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V-03    ARRt'G9fWT OF REPORT. 

This ruport Is  aub-di»ile^ as followst 

Section I 
Section II 
Section III 
Section IV 
Bibliography 
Exhibits 

Introduction 
Drainage Area Characteristics 
Hydrology 
Artificial Flood Potentialities 

lr-04   EQUIVALENT ENGLISH-KETRIO TERMS. 

Both English and metric terns are used In this report. The 
following table presents oorr?«ralon factors for convenient reference. 
To reduce A to B, multiply A by F.   To reduce B to A, multiply 3 by G. 

tfclt A 

nii-s (MI*) 
Meters (M) 
Maters 
CuMc Meter (M?) 
Acro-foet 
Acre-feet (Ao^ft) 
3eeor.d-fe*t (cfs) 
Miles per hour 
Meters per second 
Maters per second 

Factor F Factor 0 flhit B 

1.60935 .621J7 Kilometers (*s.) 
3,2808 .30480 Feet (Ft.) 

39.370 .025400 Inches 
35.3145 .02831? Cub)? Feet (Cu.Ft.) 

43560. .000022957 Cubic Feet 
1^33.5 .00081071 Cubic Meters (M3) 

1.9835 .50417 Ao-ft per 24 hrs. 
1.466'? .68182 Feet per second 
3.2808 .30480 Feet per second 
2.2369 .44704 Miles par hour 

W>5   ABBREVIATIONS AMD DEFINITIONS . 

The following abbreviation* am used in tills reportt as for 
Tv»,.rs,  Is for )cilom»torB, and n»3/scc. for cubic alters per second. 
Definitions of ten* applicable to stage and discharge are defined 
on Etfilblt 1. 

V-06   RgfCTflKSS. 

AH raferencea used in the text and in the exhibits of 
this report are listed In tho bibliography at the end of the text. 
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SECTION n 

DRAINAGE AREA C»RA0TERJ2TICS 

3-01    GENERAL. 

a. References 1, 2, and 3 in Vhe bibliograpnv section of 
;>ils report present detailed descriptions of the Danube Rivar Basin 
and its connecting waterways. 

b. Detailed description of the Danube River in this report 
will apply only to the roach of river affected by the operation or 
dorolition of  K&chlet Dec.    The reach considered,  extends frtm th<> 
no-Jth of the Isar River,  Gerrany to Engelhartstell, Austria. 

2-02   TOPOGRAPhT. 

a. Exhibit 2 is a snp  showing the general layout of the 
Danube River Basin above Passau, Oerseny, and its connecting water- 
ways.   Exhibits 3 and 4 are sketch inaps depleting  crossings and 
improvements of the reach of the Danube River Influenced by the 
op ration of ptohlet Don. 

b. Drainage areas of the Upper Danube River at the con- 
fluence with its a&jor tributaries are as follcwrat 

Danube River Drainage aroa 
bojow unNth of Ja square k4l3B*H?» 

Iller 7,471 
Lech 19,258 
Altrauchl 26,2U 
Regan 35,385 
lsar 47,110 
Zufi 7f,6T4 

o.   All nlevaticns referred to in this report are ii. rcctcra 
above the Adriatic Sea,   or "uber Adrla* datuat, which is the old 
Austrian altitude reference. 

d*   Distances along the Danube River channel referred to 
herein, wlcss otherwise noted,  refer tn the distance !n kilometers 
upstrssn froa the mouth of the Danube River at Sulina,  Ruc&niA    on 
the Black Sea. ' 

2-03    RIV?R CHANNEL aiARAOTERISTICS. 

a.    Ftrr the ssuth of the Isar River below D*..-gg«r.dorf to 
Hoflrircfcoi, abo.it 25 rllorvt-rs,   the Danube River flows through a 
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wide, flrtt vallqy, nvs J3* graaients.    ihe river la held lr. Its banks 
along tfcus "reach by the, construe tint of flood-control dikes supplo- 
©ented .by several pumping plants which operate behind the dikes during 
high stages in the•" rl*er-.    Exhibit 4 is a sketch map showing the looa- 
tion of flo^i-control dikts and pumping plants along this reach. 

b.    In the reach from Hofkirchai to Kaehlet DOB, about 
26 fciloraeters, the Danvfce River is ponded by the dam.    Before con- 
struction at  «0*chlet Dan this section of the river, kncr*i as the 
Bavarian kaehlet, "was characterized by a wide, shallow channel, 
interrupted by outcrops of large, cubical rocks and great changes 
in slope (from 0.2 wj\m to 2.7 m/kffi).   A. navigation channel was 
blasted and dredged throats this reach prior to the construct, on of 
Eachlet Sacs, but the.channel remained shallow and treacherous,  es- 
pecially at low flows.    Due to the steep gradients of the river 
channel, "mn-of-thy-river* regulation, and the low head maintained 
a*  gush let Dam, there is relatively little sediment deposited in the 
reservoir,    Cbismel depths in this reach vary from 2.0 to 11.3 meters 
at mean low discharge and from 5»0 to 11,? meters at mean high dis- 
charge under norsfel pool conditions.   With no control at Kaehlet Daw 
channel depths would be decreased and range trim 1.3 to 1.5 meters 
st mean low discharge and from 2.3 to 4»0 meters at mean high dis- 
ohargis.   $ profile of this reach is sham in Exhibit 5, and channel 
widths for the roach are showj in Exhibit 6Y 

e.   The Danube River flows through i narrow, deep channel 
with high, rocky banks from *achlet Dam to the mouth of the Inn River, 
a distance of about five kiloraaters.    From the confluence of the Inn 
River downstream for approximately 70 kilometers,  the Danube River 
flows t'-iroufh a narrow valley with steep channel gradients, so that 
little or no ponding occurs at any stage.    Channel depths from Kaehlet 
Dam (km 2230.6) fcc Obcmtell (km 2208.9) vary r'rom 2 to 4 meters at 
mean  low stage and from 4 to 7 raters at mean high stage.   Exhibit 6 
is a table of channel widths for about 30 kilometers below Kaehlet Dam, 
and Exhibit 5 shows river profiles for abcafc 22 kilometars below the dam, 

2-0*.    FLOOD PIAINS. 

