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SECTION &
INTROIUCT LON

1-01 ASSIGNMENI.

This special study was assigned to the Military Hye
drology Research and Development Branch, Enginsering Division,
Washingt = NMatrict by letter fram Offioce, Chief of Engineers,
ENGAE, to the Division Engimer, Narth Atlantic Division; subject
o)Military Hydrology R & D Project Noe 8=72-12-00l: Special is-
sigmnents,” dated 27 May 1952

1-R PIRPOSE AND SCQFE.

as This report mesents in.t‘mation'regarding the
hydraulic effects amd natwre of artificial flooding potentiaiities
in the Aller ard leine River basin, It oconsists largely of a oan
pilation and oonsolidation of infarmation presented in variows
intelligencve documents and technical publications, with ocertain
supplementary analyses and discussionse Additional studies are
neaded to adequately oover the subjedt far gemeral military re-
quirements,

be The report is designed to furnish basic data and
results of amalyses nseded to answer questions oconcernings

- (1) Normal end extreme stages and surfaoa velooities
at kay stations on the Aller 'ami leine Rivers,

(2) Sstreanm charactariatica mlnding gradients,
depths axxiw:ldtbs of chanmel and f‘.lood pJ.a:I.nof the Aller ard Ieire
Rivers,

' (3) Dzta concerning bmtiona a.nd zero elevations
of gaging stations,

(4) Data conocerning location and dimensions of
navigation struotures, reservoirs, and bridges,

s
/

(5) The extent of flooding poeaib.la by means of
erection of temporary dams.
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(6) The maguitude and duration of flood waves or N
flow variation created b breaching or regulated discharge from
the valliey dams and navigation dams ard the effect on bridging,
croesirg, ami navigation on the Allsr and leine Rivers, !

1-03 ARRANGEMENT,
This repart is subdivided as follows:

Section I Introduction
Section II Drainage Basin Characteristics and Developments
Section III Hydrologic Charactaristics
Section IV Artificial Flood Potentialities
" Section V Effeot on Military Operations

Bibliography
Tables o .' ' B
Plates =~ ¢

Rivers

!
|

{ . Exhibit A Description of Bridges and Dams, Aller and Leine
{ Exhibit B Description of ilatercourse and Control Structures
‘ .

104 TEFINITION OF TERMS,

as Equivalont English=Metric Terms, Both the English
and metric sys are used 1in this repart, Conversion factms
are mesented for reference 4in Table 1,

! molo?c Terms ani Abbreviations, The following
; abtrav‘:tacionsare t m for meterg, km for kilo=

meters, 1 for liters, km? for oqmre ld.l.amtars, "for cubic
meters, m/s for meters per secoml, and m3/s far cubic meters per
seocoxle Abbreviations applicables to stage and diacrm'ge are de=
fined in Tabls 2,

1-05 REFERENCES,

? All eferences cited in this report are listed in the
‘ bibliography follai.qg Section V of the text,

| CONFIDENTIAL
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SECTION II
DRAINAGE BASIN CHARACTERISTIGS AND IBVELOPMENIS

2-01 CENERAL.

8¢ The Aller and Leine Rivers lie in the Weser River
Basin which is located in the Province of Hannover in the nortiwest
part of Germany, Both streams have their headwaters in the Upper
Harz Mountain Regian, The lsime River is a 279-lm long tributary
of the Aller River, and the.latter is a 263-km long tributary of the
Weser River., A general map is shown on Plate 1, and detailed des-
oriptions are contained in Exhibits A and B and in Rgfexences 1.-to 5,
listed in the bibliography.

be This report is oonfined to oconsideration of ihe main
stem of the Aller Riwer, the portion of the leime River below the
confluence of the Rhume River amd those reaches of the Rmme, Oder
ard SoesgexRivers below the Oder and Socese Dams,

2= TOPOGRAPHY,

The general topography of the Aller and leins River basins
is indicated on the Physiographic Diagram showm as Plate 2, The
leirs River emerges fram the mountainous Uppsr Harz region cuto tir
North Osrman Plain near Hannover, while the Aller River flows
westerly through the northern foothdils of the Mid-German Highlands,
Reference is made to the document listed in the Bibliography as
Reference 14 for detailed topographic infarmation,

2-03 GEOLOGY.

