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1-03 ARPA!GVENT OF REPOWS,
This rwport s aib-dlvided as followss

Saction I Introduction

Saction 11 Draimge Area Chamcteristics
Section 1I7 Hd rology

Section IV Artificial Flood Potentialities
B4®1iography

Exnibits

1-04 EQUIVALENT ENOLISH.-METRIO TERMS,
Both Brglish and metric temms are used in this report. The

following table mresents conversion facturs for corvenient reforence,
To reduce A to 3, multiply A by P, To reduce B to A, mltiply B by G,

Unit A Factor P " Tactor G it B
Mil-s (24,) 1.60935 62137 " Xilameters (%m.)
Meters (M) 3,2808 +30480 Poct (Ft,)
Meters » 9.3 «025400 Inches g
Cubic Meter (¥3) 35.3145 028317 Cubss Peot (Cu.Fte)
Aoro-foot 43560, 00022987 Oubic Peet
Acre-foet (Ao-tt; 1233 .4 00081071  Cuwbic Meters (¥0)
Second-feat (ofs 1,9835 «50417 Ao-ft per 24 hrs,
Miles per hour 44667 68182 Feet per second
Moters per second 3.2808 «3048C Peet per second
Meters per second 2,06 o4l 704 Miles por hour

1-05 ABRREVIATIONS AND DEPINITIONS ,

The following abbreviations arm used in this report: m for
moteve w for ¥ilometars, and m3/sec. for cubic meters per second,
Defiritions of terws applicable to stage and discharge are defined
on Exhibit 1. )

106 FREWElEXCES,

all references used in the text =2 in the exhibits of
this rport are listed in tho btibliozraphy at the emd of the text.
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SECTION II
DRAINAGE AFFA QGRAPACTERIZTICS

2-01 GINEEFAL.

a. Referconces 1, 2, and 3 4in the bibliographv scction of
33 report present detailed descriptions of the Danwbe River Basin
and its connecting waterways,

b, Detalled description of the Denube River in this report
will pply only to the reach of river affected dy the cpemation or
darolition of Kchlet Dam, Tre reech considared, cxtends from the
mouth of the Isar River, Germany to Engelhartssell, Austria.

2-02 TOPOGRAPHY,

a. BExhibit 2 ia a map showing the gencral layout of the
Danube River Basin above Passau, Ceiwmny, and {ts oconnecting wator-
ways, Exhitits 3 and 4 are sketch maps depicting crossings and
irprovements of the reach of the Danube River influenced by the
operation of Kachlet Dam,

b, Draimgec areas of “he Upper Deanubs River at the oon-
fluence with its mojor tributaries are as followss

Danube River Drywinage arca
Yolow mouth of in square jdlcmeturs
I1ler 7,471

Lech ’ 19,258
Altrmachl ' 26,214

Regan 35,385

lsar 47,110

i 2%, 60

ce A1l nlevations roferrad to in this report are u. rctors
above the Adriatic Ses, or "wbcr Adria® datum, which is the old
Awetrian altitude reference,

d. Distances alorg ‘he banw« River channcl referred to
herein, unlces otherwise noted, refer tn the distance In kilameters
upatremn fram the mouth of the Dnwc River at Sulim, fr@nia, on
the 3lack Son,

2-03 HIVER CANNFL QARPAOTTRISTICS,

a. Pram the moaoth of the Isar River telow Duggandorf to
Hoflrirchar, adbout 25 kilomotors, the Dande River flows through a

-3-
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widc, f1al vallsy, wivn low gragients, The river is held in its banks
along this reach by the construction of flood-control dikes supple-
marted by several puping plants which coerate behind the dikes during
high stages in the river, Exhiibit 4 is a sketch map showing the looca—
tion of flo~d-cormtrol dikue and puming planto along this reach.

: b, In the reach from Hofkirchem to Kachlet Dam, about
26 xilometers, the Danwbe River is ponded by the dam. Before. con-—
straction of ¥achlet Dam this scction of the river, knom as the
Bavarian vachlct, was characterized by a wide, shallow channel,
interruptesl by outerops of large, cubical roeks and great changes

in slope (from 0.2 m/lom to 2.7 n/im)e A navigation channel was
blasted and drodged through this reach prior %o the construction of
vachlet Dam, but the channel remained shallow and treacherous, ex-
pecdally at low flows, Dun to the steep gradients of the river
srannel, *run-of-the-river® regulation, and the low head meintained
at Wachlst Dam, there is rolatively little sediment deposited in the
reservoir, OChannel depths in this reach vary from 2,0 to 11.3 meters
at moan low discharge and from 5.0 %o 11,2 meters at mean high dis-
crerge under nomml pool conditimns, With no contreol at Kachlet Dam
chinnel dupths would be decrecased and range frac 1.3 to 1.5 mciers
5t mean low discharge and from 2.3 %0 4.0 meters at mean high dis=
chargs, 4 profile of this reach is shown in Exhibit 5, and channel
widths for the reach are shown in Exhibit 6.

¢+ The Danube River flovs threugh a narrow, deep channel
with high, rocky banks from rachlet Dam to the mouth of the Inn River,
a distanec of about five kilomsters. From the confluence of the Inn
River domstream for aporeximtely 70 kilometors, the Danube River
flows through a narrow valley with stcep.channel gradients, so that
1ittle or ne ponding occurs at any stage. Channel depthis from Kachlet
Dam (lor 2230.6) tC Cherngell (lem 2208.9) wvary rrom 2 to 4 meters at
mesn low stage and from 4 to 7 reters at mean high stage, Exhibit 6
is 2 table of channel widths far about 30 kilometers below Kachlet Dam,
and Exhibit § showa river profiles for abowt 22 xilometers below the dam,

2--04  FLOCD PLAINS,

The only flood plain alove the Ubnube River near Kachlet Dam
is locatod beiween the mouth of the Isar River and Fofkirchen, fram
26 to 52 kilametors above Zachlet Dam., This plain is protected from
high water on the Janube River by the construction of flood-control
dikus and pumping plants, as mentioned in par. 2-03, a, above.
Exhidit 4 18 a sictch—ap of this area,