the only flood plain alon" the Khntbe River near Bachl^t Dam 
is located I•• two en the mouth of the Isar Riv. r and Kofklrchan, from 
26 to 52 kilometers above kaehlet Dam.    This plain is protected from 
high water on the DanJ>e River by the construction of flood-control 
dikes and pusping plants, as mentioned in par. 2-03, a, above. 
Exhibit a is a sketch-as? of this are*. 

i-05    JAYIGATICK. 

ffe© Danube River is navigable from the south at the Black So& 
to Uhs, Genmty, a distance of 2M&i> kilometers.   The prims purpose for 
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! 
I constructing Bichlet D*i was tc improve navigation conditions of tho 

Dsndbe River thro**h the Bavarian Sachlat bet**** ?ilahofcr  (ten 2249.1) 
and Passau (tea 2225.2).    With the lock* operating at Kachiet Dam it is 
possible to navigate thtj Danube River from Passau to Regensburg 
(te< 2383) with ll 000-tor barges loaded to 650 tons.    Before construc- 
tion of ICachlct Daw it «u poasiblo to navigate from Passau to Vil- 
eturf en only *i*h vessels weighing loss than 200 tons.   The Danube 
River tc ifcchlet Dan freeaes solidly enough to impede navigation fcr 
an average of 21 days per year,   navigation in the Jfcchlot pool is 
Impeded by high water about two days per year.   Exhibit 7 is a route 
description for navigation of the river frosi Ptssau (ten 2225.2) to 
Irlbaoh (ten 2301).    ExMbit 6 shows channel widths of the Danube Fiver 
from Rngelhnrtstell (tea 2200.6) to Hofklroh«  (ten 2256.7).    Exhibit 8 
prcsunts flow-duration curves for Hofkirchen and Obcmaell.    Refer- 
ences 1 and a present detailed navigation data for the Danube River 
above Passau.    Reference 5 discusses the formation of loo in the 
Danube River. 

2-06    RBGuTATIOR OF THE DMffBE RIVER. 

a. The Ttly regulation structure existing on the Danube 
River betweoi Regensburg (ten 2383) and Sulina (the mouth),  is Kachlct 
Dm at river kilomater 2230.6.    Control structur -s above Regensburg 
could not affect the operation of Jfcohlct Dan. therefore, are net oon- 
sldored within the scope of this report. 

b. This das is a re son-y and oonerete structure with an 
over-all length of 400 meters, including the navigation looks and 
pcKterhouse, It impounds water to a depth of 11.3 mstors above the- 
sill of the wolr section at noxnal pool.   The dsn was constructed 
for two purposest (1) To facilitate the navigation of tho Danube River 
in the Bavariwi  Bachlet above the dams and (2) To provide •run-of- 
th^-rlv-a-* slectric power.    Kachlsi Dora is divided into three main 
sectionst  (1) A weir-type spillway  section containing six, vertical- 
lift gates, 25 meters wide and 11.3 meters high, separated by masonry 
pier* 5 tm>Urm thick, arid having a toUl discharge capacity of 6,000 
myseej (2) a powerhouse containing eight turbines with a total dis- 
charge capacity of 700 tP/fecj and (3) Two navigation locks, each 
230 motors long and 21 meters wide, with a maximum lift at lew water 
of 9*2 meters.    The Danube River is ponded for a distance of about 
26 kilometers by Kaahlst Dan.    The reservoir formed has a storago 
capacity of about 30,000,000 cubic motors.   References 1 snd 6 present 
details of the construction and operation of fechlot Dam.   Exhibit 9 is 
a plan drawing of FAchlrt Dsn. and Exhibit 10 shows elevation aid 
oross-aoctlenel view* of the dam. 

-5- 
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SECTXOS m 

HIBRDI.ODT 

3-01   GSflBKL. 

The hsdrological and hydraulic data presented in this report 
are pertinent only to the reach of the l^ube Ri*sr influenced by 
Saehlet Baa*   These data are generally presented to grspfeioal form to 
facilitate? their application* 

CllwttolqBioal data for Southern Qenmny »ay be fowid in 
: tfeTeraices 2 and 7.   In general the elisBt* of the Upper yan'jbe River 
Basin U ^raeterisedby frequent-'periods-of sub-freeaing tecperature 
and heavy snowfall In the winter, and »oderately high teitfjerature in 
th*--snsamr with occasional hi4£-i»He»sltgr rainstonasV 

On the reach of the -Danube River affected b$ !&ehlet Dam, 
the. only^stiNasrHgagiAg stations that have published discharge records 
are located at Hofkirehw (ha 2256*7) and at Obernaell (ten 2308.9), 
with records since 1901. :Q&ges also exist on the bridges at ?li~ 
anofen (las 2249*1) and Fassau: (tea 2226.5)*   The highest flood of 
record at Passau was 6,000 sP/sec in 1845*   Records of Danube River 
gaging-s.tatl.on8 in Qsrraanj and Austria are tabulated in Reference 8. 
Exhibit 11..shows discharge ted velocity rating carves for Hofkiroh«n. 
Fasa&u, and Ob«rn*all» 

3-04 mm-fun catRACTERisncs. 

a.   General.   The Danube River above the mouth of the Inn 
River (Km 2225.2), is characterizod by an annual, high-water period 
in May or June, du«_- l<> snat-nwlt in the headerter areas, and several, 
srall-voloGaB rises in the surrxsr or fall, due to local rainstorss* 
In winter the stage is often raised by flooding due to lce-^at* in 
ths D&«fc>*> Pivt»r above Bachlet DMR,   The rainian»n stage at Hofkirchan 
is gemrally recorded in fall or eariy winter.   However, because of 
cltemtic and terrain characteristics, the Danube River at Ifeehlofc Dam 
can have high-water stages alnsast any ttee of year*   Exhibit 12 shows 
average soothly stage variations at Hofkirchari (tea 2256,7) and Obem- 
ieH Oca 2203.9), ssid ts&ibit 8 shows diseMrga-dar&tion curves for 
Hofldrchen and Obernsell* 
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b.   River Velocities*    In tho reach abrwe *achlet D*u 
(ler 2230.6) to fatYtrchm  (tar 2256.7), average surface velocities 
riry fpor 0.6 to 5*5 foet p< r 3econd at »ne«i  low stage and f rcr> 
3.6 to 7,6 feet per second it tioan high stag* aider nonml :>ool 
conditions.    However, with no cntiDl at FAchlot Dam,  %verage 
surface velocities for this roach aould be increased and range frwn 
1.9 tc 8.7 feet per second at noan It w stago and from 4.0 to 10*0 foot 
per second at scan hi£> stage.    Prom JCichlet Dan to Cbomxoll 
(km 2209.9), average surface vaUoitiea vary from 2,8 to 9.9 feet 
per second at mean low stage and from 7.0 to 12.5 feet per socond at 
ne» high stage.   Average surface velocities of the Danube River 
fro* HofJrirchen to Obemiell are shown on Exhibit 5 for hig>, mean, 
snd l<w stages.    Stage-velocity-discharge curves arc shnwn for Hof- 
kirchen and Obumtell on Exhibit 8. 
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ARTIFICIAL TLCXE F?TB?nAtITTES 

