   - •     •»••»»»- 

••at .    Mr ; •« 
•»«j» .»• i  »»; .•••• 

•M      l*     lul     ft   V|<1* . 
%4;a<ala#  /ra-1 

*• • !f   rl »1 f.f 
• lapat      *»aJ»»   fa'. - 
lajr   f)aa4»4  at   "*. 

*.   vtth 'an* a   aa»tl/   »»r- 
'••   *»r 11-al     b^nk   »lar*» 

•-   part af   lfc«   '^rfl  r»»at- 
f -st    a ' •• »•-»   with   pa»'    /   at 
k,   3»; t; lh»     *»   «at>ankB*i-> 

la   .    a. U.'ultlr/   ln»   :.ar- 
( «   •»•   o»   •    ' 

*al !•«   •*•   •<••;• 
»r.<*   •-.* t ...   vnod* I 
a.a,aa     '(»   »»»r- 
'!   »»   «.*.•   ">anir« 

• 1    ».t°. -»    < •    r * • 15 »   •!»•-> 

• • ••, • <-t .    •• • t .      »•.•)• 

J»j •«!•».      "ft.       '•• •   Vfti.» 

••• • «ie;«i   • •    l«. •   ' rf t 
f   - .t »r»   r»»»,,»4   »lt?> 

a. «»inr   •'.   tr.a   b,« 
•a-»»»ft»r*.    1 r. 
<W»-»-aJ  lliara   tr< 

...   va . i t   t a 
!   **-••.   9'.ri»r»»t a« 
•••/'•>   • t« -. t   r ' - 
»     a  .*. 1. .   aajaja- 
i ff   an', i*   •••'.•! 
•t*»r   (.•:••.   B*law 
>••.•.    Jm   f ;.. '• 
!•»-;. .t^ «««.:r»'.a-..i 
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'    «•       : ' t   aa    far   at »•    •   ••"   *a   •*» 
"•    •»•    •:     l»   1 • a r . 
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•  .   ' * •      » » • '.     • ' 
•-_      -•-.». ".     a»« -. 

•».'. • tej • '  i*t-»  •> 
\ — Tf»   <a« 

la *• 
ft. to} u.a •la«   •• > > .•• la* l taa 

. ••• • 

•ai.J   »raa   ;•    tr.a   !'rft 
a*     l-JJolalfy   ra '.»r- 

;ica   !•»•)•   ara   «-ta»t 
*aa<iai   aaU   la part 
ra»-ry   a   a-.•a      •« 
raa<a  ef  »ah}rular 
acrtli   to   tr.a   lea 

S..C) • •   ..   1 

i u t« 
*•.-* a»ut*  HU  u* 

N Is*  -I tf 
"V-> ivar.a? 

Wi ti 

• r'• 

» » 

A.!Jalr.lv   ratartlaa 
•••»r   lava)a  ara 
»•-••:   i*aa<la4   alataa. 

Capaclti  «.>.'. 
kill.   a!.   »raa 
t\a   nor-tbtraaaat 
a-r .*   af   Uta   cm- 
•a.V.la:.   taata. 
tfca   «   in.   (2   «• 
laa/      ta   tha 
Kala*ach  paver 
tla*.i   braa«-h«a 

Thtt atrateh la 
'!-•-?«  by  •.... 
rauluahaf  fara- 
'a.ir   tha   lava! 
•r • i-i. ia 

I s a .    y«* ! . 
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•      •*!»»   Jmm .am la    t** 

V.   t1»»'   <•     ..'      af   i^» 
i rft.   trltvlar,   af   »*a 

.t        »»«f        «r•:'     tl    It 

•/•. »1 af   •>• i;cr».   «r* 

[«••». »•.'.•» 

a ar    *    ?- r " a a • 

»        r * t   .-    i«r**l r   daa 
»   • •        - - ' •   '..»-. 
»»a r   /•»•»'..#». 

• a#~u.«*.'. • ;•   af    5 I »- 

>W    a'    Kaal 

r      ..   •.        •  •.- 

'    •   la; '   .   a •.    *_i»    la« 
•«:'.n»   '1   il...   a'* 
4-riti««   af   aa, t>\t< 
I*   ;.a'.ra.   duratiaa   a' 
r»f1 - - taf   .   . a»r . 

."rat s : t/ 

; .       ;-•».'   »»    . -••arr. »tor.a , 
v..   •   .a.%/,      .IS  • »lla.   100  • 

• Ida   »t    l:.a    f-r\«».    10'. !«a  »\.t- 
Hr*t.   opacity       K 
ta   t,.a  > rf t .   !•   th*  «.»«- 

icrlat ;!"-•{   l.J   • ei»«»'ar. 
capacity      "»»  t , if   la   W.a  hala- 
ba'n   r,a»*r   t ilaet  an   Ui»   S'lr 

h»*r       *••.   J"'    . 
a.  Hlrn**;   brld<a,   ".ata   1*.   ...     a. 

i.b a *•«•*•   • .-'• •• 

rffaot- 

.v,.; 

a.   >•'• iit t>     •       » a ' 

a.   •*.* 
rai: i\»ata f      •;«- *aa 

**•+<•:*;  af   !•*-.;,•<• j* 
0. 
«.   !•»<  • 

a. 
t.   *art.'.  a«bank-»»r.l  • itr.  <•   fsaad 

• :«itV>  at   Wt#t?r>J.<    a,   aaeb   '    • 
law     and   1   ahottar   apaalaf   at 
P»»«M.*   B,   5 •   UlV     V«t •.•• aut- 
>t 1.5 i ;.o. 

a.       /   ..        -     /•     ClMl   1!.   C.?5  a, 
?.0 • aai i,?J a. 

a ' a « »i* 
"y' ) y   t "a" 
fffrl   a?  A   '.   • 

rtlllnl   ta  •••rfltw 
•f   t. \t* 
Caetaquaacaa   qf     a        *a*»r 
i .»ai   atopa    lavrk  af water 
far  «>a  Uuraa  Indtiatrlaa. 
Tua  "rft   and   tha   »ur  caaaa 
la   ba   a'ata.'.aa   balaw  daa 
Caaaaqoaacaa af    b;    *Vr- 
'.*£ aaptrmr. !-'rn .M nur 
• ba'.*cia at fact tmraaaad. 
dta'Harfa t>C a ,'aac. if tar 
**fKjiuC,   f.a  baaia  aad 

:r»r *r» sa abatacla.  Far 
aartytar %n-1   rafililtaT 
ttaw.   f»   Itaa 4. 

raf«   i   af  4   r«faa 

Raaarka 

W1 tl. ra*an1  ta   [••• 
6b     <~n   Ma at iur  af 
tha  full  daa lc tha 
aacaaatcla dtacharc* 
#•'. lartaa    cataa- 
•rapMr   flaad   a« 
far aa  tha Mtuaa. 
Arrival   af  tha  flaad 
wava at   tha Caraaa 
fraattar  1« abaat 
20  i.aura     Oaatruc- 
tlaa mt all -Itlat 
and •.'•nin/i  la  t -.t 
rlvar valla^ .   tha 
•>'. atav.   i a war   pLaat 
;ia.  160)   (f tur- 
blaaa.   1 '.*»oo tv) 
• ' •   tha        ».i -r.   M« 

>lr*   Ha*. 

Ft Had 
Kapttaa 

'.aaal abataela. 
aa abataela. 
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:-.r*'. ••• 

fl .raUa 

• T   • «iri- AV  ?>A«C 

'    l*a>   •.r 

> 

n 

>••« af   . : j--.ct'»r»  •*   :•:•»•'•»• 

A • •« 

' . "«• 
* r ••« .  «r 
• 
' h«r in  **i>*c*B<arl   «i*..~.  <-ca*rata 

• r<: tt**!   -•-»>.  "•'L<   • 1*M< 

.•.itr.  sf   -rawm   1.       a,  wiitr. 
• •.  ta».t*» *•  iwcn ••  :''*'."'   a. 

•'•. !••   lv.'.»Hl   Vh»   »BX»ar«>#«t . 
with «-»*• *s  h»>»4w»t«r  »ii«. 
S.C  i «».:   a.   laltwa'ar   tut<*"ar 
laavrai   .'.'     »   it4»«t»r, 
,«     • lliMl'r  a»*   .",l<  • 4*a- 

e--t»r.   !M*r.i*r,ta 9C »'••*.   *a 
in*  aabanxavtt   »r»   laapat-lia* 
ral:»r1*i   ?.C   i   '. .?  m •** 

c.»..t»;   ;t  cut  *?f   b)   iViittn 
• t N^^'ti.y ».  tf.*r*f*r* <• * 
•«• '•••»   '....-    • »*•«** la»   t^i'tla*) 
-:*»-«»>  vriij»<.   :]«*• ;.•••. 

•\i'. . •    • .•••a 

r*\i'. '» )   • v» • 

l"fft   ••***• 

M I ».»•*   •.*  *»arf!•». 
*»T *. > 1 rw»t. 
?oa**<|u»*»*aa  *f   ' %s •   "•war 
r*»»t   •let**.   Shrrt»wr*  •' 
w»ltr   f»r   tft» ih^tram ;wiut- 
lrl»«.   if \*\T    rft 4*r 
f«*.   l^•.^,   . • •;•• o'•••<*, 
*.ft*  *>ir   t«   th»«  »•  •.»!»•*.». 
't»t»Ti»B-»«   «r   '•'•     DuriiK 

r-iffar**'^  •%»t»'-1««.  4<t- 

••-•'«|  b»«S«  '.  *•  1*9*1 
ilittrlv 

ffwr i vrtt 
•r4 e-£«# 

With   '-/»r'    ;•    lu«   7: 
seh«*«w:..tv)«l   4*» u*4*r 
f"intnr: ti*».  t«j b* 
flitthcd  !.•»?.   Pl*»c»d 
• •.*«ri4  l«pr*»*«*iit    1»- 
cr«»itnf '.?.? h»i*ht *f 
tfe*        i #»«*»r»'j.    !»•  by 
1" B.  r*,*clt.»  lh«a «rlll 
b« «Cs) »i:i. »3- P**#r 

t* V'V*,  I lurMM 
10.003 k«,  :«•  th*  '>.*e- 
'..*• *r • p***t ;•••! 
plant,   "ha  vwtar   fraaj 
th*   laa !•#•   b*   it*H  If 
c» •««»t •   f*r flllta»f. 
•Mil  *b*taeUa   la   ".» 
?ur T*ll*y.   VIth r**»r* 
• a   't»a l>b       n  biaa*. Sc/ 
»•• da* la  tn*   la*p«ctl*a 
ftlUrUi. p»c*atr*ph1; 
: .••!  a*   ••:•   »•   th*  tor** 
4aitr«ctl*a *f  the cUtti 
• '  {ha*r*a   Ilaallh,  .'ua- 
llca ai.j !i**r«**4.  all 
brld<r*t *•  far »•   th* 
Mtua*. 4a*truet(oi •'   th* i 
pit-*   tla* at Ju*ll*h. 
! 1**4   la   tfia   HauM.   0* 
• . H-r. an*at*# *f  th* 
f*t*« »t  t'.» fl**4  ru»- 
•f* ChaMfltl  whaa  i* 4MM 

la cinUUl; ftli*4, 
lh*r*    It   *   '1|i-:lf»»   *r 

?f>C-?^ ••»/••«   (Kl«b***.«r 
4l**harra> f*r *b«nit 
7 n*ur*. 
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'•  ' <%:. t».-.«. ,•••.»• A.       .-»•<••. »'  rva« 
to. >ta» 4 »>*ra»«a t.       lltlUti'Ux.'t X%' 

""a. aaaalltlto toaU at a.       }.* k» 
W*K» b.      ^It.o • 

t-. aXmiauaa af IM a,      -Y •-• i?«. • 
ttavaarfa if tluhr A.      $,0 • at  tha aaa 

' 

• .   Mrtftaf 
*a;at»rat««. 

a.  ** ?.* af IM 
bh, iart 
trtt.tof/ at tha 
aw   <«MM-  liu 
«••%*. tan.)) 