4-08 AVIGATION,

) The Danube River is ravigable from the south at the Black Sos
to U=, Germery, & distance of 2,54 kilamters. The prims purpose for

T



2-05

cone tructing ¥achlet Dem was (o impreve mvigation corditions of the
Tentkte River thromgh the Bavariar fachlet betweun Vilshofer (km 2249.1)
and Passau (M 2225,2), With the locks operating at Xachlet Dam it is
possible to mavigate the Danube River from Passau to Regensburg

(¥ 2383) with 1,000-%tor: barges loaded to 650 tons, Bofare construc-
tion of Fachlct Dam it was possiblo to mvigate from Passau to Vil-
shafn only with vessels woighing loss than 200 tons. The Danube
Rivor 2¢ Kachlet Dam freeses »olidly enough to irpede navigation for
an average of 21 days per year, Navigation in the Machlct pocl 1s
tmpeded by high water about two days per yvar., Exhidbit 7 is a route
description for navigation of the river froai Pussau (ke 2225,2) to
Iribach (km 2301). Ex*ibit & shows channal widths of the Danube River
from Brgelmrtszell (ke 2200.8&) to Hofkxirchan (ke 225€.7). Exhibit 8
presunts flos—duration curves for Hofkirchen and Oberngell, Rofer-
ences 1 and 4 present detailed navigation data for the Danube River
above Passau, Reference 5 disrusses the formation of ice in the
Danube River.

2-06 REGULATION OF THE DANUBE RIVER,

a. The ‘mly regulation structure existing on ths Danubu
River betwean Regensburg (lem 2383) and Sulina (the mouth), is Xachlet
Dam at river kilomster 2230,6. Control structur:s above Regensbursg
oould not a?fect the operation of Kadhlot Dan, therefore, are not oon—
sidered within the score of this report.

b. This dar is a mason-y and concrete structurs with an
over-all length of 40C meters, including the navigation locks and
powerhouse, It impouxis water to a dopth of 11,3 mtors above tuc
8411 of tho weir section at nommal pool. The dam was constructed
for two purposns: (1) To facilitate the navigation of tho Danube River
in the Bavarimn Kachlot above the dem; and (2) To provide ®*run—of-
tho-rivar® ectric power. Mchlet Dam 4s divided into three main
scctions: (1) A weir-type spillmy scction contairing six, vertical-
11t getes, 25 metors wide and 11.3 meters high, separsted bty masonry
5-:1- 5 melsrs thick, and having & toial discharge capacity of §,5C
: /sce;. (2) A powerbouse_containing eight Surbines with a total dis-
charge ‘capa Aty of 700 :13/sec; ard (3) Two navigation locks, each
230 meters long und 24 meters wide, with a maxirmmm 14ft 2t lcw water
of 9.2 meters. The Danwde River is ponded for a Aistance of sbcut
26 Idlamters by Machlet Dam, The reservoir formed has 2 storago
ospacity of about 30,000,000 cubic metors, Reforences 1 and 6 present
dotails of the emmstruction and operetion of Xachlot Dam. Exhibit 9 is
2 plan drawing of Wachlet Dam, and Exhibit 10 shows elovation and
cross-gectimal views of the dam,




SECTIR IIT

HYDROLOGY

3.01 GENERAL.

The hydrolsgieal and hydraulie data presented in this report
_arv portinent only to the reach of the Dgnube River influenced by
Yachlet Deme. Thesc data ar: generally presented in graphical fom to
facilitate their application. R ' 2

302 CLIMMIOLOG .
’ Cli:gmlogialdata for Southern Germany may. bc;femwd_ in;..
‘Roferences 2 and 7. I ganeral the climate of the Upper Danube River
Basin {s characterizod by frequent periods of sub-freeszing Aemperature

ard heavy snowfell in the winter, and moderately high temperature in- -
the-swrnr with occesianal high-Litensity rainatoms.

~ On the reach of the Danube River affected by achlet Dam,
" the only ztream-gaging stations that have published discharge records
are located at Hofkirchen (km 2256.7) and at Obernzell (lm 2208.9),
with records since 1901¢ -Guges also exist on the bridges at 7il~~
ahofen (lan 2249,1) and: Passau (len 2225.5). The bighest flood of
- record at Passay was 6,000 nS{seé in 1845. Roocords of Denube River
gaging stations in Germarly and Awstria are tabulated in Reference 8,
Exhibit 11 shiows discharge and velocity mting curves for Hofkirchen,
Fassan, and Obornsell, ' ' ‘ '

3-04 FRIVER-YLOW CHARACTERISTICS,

a. « The Danube River above tho mouth of the Inn

River (lm 22°5.2), 18 charscterizod by an annwml, high-water period
in Mry or June, due to snow-melt in the headwmiter areas, and several,
smll-volum: rises in the surmer or fall, due to 1oSsl rainstorms.
In winter th+ stage is cftion mised by flooding due tc ice-jars in
the Danvbe River sbeve Xachlet Dam. The midnimsen stage st Hofkirchen
is gonerally recorded in fall or early winter., However, because of
- cliratic snd. terrsin characterisiics, the Danwbe River at Machlet: Dam

can Mave high-wmter stages alnost any time of year. Exhibit 12 shows
avorage monthly stage variations at Hofkirchen (km 2256,7) and Obern-
tell (im 2202.9), and Bxdhibit 8 shaws djsemrge-duretion curves for
Hofkirchen and Obernaell, ‘ it
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b. River Velocities. In the rcach abewve Kachlet Dam
(- 2230.6) to Pafxirchen (i 2256.,7), average surface velocities
vary frorm 2.6 to 5.5 fest pes second at mean low stage and frem
3.6 to 7.6 feet per seoond 1t roan high stage under nogmml nool
conditions. However, with no contml et ™chlct Dam, average
surface velocitliesz for this reach would be increased and range frum
1.8 @ 8,7 feet per second 8t moan low stage and from 4.0 to 10,0 feot
per second at mean high stage. From Fachlet Dam to Obomzell
{(len 2203,9), average surface valccities vary from 2.8 to 9.9 fcet
por second 2¢ mman low stage and from 7.0 to 12.5 fect per socond at
meax high stage. Average surface vel~citics of the Danube River
from Hufkirchen to Obernsell are shown on Exhibit § for high, mean,
and low stages, Stago-velocity-discharge curves arc showm for Hof-
kirchen and Obumzell on Exhibit 8, .
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SECTI™ IV