<r-oi GEHERAL. 

A. The term •artificial flood" as used In this report 
applies to any s»Jer increase ir. the extent of flooding, ""ear that 
norrmlly prevailir.* with existing developments, that is brought about 
by imnipulaUon of  cent re 1 structures, broaehirf of darts, or levees, 
or Vsnporar? darning operations designed to create flooding conditions• 
In this report the following, three typos of artificial flooding were 
considered t 

(1) Mvlcr flood waves, created by sudden breaching 
of a dan to re^-jase larte quantities of lnpounded water. 

(2) Detrimental streanflow variation, in which 
oudien changes in discharges, depths, velocities, and widths of 
streams aro brought about to increase difficulties of struam-crossing 
operations or r«vigation, such as might be accomplished by opening and 
closing large flood gates intcmittor.tly to create cyclical flood 
waves for limited distances downstream* 

(3) 8UMdBJg frfrttrr. croeted by flooding land 
to forte water obstacles or to reduce traf f ieability, using snch 
•eans as breaching Icve-.-s, sandbagging dans, or diverting flow from 
car.&ls.   Still barriers may also be created by draining areas nor- 
mally flooded by reservoirs so that mud-flata will be formed. 

b. There arc several reaches of the Danube River and its 
tributaries in Genoany and Austria, where artificial flooding could 
be applied to military advantage.   This report xntiders only the 
artificial flood potentialities of the reach of the Danube River 
influenced by Saohlet On, Including the affects on this reach caused 
by the *v>(ul*tion of the Isar River.   However, the artificial flood 
potentialities of the entire Danube Riwr should be considered in 
planning military operations in Central and Eastern Europe. 

o.   The following means for creating artificial flooding 
conditions on the Danube River ware considered* 

(1) Demolition of  JCachlct DJU, 
\ 

(2) Regulation of Richie t Dam to create cyclical 
fined waves downstream* 

- | 
(3) fcssible regulation of the Isar River hydraulic 

structures to crest* artificial fit "ding conditions on the Dsr.ubo 
River above Kachl^t Dam. 

- 8 - 



U)    Possible creation ^f aLiH-wa^er barriers or 
rul-flatfi byi  (a) raising the pel behind fechltjt Dw? by suoh r^ana 
as sandbagging the dam, or (b) draining the po^l behind Kschlet Dsm. 

£-02   ARHTTCUL FLDOC «A7F3. 

a.    Flood Wave Created by Pcolltlon of ^achlet frm. 

(1)    General.    In the deterrcim tion J£ conditions under 
which demolition was o nsldored likely to occur, it was assumed that 
the weir section of the dan would be the first and most likely sootier, 
of the dam to be demolished.   Demolition of the powerhouse would not 
ir^roaso appreciably the peak diaeharge of a wawe caused by the demoli- 
tion of the woir section, beoause of the high backwater effect result- 
ing from the narrowing of the river cl.inr.Gl below the dsm.   In ovunt 
the navigation lock gates are opened or breached, there would be no 
effective increase in the peak discharge cf a flood **we released by the 
demolition cf the weir section, due to the long, narrow approach channels 
above and below the lock*   Damage to the lock ohambera, however, will 
retard future navigation.    The flood wave ehich was considered to be the 
moat likely to be produced by the demolition of Raohlet Dsm was baaed 
on the assumption that only the weir section of the dam* would be broaches, 
leaving the powerhouse and locks structurally lntacit.   With the reser- 
voir water surface at normal stage of 299.5 m above sea level, the wave 
oauaud by breaching the six gates on the weir section of tho dan would 
have a peak discharge of 6,000 rotyseo.   The duration and effects of 
this wave would be tempered by the base flow in the Danube River at 
the Cre of the broach.   This wave would equal the highest flood of 
record in 1845.   Considerable damage to the waterfront section and to 
railroad •racka in f*a«sau world be caused by this flood wave*   Sec- 
tions rf Passau adjacent to the Danube River would be flcoded by 
about 4 footers of water for a abort time by a flood wave of 6,000 
mVaec. at Xaehlet Dsm.   Below the mouth of the Inn River, the flood 
wave would be rapidly reduced by the wide river channel •   Tho follow- 
ing table la a summary cf data pertlneat to artificial flood waves 
created by the demolition of the weir section of Kachlet barns 

Dia- 
tanoe  - 

Base flow •          Peak Time from din brcac^ toi 
Station 

Stage 
Haw. Disch. 

Stage 
Disoh. 

Start 
of 

rise 

Peak 
diach. 