^ a. 1*4. raa«r*air A** 
»    Jrla«»n# a*t*r au.vijf 

'    <•••    •(    »1U    U* 
fa» .a**t.-:••-•-  iiJ» 

(•a. e«> 

• 

•    la 
*a> 

t. n.» 
»i 

i?* a.    »«r*a*to«ft nUtMu        a. 
.. • a. 

t.  to^v.atlaa af atacb*rra    e. 
4. 

• 

•  • 

I 

u X- 

Ca»t*«t 1.2$ all. » . au-ratlaa 
af •ar»ty«•€ 2 to "» bawa, 4wa- 
II aa 9f rafllilM • to 5 «*»• 

if aatura:   i*f?aa. 

Ml'.  with  lar*a aha t tar ataBiaf 
18,C s J.3 • aa4 aataaatlc  ttaal 
flap*.   1B  »h*  flrat  plar af  tha 
•air la a battaa aatlat  1.5 i 
C.B • 
raotbrlaVr*   1.25 • 

tffar*! 
1. »a:i7 alaaad 
ft.  fxlly opaa«4 
C« MftSLLtLaULl  
a. rii:inr ta a»arfla» 
a.  IwrtylRr 
r. Canaaquanrts af  (a) art   fb) 

fa>  r«««iattcM af Ctacharjra; 
Dtt#rea  laauatrtaa wlt.saut 
Ma^uata vatar. 

1.0 ka 
» **<2«.y> a 

2K  a 
i 31  a at  to* aaa 

•    •      ?. 1 alii.  •',  duration 
af  ••v'/itM »  i**i. Auratlaa •< 
!   i « » J *.     .       G u 6 aastts. 

b. IvU aafca*La»».t with cancrata 
cara.  tctla* autlat af «   pipa* 
0,65 a • i.H a iltwur,  ani 
m»p»ctln (aiiar.-   to Vu aa- 
fcar.«a»r,t . 

c. tljfeaaj   trll*-*,  Caaa   I,  ft.JC  I 
and   i.v.  a «14a. 

a.  Jaa raaa a»ar 
a    "a* raaa 4ry 
-• .   'iJ«nufi.c»i  af   ••!  and  (a; 

tua-aff   lota  th* Kail «Ub> 
•at «•»•«»,   jrlulM  water 
a«n>ljr la tna Aaeha* laeal 
aiatrlrt caapH<;ata«. 

>.* ka 
*it>'}.'} a 
•*v a 
? •>"• a at th* 4aa< 
Swattaa af aat>tr1a« * ta 5 
aawa, 4iratta» af rafilUec 
* <•  * «*.'§ with aaiwal 
Uf.a-. 

b.  lairtfi aatanHa—t wltt ol«/  packlB*;. 
2 fUpa 1*.0 a ana S.O a, • a hle». 
at 161.0 a iMn aaa L*aa2«  aattaa 
a«t\at 1.0 s  1.5 a. 

«. fflfftMar »rl«ca. t :»aa II,  1.V0 a 
•a4 0,?5 a. 

a. Baa raa« arar 
t.  daa rua» ir> 
e. Caaaaanaaraa af (a) »M <•) 

aa r«c«lattaa af fitehaxc*. 
latrrfaraaea ta tte aatar 
attf-aly af tta Daaraa 
ta4uatrlaa. 

_J 

T 
tw A Ur't 
JBWLl.faf */WaaH 

— ,- • 

i ...... 

—* 

k« 

WlUi raaard ta It5 €• Oa 
cacslltlan af Uta atmctura ar 
tv£daa ereppla* tt tha jrataa by 
blaatlnc  iaa »p*nt'.«f rait af 
U>a fllt*4 aaa: eaUatrapbU 
flaad »»»• aa far aa U»a Mroaa. 
400-500 a^/aae, toaparal aaaa 
•hat tf tha Obaraambarb rataa* 
tlaa kaafa (Ha.  2)a) la aaptr. 
raUfareafl ff tfca Oaaraatiaaab 
4aa la aaAaaaly apaaai at tha 
tlaa af »atr/ af v« aaaa. Tar 
affaai la tv mmr »«.:iay.  s*s 
Ha. 251. 
VIUi r»f*ra   to Ito« fir Oa 
bl*at>«* tea fall daa ta tea 
in,j-«v;i»a ri.'orv;   oataa- 
traabi<> f laa4 la lha Call aa4 
tur vallajra fraa Sarfeaii to 
Nrm*.  auratla* 2* Baurt  < 
251). fba fla«4 aaaa ta ia- 
riuaacaa bj tha Ooaraaaaaah *aa 
(aa. 2». Sua aator fraa tha 
aaa aaa to  -»»J if aaa4ai t*r 
rtlliae aamll autaalaa la tha 
Hur  tail ay 
With f»«arJ  to  !*#«• «;T» ~ 
blaattac tha aaaratiaf r*i» 
•t tha Mara af tha fall aha 
•r auil^a arappta* af  tha 
flapa: sat»«trapblc flaa4 aaaa 
a« far aa tha *•***. 500 a>'/aae 
ralafaroad If |h» ^atahaeh «a« 
(M. .--;•; »r tha Kal. :aa <Ba.&5) 
ara aa i»*«.ra»«j aa to a*. • tha 
t.»*i *»»«• aalaelda: aurati.•* 
abant 20 haora. fay affaat ta 
tha hr till.),   aaa ha.  251. 
Watar fraa tha a*« aaa to aa 
If aaaaa* far fllllac aaall »t 
IUIUI la taa tar valla/. 
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RUR RIVER D«S 

1.   Oenerai    (Refcrsr.cc-t 5,  6, 11, 12, 13 anr. 16)* 

lfce flow of the Rur River is regelated and controlled by t"\e 
following storage dars awl hydraulic inat&llati »ns, located on the 
Rur RIVT and on its iributari**, Urft,  Kail and Vicht Rivers. 

a*    Schwa^-onaucl -Stora:e Dar,  capacity 100 x 10^ r29 

built Vi3^V^r> 

b, Paulushof Auxiliary Dar 

c, Urft Vall-y Oar-,  capacity 45.5 x 186 n3, built 1904 

d, Hei-fcach Equalising Pnni,  taoecity 1.25 x 1C6 n3,«» 
built 1933-3* 

•-» e.    ObT^aJbach Equalizinc Fond,  capacity 1.65 x 10" -3, 
built 1933-35 

f •   Droilae.Tcrbach Storage Da ,  capaci t.. 4*28 x 106   ^, 
built 1909-11 

g.   KaU Storage D*r, capacity 2.1 x 106 r**, built 1934-36 

Ifco dans are n-^eti-isa callod collectively "Bifoltellspcrren" 
(EiTcl Vall.r/ Dna). 

The  four installativ.a  (3ch\ra-renauel, Urft, Hei-bach,  and 
Gber-nubach Dsrs), locate-*, on Rur and Urft Rlvors, aro inter- 
locked into ono hydraulic aysten, serving to protect the Rur 
River 3asin against danaging flood high, water, as veil as pro- 
Ti'!in£ tatcr supply to the Industrial region beta'ean Duoron- 
Jualich,   iurinc Jry surr.or nontha. 

The Drjllaocurbach and Sail Oars arc interlock©' ir. a 
separate hydraulic ayatan, the jrimry purpose h-einr to provi'.o 
the drinking and industrial   -ator supply for the Industrial 'i a- 
triet of Aachen.    In a'itl»r, their water storage can be cx- 
ploitoi independently by the roloaac through Sail and Vicht 
Rivcrc to influence the flaw of the kur River. 

O 

•Reference nurture listed in the Bibliography of rep-art. 
••Capacilioajjuoted in various aouroes f r d. and o* nry fror 

2«D0 x 106 tc 3.50 x 1CP n3 for the co-bin* 1 capacitios 
of the too ponds* 
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The h7dr»loglc cjrviltlora of the 'rct-viro areas of the itur 
and Urft Rivers are characterised by the viGnsi-ty of forv-ta and 
•y-c intensity of precipitation* 

The balance sheet of precipitation, run ff,  anJ. losso^ for 
the water* e* cf Bar RIVT, Including Drftf referred to Heine* ch, 
i» outlined in figs. 1,  2, % of Reference 6. 

On the average, the precipitation In this area is evenly 
distributed throughout the year and roasts to 30.7 liter/secyVr 
in the period 8orenb«»r-April, and 30,0 Uter/seCyVr2 between 
!«sy-uetob<r.   The evaporation and percolation losses average 
13 litc^ec/le-^, but vary considerably throughout the year.    In 
the winter .period, the lease? ire very snail and in sor« instanoos 
rnndh n negative -atfiitudo.    This ia probably due to release of 
st>rat;o fnr- tho extensive roorlan' rogion In tho headwaters, an:* 
to the frequent sn.vrfalls.   Conversely, during the growing seisjn, 
due to tho large extont of the f srestod areas, the losses trill 
v-ry sharply ar,-* Mil reach (usually in July) the highest average 
value cf 29.2 lit*r/secyVr« 

In the -winter nonths, the runoff greatly ^xooeda the Units 
of required needs and possible utili*ati<r., and dmaping floods 
do then ceeur.    In the sxmcr nonths, runoff 1a only 6-7 
11 tor /see fkc?t which is ant enough to cover the industrial needs 
ef tho ares. 

It was established that approztnatoly 9 rP/see are needed 
In the industrial regions boloc Hcirjbach.    TAIB corresponds to a 
needed storage capacity of 190 x l£F r-3, ration 1 s apprcxlratoly 
42 percent of the avorago yearly lnflorr.   This storage is supplied 
by tho Sohrtr-nenauol and Orft Dens and by tho equalising pouda at Hcin- 
bach and Obcrnaubaeh, described above. 