ARTIPICIAL TLOXD FOTENTIALITIES

&-01 GENZRAL.

a. e term ®"artificiz]l flood® as used in this report
applics tc any mjor increase in the extent of flooding, ‘wer that
normlly prevailirg with cxisting developments, that is brought about
by manipulatdon of onmtrel siructures, treaching of darms, or levees,
or tarporary darming oparations designed to aremte flooding conditions,
In this report the following three types off artifici=l flooding were
cunsidareds

(1) Medar flood waves, created by sudden breaching
of A dam to re‘sase large quantities of impounded water.

(2) Detrimmtal streamflow variation, in which
swdden changes in discharges, depths, velocities, and widths of
gtreams arc brought about {0 increase diffiaulties of strvam-crossing
opcrations or nevigation, such as might be accorplished by opening and
closing large flood gates intemittently to create cyclical flood
wivos for limited distances dowmstiream,

{3) croated by flooding land
to fore water obstrcles or to reduce trafficability, ucing sweh
msans As breaching levees, sanddbagging dams, or diverting flow from
canals, Still barriers may slso be created by draining aroas nor-
mlly flocded by rescrvoirs so that murl-flats will be formed.

be There arc several reaches of the Danube River and its
tridutaries in Cermany and Awtria, where artificial flooding could
be applied tc military advantage. This report -xnsiders only the
artificial fload potentinlities of the reach of the Danube River
influencod by WWwchlet Dmm, including the effects on this resch caused
by the ryulation of the Isar River. However, the artificial flood
potentialitics of the mtire Danvbe Riwer stould be considered in
plannirg military cperastions in Omtral and Eastern Furope.

¢. The following means for creating artificial flooding
conditions on ¢the Danwe River were considereds

(1) Damolitian o Kachlet Dem,

(2) Regulation of Kachlat Dam to create cyclical
flocd waves downstream,

(3) Pessible regulation cf the Isar River hydraulde
structures $c creats artificial flcoding conditions on the Deniube
Rivor above achlist Dam,
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{4) Poaszidle creation ~{ »

a2

[P

13- wnter barriers

-
o7

md-finta bys (a) raising the porl behind Kachlet Tunm cv swch means
as sandbogging the dam, or (b) draining the pool behina Xachlet Dam,

&02

a.

ARTITICLLL PLOCU ®aVES,

Plood Meve Oreated by Daolitdion of Machlet B,

(1) Qeneral.

of the dam to be danolished,

ing from tMhe narrowdng of the river channel dlow the dam.

In the determimtion of oconditions under
wrich danolition was o nsldored likely to occur, it was assumcd thal
the woir section of tha dam would be the first and most likely scotian
Derolition of the pcwerhouse would not
{ircroasc approciably the pesk dischargs of 2 wave caused bty lhe demoli-
tion nf the woir secticn, because of the high backwater of fect rosult-

In cvant

the navigation lock g=%as ere opened or breached, there wulid be nc

cf fectivo ircrease in the pouk discharge of a8 {ivod ™mve released by the
demolition of tho woir sectiun, dus to the long, narrow approach chamnels
above and below the lock., Damage to the lock chanbers, however, will
retard future navigation, The flcod wave which was considered to be the
mot likely to be produwed by tho demolition of Kachlet Dam was based

on the assurption that conly the weir section of the dai would be breached,
With the rescr—
voir water surface at normal stage of 299,5 m above sea level, the wave
caused by breaching the six gates on the weir section of tho dam would
have a peak discharge of 6,000 m3/sec. The duratim and effects of

this wmave would be tampered ty the base flow in the Danube River at

the tine of the broach. This wave would equal the highest flood of

leaving the powerhouse and locks structurally intact.

record 11 1845.

railroad *racks in Passau world be caused by this flood wave,
tions of Fassau edjacent to the Dmnube River would be flcaded by
:sout 4 moters of water for a shori time by a flood wmve of 6,000

8QC, a‘t' Mmchlat ho

Considerable dmmage %o the watarfront section and to
830~

Below the mouth of the Inn River, the flood

wave would be rapidly reduced by the wide river cannel, Tho follow-

ing table is 2 sunmary of data pertinamt tc artificisl flood wavus
craated by the demolition of the welir section of ¥achlet Damg '

¥=

Dis- | _Bagg flow Posk Time fram dam breac™ tos
Station {tance - tart Peak End
7 |Stage Stage of d4sch, of
o Elev, % % v, { Disch rise rise |
R ¥ g
xachlet D] O = 200 | 299,5 0 Eo.gn Hs.gu
Passeu s, | 289.5]2 280] 29444 | 2600 | 0.1 0.5 | 10 |
Obernizell| 21,7 [281.5| % 600] 283.8 | 1800 | 0.2 240 12
xaochlet D} O - |b 620} 299.5 | 6000 0 0 7
Passa3 5.1 |291,0]P 620} 294.8 | 3000 | 0.1 0e5 8
Cbarnzedl| 22,7 [283.3 | 1400{ 285.,0 | 2600 | 0.2 2,0 |
Kehlot ©| O - 1°170| 299.5 | 6000 0 o 6
Passau Sel [293,5]©1700] 2957 | 3800 | 04 O , 7
Gbemzell | 21,7 '286,21 40001 287.6 | 4900 | 0,2 1.5 9
& Mean low dlscha rge
® womn disctmrge
© Moan high discharge
sz Gies
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2ydp graghe -2 flod waves creeted by the breadhing of Drchiet Dam with

varius bass flows in the Dmnwbe River are shwn on Extibi: 13, tep-ther
with the resnltant 1. -4 Wdrogravhs 2t Passau (ke 2230.6) and Cbharmzcll
(ler 222.9). The rydrmgraphs at Possau and Obemsnll were detorrminoed by
r:uting the breaching wave, wing vari us base flows in the Danube River
at the time [ the dreach,