Bod 
of 

rise 

Kaehlet D 
Paasau 
Oberncell 

fi&a 
0 

5.1 
21.7 

t 
2*9.5 
281.5 

•  2eo 
•   280 
•   600 

* 
299.5 
294.4 
2834 

nvVaec 
6000 
2600 
1800 

BOUTS, 
0 

0.1 
0.2 

Hours 
0 

0.5 
2.0 

H   UTS 

9 
10 
12 

Jpiohlet D 
Passau 
ObernseJl 

0 
5.1 

21.7 
291.C 
2«.3 

b   620 
b   620 
b uoo 

299.5 
2944 
285.0 

6000 
3000 
2600 

0 
0.1 
0.2 

0 
0.5 
24 

7 
8 

10 
Biehfct Z 
Passau 
Qbemiell 

0 
5*1 

1 »t7 
293.5 
286.7 

0 1700 
• 1700 
••4000 

299.5 
295.7 
2874 

6000 
3800 
4900 

0 
oa 
0j2 

0           6 
ou ;   7 
1.5          9 

a 
b 
o 

Mean low diaeba rge 
Ween discharge 
Mean high discharge 
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»ydr graphs 'A flu-d waves crested by tiie broaching s>f Jfcchlet Ito with 
varivua base fit wa in the Danube Riv*zr arc sh* on Exhibit, 13, trr^hor 
with the resultant fl-d hydxvgrAphs at Passau (te 2230.6) and Obomaoll 
(k« 2206.9). The hydrngrophs at raee&tt and Obems'vll were dctcrrfnul by 
r;utlr.£ the breaching ware, wing vari AIS base flows in the Danube Rivor 
at the tirae    f the breach. 

(2) C^siderati n was giver- to the possibility that 
the weir section t Ifcchlet Dsc Right be demolished at such a time rt.-a 
the eater surface is raised by sandbagging t   induce surcharge storage 
car \c cause flooding upstream.    It is not c nsidered structurally " 
feasible to raise the po- 1 nrc then abort 3 meters ab-ve n r-nl by 
bleking the   utlets sad sandbagging between the /vcrflow sections of 
the dan*   Le the pool wc aid be constantly overftaring, an inflow dis- 
charge exceeding cdddle high discharge c/ 1,700 ay/see. would be re- 
tired t   wise the pool 3 netors, making the possibility «f ae«*»rUeh- 
inf this operation vcxy inf requsnt.   However, if demolition of the weir 
section of the dm should occur *ien the pool elevation is 3 naters 
abevo nirral, the resulting flood wave woold have a peak discharge about 
9-OOQ w?/ft«e, greater than a peak resulting from dan:>lit«cn occurring 
with n jrsal pool,   K flood wave created by deBolition of the weir section 
of Bachlet Den under these conditions would cause a mudnun stage at  . 
Passau  -ver one netor higher than a fiojd wave created by demolition 
under nouel conditions.   However, this flood wave would cause no sir- 
n if leant coount of dosage greater than the damage caused by a flood 
wave created at noaaal pool elevation, because the more important 
sections of the city are situated on high ground, beyond the reaches 
of flood wafers* 

(3) jtttrtf on, tttfltof 

(a)   apMp* Baliggi*   Highway and railroad 
brldgaa across the Dsnube River below Rnohlat Dsn w uld not likely fail 
from the action of a breaching flood wave, as they are constructed high 
mougn tt   clear navigation traffic.   H wevcr, if lee conditi'jns are such 
as to cause Jans at piers or approaches, bridges could be dsaaged snd 
bridge traffic would be suspended at least temporarily.   The only bridge 
upstroaa frees Saahlat £Us t>£t is considered within the scope of this 
report is at Vilshofen (ka 2249.1).   This bridge would not be dsnagod by 
any condition existing at feohlet Da*,   locations of ponament bridges 
are strwtj on Exhibit 3. 

i'b)   TffPOmr iUttsVg falflBHb   AnJ floating 
bridges constructed aemss the Dard»o Riv^r below Miohlet Dan (fen 2230.6) 
as far as Obornaell (ka 2206.9). would be dcraged or possibly destroyed 
by a breaching flood wave, unless cons trusted to withstand average surface 
velocities greater than 12 feet par second,   floating brldgaa constructed 
across the Dsnube River upetresa froa Ik eh let Dsa (ka 2230.6) to Vil- 
snofen (ka 22494.). would also be adversely affected by the draining of 
the pool resulting frc* denoUtlon of the daa.   In this reach baevwater 
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llj «epe river velocities !«•, but per-as-at draining of the pool 
»»ould increasa ivcrt^e surface velocities at some points to »s ranch as 
9 feet r*r second at mur. discharge.   Therefore, floating bridge? 
wmild b* diff icolt to maintain in *e reach from Bachlet Daa te m- 
shofen.   Dmufce River profiles *od surface velocities from Hofkirchen 
(Ion 2256,7) to Obernsell (to 2206.9) are shew on Exhibit 5. 

U)   Effects or. Crossings and Banks. 

(a)   ferries.   In the reaoh of the Danube River 
below v*ohlet Daw (tan 2230.6), all ferry opeietions would be impossible 
durirg breaching floods as far as the Jan River (ion 2225.2), and dif fi- 
cult as far as Obernsell (to 2206*9)•   approaches to ferries located 
dotei stream fro the dam weuld not likely be permanently damaged.    Up- 
stream from "achlet Dar to Vilshofen (to 2249.1), ferry traffic would 
be damaged by the draining of the reservoir, and the resultant increased 
stream velocities,   ferries operating near "Schlet Dan would sustain 
oarsldereble damage by the draining of the pool, as their approaches 
and docks would be left high and dry, except daring flood stages on the 
Dandbe River,   locations of ferries are show on Exhibit 3. 

(b)   EUiterr ferrying Operations.   In that the 
Danube River is too deep to ford in any reach within the scope of this 
report,  oon si deration has been given only to the effects of artificial 
flooding of nliittT? ferrying operations.   It should be noted that on 
several occasions,  the Dandbe River has frozen solidly enough above 
fcohlot Daw to support very h '* vy vehicles.    This freezing was largely 
caused by loss of velocities due to Ifeohlet Don, and cor.tir.jous efforts 
are aade to prevent and break up ice formation of the Danube River 
(Reference ?;•   military ferrying operations of the uandbo River from 
Kachlet Dan (to 2230.6) dowstream to Obernsell (kr. 2206.9), «ould 
be nede impossible or extremely difficult by a breaching save released 
from "Cschlct Dan, due to increased velocities and stages.    In the 
reach of the Dsntfce River above »chlct Dan to Tilehofen (km 2249.1). 
military ferrying operations would be hindered by the Increased velo- 
olt5.es resulting from the draining of the pool after breaching. 
Exhibit 6 shoes channel widths from Eneelhartssell (to 2200.6) to 
HofVirshen (to 2256.7). 