2,  xwrmmunL (mm) DJT 
references 3, 6, 7^ 8, 51, 12, ad 13) 

a.   ?tretur9 9t V*? PT»* 

Originally the dm rms planned for a storage 
capacity.* 200 x 10° rv«   Actually it • n» built for only 
ISO x lb6 rO, but it nay at any tine bo extended as planned* 
(See Flats 1 in report and Reference 6). 

Tho dm la a gravity oarth dar.   This type of dan 
t*3 ohoeen because   f omslderablc leer deposits noar tho solootod 
Ijeatton   f the dm*    The quarries ..t.leh cvuH supply tho OMicrcte 
ingredients, gravel and rubble -acre lacking,    Ihe cn>sa seotlon of 
the dm is easy '.iwtrel fled as to the structural naterlal used. 
The mat i^mtant part *f the dm structure is a very gelid lorn 
apron, 40 .-; aide at the bettor, rhleh has tho role of sealing the 

RESTRICTED 
•f^URITY INfORMATION 



RESTRICTED 
-r   ;;:. .rv  INFORMATION 

r 
IV.e das 1B constructed ~itho ri a  ri~ii  or r« ranching »*r 

to <-he crest as *s usually the case of most corMned gravity Aftrta. 
The idea of the planners was to nake the structural cocpor.ents of 
the dan pliable, as far as possible,  ia order V- addeve the 
greatest possible ad«ustraent of various materials used for tl>* dam 
construe tier..    They reasoned at the same tim» th»t the rigidity 
of a concrete core would prerent the balancing of the enormous 
forces inside t|» liar, necessary for settlement of the varieties 
of structural layra forming the dan. 

The only part rigidly connected with tha ground is the 
foundation •socle," «hich  extend:? 5 r into the solid rock.    The 
rock is supposed to create aoirpcr^eable hydraulic water seal. 
The rock is built up to tho normal terrain level,    (fteferar.ee  12). 

An inspection gallery, 1*40 m wide and 2 rr. high runs 
through tto rock and serves for observations of possible wat^a* 
seepage and for any required repairs of the seeling material. 

On the "sods" is * 12 n r.ig»   concrete wall separated 
fro-i it entirely by a Joint.    This Joint consists of 0.002 m 
thick iron sheet between two hitutdnous layers.    (Reference 12). 
Tho obstruction of   tho Joint is such as to oermit the shifting, 
as well as possible tipping,  of one body  (soclcO against the other 
(core), during tho sottllng of the various materials forcing the 
dan. 

Joined to tho top of the c ncrcto core ia a dividing 
wall of steel she^t oilea ©insisting of horizontal strips welded 
longitudinally together out of 12 rr. long el*r.anta.    (See Plate 7 
and Reference 12).    Tho lock Joints of tho scrips are filled with 
a bltordnoos material and the surface of the 8te<jl wall covered 
with bituocrt t • prevent leakage. '   • 

b.    QpyttnB Installations of the Daffi. 

(1) These installations ow.sist of: 

(a) Pressure Tunnel - with appropriate closing 
mechanisms and fittings for utilisation   f  flow for power genera- 
tion, >*ator supply,  etc. 

(b) Hlah w»Vy Spillway - (See Plate 7 of 
report an<J Refer anoa 6), 

(2) Tho pressure tunnel. 360 » long, served as a 
by-pass conduit during the period of the dan o-matructi-wi.    The 
circular erross-s-.-ctd-or. of the tuwcl has f 3! elcsr diameter. 

* 
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*^.c rrvr:tair, rocic,  through wMcfc the tainol was 
drilled. Is prcdo-alr.»it*vy solid Ik-vroian ^.dhist, *ith inlai'* grsy- 
•aefco strata of variod thickness.    Inside,  the tunn?l is rein- 
forced by 0»50 tn concrete masmry for protect*«»; sgninst, the 
natural rook &A2 clsv to ?~j~ir>? the sjsooth operation of the flo"». 
Along an crjirwaB^tcly S> w long v>rtlon ?f the condiit, where 
It pesacs through a greatly Japros* d cicy slate, the protective 
concrvw na:x>iu/ is reinforced V 0.60 » thickness.   In addition, 
a 0,05 re thiclr *~.irtr;:t" ee*t±«g with sx-d netting la added in 
>rder to aw>$d r sslblc aater aacpage,    (Sea Plate 7 of Report). 

the entrance tr> tea tunnel is equipped trith a 
gate, 4 m vide,  © is high, which may b« r lied JO a sloped track. 
This la aii   ancrgoney cloavre In case the conduit mold requiro 
tnapcctl-T wh'lu the reservoir is filled. 

*h€ti open, the gate is located above the 
rtaervoir awgc snd can be lowered into closed p.sition along 
the track, sloped ?Vjrg the reservoir crtbankoont.    The rollcra 
of the gate and tne hoisting raechanlam are an dlronalonad that 
the closure and opening of the 24-ton heavy gates can bo 
e oh loved only **en the pressure on a >th  sides '<f the gate arc 
nearly In equilibrium.    Conaeqaaritly,  the valves in the do~m- 
etreajB p-rtlon of the tunnel tanat be closed and th<» ponetock 
filled In irdcr t> operate the entranco gate. 

Tut* valves, fitted In the upper part A 
this emergency gate,  peewit seme flow to enter the tunnel when 
thn gate* are closed.    The opening of tho valves is aocv.<mpliahod 
by a slight pull on the gate pulling onri.    The closure is then 
affected by mean.- sSf a spring raecfaeniarc. 

The fine rack with 0.04 r clear width bctreen 
tho bara, ha a a at arable upper part rdilch may bo lifted by hooking 
it -*\ tho gato«    (Roforenco 6).   Tho rack weigh* 21 tone.    By 
mlling a  separate truck Tn whcola rith very rride fl«nges, the 
rack rsy be lifted ab'Vc the open parti vi of the gnto.   By means 
of cither tho gate   »r the rack truck, the rack way bo mved in 
its operating el-sod poaltton in front of the gate.    Per opora- 
ti-a of the gato and reck, a por'cr-holating mechanism and on 
auxiliary hmk «vjkectia*) are provided. 

On tho   utlot side, the tunnel ends In a 50 r. 
long onercte plug ii-to  ihich arc fitted the pipolinoa.    A 20 n 
long traniltl'^ of 1*80 a diarjeter Joina a •?• place rlth 2.0 m 
and 2.J0 w dtvetor branches equipped rith built-in Venturis. 
(Soo Plato 7).   Pre:, the left (•) pipeline, branches another 
2.K) a dlamt*? pip* loading t> the turbine and powerhouso.    All 
3 pipelines sum mmt:  ^i with butterfly valves for qmergoncy 
cV>aure.   dao t;^- •_<*• supply lines have the flow ontnlled by 
ring velYi••*.   BnV   linca are of 2,00 re diameter. 

9kppuKH+Jg ftt** tr   i»30 • dlaneter pipe 
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The outlets have, together, a capacity of 
80 5-/»« according V   Reference 6«   However, Rcf**rence 13 dM9 
a edacity   >f 2 x ^5 »Vs*c fot" tho 2 ring valves at 45 a head. 

(3)    The hle.*~aVT splllyay. constructed ns a 
fixed •.urorflur ^cir, has £ capacity of 450 n3/setf at 1.50 n 
hoad on the crest.    This capacity is considerably greater than 
any lm/tfj fl> <is  J« the Rur Rivor.    The spillway oapacitv 
ourrcspjnds t   1500 litor/soc/kw2 riBiff from the 300 ten2 drain- 
age axoa vt tha Rar River at the dan.    The drainage area of the 
Urft River, -/tech is ontroliod by tho Urft Daa, i3 n-t include 
in that ran ff value.    (Reference 13).   At the 267.00 mA® 
elevation (265.50 ra^W n -mal sta^o pins 1»50JTI head) the surface 
area nt the reservoir is slightly over 5 x 10* m2.   An additional 
2 rt head, up t» 269.00 la^fH 'tho elcvati n of the crest ->f tho 
d*0 is ar-ilable. 

• 

The spillrr^r has a •hairpin" form, in order to 
achioro the roqnirod overflow erect length ^f 95*0 m.    Adjacent 
t    *ha -"rerfl^T, there is a 9.00 m Mde weir opening prt vided 
-*.th a double tapered gate 5»5 ns high.   By neans of this gate, 
tho 23 x 10* a? flood prHocti'n storage r-f the roservoir can 
bo release! «*vcn r?»*»n the main ' utlct of the reservoir tr-«3d bo 
inoperative became   f failure :t the tuanel release >*techanis*»s. 
the gate is aut cwtically   'pancd rh:n tho stage reaches 0.50 n 
ab ve Uo fixed spillway elavatli* of 265.5 RyfeN. 

the Tcir opent.        * a eaj»a< ty of 250 roVseo at a 
roscrvjir level of 265.5 n&R  (the elevnti' n of the fixed spillmy 
oroat).   This -wans that in the rero case in which tho stage of 
the reservoir <r*juld rise <TTCT no-msl dospito the gate being open, 
than at 1.50 m hoad   vi the spill-rray, the t"tal disehergo r.tmld 
att.unt to 750 ra3/soe. 

Tho flm over thG spillway and through the weir, 
passes d.T»j •• 300 n long chuto into the Itimt po-»l.   A special 
stilllng«*asin structure,  consisting of 2 Msir,%  (one with 
• X8.00 xnMl$ and the othur rith +210.0 ryfo* bottar elcvatlns) 
dissipates tho energy oaf tho spillway flow.   The noinctl rrf.gc of 
the l-.arar p^al has an olevatl-n  if 2U.00 mfiW.    ftc Iwror sti 1L- 
ing basin has an end sill rrith 3 underwater openings.    The o^m- 
binod fl K through th'xso   fcnlngs and ovtr the sill, braked do-in 
c nsidernbly by the TOt*r cushi n of tha basin nay pass with ut 
turbulence ,>ver the d'«*istrufs end -f the concrete stilling basin, 
fhc crsrt ».f tho tasdn sill is slightly higher than the tr>tw>m 
of the noarby Roiiabach ftjnalftlng Pond. 

3.   P«PTJ3RCF? AOXTUAifcT DA¥    (Pyrenees 5, 6,  11, 12, find 13) 

!;••? .'O Mr. lor.g SahuarvH.arucl lasce is crossed at its 
vpps' part b>  ft -nsonry nvcrfl^v weir,  len **» as ^ulushuf Dar-. 

RESTRICTED 
SECURITY INFORMATION 



RESTRICTED 

It hn? *v»t -ny sccd-1 >iy3raulic purp «e end »r*8 supp- sod t> c-jn- 
trlbur-  V *»'. -,-tsrtl  b--iiuty    f *? regSti.  (S^** Piste 8), 

4 

H Nrsvor, t«v s auxiliary las teas us?d cxtmsiv^ly during 
the rce natrue*L*» pari'kt of the Schwannanrvucl Dm In the 1945-46 
period. 