(2) Cwrsiderati'n was given to the pussibility that
the weir section £ Mchlet Dam might dbe demwlished at such a time when
the water surface 15 raised by sandbagging ¢ induce surcharge starage
a to cause floding upsirear. It 45 nat cmsidered struoturally °
feapidle to raise tie pocl mTe then about 3 meters above n ml ty
blickdng the ~utlets and sandbegging between the verflcw sections of
th. dam, &ss the pool wuld be eonstantly overflowing, an inflew dis—
orarge excecding middle high discharge «f 1,700 m’/sec, would beo re-
raired ¢ rise the pool 3 mpters, meking the possibility of acoaglish-
ing this operstion very infrequent. Howover, if davolition of the welr
secstion of tho dmm shculd occwr when the poal clevation is 3 neters
above ng@rTal, .the resulting flood wave wmald have a peak discharge about
2,000 m’ /nac, greator than a peak resulting from damslition ocourring
with auvrwal pool, 4 flocd wave oreated by demolition of the weir sectim
of Xachlet Dem under these conditiors would canse a meximum stage at
Passau cvor one meter higher than a floxi mve arcated by deowlition
mider nomeal conditions. However, this flood wave would cause no sig-
nificant cmount of damge greater than the damge ocaused by & flood
wave created at nomml pool elevation, because the more important
sections of the city are situuted on high gromd, bayond the reaches
of flod watars,

() Bffects on Bridging.

. (a) Paurmpet Bridgog. Highway and railroad
bridges across the Danwe River below Eachlet Nem wuld not likely fail
from the action of a breaching flood wave, as thoy are constructed high
@ough t clear mvigation traffic, However, if ice conditione are such
as tq cause jams at plars or apprommches, bridges could be damged and
bridge traffic wuld be muspendod at lonst temporsrily. The only bridge
upstroam from Xachlot Lim Siat is cunsidared within the scope of this
report 43 at Vilshofen (laz 2249.1)s This bridge would not be damged by
ary condition existing at Machlet Dam. Locations of permanmnt bridgss
are shown on Exhidit 3, .

| ) Tamorssy Military Bricges. Any floating
bridges oonstructed across the Dando River balow Kachlet Dam (lan 2230.6)
as far as Obarnsell (lom 2208.9), would be damged or possidly destroyed
by a breaching floud wave, wnlsss oonstrwted to withstand average smface
velocities groater than 12 feet per secand, Flosting bridgos omstracted
scross the Danwbe River ypstream from Machlet Dms (k= 2230.6) to Vil-
shofen (km 2249.1), would also be adversely affected by the dreining of
the pool resilting from demolition of the dam, In ¢his reach tackwater

- 10 -
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noreally jeeps river velocities low 1t newmnant draining of the pool
rould incressz2 aversge surface velocities at same points to as rmch as
Q feet —er second at mein Clscharye, Therefore, floating bridger
wruld be difficult tc meintain in the reach fyrom Kachlet Dem tc Vil-
shofern, Danwbe River profiles and swrface wvelocities from Hofkirchen
(}m 2256,7) to Obernzell (km 2208,9) are shomn on Exhibit 5.

(4) Effects or. Crossings and Danks.

(a) « In the reach of the Dunudbe River
below Tachlet Dam (ijam 2230,6), 811 ferry operstions would be impossible
durirg breaching floods as far as the Inn River (im 2225.2), and diffi-
cuit 82 far as Oberrzell (lkem 2208.9). Approsches to ferries located
domstream f vz the dam wnuld not likely be permanently damged, Up-
stream from Yachlet Damr t¢ Vilshofen (Mm 2249.1), ferry treffic would
s dampged by the draining of the reserwir, and the resultant increased
stream velocities, Perries opersting near Xachlet Dam would sustain
oorsiderable damge by the dreining of the pool, as their approaches
ard docks would be left high and dry, except during flood stages on the
Danwbe River. Locations «f ferrles are showt on Exhibit 3,

(®) Ellitary Perrying Operations. In that the
Danube River is too deep to ford in any reach within the scope of this
report, consideration has bemn givem only to the effccts of artificial
fiooding of milits+r Jarrying operations., It should be noted that on
several oocasions; the Dmmwe River has frozen 30Yidly enough above
fachlot Uar to suppard very hi#vy vehicles. This freezing was largely
oaused by loss of velocities due to RMachlet Dam, and contir.aous efforts
are mhde % prevent and dreak up ice formation of the Denwbe River
(Reference ). WMlitary ferrying operations of the imnwe River from
Kachlet Dam (M 2230,6) downstream to Obernzell {im 2208,9), would
be made inrpcssidble or extromely difficult by a breaching wave released
from Xachlct Dam, dus to increased welocities and stages. In the
reach of the Dmwe River above Kachlet Dam to Vilshofan (lom 2249.1),
military ferrying operetions would be hindared by the increased velo-
citles resulting from the draining of the pool after breaching,
Exhibit € shows channcl widthe from Engelhartszell (len 2200.6) to

(e) d . Below machlet Dam thero
wuld be no great damge to river banks caused by a breaching wave
flood, mainly becawse therc would not be enough watar stored behind
the darm to make & flond of long duwration. As far as ths mouth of the
Irn River (len 2225.2), the banks are stoep and rocky, and below the
Inn River the flood would ba contained within the benks, so that
dazsge to the banks wuld not be grest at any place below ®achlot Dam,
In the reach of tho Denube River wpstroam from Pachlet Dam (lam 2230.6)
%o Hofrdrchan (loe 2256.7), the mater wuld recede from the benis after
ths dbreaching of Kachlst Dam, In this reach the banks arec penerally

- 13 e
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storp and are oftan rocky, so that no s'riow bink ernzilq anc no
large mud Nats would bo ereatod by the drairing of <he pool. )
Exhibit 6 is a table of Danwbe Piver channel =idths from igellmriszell

(5) Effocte on Navigaiton.