The river bed of the Aller.and Leims Rivers is mostly sand
with some gravel, Rook outorops occur in the lower reaches of the
Alier River near Westen and Verden, and in the Ieins River nsar
Neustadte Ths river vallsy floors are mostly alluvial clay witl
sxtensive sand dunes along the Alier River below Celle, A detailea
desaription of the geologic corditions is contained in References
1’ 2’ uﬂ u. . 0 )

2-0/, DRAINAGE AREAS,

) The drainage area of the Aller River and its tributariss
comprises 15,53 km? of the 45,548 kn? drainege area of the Weser
River gystem,  Drainage areas at key gaging stations of the Aller
River system are inoluded in Tablss 3 and 4, The areas draimsd ty:
the Aller River and its major tributaries are as follows:

L4

.Oker (tributary of Aller R,) 1,9®
Innerste (tributary of leims R,) 1,235
Leine (tributary of Aller R.) 6,53
Allex . ~ 15’_594__‘
xAlso spelled as Sose - CONHDL‘.N HAL
-3 el

—ish ~oNpae e 4T
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2-05 CRADIENI'S AND FROFIIES. B

a, Gradients are imdicated on the stream bottam exd water
swface rofiles, Plates 3 to 7, inclusive, Following are average

gradients:
River Reach Average gradient par 10,000
Oder Oder Dam-Rhume R, 12
Soese  Soese Dem-Rhums R, 49
Rhume Oder Re=leire R, 15
Ieine  Rhume R,~Hannover 6.7
Hannover-Allsr R, 247
A1ler  Veser-Elbe Canal-Oker R, 3R
OkBr R.=leime R, 2,6
Ieine R.<Weser R, 2,1
_ Be All elsvations referred to in this report are in
‘ meters above "ilarmal Null" the zero of the German land swurvey datum,
¢, River distances are exmessed in this report as kilo-
meters above the junction of the Allsr and Weser Rivers, However,
in Bhibit P and in same officdal German publications, distanoces

along navigable streams are commonly shown as kilometers below the
head of navigation, Both kilomstrage systems are indicated on the !
General Map, Plate 1, ‘ i

2=06 CHANNEL DEPTHS, -

The depth of the streams varies non=uniformly along the i
course, Reference is made to Appsndix A anmd to the stream rofiles, !
Plates 4' to 7 for detailsd depth data., A tabulation of remesent- :
ative average depths follcws: '

g C Depth at
River - Reach * lean Water (Meters)
Oder © Oder Dam=Rhune R, 0s5~1
Leime Rimme Re=-Hannover 0o 5=3
Hannover-dller R, 1,52
Aller Weser~Elbe Canal=Oker R, Q¢ 5=
Oker R,=Ieine R, 1245 (3=, near dams)
! " Isine Re-Wesar R, 2=3,58" ‘

2=07 WL AND FLOOD PIAIN WIDTHS,

! Widths of channel are showm in . Exbibit A, The widths
~ of vallsy subjeot to flooding can be estimated by reference tc the
| "Forecast of Possible Inundations," Plate 8 and to the General Map,
Plate 1, Following is a general imdication of the chanmsl and flood
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) plain widths along the streams of the Aller-leine River system:
“ Chanmel Yiidth  Flood Plain Width
River and Reach (meters) (kilometers)
Oder River
0er Dagp=Rhume R. 1025 0¢5=).5
Soese River
Soese Dam=Rhume R less than 10 O¢5=1e5
Rhume River . )
iver~leine Re = 1025 0¢ 53
leins River .
me River-Hannover 10-50 0e5=2¢5
Hannover-dller R - 25=50 0,5=245
Aller River . |
neser=Llbe Canal=Cker R, 520
Oker Riverlsine R, 20=50 O¢ 5=2
Ieine River-ijeser R, 50-70 1.3

2«05 HAVIGATION.