4.    UHFT DAM  (Bofcrorco 4). 

The drainage area of the 'Jrft River .it the location uf 
the d*i is 375 \rr»   Aecordi** t- 12 years af   *>s. rvatiens in 
tho park*! 1888 to 1899, the r.^-tn yearly run.ff of this TT&L 
arvuntad t.   160 mfUicin n?t *hieh corresponds appr xl-r.tcly to 
3 timis the storage eaaacitv «f tho dan. 

In figure I   T P1?V> 6   »f *ho nx> rt and figure 2 r.f 
Roferonco Lt  la ahrrai an e&rth cffpr&rj -rthich ras used for den- 
ning   >f tr.o Urft River during tha construct!on p*sri d.    Thia 
effordam diverted at the sane time the flew  >f the Urft t> a 
140 a long tunnel, U  koop tho o-sns true tier, location dry.    The 
dlschargo capacity of this tunnel -ma appr ^drrtoly 100 "P/soc, 
c rrc?p ndinp t*   the naxtaun roc >rded HHW.    This tunrel is re- 
tained in the present structure aa a raliof   utlot as further 
described • 

Jhn dor haa a rsaxirar-. hd.ght ab,vc the  faundati n cf 
58 m, a crest H.dth  if 5-5 ra. a raudOtta baac t.ldth   :f $0.5 m. 
The crest length is 226 r., aimg an arch of 200 m radius.    The 
"mxlrrnn darrdr.g dspth nrar the valley fL-ur (alnvati/n 270.0 rnj4ni) 
is J2.5 * (olev^ti-n 32*.5 cv^?)»    the   -til is protected on the 
rt.3erv ir si do by an earth filled slope, paved .n the surface, 
up *   34 rz above the foot of the dan. 

The dan structure la c rvitroctcd   >ut >f clay-slite nnd 
has a gmywacka facing 1 -. thick no the rcacrvjir side.   On the 
inatdo uf the grrsnachc facir.f:, there i-s * 2.5 on thick eo«"*it- 
tr-.ss coating aid e bittrdnous c ~~.tir.g f-r prcttctien areir.rt 
l^kagc «»f rater • ut uf tho reservoir.    At intervals of 2.33 to 
2.56 r% r?c find d-ublc drains   >f 6 cr. di-.-iotor, nrdc ^ut zt 
elsy pipos   tiich j->in t/io 15 ec dianctcr rain drain, "running 
al/ng tho vail. 

The    utlct structure uf  the dar o nsists of 2 b-ttuw 
relief  mtlots OT>S true tod as vaulted masonry culverts.   In 
th«u culverts ia built a 6C on diameter pipeline equipped v.lth 
n valve operit.xi through ahafta -Men extcn 1 in t.vcrs t   tho 
olevnti *n   »f th* da*, creat.    T^e t>.p jf the tr-era aro a/nnectcd 
t; ths. ^%•;du^y -wi the creat ^f the -irrn by *«cns uf a s.rvico 
bridge. 

) 
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The tunnel, ntdch -*as us*.:5 during iho c nstrueti n 
pzriA,  zsrrza as 2.1 "dditisnal reli*f    utlet end peiriis cm- 
plcic emptying  >f the reservoir.    This tunnel is drilled in the 
r^de end is pr/vidod rith a uuncrct- plug 24.35 r. Img through 
otdcv pass 2 pipes each cf 70 CD dianetor, ond equipped rrith 
valves.    The timntil is Tincsd and hrs a naa nry p rtal at both 
ends. 

The spillvaj' has cascadod stens <m its d-AnstroflD sido, 
tmd is 90 a long and  ,t parti eulfir ^nd andqj* en struct! .n. 
(Sue Plate 6 and Reference 4).    It c nsists    f a fix-J r ir of a 
wavo-shaped fj,ra in plan view.   The crest is at 322.5 mj*fli 
tJhich corrtsp'ciia to> the n rrwi sta^a in ibo reservoir.    Ihc 
pillars carrying tv bridgo are 1«00 m wide end tie clorx vidth 
bet"»oa> than is 7.00 ra«   Sane «»r the bays (nunbor not given), 
are equipped vd.tr. a sluice, vliich has a bottun elcvati:jn of 
320*00 rV»'.   The sluices ere elf«ad by a gat; operated froo the 
service bridge and s^rro for release   f soall volwncs  »f rater. 

Tho penstock tunr.-jl is 2,800 m long *.nd is pierced 
thr ugh a clay-elate r.>ck.    It has a 6.1C is2 clear ci*<ss section 
area.    The gradient vt the 2800 a long tonnel tr.arda Hciwbncb is 
2 m.   Hovova-, the b.tal heed brought to thr.- turbines in Holasbnoh 
?   -or plant *.» ap.Trood.nii til y 11C.00 n. 

j . 
5w   m"Bk&.WR (Roferoi.? 11). 

The Refc-bc* c ..Iml structure c nsists -.>f an 80.0 n 
loss; and up to 14.0 n high concrete gravity dare and a »;vable 
••••ir.   The xtdut structure ('*iich ia of the ssrit type as the weir 
at 0borrr.au bach) cakes possible a very accurate control of flow 
f«r industrial puxptisos.   It also providea an cut»rotic, reliable 
and fast dlsoh&rgo for fl>dwator.   The inoir opening is 18.0 rr. wide, 
the closure ia a subrvrgiblc flap-gate hinged at the b< tb-wn of the 
*f the opening, •..•hlch my ;c dropped tr the bottom fur the release 
of high mtor, »>r raised t > its n rral position in ^hich th? darv 
rdn£ hood is 5*50 m*   Structurally,  the gate la devolapod as a 
^vahlo, t»»r*iqnproof# fiuhbollied f>p, op*r«t©d by means   •f tt 
coar nochanisr..    The eanplcto and fast opening fur paasing of 
flojd rater is achieved by a hydraulic device,    poroting cufcv. 
-r.tieclly rith ut any adiltional power or swnual regulation 
v4»cn the atnge in the upper y A. roaches r*i established high water 
stage (Soe Plato 8). 

i 
Besides the n vcbl„ weir, a snail button opening 

U0 x 1,50 a in the sido pillar provides fur releases i»f snail 
quantities -»f *atcr and enptying "f the pool. 

6.   <BEfK4C3ACH ^^R (!kfarcncc U). 

Tho Obcrmubaoh cr.tr,l stxncturc c.caists of a 200*0 n 
lenr carlft d.Tt, of 5*0 n aaao t«L#it plus s n vable n-eir, built on 
the loft side rf tha d«. (Soe Plato 8 of report -aid Fir-jres 7-10 
of Refer nco U).    The rDvablc trelr is of th; inrv type -s at 
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«et-*v*.oh and regulates tho Vbr* r-jny accurately an* provides- for 
quic'sr cp:r.ing in t-vs cc.se    f flovds. 

» 

?*- -weir opcr.inc is 3©,0 a ^iido.    The clt sure 13 a two- 
part,  subrensiblc flan gate (each port 18.0 m ltmg) hinged %t 
!tho Vittn of"the -?eir opming.    Each half uf toe gate ia r*_vr.blc 
by news vf n g-oar ncchanisn lasted in each sidr pillar.    Be- 
cause  jf the considerable trrsior. stressos, th^ structure is 
butlt -Tlth e fisb-bolliod cr ss-section.   The height   »f tho tfite 
Is 4.0 a. 

The ounplct^   yening <-*- th« gate, by dropping it over 
the crest rif the rrtr, f jr prsslne the hich vmtor,  can be achieved 
aut «*itically, without additional poccr   .r ranur.l rogulaticn b7 
rc^;s uf a hydraulic devico, *ich goes int» operation at the 
mr.s-t tho appor p   1 riches the high vmter stage*    Slrdlar to 
Kclrtbncr. "^ir, thtro i» a b tt-m outlet 1,0 x 1.5 r. in the left 
pillar ^rritting a release cf small v.lumcs of iratar and 
omptyisv: "»f the proi. 

j 
1%i vator discharge is regulated s   that >nly approxi- 

"tttcly 3-4 BK/SOC arc released during the pcri.jd in ?/hich the 
d.r-rstr:.T". industrial plants ai*c n.t in operation.    Daring the 
operatJLvi p-riod,  tho dischr.rgc is incros-od to at least 
7 T3/SOC ace rdi/jg t*> tho rxtc ro^ircnuT.ts. 

.   ?•    DR7TIAKJS3ACH DAM (Rofcrtmcas 9, 10, and 15). 

Tho d*r» was built in tho pori-jd 1909-1911 and placed 
int    full  >porat±jn In 1912.   It -as erectod fr the purpose of 
supplying vrttcr f >r tho Aachen industrial distalct.    In addition 
to the city   >f A«*ehcn, this district e ntains numerous industrial 
sottlmontrt including the a-al -ninos yn tho Gormen-H *lland bordor, 
as noil as the Holland citios    f Klrchretfc rnd Vr.ala,    The capacity 
of tho cLem is A.28 x 10* m3. 

_ 
The natural dralnago &^oa   f tho Droilaogorbaoh Dan is 

vxily 10.95 Jr.*.    This rcs artificially increased in 1918 and 1920 
to 22.93 toi* by c nstruoti <i uf 2 drainage channels, Rfclch inter- 
cept the flows of msxrous araall strowns ir. an area of high pro- 
doitr.ti o.    These channels ar, called the Schlccbaohhanggrabon 
and lUssalbaohhanggrabon.    Tho nom yearly pradpitatljn of thin 
drainage area is 1.026 fn. 

In 1924 t>, 1926. tho dralnago area of the Drdlaogobcch 
Den trns fvrthor artificially incroesod by treats »f tho construction 
of tin sooallod •Kail tesssl" (Kail Stollan). This is a 6,2AM n 
Inz* iwind, having 1 clear cross-section aroa •€ 5.7 o2, and nhieh 
Collects the Hs^Jv^rfcs of tho Oppor ICall RLrcr. Tho drainage ?roa 
af tho Kail River above tho slto v»f the tonnol ontranoo is 28.6 tor? 
ami ha* n rsofv. yearly nrccipit-.ti r. -jf 1.053 au The t«tal draiaago 
area <x Sroilaocobaoh Dor "as thua ineroasod to 51»53 to2. 

i 
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I 
IT.  arder to  -c<j    »••: ~=*-~r sxxrply out   tf t^e(nppcr 

\~W R£v©r darel^agu -.roa, it -.as icci-i---' V> build sir,- (fall 
D9K) T>c--.r tho entrance  to tho tnnr.el.    Thi:  tan--raa built in the 
?crl i 1934-1936.   TV  capacity   .f the Kail !V- is 2.1 x 106 £*. 
Pr^risi'TiS *r- rndo for firtaru Jrciwo;    f capacity toix 10° n3« 
The Drcdlcorebacr. DT is : rmvit?? tyjxj •itr. and is built in an 
arch for*'   f 350 a radius.   The croat is 3 ts wii»,   and 240 n long. 
Tro crest ftlav&Uao i* • 393*00 n^P'  (33.0 n orer thu fl'-or of the 
dar).   At normal srtcf^  &c rsssrsolr orca is 0.4 Jen2.  (Soc ^ate 9 
of the repxt and Flair o 2    f Reference 9). 