(c^   Sank Conditions.   Below ffcchlet Dam thoro 
would be no great dosage to river banks caused by a breaching wave 
flood, mainly beseese there would not be enough water stored behind 
the dam to make a flood of long duration,   is far as the mouth ef the 
Inn River (to 2225.2), the beaks are steep and rooky, and below the 
Inn River the flood would be contained within the banks, so that 
damage to the banks would not be great at any place below P* oh lot Dam. 
la the reaoh of the Danube River upstream from ftchlet Dam (to 2230.6) 
to H-.fkirchcn (to 2256.7), the water would recede from the banks after 
th.: breaching of ttohlet Dam.   In this reaoh the banks arc generally 
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stoop end are of ter rocky,  »o that no s'Tious bsnk en>*is<t ar.a no 
Isrg* and Hats would be- created 'cy the draining of the pool. 
Exhibit 6 if > Uble of UanUbe River channel widths frorr. Erigelfcrtsrull 
(to 2200.6) to Hnflcirchen (ten 2256.7). 

(5)   Effects oo Navigation. 

(a", General, after daacliticr. of the weir section 
of JCa^ilet Der., it would not be possible tc use the navigation looks to 
pass large vossels cither up or d<<wnstream, due to the loss of heAd- 
water. BOWCVAT, it would bo possible to pass smell vessels, displacing 
jysas than 200 tons, throng: the south lock, prcvidinr the head and 
tall-emUB con&Uonsjp&gauce no currents and stages adverse to naviga- 
tion ."*/~y<y*  -»~   -'X-.    tr-tArH- f   *t        J*^y  " ••'» «y : t ,     ' 

(b) Below fochLet Psa.   In case Kschlot Dan is 
breached, all navigation below the dam to Obernscll (tee 2208.9), would 
be hazardous during tho crest of the flood.   Navigaticn structures 
at Pasaau would be severely danagod by the high water.    The dauoli- 
tion of K*dhlet Dm would hinder navigation below the dam only for the 
duration of the crest of xt* flood wave, or for about four hours. 

(c) Above Khohlet Dan.    In the roach of the Danube 
River fror. Khohlet Daw (k» 2230.6) to Vilshofen (km 2249.1), naviga- 
tion would be permanently reduced and remain hasardcus after demolition 
of the dac.   Ibis roach of the river would return to conditions similar 
to th 'So that existed before construction of the dam.   Due to the rock 
oejttrope and deposited k.Jln>nt in the river channel, only small vessels 
weighing lass than 200 tone could navigate this roach, and only during 
infrequest periods rhm stage* and velocities am favorable.   Naviga- 
tion above Hofkircnoi (km 2256.7) would not be affected by the danoli*. 
tim "t •feohTat Dan because backwater effects resulting from the dam'' 
are negligible above that point. 

h.   flflql mvts Created by Regulation of ftohlet Dsa. 

(1)   Owners! »   It would be possible to release artificial 
riood waves fiom aachXet Dam by the regulation of the weir gates with 
supplarvntal aid of locks and turbines.    The rtigr.itode, duration, and 
frequency of the waves created depend on the discharge in the Danube 
River and backwater resulting from tho Inn River which on tors the 
Danube River about five kilometers below gachlet Dam.   an artificial 
flood wave created by the sudden opening ox the weir &UB, locks, and 
turbines, with the resenmlr at normal elewatlon of 299.5 meters above 
sea level, would have a peak discharge of 5,000 mVaec. and the flood 
would last about two hours,   waves could be repeated, depending on the 
Danvfce River discharge at the following intcrvalai 

20 hours at mean low water, 
12 hours at mean water, 

5 hours at mean high *at*r. 

- 12 - 



4-02b(l) 

Kr. artificial flood wave of 5,000 mVseo. would approach the largest 
fltyjd of record,  cf 6,000 n?/scC| la 1S4J, and would caas-s considerable 
damg* to the lower sections st P&ssau.    Below tho mouth of the Inn 
River (km 2225.2) the effects of the wave would be grotty reduced by 
the wide river channel.   Velocity changes will be greatest if the wave 
is released during a period of low flow in the Danube River.   Exhibit 11 
shows stago-discharge-velocity curves for Passau and Obemmell. 

(2)  tTfrrt* ?r Prl'terr- 
(a) Permanent Bridges.   Artificial flood waves 

created by the manipulation of tho gates at Xachlet Dun would have 
approximately the sane effects on pereanent bridges acres.- the Danube 
River as a flood wave created by breaching the weir section  rf the dam, 
as discussed in par* 4-02, a, (3)(a). 

(b) T«w>oi*nr Military Bridges.   Floating military 
brldjres across the Danube River would be damaged to about the sane ox- 
tent by the release of large, regulated flood waves from Rachl t Dam, 
is by a wave created from the breaching of the dan, as discussed in 
par. 4-02, a,  (3)(b)j except that bridges constructed upstream from 
the dun w.uld bo difficult to maintain only during periods of drawdown 
in the reservoir after large releases* 

(3)   ffgfgc^s op Crosafrps spd genjfr. 

(a)    Tarries.    Large, artificial flood waves re- 
would cau! leased from «*ohlet Das would cause about the same amount of dajmgo 

to Danube Rircr ferries as the breaching flood wave discussed In par* 
4-02, a,  (4)(a).   However, since the pool behind the dam would not be 
drained for long periods by flood-releasing operations, ferries located 
above Neehlat Dam would not be permanently damaged. 

(b)   MJeAyag ftnylpg QperaUons     The damage to 
rilitary ferrying oparations created by a Urge, artificial flood wavr 
released from Kachlet Dam, would be about the same as damage caused by 
a flood wave resulting from breaching the woir section of the dam. aa 

discussed In par, 4-02, a,  (4)(b).   The wave oould be repeated at 
interval   aa indicated in par. 4-09, b, (1) above.   No peramnent 
hindrance to crossing the Danube River abnve tho dam would result from 
the release of artificial flood waves however,  because the reservoir 
wculd not likely be drained for long periods by cyclical operations. 