‘as The Leine River is navigable far 180-ton¥craft as
far upstream as Hannover, A branch camal, rrovided with locks,
provides far passage of 600=ton:barges betweén the leins River
poct of Hannover and the Mittellamd Canal, Navigation locks and
dams are mrovided on the leine River at Herrenhausen (km 153) and
Neustadt (lm 110). Locatdons: of structwesare shown on the map,
Plate 1 and on the mrofile, Plates 4 and 5, Ioce drifts form above
Herrenhausen Dam, urberrupting navigation. L

AT R WE YTy R -

be ks Aller River is mvigabla @stmm to Celle
(km 117)e Navigation 1s svspended for .about 35 days a year be-
cause of ioce & flood, Thy reach downstream oi‘ the Leine River
confluenoe. is designed far 350-tonivessels at low water ar 6Q0-
ton®araft at mean water stages, Upstream of the leire “iver oon=
fluenos, are four navigation locks: 0ldau (km 102), Banmetze
(I 90), Karklerdorf (km 79), and Hademstorf (lm 67) Those
locks can accammodate berge=trains of three 200=ton‘or twa 300-
tontbarges, lLocations of structures are shown on the General Map,
Plate 1 and on the profiles, Plate 7. Ice comditlons ocow at
Vardsn on the Aller River for an average of 13 days anwally be=
tween 11 November dnd 8 March, - :

:
E
i
:
]

2-09 REGUIATIOJ.

'é H1 ater Regglation. Flood stages are reduoced
by impouniing in the . rclervoire " - of the Harz
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Mountain Region, The Oder Reservoir has 5 mii, m3 of its
storage capecity reserved for flood rotection, the Soese Reservolr
¥pto 4e¢5 mile m’, The newly=oonstructed Ecker Reservoir and the in-
. completé Oker Reservoir each will have reserved for flood pro-
tectiaon dout 5«7 mile m3 capacity according to the general pro{ect
plan far the area, Due to insufficient flow records sub:ccquen 1o /%
reservoirs, accurate apmaisal cannot be furnished regarding tlsir
effect upon stream flow,

b, Low-Water Re tion, Low water stages and flcw are

regulated by operation gation locks ard dams for power
gemeration as well as for navigation. - Operation of the outlet
control structures of the storage dams in the Hars Mountain

Region for power generation ard irrigation would influence the
stage amd flow, especially in the upper reaches, The small mill
dams upstream of the mavigation limits serve to regulate the flow
and stage in those reaches where located, The water level up-
stream of the Allar River dams located above Celle is raised dwring
the wintertime in order to inumla¢e-the adjaocent meadows as a
means of fertilization. Reference is made to Exhibit B for de-
tailed description of regulation,

2«10 DAMS AND RESERVQIRS.

a, GOemeral, Dascriptions of important dams are con=
tained in ExABIE" B and locations are imdicated on the General
Map, Plate 1, and on the mofiles, Plates 3 to 7, inclusive,

! be Harz Mountain Reservoirss. On the headwaters of
thh Aller and Taine Rivers In the Harz Mountain Region are located
beveral important largs dams, "talsperren," locations of which
dre shown on Plate 1, In the Leins River basin are the Odsr and
Yoese Dams, The Oder Dam (km 312) is lodated mear Bad Lauterberg
én the Oder River, which flows intc the Rhume River. tributary to
the Leime River near Nertheim (lm 264), The Soese Dam (lm 3QL) is
cated north of Osterods on the Sosase River, likewise tributary
the Rhune River, In the "Oberharz" area of ths Allar River
pasin are located the newly-oompleted Ecker Dam and the proposed
Dker Dam, now under comstruction, The Ecker Dam (lm 261), complsted
in 1943, is located on the Ecker River, a tranch of the Oker River
tributary to the Aller River near Mueden (km 151)., The Oker Dam
(km 260) 1s being built on the Oker River in the vicinlty of the
Bcker Dam, Those dams are ell multiple purpose reservoirs proe-

viding starage far flood protection, water supply, power gemeration

ard £iow regulation, Lany towns depend upon those remervoirs far
their water supply and eleotrical power; for example, Soese Dam
provides water aml eleciricity for Bremen, Hildesheim and fifty
other towns, The locations of the Harz reservoirs are shown on
the Gemnsral Map, Plats 1, and the dam cross sections amd elsvations
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are shown on Plate 9, Detailed data and descriplion is contained
in Exhibdt . B and in References 8 to 12, The following pertiment
data ar3 pesented:

Oder Soese Ecler Cler

Dam : Dam Dam Dam
Date bulit - .. 1R87/33 19R9/31 1934/45 Being bullt
Type : Earth Rarth Conarete Conarete
ILength (m) 310 500 24,0 400
Width at base (a) 285 25,5 43  No data
Storage capacity (mil, m3) 30,6 25,5 1 45
Drainage area (lur) 2 4645 19 85
Annual power output (mil,lwh) 8 3 0.8 No data

Ce Harz Mounsain 8y, In the ~orthern part of the
Hars Mountain Reglon near mu, there are located, in addition
to the large valley dars, 69 smaller porxds, ocallsd "Oberiharsteiche,”
with a totad storage capacity of apmroximately 10,5 million m3 and
a total water suwrface ¢f about 25C beotarss, The lergest is the
"Odexrteich,” in operetion sinos 121, and located on the Oder River
about 15 km upstresm of ths Odar Vallsy Dame The "Cderteich,® has
a storage capacity of 1,67 miliion m3 and its water surface covers
about: 22 hegtares, Its outiiow can be permitted eithar to ente
or to _bypass-the Oder Dam reservoir, The "(berharszteichs" are all
interoonnscted by channmels amxl. flumes to form an integrated runoff

.storage system, The Harz ponds and channels [xrouvide storage of

water for agricultwrel use, operation of mills, oollection of rum-
off, drainage of mines, and are Jmpoartant recrsational assets,
Detailed daamprtion is ocontaimed in References 8 and 10,

: %% In. connection with other phases
ot an emmiva e jroaeot for the City of Hannover
on the Leine River, s marshy area.oalled the "Maachsce," was cone
verted into an artificial lake, The water surface is about 2 m

above the lains River normal stage.. The lake contains apmraximately
L6mﬂldmm3mumdbym&mmrim.

oo %. Detailed description of the important
nmavigation dams on ard leims River is oontained in Exhibitac:
A and B axd looatiorns are imiicated on the QGeneral Map, Plate 1 amd

on the mofilss, Plates 5 and 7, ..Names and looations of mavigation
dams are disted in peragraph : .

fo Mill Dams, A mmber of amall nill dams, mroviding
wahoaf-m”arplm,miu&'ﬂmg,mb-
cated on the stzeams of the Allerwlsire system above the head of
mmmmwtmmmnmmue
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oontairsd in XExhibit B and locations are indicated on the General
Map, Pla te 1 and on the profiles, Plutes 4 to 7, inclusive, Ti®
important mill dams are:

River ¥ill Danm River lkm
- Aue (tributery of Blunensn (205 = upstresm of
~ -Isine Re &t Aus~Ipine Junotion)
lm 120,3)
1aine "An Schmellen C-aben® 159
(in Hannover)
Aller Gifhorn 166
Aller Diskhorst 152
Aller Langlingen (SW of Nordberg) 140
Aller Oslle 116
2«11 IEVEES,

lawvees are of mingr impartance along the Aller and lsine
Rivers, although short local lsvees exist at various places, In
connaction with other extensive loocal flood protection works at
Hannover, about 5 lm of lsvees were built along the lLeine and Ihme
Rivers to an elsvation 0,5 m above HHN (at junction of Isine ami
Ilme Rivers in Hannover, HIW is 53,2 mfNV), Other short levees
with orams Oy3«0,5 m above HHN, exist along the leins River nsar
Willenburg (lm 165) and Bordenau (ka 118), Following is a tabulation
of-the main lavee system along the Aller River:

Plaoce : River lm Remarks :
Winsen 99 7=F7e5 Winhter dile, right bank
Ahlden 5943=5645 Left bank

: 5640=55¢3 :
Bierds S 5348=5346 Right bank
Rilte 51,0=50,3 Right bank
Hulsen 2 o0m21,8 Winter dile ‘
Weston 22,3=18,7 - Winber dilks protecting 99

S e B ka? on right bank -
Westen 22,5=16,9  Winker dilms, left benk
Downstream of Westen 16,9= 745 Summer dile, lsft bank
-. 2=}2 CANALS.