On the south silo,  the dap; oxtends crcr n ri\,c in uio 
f• rr. of a dar; 7d.ng, alone: -filch ia located the spllitroy.    The 
.^>illway is r. H«yon typo siphon.   It hw 5 openings,   each 1.42 n 
-die,    tho entrance openings hare staggered olevstinsj the 
difference ir. olemtion between tam adjacent openings is 0.01 n. 
The capacity of the siph »n at 0*07 p. head is approximately 
14 ra3/^o,    Ihc frco board of tho spi'Hwy is 0,33 « while- the 
dan itself tea a fro.- board of 0.98 m.   In additijn to the 
siphon, the rcl#»oc stricture has a 3-pert 3luicc gaio 7.10 m 
tridc end 0,60 n high.   It-, on  imcr~cr.cy this cor. carry 7 BP/SOC 
thr JU£I a chute ir.t   the Schlxcbach.    Plato 9 nf this r^p rt and 
Figure 3  *f Bci'aranco 9 shcr the omnocticn, cf tho dan with the 
release tester and battens  mtlet. 

Tho "o>ttr.   utlct pioc is 1.0 ir. di*icter.    At full hoad, 
the discharge capacity is 12 nd/sao.    Actually,  this discharge 
cannit be t'ohioYcxi on account trf fruit/ c.-notructt^n of the wed go 
action *Mvo.   Dar.r~r.-us vibrxtim is »;oit. rate*! at appr->xi'^itely 
0.20 B opening. 

. 
The bttom   mtlct pipo haw a crnss-omneetion an tho 

upeirssr! aide nith an outlet cmdult   %f 0.5 n clearance.    Tho 
r lsaso tower has tr».   .parating ncchanisra, tho upper wnc being 
u*»od *8 long as possible f->r •dthrira«r>l of drinking rat-r. 

The ncgativu pressure is ra^jurcd in the b tt»f outlet 
tunnels   n the upstrcan side   <f the  l<n,  at thrv,o 1< cati jns 
8.60 n, 12.20 « and 16.7 n fron tho foot  * tho nail.   Taking into 
account thv 37.10 r heaJ on tho ft-undati n fL> rat the raximn 
stagv), th. n jgntlvc prosauro msvunts %*t 9.0 m, 5.90 n cni 5.60 n. 

Tha auxiliary roacrvoir located ab-^vo and corrected rrith 
tho 5-in rcaerrjir has t copecl^r jf 70.000 r»3.    that a>»xiliary 
Ian Is   -f Ua aarae typo as the main Jan.    A 10.20 n vido spillmy 
is lecatod in tho sdd.llo    f t^o cuxillar/  Jan. 
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2.    ULL 2*  (Refer«sr.ce3 9, 10, end 15). ") 

This las has a capacity of 2,1 x 10* i*?,    The crest is 
5 s aide, 1E.0 a long, and 34 m above the bottom of the -valley 
floor.    Ihe elevation of the top of the dan is •423*50 a/W. 
The dam consists of a conere*-* wall with a loan core no the reser- 
voir side.    Gravel fill is place-i on both sides of the daw.    The 
area of the re-erveir Is 0.17S tor, ahicb la rather small com- 
parad with other dans of the sane else.    This is due to the very 
narrof shape of  tho -xalley and to the steep gradi—t of the 
strtun (as high as 1 on 40).    the dashed line on Figure III of 
Plate 9 of this report and Figure 4 of Reference 9 shows the 
proposed increase of the dam by 9.35 rs in height and 4.1 million 
rr? capacity. 

Ihe bottom outlet of the dan Is a omretc conduit.   On 
th* downstream side of the core,  the outlet has i-wo pipes, 

respectively 1.100 ir and 0.600 m in diaaeter,  at t.>s control, 
discharge eapacity of bottom outlets ia   15.0 nP/»uc.   For er.or- 
goncy closure of the outlets,  there tare two butterfly waives 
located at the point where the oonduit passes through the core 
wall.    In the event of breaking of the pipe,  these valves close 
automatically by moaa of a float. 

A small turbine 4.0-37.2 H? capacity, according to 
tin head, utilizing the aualler bottom outlet is installed in 
the valve house.    Ihe generated power is used for illumination 
and heating of the buildings cf the dam site.    A small amount 
of the utilised water ia released into Kail River. 

Ihe high water release structure consists of a spill- 
way tower, and a flume, which paeses through the dam by moan* of 
a tunnel and a transition.    ?ho structure is designed for 43.5 m^/sec 
car responding to 1.50 RK/SCC^SS2.    Design was established and 
tested by model oxporlncnta made at tho Technical University at 
Karlsruhe.    Ihe round spillway to*nar rras selected in order to 
facilitate proposed future increase of tho height of the dan. 
At the assumed highest high vater,  the overflow depth ia 0.74 m. 
Tharo is a free board of 2.26 m available. (Soo Plate 9 of the 
report) # 

9*    THE KALL TOWEL    (References 9,  10, and 15). 

The tunnel is reinforced by an inside concrete facing 
approximately 0*30 m thick to withstand tho mountain pressure* 
In sumo places, this concrete is reinforced with steel.    In sere 
places, tho floor also has to be rolnforaod against upward 
pressure.    These reinforcements extend for appro Oratc-ly 1/3 of 
the length of the tunnel.    The inside of the tonne', was provided 
by a •toreret* facing for protection against water seepage. 
Approximately 1.0 million s3 of soopago rater is ec cumulated in 
the ttxxnol In a year. 
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The entrance to the Kail tw.el is lecated on the left 
rflopi: a/ ti.e viliry approximately 5^0 m upstrccr. from the Kail 
DOB.    This location «%s selected in order to avoid v. long service 
bridge.    Ths st-iUwsr/ tensr Ms three outlet opmings st high 
elevations in order to tap the layers of pare T*tcr. 

Flor through the tunnel ia regulated by a segr.cnt gate. 
A step-log ancrgeney closure ia located outside the entrance. 
On opining all throe inlets at full pool, the florr o' wator 
thruujj*; the tunnel into Drcllaogcbach Reservoir amounts to 
6.0 rJ/scC* 

SECUnlTY INrOKMAllON 

10,    RHCCySTWCTIOr OF **S SJKAGSS    (R-Jercnce U). 

a. The Rur RiYcr valley was the canter of a very 
intensive military operation in the last phase of the World ^or 
during the period h'nro^er 1944-*irch 1945.    The hydraulic in- 
stallations of the Ror and its tributaries,  cantrollinr; the 
water and po^cr supply of the area wore the tar^t of Allied 
military cctitms, while at the sane t±-io they wove used oxtcn- 
tivily by Vrman Araad Forces fnr defaasc. 

Toe Droil  jgcrbech sr.d *P!1 Dans triro eaptursd by 
American Army in practically indict conditions durinr, the   >?rJod 
Soptartoor-lfovanber 1944, and inrvudi^tely plnced in operatien, as 
• source o: drinking -rater supply for the Aachen area. 

All other dams (Schwaomonauel, including the Faulurtiof 
auxiliary damy "rft, Hei-t>ach and Ob<:mfluboch) wcro seriously dar- 
aged, partly by Allied air raids, but most severely by the re— 
treating Oer-mna. 

b. SchrancKnau<d dam '.-ma, on several occasions,  sub- 
jected to bevy Allied bombing.    Th? resulting craters :?jro 
20^0 m in dionoter, but only fee meters in depth, -.rhich wee in- 
s-if fici nt to endanger the structural  safety of the dam. 

In February 1945, shortly before surrendering the dam, 
the Oormani blast -1 it* mein ©pgratfng Installations.   One of the 
2»0 m dismeter bott-m oetlot pipe lines waa blasted.    Thi* action 
oauaod the ring-valves and butterfly valvos of both brttom out- 
lets to be destroyed and awopt auay.   Also thr> emergency gate at 
the upstrcen <utlat entrance of the reservoir r.as destroyed by 
oxplnsicn. 

o.    tho Allied air raids caused 5 broaches 1.3-3.50 n 
deep, on th<« ff-st of the Prft Par..   As ti-.c dam ras filled to 
onpadty »t this tlma,  -, rr.-.t a-%-unt of •.-rater flvcri -»vir, 
creating a flo-o -nave.    Tn addition, the air raids destroyed tho 
upper part (20-24 m high) of the control terror and outlet conduit 
aa ^rcll as the b tt>m outlet c-ntrol mechanism.   The lo**er part 
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of these outlet conduit3, on the res-jrwir side of the dar, ras 
rot of footed by the Vrfcing bocausc of protection afforded by the 
oerth fill on top of the eondiit. 

Cpun thrir retreat, the Gorman Amed Forces blasted the 
rttlr. Taivo of the 1*5 rr. dianctcr proasure pipe above the poror- 
hous. soar thu surge tank* 

d.   The Obqfflp-ubach control structure v."8s also blasted 
by the Gomana, ar.d the op>jating flap structure ms put out of 
omission. 

o.    As the roault of those destructions caused by the 
GiTtzcn Armed forms,   th<* resvr\*>irs of both S-_-•n-~n~-,-sa'_-i and 
Urft rhrs ffaro arpti ad, creating flooding o.nc;n^ ?>r "o-iks 
"long the entire «ar Krrar vail^y, deatrtiying praauicujuly all 
installitLcns     .loh rroro not already destroyed by borablng or by 
blr.stlng by the retreating Germans. 

The rooonstru?tli*> f>t *?? hy*3r**ilic ln>?tj'.li?t5.«-'!* 
started ift3L.diot.J.y uftor tho occupati<jr. of tho torribry by 
Allied forces in the latter pert of 19A5. 

Tho present intention of the planners is tc r.Kxmstruct 
all the e3ovo-no.ntijT.cd hydraulic structures ind pertinent instai- 
latl ns into original operating conditions and improve th(*r nhorc 
possible. 

Koithcr Sch^SKr^eneucl nor Urft Dans -rero substantially 
endangered in their structural stability   T iT^ermeabillt/, Trhich 
facts vuTc Ciiecictvd by subsequent tests. 

f.    Schwrrenauol Dow  reconstruction 19A5-19A9. 

Prior to 1949, only the onerguncy closing valve of 
0*500 jn dianeier, flanged with the 2.00 m diameter outL.t pipe, 
provided for cent rolled discharge out oyf tho d«n.   Iho majdaum 
oapaclty of this anorgancy control was 9.0 r^/soc compared rith 
the 90 ap/soc capacity    f tr.:: original outlet valves.    Utilising 
this encrgancy elewro, the den ras filled in 1946 during tho 
high Titer period \a? t) 92.0 x 10° m*. 