(«)    Bank Oondltlons.    Releases of large, artificial 
flood waves from ttChlai Dam would have approximately the same effect cm 
bank c muttons and approaches to oroaslnga aa a flood wave resulting 
from the breaching t€ the dam; aae per. 4-02, a, (4)(c). 
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(4)   Effect3 on Navigation, 

(O    Senetal.   Any plan tc release cyclioal flood 
waves fror »*chlet Dew would ?»ke the use of the navigation locks ex- 
trerwly difficult, if not lnpossiole during build-up and release 
periods.   Plans for releasing the largest waves possible would call 
for the opening cX the lock gates tc supplement releases rrom the weir 
section.    Repeated use of the locks for this purpose would cause per- 
manent dwago to the l^sks. 

(b) Below Kachlet Pom.    Regulation of Kachlet Dan 
to create large artificial flo-d wares wnuld cause stage variation and 
raver velocities sc groat that navigation would bu irpossiblw between 
Kachlet Dem (to 2230.6) and the mouth of the Inn River (to 2225.2), 
and hasardnua downstream to Obcrnaell (to 2208.9), for a period of 
about two hours after the release of each were.   Navigation facilities 
ir Paaaeu would be severely damaged by the action of flood waves of 
5,000 nr/sec. originating at the da*. 

(c) Above Kachlet ftp.   During periods of flocd- 
ware releases at **chlet Dam and for several hours later, drawdown in 
the pool abvve the Din would eause increased stream velocities and do- 
creased channel depths s<> that navigation would be temporarily suspended 
from Kachlet DJR (to 2230.6) to ?il*hofcn (to 2249.1).   No serious 
damage to navigation structures would be likely In this reach, result- 
ing from any regulation of Kachlet Drnn. 

c   fteod Waves Qreafrd by Reffiriatfrff of the Jsar River.* 

(1)   Qeneral.   Hydraulic studies o nductod by the German 
Government (Reference 3) show that it is possible to create artificial 
floods on tho Isar River by using seraral different plans of regulation. 
Only regulation plans which caused high water at the mouth of the Isar 
River (Denubo liver to 2282,0) were considered in this report.   To 
deterndne the flew in tho Den the River below the mouth of tht> Isar 
River, flood waves released at Hofhsm Look on the laar River, located 
31*3 kilnnet^s above the mouth, were routed down the Danube River to 
Kftohlet Dew, using various base flews In both rivers.   Regulation* of 
hydraulic structures on the Isar River are disouased In detail In 
Reference 3*   Rah lb it U snows artificial flood wave releases from 
Rofham look and their resultant flood hydTOgrephs below the mouth of 
the laar Mv»r and at Kachlet Dsm. 

<2>   aKLJ> 

(*)   SfettOU*   This scheme for releasing artificial 
flood wares on the Isar   ftlewr iv baaed on the msnlpulaUon of the weir 
gates, canals, and lc*ke at Oberfoehrlng, Sssgrtflttt, Qppenbom, and 
Hofbasi, to produee the highest poesiblo flow in the laar River below 
Hofhs* Look,   a d tailed discussion rt this scheme la presented In 
Referenee 3, together with its effects en the Isar River Basin. 
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Tho oaxlmaR effective wave produced by this plan would occur if the wave 
•ere released during a period of roar, discharge on the Isar River.    This 
wave would hrte a peak dischargo of about 1.200 ra^/aoc. at Kofhart Lock, 
which would cause a peak discharge of 970 rr/soc.  in the Danube RiYcr 
beVw the jrouth of the l«ar Rtwer, and 7X> raVscc. at !<achlet Dam, 
Data pertinent to artificial flood waves croated at HdThsn Lock using 
Plan A are show in the following tablet 

Station    Distance    Base 
j   fram   j flow • 
: Hofham 

 j   Leek 

Peak 
discharge 

Hofhsj* Lock, 
Below mouth, 

Isar R. 
IDchlet D. 

B&a 
0 

81.3 
132.7 

lST 

620 
620 

1- mVscc 
1200 

b 970 
930 

* Wean discharge, 
* Rise in stage of about 0*8 aster* 
0 Approximate time.    Rise is negligible after tine Indicated. 

(b)   Effects on the Danube River.   An artificial 
flood were crested en the Tsar River by using PlanA would hinder all 
navigation and amphibious crossing of the Danube idvor between the south 
of tho Isar River (km 2282.0) and Ifechlet Dan (km 2230.6). during the 
crest of the flood or about six hours.    This flood probably would haw* 
an adverse effect en any floating military bridges; however, river 
banks and permanent bridges eruld. suffer little damage fran this flood 
wave.   Exhibit 4 is a sketch map of the Danube River f rw.. above the 
mouth of the Isar River to below Hofklrchen (km 2256.7). 

<3)   FJanJL. 

I 
(a)   Qqnaral.   In carrying out this plan tor areatlng 

artificial flood-waves on the Inr River, supplascntal water would be 
obfttlned f rcm wslchsn Lake, and from the manipulation of weir gates, 
canals, and locks at lowing, Musltal, Hnellrlegelakreuth, and Qross* 
hessaloha, and by drawing water froat the city of wuenehesi snd ths 
Crest Amper Power Worksi thereby sugmsntlng the water obtained In 
Plan A.    Reference 3 presents a detailed discussion c* this plan and 
its affects en tie Isar River Basin.   A flood wave produced by this 
plan, if released during a period of moan discharge cm both the Isar 
and Danube Rivers, would have a peak discharge of about 1,800 mVsoc. 
at Hofhas Lock, causing a peak discharge of 1,100 ad/see. In the Danube 
River below the euu*h of the Isar River (km 2282.0). and 1,000 m3/see. 

at ttotalst flu (an 2230.6). 
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Tho following table presorts data pertinent to artificial flood waves 
erofttiid at Kafhare Lock voder Plan 3i 

StAtiao      ; Distance* Base P^k 
from   i flow ** discharge 

Hofhan s J 
Lock   , i 

Ting frcr. release -£ wave tot 

Hofhkn Lock 
Below couth, 

Isar R. 
Kaohlet D. 

o 

31,3 
132,7 

*160 ! 