(8) GCenoral. After dcmclitien of the weir section
of Xachlet Dam, it would not be possible tc use the navigation locks to
pass large vesscls cither up or duwnstream, due to the loss of head-
wmator, Howewar, it would be possitlec to pass smll vessels, displacing
isss than T tons, through the south loeik, providing the head and
un.-—;; conditions Mpg‘dugq D9 currents and stages adversc to naviga-

g B

.
ttom. O e Rt SR £ ST ) o B L ¥ :

. (b) Below Kachlet Dan. In case Kachlot Dum is
breached, all mvigstion below the dam to Obernsell (i 2208.9), would
be hazardous during the crest of the floud, Navigation atructures
at Passau would be soverely damaged by the high water. The demoli-
tion of Kachlet Dms =ould hinder mavigation below the dam only for the
duration of the crest of the flood wave, ar for about fouwr hours,

{¢) & Dag. In the rcach of the Danube
River from machlet Dam (iam 2230.6) to Vilshofen (laz 2249.1), mavigs-
tion would be permmnently reduced and rwmain lasardows after demolition
of the dam. This reach of the river wuld return-to oconditions similar
to those that axisted before construction of the dsm. Due to the rock
outorops and deposited s .Jimnt in the riwer charmel, mly sm1ll vessels
woighing less than 200 tons oculd pavigate this reach, and only during
infrequant pariods vhen stages and velocities are favorable. Naviga-
tion above Hofkircaen (lm 2256.7) would not be affected by the damoli-
tion nf Whlet Dmm decruse tackrater offects resulting from the dam’
are negl igible above that point,

b. Floal Mves Created by Regulation of Machlet Dap.

(1) Qoneral. It would be possible to release artificial
flood waves from Tachlet Dam by the regulation of the weir gates with
swpplemntal aid of locks and turbines. The mgnitude, duration, and
frequincy of the waves sroated depand on the discharge in the Danube
Rivor amd backmter resulting from tho Inn River which cnters the
Danube River about five ldiamoters belor Machlet Dam. An artificial
flood wave croated by the suwiden opmning ot the weir HAtos, locks, and
turbines, with the resorwir at normel elevation 299.5 meters above
L hni, ould have a peak discharge of 5,000 r’/sec. and the flood
would 1ast adout two hours. Waves could be reposted, depending on the
Dmnubo River discharge at the following intervals:

20 hours at moan low water,

12 hours.at mean water,
S houvrs at mman high wmatur,

- 12 -
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Ar artifizial fleod wave of 5,000 m3/sec, would spproach the largest
floxd of rexrd, of 4,000 m’/see, in 1848, and would caus~ cunsiderable
darmge tc the lower sections of Passau, Below thu mouth of the Imn
Piver (ko 2225.2) the effecta of the wave would be greatly reducod by
the wide rivor channel. Velocliy changes will be greatest if the wave
s reloased during a period of low flow in the Danube River. Exhibit 11
ghows stago-discharge-velocity curves for Passau and Oberngell.

(2) Effects on Bridging.

(2) Perpanent Bridges, Artificial flood waves
craated by the manipulation of thc gates at Kachlet Dnm would have
approximately thc same effests on perrmnent bridges acros: the Danube
River as a f1od wave oreated by breaching the weir section of the dam,
as discussed in par, 402, 8, (3)(a). :

(b) Iemporery Military Bridges. Floating military
bridzes across the Danwe River would be damsgoed to about the same ox~
teant by the release of large, rogulatod fluod waves fram Kachlot Dam,
18 by a wave created from the breaching of the dam, as discussed in
par. &02, 8, (3)(b); except that bridges constructed upstream from
the dan whuld be dfficult to mintain only during psriods of drawdown
in the reservoir after large i1eloases,

(3) Effects on Crossings and Banks.

(s) Peorriss. large, artificial flood waves re-
leased fram Wachlet Dam would ceuse about the same amount of dammge
to Dnwe River ferries as thé breaching flood wave discussed in par,
&#02, a, (4)(a), Howsver, aince the pool behind the dam would not bde
drainoed for long pericds ty flood-releesing operations, ferriss located
above Xachlet Dem would not be pernnnently damaged.

(v) Military Perrying Operations. The damege to
=ilitary ferrying cperatims crogted by 2 largs, artificial flood waw:
released from fachlet Dam, would be about the same as damage caused by

2 flond wave resulting from breaching the woir section of the dam, as
discussed in par. 4-02, a, (4)(b). The wevc could do ropeatod at
Lmerwal as indiomted in par, &-0R, b, (1) above, No perranent
hindrunc, to crossing the Danwe River above the dam would result £rom
the reloase of artificial flood waves however, because the reservoir
weuld not likely be drained for lang pericds by cyclical operations,

(¢) Bapk Oonditions. Reloases of large, artificiil
£1004 mves from Rachlet Dem would have upproximately the sams affoct on
bank onditions and appruaches to crossings as & flood wave resulting
from tho bresching of the dam; see per. 4-02, a, (4)(c).