This 19^9 articlo (Reference 14), nentiens tho 
reconstruction of power generation bs nonal operating conditions, 
H" rattlon is racdo concerning the reconstruction of ether operating 
nochani*'! QT the dsjnj hj*over, it tsay bo aasuosd that since 1949, 
pirsgrtfss *?as «*dc tcrtrds n srr 1 operating c nditions with ner-» 
instilled reechonleae. 

i 
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C *•   UTft BSa — i-cc'tiatructiop 194S-1949« 

The vail at the dc» rhich rms hardly dmaged by 
brrtjlng »id blasting T.S corplctely restored. Also the outlet 
ocr. rating  terrors ~VTC rebuilt in concrete. 

Tfc« valv; In thv  ""..f w pressure pipe line, "hich raa 
•slAstod by the (Semen*, was roplaoud by a valvj of an i*Tproved 
orn?tructlon but of tr.o snr. *ito and capacity.    Also the 
proas JTO tnrxGl TOS repaired,    3:e *r?l -c< *y in tho tunnc-l is 
3-4 a/see.    In the pipe line,  it is 8.0 n/scc.   Consequently, 
it appears probable tbet the Urft Der is nmr in notwl operating 
c^ndl'tiir.. 
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THE CHDHSINOP OF THE RCER R^VaR 

AND 
THr: AT7ATCE TC THE gu"-v 

THE TACTICAL SITUATION  ^HTOR TO THE CAUSING 

L.    12 S^tfli'i' 1944 711 Corpe entered Germany near Aae*^rw 
During the next three months the Corps conflicted the destruction 
of the Siegfried Line in its tone, cap tore i Aach.Yi, cleared the 
Germans from the difficult Hurtgen Forest, and reached the line of 
the ftoer River between CbemrAubach and Krauthauscr. on 19 Dec«.Jbcr. 

2*   The Censor breakthrough which oorrer.ced on 16 December lit "che 
Ardennes resulted in the shifting of 711 Corps and its Corps Troops 
initially to the are* between Huy and Di-ir.t in Belgium.    Following 
the reduction of the breakthrough,  the Corps *nts withdrawn fros 
action on 25 January 1945 and on 5 February assumed the aene on the 
Doer River shown or. nap, Appendix No. l.« 

3, The area to the east of the Roar -«fferei good defensive 
possibilities.    The town of Duren and numerous built up corounitios 
Lxy within snail tm.i range of the river.   Field fortificatims had 
been under construction for four months.    The entire area was heavily 
sown with both antipersonnel and antitank mines*   Heavy concentrations 
of artillery had been morcd into the area. 

THE TACTICAL FLAN FOR 1KB CROSSING 

4. The tactical plan tr the crossing of the Roer River provided 
for the attack by Ninth Amy to cress the Roer and advance to the 
Rhine in the area opposite Dusscldprf.   First Array, on the right of 
Ninth Arnf, wouW advance and oover the right flank of Ninth Army. 
It was fol; necossary that the storage reservoirs on the Roer River 
ays ten bo seised prior to the beginning of the operation to orcv:nt 
their use by the Cant** «rny to fled the river and interrupt the 
orosslng.   Tho XVXIT Airborne Corps and later the III Corps on the 
right of 711 Corps was given the mission of seising the Schwejrrnenauel 
T^a wrilo 7 Corps captured the Jrft Dae:.    The capture of the former 
was a difficult tactical operation and while its centum ~-3 effected 
finally on 7 February, the Gormans had opened the outlets from both 
daas and destroyed the operating mechanisms.    The river rose repldly 
and Liundatod areas along Its low lying banks. 

5*   Boo to tha tactical situation, no accurate stream velocity 
sMasurcnents could be obtained;  estimates placed it as high as 
10-12 miles per hour.   Rooonnaissanoe established the fact that a 
orosslng in ttt* swift,  turbulent stream with the standard equipment 
available would be extremely hazartous, and th~ operation was delayed 
until th# velocity h*"* moderated. 
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6. HI Corps, or. the irradiate rt£tt of yintk Arry, ?lanr«<i to 
cro<"« tho W with t*s Divisions at the aanc hour as ? inth Airy. 
T*:e IGith IrJTftrtry Division, on th.:- lift of the Corps, planned to 
cross tso r<gi.-wsts abroast, each rcgiirant crossing two battalions 
abreast, each battalion vith t*r> companies abroAst.    The 8th 
IrJ'antry Division, on the right, followed tho sarc- gT^cral plan 
except that the extroBM right battalion was to be crossed 40 nln- 
utos crier to H-tfour which was set for 0330 on 23 February." 
Division bovsiiaries are ah-wn on 1:50,00C .-asp. Anptwviix Ho, 1.* 

7. The plan of VII Corpc provided alsc for the early passage 
at the 3d Axfrorod Division r.cross the river to broak out on the 
front nf the 104th Infantry Division, seize a crossing of the Erft 
fttver, and onvcr the flak of the advancing Ninth Army to the Fnine, 
This rede tho early construction jf Class 40 bridges acre as the Roor 
a aw tier of urgency, 

fi-   £11 Corps, on the right, was to cross the river on 25 February, 
I•.*& d.~,*s after VI! Corps.    This factor was responsible to some degree 
for tho difficulty of tho crossing in the 8th Division sector* 
Terrain to the right uf the 8th Division on the east side of the 
Roar provided excellent observation of the river in the entir .• 8th 
Division soctur, and it «as not until after the 25th trhon the 1st 
Frisian moved east of the river that accurately adjusted artillery 
fire was finally llftxl fron the bridgs titcs in tho 8th Division 
soctor. 

WE ROER RIVER A3 A MILITARY BARRIER. 

9»   The Roor River rises in the Bifel Region south cf Monschou 
and flows in a northeasterly direction to JCrcsau '..'here it loaves 
tho foothills and enters tho Rhino plain.   Hero it turns north, 
flows past Duron and Julich and Joins tho Mouse River at Roonnond, 

10. The river has e stoop gradient, au^^rvxlnately L45 per mile 
until it rcarhei th> nroa bob on Duron and Julich.    To central the 
velocity and to provide ./r.tcr fur manufacturing pre ceases,  low 
check di.s htd boon installed in the river approximately every 
kllonctor.   During nrrol water stages tho vlocity uf tho r'v.r is 
rwderatc and the "4dth within VII Corps sector approximately 
125 to 150 feet*    The river was furdnblo lay fout troops at onty points. 

11, Tta> rein resarvolrs hod bew ccmstraeted b;- tho Gonw.s on the 
riw.r as shorn <wsmap, Appendix No, l,a The first and older of the 
tre>, the Urft Den, has a storage capacity <t 1,600 railllon cubic foot. 
This is a large c tscrcte and masonry dan :ith a n»nnrl discharge 
through conduits to a jwor station at Hvdirfcacfc.   Bctsroun 1935 and 
1$40 the 3chruarr\wauci Dam, a largo earth struetuxv capable of im- 
pounding 3,500 million cubic feet of water was amstroctod.    The dis- 
charge from this reservoir pessod through a p.r.ner station located 
te»d lately below tho dma. 
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12, Prior ttr the seising of tbo ikxar River lino, attcrpts hrd 

bean rrde by the filled Air Forces to destroy these dans by aerial 
burbftnteent 'ithnut setisfsctory resrito.    Tho b"itibar*xrt did result 
In « redacti-m of the level in both reservoirs by tho Germans.   As 
the drive b-  cepbur: the reservoirs TCS dbuut to succeed, the outlet 
gates  .'ore op an ad to tho obviously pro-dctcprdnod .T*>ur,t required to 
obtain a mtrims velocity In the stream    Tho river level n.sc 7-10 
feet initially,  than dropped about 1-1/2 feet and remained constant* 
The effect ^& the chock dans tas alirdnatcd sy the increased depth, 
and velocities rjee b   12 .ndlcs pea* hour In c fc- places in the Corps 
s^nc.    'the "'idth did not incrcajo tu cny groat oovunt, but f >r ti .. 
most part it r .*e  ;vcr the lor* ben<s znd inundated erocs on toth 
sides of the river.    The invrtdcti. ns rrcro -.rider in iJ-.j :;inth Arey *uno. 
Fh jtos ti >s. 1, 2, 3, and 4 rrere taken during the period of flood 
stage, and sh IT the extent of floding.* 

13. The river roach od a "stable oaxtaaa* height about 9 February | 
thereafter the elevatlm and velocities ronainod constant for a 
period of tor days.    Data on vcl >didos and a dcacriptl. n rfthc 
opt r-.ti- r of boats on tho river arc e<»tslnod in Appendix No, 2, 
^Jse >f assault Boats or. the Seer River In Flo-d Stage."    As the 
level in the Schwaraenaucl Den approached acre, the river level and 
velocity begin to decrease rapidly*   Based upm engineer ostirr.tcs, 
the assault crossing tijne 'nts established at 0330 on 23 February* 
velocities tforo still high, being JVCT 8 miles per hour in thu southern 
part J{ thu C<rps sone* 

O 

U.    Essentially,  the Boor fiver ~;zs an excellent rr Itch position 
far the Siegfried Lino.    The south flank of the Jbor rested in tho 
extroraoly difficult f-iroetod terrain oast cf H«schao.    the ttn reser- 
voirs provided excellent barriers f.or long distances.    Tho ."rrango^unt 
f.r o r. trilled flooding prtvidod a means  £ securing the river lino 
f JT t\ lirdtcd period of time in vice/ jf tho fact that no river cross- 
ing ecjaipnont available t . our axcy trill negotiate currents   f 10-12 
miles per h^ur.    Tho frjnv, Ar«y secured a delay of rvre than tno 
rrecks in our offensive U soizc the Rhine    Appendix N  . 3, "Study 
.-•f P-*3ibl; Fl»ding of the BDCT RiTcr,» contains a dotailod analysis 
jf tho river a.ntr-1 and tho capabilities uf tho river as a barrier* 
This ttady TTT.s prepared in Decodber 1944, and the capability outlined 
in paragraph 6 -.•as put inb. effect*   First Arry Bigincor estimates 
placed the actual discharge at 3500 to 4000 feet per second. 

PRSPARATCRr WORT. TOR H!* CROSSING 

Paragraphs 15-19 (fldttod) 

•Cttittsd 
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7KE ASSAULT CKSSTOO BT IRE KYISTOKS 

20.    The 104^ Division crossed *lth 1*>u regtacnts abreast,   fcso 
battalions abreast within each regimental tone.   The loft regiment 
cioascrf ts>o rif i.; ccrpnnies of one battalion and throe of anothcr 
in the assault.    The right r^girar.t crosnod too ccrpsnics of each 
t£ tho t*». battalions abreast.   A total   >f nlno rifle  ejifjanies irorc 
*r. ere afjsault wave. 