620 
620 

•* 

1800 

U00 
1000 

Start 
of 

rise 

Peak 
discharge 

End 
of 

rise 
Boura 

0 

2 
6 

c 
11 
17 

e 80 
c 90 

* Mean discharge. 
° Biae in stage of about 1*0 meter* 
0 approximate time.   Rise is negligible after time indicated. 

on the Danube River.   A flood wavo released (b) 
under Plan B would reeejnIn poak water-surface olevationa at the 
following stations abovo Hof kirchen (km 2256.7), the point above which 
there is little backwater effect fron FAchlev Dam: 

Plan B 
Peak elevation* Mean hi«h wator 

'ilonetcrs in meters above stage in meters 
*&&& above 3ulina 

2256,7 

,   sea level 

'.'ofkirchen 303.7 304.8 
2260.0 304.6 305.7 
2265.0 306.0 307.1 
2270.0 307U 308.5 

Hlc<*er eltsieh 2275.7 3U9.0 310.1 
ttruth of Isar R. 2282.0 310.5 311.6 

sAssuaing that flood-control Uikea in the reaon are not 
breached and that pumping plants are in operation. 

A flood wave of 1,100 mtyaec. would make navigation and amphibious 
crossing of the Danube River difficult between the mouth of the I*-r 
River (km 2282.0) and mohlct Dsm (km 2230.6), for a period of about 
ai* hours and might damage any floating bridges constructed across 
the Danube River la this reaoh.   River banks, dikes, and approaches 
to crossings would be little damaged by this f loxi, And no permanent 
bridges would be damaged. 

(0 £iauc* 
(a)   General.   This plan utilises the same oper- 

ations of hydraulic installsti ens of the Isar River as Plan B, but 
the flood wave would be releaeed from HoihSB Lock during a period 
of rsvan high dlschargs or. btAh the Isar and Dsnube Hirers. ' 
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The peek discharge released frorr !iofhan Lock would aloe be about 1,800 
r3/sec., fc>3t would cause a peak discharge of 2,000 a^/sec on the Danube 
RiT«r below the mrxtth of the Isar Pivar (km 2262,0), and a peak of 
1,700 :«Ysec. *t Schist Der.    A sterery of data pertinent to artifi- 
cial  rifH »-avos r«?lM.sod at Hefner: Lock using Plan C are prcstiited in 
t're  'olloTfir* tablet 

Station   pi'tancei   Base 
I   fron   ;   flow a!discharge i Start 
! Hcfham j      of 
 !   lock   j ;         t , rise 

te.   :rn?/Bcc~   v?fz*z~ | {fours 

I    Peak       j Tine frm reloaao c f wavu tot 
Poak 

discharge 

Hofham Lee*      0         667 1B00 
Below mouthy 

Isar R.     \   W.1 j 1700 b 2000 
Kachlet D.   ' 132,7 : 1700 i    1900 

2 
6 

Hours 
0 

10 
16 

End 
of 
rise, 

Hour? 

2A 
3? 

* Moan high discharge. 
° Rise in stage of about 0.2 meter, 

(b)   gffects on th'.; Danube River.    Peak watcr- 
surffcee olevutions for the Danube River,  resulting from a flood wave 
released f ran Hofhem Loc'< under Plan C, are shorn  in the fclloWng 
tablo for various stations above Hcfkirchai, above which there is 
little backwater effect from Kachlet Dami 

JSflUt 
Peak elevation*       Mean high water 

Kilometers in metfirs stage in meters 
Station above Sulina 

2256.7 

above sea level above sea level 

Hofkirohen 305.0 304.8 
2260.0 305.9 305.7 
1265.0 307.3 307.1 
2270.0 308.7 308.5 

Niedor Alteioh 2275.7 310.3 310.1 
Mouth of Isar R. 2282.0 311.fi 311.6 

^assuming that flood-control dikes in the reach aru not 
broached and that pumping pints are operating. 

K flood wave of 2,000 ap/soc. «ou3d have approximately the same effect 
on mvigatlcn, amphibious crossings, and bridging of the Danube River 
as a flood wave released under Plan B,  described In 4-02, o,  (3)(b) 
above.    Continuous repetition if this flood wa7« would erase severe bsnk 
erosion between the mouth of the Isar River (km 2282.0) and Hofkirohen 
(km 2256.7). 

4-03    STTLLJ&7IR BARRTBBB. 

a.   General.    Investigations of the reach of the Danube River 
oonaidered within the scope cf thia report, show that It is not possible 
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tc er*%te any still-wat^r barriers belcv l&chlel Dam by any ?!** cf 
reflation or brbachlr.g cf the *K, because of the narrow width and 
steep gradients of the rlTor valley below the dan.    Consequer.tly, 
only the possioilitios of causing stilL-water barriers upstream from 
Idchlet Own an.- presented in this report.    The following methods of 
producing still-«at-?r barriers above Saehlet Dam were investigatedt 
(1) Drain the reservoir behind ^er.let Dan to create mud-flats or. 
areas covered by deposited sediment fron normal inundationj  (2) Raise 
the reservoir stage by sanibaggir.g t«s create flooding conditions up 
Ktroamj and (3) Broach floocv-con*iol dikes below the mouth of the 
Tsar Ri*er in ocn,}ur,etion with thus release of artificial flood wave3 
from the Isar River. 

b.    Created by Draining ifrohht Reservoir.   Due to thesteep 
gradients and narrow,  rocky,  river valley from B»eh!et Dam (km 2*30.6, 
to Hofkirchon (kn 2256.7), no significant mud-flats would be created 
by draining the reservoir, even during low flow.    There is no backwater 
of foot from ttehlet Dam above Hof klrohen at low flows, and the back- 
water effect is not nearly that far during hi#i flows.    Profiles of 
the Danube River, with and without &chlet Dam regulation, arv sh-wn 
in Prtiiblt 5. 

o.    Created by folsini the Stags at 'fcchlet Dam.    It is con- 
sidered feasible to raise the stage at :<achlet Dam by sandbagging the 
dan and p^wcr housa, up to about elevation 302.5 meters ab^ve sea level. 
With all weir >;ato8, Locks, and turbines closed,  the unregulated over- 
flow of the crost gates and lock gates at this stage would have a dis- 
charge of about 1,800 to 2,000 nr/8*0** whicf is above moan high discharge. 
Any hltf.or raising of the stage is considered impractical and would 
pn-bably result in structural teilure of the dam.   It was determined 
that with the stage at *fcehlBt Dam .raised to elevation 302.5 meters 
above soa level, and with an overflow discharga of 2,000 nVsec, thore 
would be no approcisUlc lncroasa of bacJraater affect above Hofkirchon 
(km 2256.7)j therefore,  it uoula npt b«v possible to create any mud- 
flats In tho ranch' above He fkirchw by induced baokwater from raising 
FPiohlot D*n.    Plans of jfcehiot Dam arc presented in Exhibits 9 and 10, 
and Danube Rivw profile showing induced baoywatar effect is shown in 
Exhibit 5, 