- 13-
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(4) Effects on Navigation.

| (2) Ognersl. Any plan tc release c¢yclical flood

waves frvr “nchlet Dar would reke die use of the mvigation loeks ex—

tremely difficult, if nut impossible during build-up and release

| pcriods, Plans for relcasing the largest maves possitle would call
fcr the opening cf the lcck gates to supplement releases Iram the weir

| scction, Repeated wse of the locks for his purpose would cause per—

| manent damags to the lo3ks.

|
(b) Below Xachlot Dopy. Regulation of ¥achlet Dam

| to croate large artificizl flo-d waves wnuld causs stage variation and
| 7iver velocities sc great *hat mavigation would bu irpossidle between
Xachlet Daz (ko 2230,6) and the mouth of the Ina River (lon 2225.2),
and hazardous downstream to Obernzell (km 2208.9), for a period of
about two hours after the release of each wave, Navigation facilities
u wuld bo sevarely damaged by ths action of flool waves cf

in Pu:;
5,000 m’/sec. originating at the dae,

|

:

|

x

I

|

| (c) A o During periads of flocd-
| wave releasos at "Machlet and for several hours later, drawdomn in

| the pool above the Dam would cause increased stroam velocities and do-

1 creascd chamnel depths so that mvigation wuld b2 tavporarily susponded
f from ¥chlot Dam (lon 2230.6) to Vilshofan (Jm 2249.1). No seriows

| dammge to ravigation =tructures would de likely in this reach. result-

1

|
1
|
I

ing from any regulavion of ¥achlet Dam,

c. Flood Waves Creeted by Regulation of the Isar River.

(1) Qﬂs_m. Hydraulic studics onducted by the German

Jovermnment (Roference 3) show that it i{s possible to creatc artificial
floods on tho Isar River by using sevaral different plans of rogulatics.
Only regulstion plans which orused high water at the mouth of the Isar
River (Dantbo River )om 2282,0) were considered in this report. To
| determine the flow in the Danwe River below the mouth of the Iear
| Rivor, flood maves released at Hothmn Lock on the Isar River, located

213 Xilameters above the mouth, were routed down the Danube River to
| ¥achlot Dam, using various base flzws in both rivers. Regulsticms of
hydraulio structures on the Isar River are discussed in detail in
Reference 3., BExhidbit 14 shows artificisl flood mave releases from
Hofham Took and their resultant flood hydtographs below the mouth of
the 1sar Riwer and a¢ machlet Dan.

|

|

:'

f‘ (2) PanA.

il (a) Qenera). This scheme for relcasing artifioisl
f100d waves on the Isar Riwr {0 based on the manipulation of the weir

| gates, canals, and locks at Oberfoehring, Smptflut, Uppenbom, and

| Hofham, to produce the highest possiblo flow in the Isar River below
Rofham Look, A dotailed discussion of this scheme is presented in

|
Refermnco 3, togother with 1ts effects un the Issr River Basin,

= Lk =
|
}
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Tho maxiimur effective mave producod by this plarn would oczur if the mave

were relessed during a period of mean discharge on the Isar River., This
wave would have a peak discharge of about 1,200 m?/scc. at Hofham Lock,

belw the mouth of the Isar River, and 30 m?/scc., at Yachlet Dam,
Data pertinent t» artificial flood waves croated at Hofham Lock using

which would cawse a8 pesk discharge of 97C »°/sec. in the TAnuwbe River

Plan A sre shown in the foliowing tadles

Station Distance Base ' Peak

| Tige from release of wave to;

‘ { fram | flow 3ldischarge | Start Posk | End
Hofham of discharge | of
‘ i Lleok ! rise . | rise
U Bn, fa?% " @lsec | Houss Hours | Hours
i'afham Lock, o | 1200 ) ) L)
Selow - 1 ! ;
| Tsar R, | 813 | 6 o0 | 2 n.s | °©go
Kachlet D, | 132,7 620 9% | 6 | 180 , °9%

ST ey e SR WS W Y [ O SO 1. W oy S o e s 20

2 Momn discharge,
b Rise in stage of abouyt .8 meter,
® Appreximate time.

Rise is negligible after time indicated,

(b) mgﬂ%m_ﬁm- An artificial
ver by using Plan A would hinder all

floud wave created on the Isar
mvigatim and amphidious crossing of the Dmnwbe [dver detweon the mouth
of tho Isar River (km 2282.0) and Kachlat Dam (lem 2230,6), during the
crast of tho flood or about six hours,
an ddverse effect on any floating military bridges; however. river
banks and permnent bridges wuld suffer little damage fram this flood
wave. Exhibit { is a sketd. map of the Dmmube River froi. above the
mruth of the Isar River to below FofNdrchen (len 2256,7).

.(3) Plan B.

This flood prodba would have

(a) Omperel. In carrying out this plan for creating

- 15 -

artificinal flond 'waves on the Issr River, supplamental water would be
obatined from Walchen lake, and fram the manipulation of weir gates,
carals, and looks at ioking, Mueital, Hoellriegelskreuth, and Qross-
hocseloha, and bty drawing wnter from the city of Muench=n and the
Orest Azper Pawer Works; therely augmenting the water obtained In
Plan A. Raference 3 presents a detailed discuwssion of this plan and
its effocts on the Isar River Basin,

A f100d mve produced by this

plan, if released during a period of moan discharge on both the Isar
and fhmbe Rivars, would mave a peak discharge of about 1,800 m’/soc.
at Hofham Lock, csusing 8 peak dischrge of 1,100 m3/sce. in the Danube
River balos the mou*h of the Isar River (im 2282,0), and 1,000 m3/sec,
poak at Rachlet Nus (m 2230,6),



&~02c(2)(a)

The following tatle presonts dsta pertinant o artificial flood waves
cerorted at dofham Lock under Plan 24

: Time from reloase f wmve 0t

Stetim | [Cistance Basc , Peak
[ from , f1low @disuﬁan’e Start  PeaXk ¢ Bnd
. Hofham | | Y ¢ y diseharge of
! loek | 1 i _rise | L rise
] I B Ez‘scc’r oo /see Howrs t fews | Hows
Hofheam lock | O | 10 1800 = O i c 9
Belw routh, l ! j
Isar R, , 81,3 | 620 (> 1m0 2 | m ¢ g0
mehlet D. ° 132,7 j 620 | 1000 6 | 27 i 90

3 moan dischargo,
b Rise in stage of aout 1,0 meter,
C Approxirate time, Rise is negligiole after time indicated,