| 8o Mittelland Oamal, The Mittelland Canal System axtends

from Duisberg on

ver to Magdeburg on the Elbe River, The

cowr'se is shown on the Qeneral Map, Plate 1; the profils appears on
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Flate 10; and standard cross sections are mesented on Plate 1ll,
The Ems=Weser portion rosses over the Isins River mear Lohnds (km
136) ty means of an aqueduot, while a tranch descenis through locks
to the river mear ‘Hannover., The Cker and Aller Rivers, together
with smaller streams, pass bemsath the Weser-Elbe porilon of the
camal by msans of siphons, equipped with auriliary relief gates to
pernit diversion of flood waters into the oamal and tience to the
Blbe River, Reference is mado to dooumsnt listed ay Reference 3
in the Bibliograply for detailed description of the camal gystem,

2«13 BRID@ES,

- loocations apd clsarances (wherever data are availabla)of
major ridges across ths (der, Soese, Rhume, Isins anl Aller Rivers
are indicated on ths profiles, mmseov. inclusive, Tabulations
of pertinent Lridge date are inoluded in Zzhivit: A and are oon=
tained in References 1, 2, 3, and 13 of the Bibliography. Reliabls

information upon postewar reoconstrustion subsequent to 1945 is not
availahle,

2-~9
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SECTION 1II
HYDROLOGIC CHARACTERISTICS

3=01 (S!BRLL.
- a9 Information regarding river stage, olnrge, {low
dwration, and cwrrent velooities pertinent to the Isins and Aller

Rivers are [resented in gemsralised graphical fam motar
practicabls to facilitate application of the data to spsoifio
military problems, Referenoces should be utilized for supplementary
data,

be lost available stage and discharge recards cover
reriocds. prior to campletion of the Hars Mountain Valley Dams de~
saribed in paragrapa 2«10b, No data ave availabls regarding the
effects of those reservoirs in modification of stages and discharge,
but it is oomMpobabhthstﬂoodswonldbarodnmdam
that the mirdmum stages and flows would be raised,

3= CLIMATOLOGY,

Climatological data for the region covered by the report
may be fourd in References 3, 8, amd Y, The anmal rainfall in
Germany decreases from about 700 mm on the North Sea cosst to about
600 mm at Hannover amd inareases about 10 mm for each 100 meters

altitude, The aversge ammal rainfall in the Harz Moungatns exe
ceeds 1500 mme, Seasomal veriation in rainfall is illustrated by

the following tabulation showing the monthly percentage of the
amual rainfall for a mmber os stations for the period of 1881

to 1910s
J F_ M A M J J -4 8 O N D
Hars Mountains
8:8 842 8,9 5.7 665 747 10,6 8.8 742 8,5 846 10,5
Adjacent Lowlands
6e5 509 767 662 848 10,1 13.7 1044 &3 844 608 742
3=(3 STREAM GAGING STATIONS

A mmder of gages have been established on the Alier
and ILeine Rivers and their tributariss, with records being pub-
lished for the more important stations in such officidi annual
publications as ths Qerman Hyrdrologic Yearbooks listed as Refere
ences 6 amd 7, lLocations of important gages are shown on the
General Map, Plate 1, and on the stream profilss, Plates 3 to 7,
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3=04, RIVER STAGES,

2. Records. Dats re the maximum, msan, ard. mine
imun stages of record at key gaging stations on the Aller, Leine,
Gker and Rbhume Rivers are presented in Tahles 3 .amd 4, together
with gther pertinent gage information, Additional’data are contained
in the Ganmn Hydrologlc Hearbooks, Refercnces 6 and 7.

‘e, - J0asemsl variation. The rangs of stagas:observed
for eagh month 1g Indicata ables 3 and 4, It may be observed

in those }ablss Lhaty. averags wa.n"ser stages (November=Ag-il) are
consistently higher than corxmspanding sumer stages (May-Qctober),
with the maximun MW, Jﬁ, and MM occwrring in January or February
and the pipdmun in. Jydy through September, The mnthly range

between MW and MMF i‘oums sinilar.trends. It is not considered
that operation of the Harz Mountain reservoirs would radically

alter these general seasonal tremds, although the range between:high
and low- etages would probably be redused, - The maintenance of
higher wihtertime stages in the Aller River mear Gifharn to inundate
and thue fertilize the adjacent pastureland is. desaribed in Exhibit B,

3=05 RIVER DISCHARGES..