ZU   tho division engineer placed ono platoon  it enginoors rtth 
16 assault b^nts in support ^f each rifle coi*r>any, and rcirif orced 
tho platoons to a strength permitting the use of three engineers per 
boat lnod of 10 Inf antryrKTi.   One htsidrcd forty-four boats '.-ere onployod 
initially, rith 60 in reserve at three different locations.    Because 
jf previous intensive trsirlng af tho engineers, ovary boat in six 
corp«i.,s reached th*. far ah Tv sif^ly iu*i 1> i>^*ti laadvU safely in 
tho seventh censy^r.   In th. crotstrg of the eighth oorfMmy, four 
cnc«y J»d)lric guns  roro adjusted en ti»e site, and rr.ly four b>nts 
crvsaod saf ily.    The balance ?<f 1ho f'roc ?rt.thdrcw and crossed et 
tho site   f a prcvf.jus Su.cossfu.l crossing.    The ni::th ocean;* cane 
under heavy r»rtar uid ariillory fire and :iycoas3fully "w>ss .-1   nly 
six o->nts, l'jflt s.vr. In 1ho river,   %M ivw  three dan* goo vi*ltr to 
entering the inter. 

23.   Casualties '*orr; sustained by tie ong.      -a at all rwopt 
one  site;  they rengtxi frort a ^axLgg.t of 'tee .it one crossing,  the 
result of «iall auaii /ire t • one at in iwopptsod site.    Cn3ueltios 
tntalod 8 fclllod, 11.*, t*»urdod, and 1 mls.'ing "«ut of Epproxi'mtoly 
400 angincurt! actively on|?vgod in tho cr^ssinv site-3; a rate of 
3d per cunt.    So«   A7>aondix ?!>• 4. * 

• 

23.   Of tho 204 ansailt boats available.  137 vero used;  28 of 
thase were destroy od and 158 were i-erged.    Duo to the siroarj volt city, 
only 8 boats o ulr. bo reiacmed to U.o nonr shore from the original 
144 used in the assault crossings; throe engineer si Idlers o uld not 
c •nwol tho bor.ts on tha rcuxro trip. 

24*   It has boon planned to obstruct footbridges to cross the 
ronsrvu Infantry c^rfianios, but the siraai vel-.clty n>ttli nut permit. 
In lion of footbrldgos,  eabl • farrics were put t-.t-j opiration by 
fl***c of tho nine engineer plffto ns, tising assault b*\ts tram reserves. 
Too platens followed the fcjf *itry and gapped a nrtnoiicld on tho far 
bank. 

25*   Storr. boats, and double assault boats proorod   *ith 22 HP 
outboard ?*»*.**. sltfemgh ardlabla, **ero n-t v*od In tho 104th 
Division assault crossing, 
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I lb* 26V fh© \cre ssing: u€ ir,e Sth Division vis slsalar in allrespects to. 

that of the 104th %d*> the added handicap of .an e»o«edJright flank from 
which observation of the river within the Division t>>ns waspossible. 
Only t*«o engineer companies e'er© used for the assault boet crossings* 
the third cenpany was assigned the  consU'ttctixin of footbridges.    One 
regiment V9M crossed in iwad half beats, the other in porrered double 
assault boats sopploaontod by ro*cd boats.    Casualties in both ~en 
and agsigaerit *rspe higher 1" this crossing than in the 104 th Dl vision- 
Bio TVKT&i half boats could not be returned, the footbridge construe-- 
tion was Impossible, and artillery fire daaaged raany of the baits 
before they e«uld be launched. 

COKSTSUCTI^ Of BRIDGES BY CORPS ENGINES 
I . "    . •   "  .. 
I . -       "- 

27.   To supp^t the- operation   f theCarps, the Corps Engineers 
^sre assisted the mission uf constructing ill of tho bridges, leav- 
ing Divisi ^ Lnginc^rs fre.: to handle the assault crssir.g £ the 
Infantry,   Five bridges verc planned fl >r each Division Zone.    Two 
Of the so -r?ure t*; bo Infantry Support Bridges, Class 9, one in each 
regimental -sono.   (tee of the Treadtaay bridges «EJS t. be constructed 
"filth the ©nvcrsi*m set' t > permit the passage of the nor? T-26 tank. 

;    T^.- sites wars available in the entire Corps * me ^* ore Bailey 
^i— Bridges ce«uld be enstructed -lth-.ut"-technical difficulty, and it. 

ims planned-1> build at those tso sites as rapidly a3 the tactical 
situation ^ould permit* _r~ o"~-- 

O 

28,   Bridge obstruction'was ordered -to cerrtcnee as soon as 
possible after the crossing of tho infantry.   On all previous rivor     , 
cr ssing opcrati*jns of VII C rps, bridge obstruction had been    ;      -_j._ 
started i««»iiately --sftcr the assault infantry had secured a lodg- 
ment  m the far btnk, and the bridges had boon finished "within a 
for hours after the initial crossing.   In the Roer-crossing, the 
'bscrvaM'Jh aff »rdod the aeeftf....by' the-buildings In Duron and fron-y 
the high ground south    f the 8th Division sons enabled him to keep 
thi bri igc sites und^r <bserved artillery 'fir's for 24 to 56 hours 
end contributed t   the.relatively, hifh number of casualties sustained, 

29*   Smoke to seroen the operation ted boon requested,    Swko 
gen ^rotors "rrero n -trade available, but a fctr trained non-cemissiyned 
f fleers fro-" a Chemical SH.ku Oenerating Gormany were secured, and a 

small supply of sraokc pots vns m-ved up.    Cnntr 1    f the uso of 
arrt'ko ma delegated t-   Divisicm Ccmandcra, rh    decided ngiinst its 
us,- iuring Ibo wSrly h*^urs of 23 P^bruriry.   When the intense artillery 
fire c**tinued during the dgy, auth urlt^ to use sn^te in   ne Division 
unc Wfcs given, but it ptwad-%•) be quite ineffective,    tho oquipriont 
and T=3X had boon aisrdtted t   sit^s «hich had boon observed and upun 
vhich oncpy artillery fire had been registered. 

30.   !>uring the night   f 24-25 Febru-ry, mi thjreafter,  tiio •natcr 
levsl in the river fell rapidly-f* Homing th.e r-ptylng of the 
SchstrrKSsaucl Dan.    This added t   the  technical difficulties "»f mm- 
struetl^n    f the floating bridecs at sites 7, 9, mi 10. 
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• ' "tkfAIISOF.SACH CBOSFING 

':''''^K.;:' frmigrapfcs 32^5 (crittadV 

..   ~ APFB341 I {csdttcd)   /'- 

- "'• *&P 3B0TOr& SOER CSJSSti?C- XRE/5- 

'"'•"053 •£?.I^SiSTf SSM3 --XS5' SG5S SSPF3* ffc-'f&QQD SfAOE 

tfering thp night   t 10-11   f FAruaty, tfrc 3291^h Er.gtn.or C rbat 
Battalion smVtev.. p.*ijvls: t; •tisv.-lbar Sivcr te nttcrapt to etvss'in 

•assault b*~«ts».-  Tha.'parp S3* tsf^^feb patrol *?as to dcttirrsdne If an 
assault V*at; cjuldv'he JswidXed''"'$ii the river at fl   d,..stage by fully 
--equipped Infantry tr£v,ps''iah» bad little ,ar .no training in assault 
b-<ai crj.-ssingS-- '*hd tti aim)'' d^toarailne if'It trgrc feasible to put-a../-. 
cable acr;>33-th>-' river t - provide andft'.tr&ge for a trail.for^, 
!h:- rotftlts ..-f .the te?> pstj^ls'.are as'-fc^loTrsj   -:_ ;•* 

fHii officers' and,, ten men t- ?K an &£&' assault-b^at tn tho H or 
Isivsr'at. th*: f'Hawing co. rdi'nate (1O054680), vdth the jna-pese of 
^^^'•'^^^^^^^00^^-^^^^^^ Spin resting ttg river bank, 
th^-t^^fHc-ars^apcillQd that tht vatcr .*• i t/;"f"i."vl:ft; t do any^ «K?r& 
ij^^li'llfespir^ paddle :tfSi^:'j^|B;.S!fcl^^J|^^j3^^|^^^i& 1/4* 
cable "that "Ifcijy "H^4/0TOUgftt-ti>,thc"sitc*.   They loaded the baat wi#r 
*tm' Officers- and" six m listed nwri.^aib oquippod *dth A pasddXii..  Nhruf; 
u£ th'en*^ carried any ^ifxlpr^fit' except f-r a carbine, which traa   oj 
_s»: the b.tins -f -tha beat, "and a jgj&bar s-K-inflating life belt* 
A3/X ssn ^orc'Veil trained in ass=mit b at'' rk and had'.lasrlwi --"\ 
t,-gothar -rlth' the oqulpnant f "tf^taae yoars*   . 

fh© current at the launching n iritis esti "anted r-t ten adles 
" pear-h?ur-.and vtsry turbulent due t   the speed of the tretcr, rather 
than t.    b*t*relgs an the -rivtir ;bw4.   It ats> seemed t.» flrssrfitMs- the 
no-art • the f*rbar&k/VAft^ lading the Irii, they headed upstream 

,-ind ,pa441cd::'tt» rapidly as tv.esiblc.   %ai*tlsqy reached the raein 
channel, they ^st c ntr.1   f:^e b at, but duo t   the currant t*ere 
jhaspt fa ^va far.baaVint:; r«i^ti?rcly caln trttcr." Fr:jr5 thare th-^y 
p*idlod t^strsrss and-started rapidly back,   Ate st irraadlat.-ly after 

- thfgr--*tsr'tod.baoie^thc tsm l:;st clifffe! and th-i b.at-^^s Sf^t-..f¥«sr 
« astjir^ which vss. a^pr,-xlati-tdly 15) yards 8 vmstroaa fr-» th- 
ird^il l*aan#iine p int.   1h& beat-fiUi^rtthi_«st«r until ab ut 
f&m t&&um   £ the ganwhsl*s1T-«rc,ah'.«rtag,   ks thsy"^fast" .-?c*r~thc " 
-sir, orta   r;t>a    ffic^rs t Id tha men tti inOato th.ir Ufa bolts* 

.the euircftt-siaept tho-b-at with all .the/seas in it cafijf a*r« bushes 
do 'the noar'bSBlc. "tho »sm '"grabbod the bu^s^s t»» str^p the b at, but 
the-aurrcnt r0k int-; tht: T>SZT   t the'b^t aisi terncd it ;*4 <svvr ani, 
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Lt.  field -r.i  iju-'.-.     i  liv. -jr. hJl*.    r.t      .v. buahos 'SK. pulled  th.-v 
?:lv.-,s &«*> ro;    Or.r -r*r. r-*- f and 150 y.rda A .r.stroan,  onscirTua, 
but unable t    brcatho "tnc to the shr*fe   >f the cvli -rotcr.    Another 
-fir. -*» fvnavl 3X yards J. nrstrc^r ir th: «*-•« c niltl'.iv,    A search 
•r.s rsado by th      th-.r ror.  in th    b-at in* by th: f.ur r»xi    r. the 
b-7i>r, but th:y -yc on-.bis t   l-wats Lt.  ?. thr"1    r ?vt. 3 ror.nl »••:*.• 

Cnclusijns  drown by Patr.l Lcadcri 

1, A b atl id    f incserialo.i Infantry tr>.ps vith full 1 ad 
-..-.vVJ hnvc vory little chance c* cr ssiag the rlTor in 
assault b«ais at it" rr:*^t vtagc. 