(b) : Dan vers A flood wave released
wder Plan B would res poak water-surface clevations at the
€51lowing stations above Hofkirchen (lan 2256.7), the point above which
there is 1ittl e backwater effect from Kachlet Dam:

n

: Peok elevatione Mcan high water
Kilometers in msters abow stage in meters

=tation mm_mw

Hofkirdien 2256,7 303.7 304.8
2260,0 304.6 30547
2265,0 306.0 . 307.1
220.0 3074 308.5

¥outh of Isar R, 228200 310.5 31106

WA ssuning that floud--control dtkes in the reacn are not
breiched and that purping plants are in operatiun,

A flood wave of 1,100 m3/sec. would make mvigation and amphibious

cmasing of the Danwbe River difficult between the mouth of the Isar

River (lon 2282.0) and Machlet Dam (im 2230.6), for a period of about
8ix hours and might dapnge any floating bridges oonstructed across
tho Dnwe Kiver in this reach. River banks, dikes, and approachcs

to crussings wuld be little damaged by this flod, and no permanent
i bridges wculd be dmmaged,

1
(4) S cC.
(a) o This plmn utilizes the same oper-

ations of hydmulis installstins of the Isar Eiver as Plan B, but
the flood wmave would be released from Hafhsm Lock during a nwi.od
of mean high dlsclarpge o duth the Izar and enwe Rivers,

Lod
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022 (4)(a)

Thc peak Adischarce released fror Hofham Lock would alse be about 1,800
!73/5‘30., bt would cause a sy dscharge of 2,000 /sec on the Danubdc
Hvar belox the mouth of the Isar Pdvar (kz 2282,0), and &8 peak of
1,920 :’/acc. tt ‘schlet Der, A swrary of dota pertinent to artifi-
2ial Mlred waves relaascd 2t Hofhas Lock using Plan C are presented in
t-2 follomirg table:

Statin Distance Base | Peak | Tire fr.;releasc of wave 403
| from ; flow 2 disctmrgs| Start |, Poak g Ind
| Hofham . | of | discharge of

lock | ' | rise | 1 rise

| Bma mP/sec | pP/cec | Howrs | Hours ' Hoursa

Hofbam Loek: O 7 . 1800 i 0 | 0 13
Below mum,t ! i [ ! !

Tsar R, | R1.3 1200 b 2000 & 2 T L%

Kachlet Dy . 132,7 . 100 @ 2 6 16 32

8 Moan high discharge.
® Rise in stage of about 0.2 meter.

(v) Effects on thc Danube River. Poak water-
sur face elevations for the Danwe River, resulting from a flood wave
relmsed from Hofham Lock under Plan C, are shom in the {clloiing
tablo for varicus stations above Hofkirchen, above which there 1s
1ittle backwater effect from Machlet Damg

an C
Peak alevitions Mean high wmter
Xilometers in meturs stago in meters
sStation above Sulina above sea lvvel 3bove sea lcvel
’ Hofkirchen 2256,7 305.0 - 304.8
& 226000 ’ 30509 305c7
<265.0 3073 307.1
5 2270.0 308.7 08,5
£ Niedor Alteich 2275.7 310.3 310.1
k Mouth of Isar R, 2282.0 311,.8 311.6
. Assuming that flood-cuntrol ddkes in the resch arc not
breached and ¢hat purping plants are operating,

A flcad wave of 2,000 e¥/sec. rould have approximtcly the same effoct
on mvigation, amphibious crossings, and bridging of thc Danuvhe River
as & flocd wave released wder Plan B, descrited in 4-02, ¢, (3)(b)
above, Continuous repatition f this flood wave would emuse severe bank
?msézm”b'c};wcm the mouth of the Isar River (im 2232,0) and Hofxirchen
m ° [ ]

403 STTLL-RTER BARRIERS,

3., Uagral., Irwstigations of the reach of the Danwe River
congidered within the seope of this report, show that it is not possidblo

o §E6 SR IR PR ROTRP 3TN 1
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tc croate my still-wster barriers telew Machlet Dan by any olar cf
reculation or Sreaching of the dam, because of the narrcw width and
steop gradiemts »f the river Talley delow the dam, Consequently,
enly the possibilitins of cacsing still-water barviers upetrcam frox
Mchlet Dam ar: presented in this ropart.  The following methods of
producing still-wator barriers above Kachlet Dam wore ‘investirateds
(1) Drain the rescrwir bohind ¥acnlet Dem to create rmad-flats oo
arcas covered by deposited sodimert from nomml inavations (2) Raise
the reserwir stage by san Dageing to create flooding ecanditions wp
stroam; and (3) Breach flood-control dikes belov the mouth of the
Tanr Fiver in oonjunction with the release of artificial floed waves
frmm the Isar River,

Y. Created by Draining ¥achlet Resawoir. TCue tc the steep
gradiests and narrow, rocky, river valley from Kachlet Nem (km 2230,6)

to Hofkirchen (lm 2256.7), ro significant mud-flats wuld be created
by draining the reserveir, even during low flow, There is no backmter
ef?oct from ¥achlet Dam above Hefkirchen at low flows, and tho back-
mtcer offect 4s not nearly that far during high flows, Profiles of
th: Danuwbe fdver, with and without Xachlet Dam regulation, are shom

in Exhibit S,

s Crested bv Raising th: Stage =t *achlet Dam, It i3 cn-
sidcrad foasidble to raise the stagc 3t Xachlet Dam by sandbagging the
dam and pawer housa, up to about elevation 302,5 mpters abnve sea level.
With all weir sates, locks, and turbinez clwmsed, the wnregulated over-
flow ¢f tho crost gates and lock _gates at this stage would have a dis-
charge of abocut 1,800 to 2,000 m3/sec., whict is above mean high discharge,
Ay higher raising cf the stage i8 omsidered impractical ard would
probably result in structural {3ilure of the dam. It was determined
that xith the stags at nchlet Dam raised %0 elevation 302,5 meters
stove soa level, and with an overflow dischargs cf 2,000 r.j/seo., there
would be no sppreciablo incroase of backwe ter affect above Hofldrchen
(e~ 2286,7); therolors, it wuld npt be poasidle to create any mxd-
flats §n the reach above Hofkirchen by induced backwater from raising
Mehlot Dame Plans of Xachlet Dam are prescnted in Exhibits 9 and 10,
and Danube River profile showdng induced bemcwater effect =2 showm in
Exhidit S,