@q:Disghe:'ge Recard2, Moan d.."..ny, mean and extreme
monthly -anj ; ¥ear, ges are oontained in Referencs 6, A tab-
ulation of d;scha.rge Gata 1s presemted in.Table: 5 and- ~discharge o
files are s on-Plate 13, Flow duration curves covering-the
1935 1o 1938 water years for 3 key stations are ghown on Plate 12,
Median f}m‘a, equalled or exgeeded 50 peroent of t}n time, taksn
from those cwurves are;

" Period L&edian Flm
Rivep. . . Statdon.. of Recard n /s
L.Lle!‘": oY~ Westen 1936-38 70
Cker Grogs=Schruslper 1936m=38 8
laines _Greems: - 1937=38 ' , 21

Operation of the-fiar'z rese.:;'voirs would be sxpected to erfect reduc-
tion of, £lood flows and increase of minimm discharge.

be Stape discharge relation. Average stage=discharge
rating.ourves Tor B key stations in the Aller-leins River basin
are mragented on :&ates 14 amd 15, Ths curves were estimated from
dischapgs measwegernts and . frow squivalent stage-discharge data
contaimed in the Germen Hydrologic Yearbooks, listed as References
6 and 7, For use in this study, the curves were exténded. oon-
gidsrably beyonr:i the range of observed data amd are subjest o
revision; - efpetially. 4initha-higher portions. S
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306 RIVER VELOSITIES,

, @y Gentrsls Thas velocity of stream flow varies ag-
cerding to the conlormation of the rivér bed, depths, cbstructions,
restrictions, local variation in slope; etc, Channel improvemsnis
amd cutoffs, training mells and levees, operation of dams and otier
modifications of nmatural conditions appreciadly affect the stream
velocitys “¥AfMHient rivers in flood tand to elayate fhe main river
waters ‘at thé psiht of confluence accerding to bths magniteds of -
the flood, tims 'tending to reduce the slopd @bové did to incteuse
it below tho-peifit of confluenoce, - Asearidingly, correlations ‘bee
tsen river ‘stages and surface velocitifs at gaging stations cannod
be interpreted &5 &ppiicsble to wll-points alohg the adjecent river
seotions, bt oftly serve as generdl’ indications,

by . Surface Velodities, Insufficient basic infarmation
concerning thy st auilo | iz (eross=scstional area,
 wetted perimeter, water surface siéope, Toughndss facter) was:
 available to permit accurate determinatisn.of &tresm velocitles,
Estimates were based on velocities observed during discharge
neaswenents at gaging stations and recorded in Referenés 7,-~Such
velocities probably tend to be higher than veloeities in the ag-
Jacent ‘stiean reaches because dischargs measuteménts are narmally
mids ‘at locations of restricted séctions in obder to fagilitate
| meisurenenty The daduosd -strean velocities wife mulsiplied by~ 1,38
(1.6, 1/C,85) to obtdin corresponding surfade velocitiss, Sirface
velocity profilss for Wi and MHi are shom on Platé 13, Tabulation
of estimated surfids velooities corresponding to-statistisdl mean
stagas for the period 1926~35 followss

s Surface Yelocity (Ki/H)
Station River ian MHN My MW
. Allsr Rivér
Rrannackenfruack 138 - 2.1 pA
Cells 115 608 300 it
Ahldsn 59 . 440 3.0 2,3
Westen 2 5.1 3.6 2.7
, ~ -lediné River O
Loineturmn ‘(NaFtheimy 1 4ol 3.6 shisiom
Herrenhousen: 152 “dol 3:8 kb
Botimesr 68 e 3l 245
o Rhume Rivex
Elvershmasen Lt e - L 32
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ce Flood Wave Travel Time, Examimation of available
flood crest times as recorded in the official German Hydrologio
Yearbook, References 6 and 7, for the floods of March 1881, November
19R6, Jamary 1932, April 1956. Pebruary 1937, and Jamuary 1938 ree
vealsd considerable variation in the rate of mogression of various
flood waves; however, the ;m? travsl rate of those flood waves
(4ncluding that of Fetruary 1C36 obtaimed from Refarence 15) are
tabulated below: '

Average Travel Rate of

Reach River kn Peck (la/tr)
R
Brennsckenbrue ck-Westen L_]J‘Srﬁ!g 3.1
Oker Rivexr