<*.    Created by Breaching of flood-Control Dikes and by Rcrula- 
tior. of the Isar River.   Study of the reach of thn ftoAn Ri^r^W; 
tho mouth of the Iaar River, Showed that still-aater barrlors could be 
created betweoi the mouth of the Isar River (km 2282.0) and Hofkirchon 
(km 2256.7).   Ttaa reach of river is characterized by low gradients and 
a wide, flat river mil cor» raking It id**! for use as a still-wator barrier. 
Flood-control dikes and putting planta have b*«r. constructed on both sides 
cf the Dw.ube River along this reach to confine the flow to the main 
rivur channel.    Breaching of tticse dikes would cause the flooding of flat, 
Irwlani areas and create a formidable barrier to military crossing 
operations, if ado during a stage of middle higt> water In the Danube Fiver. 
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Due to the liflk of sufficient data on the flood-control dikes,  it la 
net poc siblc to sel-w.-t exact points to breach the dike* to produce the 
•wet effects* flooding conditions,   A topographic survey cf the area 
between Dcggcndorf (In 2284.5) and Hof kirchm (ta 2256.7) is needed to 
deterstfts the location of point.* or. the Hjcd-conirol dikes which,  If 
broached, would ecuae the moet tepid and effective artificial flooding 
o-editions.   BT raleaaing an artificial flood wave from Hofham Look on 
the Isar River under Plan B, deacribed in par. 4-02, c,  (3) above, the 
stage in thia reach could be raised over one neter during a period of 
mean diaoharge.   If either Plan B or Plan C were carried out at a tine 
#ien the flood-control dikes are breached, mter barriers in the form 
of nud-f lats would be created on both aides of the Danube River from the 
mouth of the Isar River (arc 2282.0) to Hofkirchen (km 2256.7).   A atill- 
water barrier created by breaching of the flood-control dikes eould be 
effoctivu for a length of timo depending ont  (1) The natural flow in 
the Danube River, (2) The ability in release future artificial flood 
eaves from the laar River, and (3) The ability of the enemy to repair 
the dike a.   The tirn required to create stilL-watcr barrier a deponds 
ont (1) The stage in the Danube River;  (2) The location or the broaches; 
and (3) The size of the breaches,   A more detailed topographic map of 
the area and a more detailed physical description of the flood- 
central dikes are needed before reasonably accurate tine schedules 
could be prepared.    However,  prelirdr.iiy examination of the area 
betwren the mouth of the Isar River and Hofkirchen,  indicates that the 
moat effective places to breach the fit od-oontrol dikes probably 
would bet (1) Directly opposite the mouth of the Isar River) (2) At 
Hieder Alteich; and (3) At Thundorf •   It appears that flooding would 
not be effective unless the Danube River is higher than mean atage. 
Rises in the river higher than moan stage last from two weeks in the 
fall and winter to two months in the spring and early surrcr.   No 
f^ir of regulation, raising the atage, or breaching of K&chlet Dor. 
would have any effect on the reach of the Danube River above Hof- 
kirchen (2256.7), due to the narrow valley and steep river gradients 
below Hofkirchen.    Exhibit 4 is a sketch-cap showing the location of 
the river channel, flood-control dikes, and pumping plants on the 
Danube River from above the mouth <»1 the Isar River (km 2282.0) to 
below Hofkirchen (k»> 2256,7). 

VOi    CONCLUSIONS. 

The following are conclusions reached retarding the hydraulic 
tiffocta of reculaUon, operations, and poeaiblo demolition of Rachlet Daai 

1.   Navigation and military ferrying operations on the 
Danube River would be made oxtremely hazardous for a distance of about 
25 kilometers below J&chlet Dam for a period of two to four hours dur- 
ing floods created by releasing large, artificial flood waves from 
Kftchlet Dam or by a flood eave created by demolition of the dam* 

a_ 2.   feterfrent structures in Passau would be severely 
damaged by any Urge artificial flood waves released from ttchlet Dam. 
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J,   any regulation operations or danolition of  & oh lot 
Dws iruli cause little sign if icant danage to railroad and higrm^ 
bridres, jr to river banks and approaches to crossings below Kachlct Da-a. 

4. Demolition of **chlet Daa wo'.dd severely restrict 
navigation between Passau (to 2225.2) and Vilahofan  (tor. 2249.1) duo 
to the drcininf; of the Bavarian Kachlet reach of the ?>n\£je- River. 

5. Navigation and •military forryinf. opertnior.3 on the 
Danube River vould be imde hazardous b:.t»o«r. the ejuth of the Isar 
River  (kr< 2282.0) and Xhchlot Dam (tos 2230.6) for a period of about six 
hours during flo<«is caused by releasing large, artificial flood waves 
fros; Hofhanj lock on the Isar River. 

6. Large, artificial flood waves released frcrr Hofhajri 
Look en tho Tear River would oause little significant dasagu to river 
bante aT approaches to crossings along the Danube River, as long as 
the flood-cunt re 1 dikes between the mouth of  the Isar River and Hof- 
kireh<r. are not breached. 

7. KG significant atill-*nt<r barriers cm be created 
by Kachlct Dan, cither by raising the water stage above nornftl at the 
dan: or by draining the reservoir behind tho dan. 

8. Still-watvr barriers can be created on the Danube 
Klvor fron the mnuth of the Isar River (ton 2282.0) to Hofkirchen 
(tea 2256.7), by breaching the flood-control dikes alonp this rsach. 
The barriers creatnd cculd be enlarcod by the release of artificial 
flood waves frcaj Hofharo Lock on the Isar Rivor, 

CONFIDENTIAL 
SECURITY  INFORMATION 
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