4. Croated Breaching of Flood-Control Dikes and Repula—~
tion of tho Isar River., Stuly of thc reach »f thc Danwbe Kiver bolow
the mouth of the Isar River, showed that still-weter barricrs occuld be
created betwean the mouth of the Isar River (lm 2282,0) and Hofkirehen
(in 2256,7)s This reach of river is characterizod by low gredicnts and
a wide, flat river walley, making it 1dsal for use &s a still-watcr barrier,
Flood-cntrol dikes and puping plants heve bean canstructed on both sides
¢f the Danwe River along this reach ¢c confino the flow to the main
Tivar channuel, Sreaching of those Hyes wuld cawe the flooding of flat,
lwlmnd 2reas and cresta a forrmidable barrier to military oerossing
cperatians, if mdo during a stage of riddle high we%cr in the Danubs Piver,
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Due to the lick of sufficimt data on the flood-control dikes, it is
not pxuitlc to selsct oxact points to brosdh the dikes %o produce the
et effective £lomding conditions., A topogrephic suivey cf the area
Setween Deagendorf (ke 2284.5) and Hofkdrchen (len 2256.7) is needed to
dcter=ins the lceation of points on the flood-comirol dixes wmhich, if
treached, would csuse the most sapid and effeetive artificial lloodirg
snditions, By roleasing an ardificisl flucd wave from Hofham Lock on
the Isar River w:der Plan B, deseribed in par, 42, ¢, (3) adove, the
stage in this reach could be raisad over one meter during a period of
mean discharge. If cither Plan B or Plan C were carried out at a time
when the flood-oontrol dikes are breached, water barriers in the form
of mud-flats would be created an both sides of the Donube River from the
mouth of the Isar River (lm 2282,0) %0 Hofkirchen (lam 2256.7). A still-
water barrier created by breaching of the flood-control dikos would be
effoctive for a length of time depending ont (1) The natural flow in
the Denube River, (2) The abilify to releass future artificial fiood
waves from tho Isar River, and (3) The ability of the cnemy to repsir
the dikes, The tim required to create still-matcr barriers depends
ang 21) The stage in *he Danwe River; (2) The location of the breaches;
and (3) The size of the breaches, A more detailed topogrephic map of
the arec and a moro detailed physical description of the flood-
control dkes are neoded before reazonably accurate time schedules
cauld be prepared. Homever, prelimirary exsmmination of the arwa
tetwarar the mouth of the Isar River and Hofkirchen, indicatcs that the
most effective plages to breach the fliod-control dikes probad

would bes (1) Directly opposite the mouth of the Isar River; (2) At
Nieder Alteich; and (3) At Thundorf. It appears that flooding would
not be effective mnless the Danwe River is higher than mean stage,
Hses in the river higher than moan stage lact from two wecks in the
£fall and winter to two ronths in the spring and early swmer, No
fonm of regulation, reising the stage, cr dbreaching of ¥achlet Dam
would have any effect on the reach af the Denube Rivar ebove Hof-
kirchen (2256.7), due t» the narrow valley and steep river gradients
below Hofkirchen, Eshibit 4 is 8 sketch-pmp showing the location of
the river channel, flood-cantrol dikes, cnd pumping plants on the
Danwe River from above the mouth of the Isar River (lon 2282,0) to
below Hof kirchen (lem 2256,7),

&04 CQONCLISICHS,

The following are conclusions reached regarding the hydraulic
offucts of reculation, opcrations, and possible demolition of ¥achlet Damg

1, liavigation and rdilitary farrying operations on the
Denube River would be mede extrwmely Mzardous for a distance of about
25 dlometors balos Machlet Dam for a period of two %o four hours dum-
ing floods created by releasing large, 2-tificial flood maves from
mehlet Dam or bty 3 flood mve created by demolition of the dam,

2. Waterfront structures in Passau would be severcly
damged by any large artificial flood waves relaased from Fachlet Dam,

o 1 =5
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3. Any regulation oparations or dewlition of Kachlet
Dam would cause 14ttl: simificant dampge to railreed and highwy
bridres, or % river banks and approaches tc Sreo2sings below Rachlet Dam,

4e Demoliwdon of Yadilet [mer would severely restrict
avigation betwean Passau (ion 2225.2) And Vilmofen (lom 2245,1) due
to the dreining of the Baverian Rachlet reach of the “=nue River,

5« Navigation and military forrying opemiions wn the
Danwe Fiver would be made hazaricus detwom the ;mouth of the Isar
River (i 2282,0) anvd Xnchlet Dam (km 2230.6) for a pericd of abcut 3ix
hours during floods caused by relcasing large, artificial flcod waves
fro= Hofham Lock on the Isar river.

- 64 large, artificial flocd waves rcleased frem Eofhem
Lock on the Isar itiver wouid ocause little significant dammge to river
ban's or spproaches to crossings along the Danwe River, as long as
the flocd-cuntrol dikes between thc mouth of the Isar River and Hof-
kirchan are not treached.

7. Ko sigiificant still-wnter barriers cn de created
by Kachlet Dam, edther by raising the mater stage abcve narrel at the
dam or by draining the reservoir behind the dam.

8. Stillwatcr barriers cun be created on the Danube
River from the mouth of the Isar River (jen 2282,0) to Hofkirchm
()m 2256,7), bty breaching the flood-contro) dikes slong this rsach,
The barricrs creatod oculd be enlzrrnd by the release of artificinl
flood maves frcw Hofham Lock on the Isar River,
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