2, If a b at is tippe-i, tho nun rr^uld h*ve a vc-iy difficult 
tire r-rchir.g sh ro due t- the old ~ni turbulent -rater, 
uv-r. if wearing life baits, 

3»    A 5/S* c-bic  Tuli &n«i red ".*. uld probably hid an assault 
b-at ferry, but great care -Mold have to be tajeon   >r tho 
b at trtild svj-.p duo to tho rapid curran-t, 

£•    Obstacles in the "^tor near the 3h res,  such as barbed 
wire,  stunts, etc., r-ul! pr-Mbitthc use    f st :r bvats 
in this area. 

5,    An assault b -at '."ill be rpprnjdnn tcly 2 50 yards d-,?av- 
stream fr.-n its starting point '1aen it roaches tho far 
•MMMflMfe 

PATBDLNO. 2 

It. McKain, *?ith several nop  fr r; C rpany C,  attonptod an assault 
b>at crossing -* the ftjor Rivor at (086510).    !ho river at this point 
was four hUbjdrod yards rrido md is divided into three channels.    Tho 
first is "but three foet d.^cp, irtth shall'jrr t.-rtor *»vcr a bar that 
is ab;ut 100 yards txum the noar bank.    *ho see ni channel is 
appr xdrv-tcly f jur fo-t loop.    The s»d bar betrecn this sec ,n4 
Channel and thv anin stru^i    f[jr* an   bated-- to un assault boat. 

It. KcKain 1 *>ied f ur ftigincar an- oight Infantry •"Idlers, 
abut half   f wtvn v«ro carrying rifles,  into the bat; tied a rupo 
t' the ourtialu ml the -vr. ?«Arte<: pa21Ung -ith the b >at headed 
upstroon.    At the first bar, tho -sen h*d drifvad ^00 foot d nistro«a. 
At this p-.int, half   f the nan unl-vided and poshed tho boat ~vcr 
the bar.    Ihuy than clirtod In an! pad 1 d t    the middle    f the main 
chai*wl.    Ihcy rxro being sr^pt ±?>.istron s    rapidly that the run 
in tha b»^t nulled the b it bock t   thi starting p int.    Ton ncr. 
h.liinf the r^,x> an the near sh re assisted In pulling the beat baok 
^ith HtUo lifficulty. 

c-7 RESTRICTED 
SECUSUTY lUiv^.tw^ij*:. 



I 

r.LOi v-.iL i l.U 

Ccnclujsi t\* ''.trr-i? by ?atr 1 V.*durt 

I*    Ar asavult cr S3ir.g c itLl bo «v*,<5 -it this r_int by I::f-.n\yy 
troups* 

2.    IV.c boat » uld have  t   st<irt 200 t.   300 yards upstrcr fror. 
tho pr p s-yi Lsnlin;; fdtc. 

3. A rpc tied t    ar.  assrolt b at r*«w-r»s a -JI-QK,  at loast equal 
t    xr.z drag   f tho b ?t. 

4. V,n arc not able to -..-do in 3 feet of rate? cr. the sec nlary 
channels aw*. kor;p their fc:t. 

• 

At 200C3OA February, n cr ssing   f tho Rt>or TOS offooted by a 
6-ran aiRln,v.r patr .1 frnC rpeny Ct  3*9th Bnginoor C ntoat 
Batttli xi, 

Ihc rrdssi n  ?f the patr 1 was t   re<mn itur the rl ror at its 
present stago and a Is • t   tranap rt a Geroar. F* *h   r luntcarod t~ 
obtain lnfjimtlJ*. f.r  .ur f rocs   f encugr disposition and identifi- 
e-.ti « In Sruron an! Birkosdjrf. 

tho or ising r,j nads In the vicinity of H<.v« at coordinate 
(PO93409) using an H-2 Assault B ct.    It was   rlginally planned t 
cr ss at   2330 hot duo t^ the oxtromely bright n-.nlight, tho or aa~ 
ing w?s p.stp-ocd until 0030 when risibility doerocscd.    H wcrcr, 
risibility was -ooeellcnt up t   250 fact. 

Iha width   f tho rirjr at the creasing sito was ostinatod at 250 
foot*    this Is a docroaso   f 50 fct fn n previous reconnaissance 
rep rte    f 12-13 Fobreary.    Tho vol city    f tho current was estimated 
at 7-8 HP!*,   All petrl raont»crs agreed thr-t tho current raa n<A as 
swift as recrdod 12-14 February. 

The bet was. launched In shall/* *iator 30 fo.t frrr. tne nc.r sh.ro. 
**ith 5 »ti peddling and 2 posaor.gcrs,  the crew e^«ricnoad n; diffi*- 
aultv in er sslr.g md the drift •*«   nlv 10 yards dTnnstroaa.   On 
.the r-.turr., with 5 peddlers and 1 passenger, tho drift was 43 yards 
4. wnstrown.    This discrepancy in ^."Iftaco -srs c^lainc**. by the fact 
that the b> at "rr.e purposely all *rod V drift over a series ->t riffles 
In tho tsedn ehannol in   rdor t • dotom «nc the an unt t f drift if 
tho b at were caught In tho currant.    *&.*« b .at (ledod) xrnli not 
cr ss r.  gravtl rise   « the frr sl'io i*»lch w-»s Lee 60 feet fr_ta the 
far ah ro.   this gravel riie Is tne   riglnal b^r* br^v    ; th* •*?->*•. 
the fW dabarte- horc cni was   jbsirwe»: r \'xt^... in 's^u**  cb ^: I 2-xit 
in depth. ) 
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All observations Indicate th*t the water is draining. However, 
the ground la soft and wet, ar.d there is standing water on the far 
ah re. 

No hostile en#ry action was encountered.    The crew experienced no 
diffieul'ty in crossing.   No life belts were worn.   The ere- was armed 
with carbines.    Crossing tins was estimated st 6 ninutes. 

AFFSJ2TX 3 
STurar OP POSsDLi FLOCQDIO OF THE ROER RIVER 

1*   The Roer River rises in the Eifel   ';untaina south ->f Monschau. 
It : lows in a northeasterly direction thr u^h mountains to Xreusau, 
where it enters the rolling Shine Plain.    Here it turns north and 
flow» by Ourojj thence northwest by Julich and empties int•> the Mouse 
R«.ver at RoarBond. 

2.   There are two main storage dams on the upper reaches of the 
riwer - the Urft BMB (FC723) with 1,600 =±Hion ou. ft. capacity and 
the Schmidt (RoerJDsm (F0827) with 3,500 million cu. ft. capacity. 
In addition there are three regulating decs - -ntt be'eweon the Schmidt 
ar.d tre Urft Dtr.s (F046240) and t*o do-nstream tr-\n the Schmidt Dam 
at frtJ12<3) and (PO9036C). 

3. The n mal discharge of ttu* Schmidt Dam is 320 cu. ft. per 
second. 

4. Independent • f the Roar River Dsm system is the Kail Dan 
(P0230) on the Kail River, a tributary of the Roar.    This dan has 
a capacity   >f 74 million cu. ft. and has been secured by the 7 Corps. 

3.   To present a military obstacle the -'Ster supply impounded by 
the aforementioned dans can be used b   raise the level of the Roer 
River s   high that it will ovarflor its ban\s, wash out existing 
bridges and cause damage thr.-ugh -ut the Roer River Valley. 

6.    Since the Roar fiver has a steep gradient (approximately 14 
feet per mils) and at high water a groat velocity, it is estimated 
that a oar.ti.iu.vjs water obstacle frun the &>er Dsm to the Mouse River 
oould be produced with a discharge ef 3,5C0 cu. ft. par secend from 
the dans mentioned.    The t tal volcna   \f t e basins named amounts to 
about 5.600 ndllton ou. ft.    ?T n the latest avaiitMe photo cover- 
age it appears that   the re^ervoira are about tmo-thirde full.    Thus, 
a fl*w    f 3,500 cu. ft. pe.   second -ocld ^ast ab ut 12 days.    The 
as tins ted depth or the f lo d nr-dueed sj this discharge w uld be 
6-1/5 ft, at IsHeall (7093334), 6 feet at Duron (!T09453), 5 feet at 
Julich (VO27509). 

C-9 

RESTRICTLD 
SECU   iiY irli OP.MATION 



RESTRICTED 

?.    The flood gates <rf the equalising basins at KeiaJbech (F111262) 
and Obermsubeoh (F090360) can be opened sudden^ tj proiuw a short 
but high flo d *»ave estl-etsd at 15,000 cu. ft/see, after «?cr*-i<»te 
filling    f the beair.s.    This ^»^e can be considerably increased In 
Tjlsne and Telocity if the level at the Schmidt Car- reeerv- ir is 
above the aoillwey and t^e opening   f tKe spl Iway gates is syn- 
chronised with the successive op*r»ins   f the flo d gates at the Heim- 
baeh and Oberaeubaeh dar.s.    Such a "are *» uld probably n t last 
nrure than eight hours but it muld Inundate the 3oer Valley t.  an 
estimated hei^t  I fifteen fe*t a*-ww the normal stream level. 
This level could be raised further la the Dcrsn area by the erection 
of barriers nt the openinge in the railr-ad and highway fill; which • 
extend across the river valley.   It la estimated that about 30g of 
the ton  A Duren could be flo dad In such a manner. 

8. Captured German, d cz-e.ts datod 3 April 1944 reveal that the  « 
nexinur water oxsvtente  .f the Urft and Schmidt reservoirs have been 
limited tc 3,88$ Billion cu. ft,, which is 1,715 million eu. ft. 
last than actual capacity.    The jr.? sad distribution la i,33C 
sdlliu; cu. ft. in the Scbxddt reaervoir and 1,585 million cu. ft. 
In the Urft Dam reaervoir.   This distribution would allow the 000- 
tmts of the Urft Don reeerv ir tu be cau. .t and retained in the 
Scttrtdt Das reeor*iir without undue strain on the Sohnddt Dam, in case the 
'Jr*t >r   wMch has slander concrete walls, were blown (witness the case 
of the Moehne and Her Dssis). 

9. The Scheldt Dam is *t nass earth fill construction and does, 
not lend itself tc easy destrecti n by either blasting   r bombing. 
The Urft and Schmidt Dana have baon baetoed by RA? and AAF avveral 
tinea without results, although ntraarv^ia hlta have beer. hade. 

10*    \!though it is not c nsidered probable. It is possible  that 
the "ohjjddt Dam will be destoyed by explosives.    Attached is over-   • 
lay ah wing elevatic na 5. 10, and 15 mater%t respective!v, above the 
stream bad of the Roar River.   Aa a prsosutlonsry ^e-fiurv it is 
recommended that large t >dies of troops and heavy equipment oa kept 
above 10-netrr llr.e ecuth of the Aut bahr. Highway;  similarly  that 
large b -dies of troops and heavy equipaer.t ba kept above the 5-meter • 

(line n rtti vf this higlray. 
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