Olrum-0ross Sclsuelper ~ Z2o=1B1 455

‘ | ins River

Elvorbhrason(Rlume Ro )= : 3.2
Botimer

.; B S
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SECTION IV
- ARTIFICIAL FLOODING POTENTIALITIES

J
% s

4~01 GENERAL, |

a., The temm ®artificial flood® as used in this report applies
to any maJor increase in the exterit of flooding, over that normally pre-
vailing with existing developments that is bmught about by manipula- !
tion of ocontrol structures, breaching of dams or levees, or tamporary >
damming operations designed to create flooding condititms. Applications
of artificial flooding considered in this report fall into the following
forr general categoriass

(1) 8Still-water barrierg, created by flooding land to
form water obstscles, using such means as breaching levees, diverting
flow from canals, raising crests of =xisting dams or cuns'cmcting

tanporary dams.

WA

(2) Drainage obstacles or mud-flats, in which the wet- ¢

ness of the soil is increased to form muddy or marshy conditions that
would impede military traffic, brought atout by disrupting the normal
drainage, destroying pumping and drainage facilities used to drain
marshy or low land, or by inducing shallow inundation of flood plains
or reclaimed land, Mud-flats may also be formed by draining areas '
normally inundated by reserwoirs or ponds,

(3) Stream flow variations, in which changes in dis-
charges, depths, velocities and widths of streams are brought about to

hinder stream-croscing oparations or navigation such as might .=
accomplished Ly opening and closing outlet works of water cortrol
structures,

© eAREE T N\

(4) Major flood waves, created by sudden breaching of
a dan to release large quantities of impounded water.

o1 SDIEYPEIT

be Many opportunities exist for effective use of each of the
four general categories of artificial flooding. The poteniialities are
reviewed and quantitative evaluation of the effects are rresented 4n
this section,

ces Previous studies by German and Allied military staffs
indicate the general nature and extent of possible artificial flooding,
The dooument 1isted in the Bibliography as Reference 4, a translation
of which is included in this rcport as Exhibit B, was prepared for the
German Genzral Staff and contains oconsiderable information on the
effects of artificial flooding, The area considered by that source as
subjeot to flooding is indicated on the General Map, Plate 1 of this
report. Reference is also made to the map overprint prepared by 6-2
SHAEF (see Reference 16) presented as Plate 8 of this report, which
outlines the areas oonsidered floodable, during high water condiﬁcns, 5

- -
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by natural or artificlal means, These studies have been utilized in
preparation of this report. Reference is also made to a report on the
Aller System preparced by the British Amy of the Fhine in 1946 (Refer—
ence 17), which was unavailable at this time. Examination of other
similar reports by the same source indicates that some information on
the artificial flooding possibilities of the Aller and Leine Rivers

is included within the scope of that report.

4-02 STILI-WATER BARRIRRS AND DRAINAGCE OBSTACLES.

a, Qeneral,s The studies herein reviewed in this paragraph
pertain to artifialal flooding produced by creation of still-water
barriers and drainage obstacles along the Aller River below the Weser-
Elbe Canal crossing, and along the Leine River below the Fhume River
confluence. The studies were largely based on a map study, using the
1225,000 GSGS 4414 map series, supplemented by data from References
1, 2, 4 and 16, Exact determination of elevations, contours, and
boundaries from those maps wes difficult; however, the rcsults of this
study are believed to offer good indioations of the relative possibili~
ties of such flooding. First-hand information should be obtained by
1ooal reconnaissance regarding ground elevations and the location,
elevations and dimensions of levees, roadfills and calverts in the
vicinity of specific dbarriers in order to accurately establish the
area subject to artificial flooding.

- be ,W@ms., ’me effect of artificial
flooding is largely contingent upon the natural hydrolcgic conditions
prevalling at the time of the operation. The volume of water stored
and available within the basin, the rate of stream flow and the river
stage are important factors. Reference is made to Section III of this
report for detailed dascription, and to the following summation of
pertinent lvdmlogio considerations,

(1) Attention is directed to the wide range between
high and low flows shown in Table 5. The following average mean
natural discharges were used in this- study: -

Average mean

River Reach | Discharge (m3/s)
Mler Above Oker R, 10

» Oker R.-Leine R, 40

. Leine R,~Weser R. : 90

Ledne Bhume R.-Aller R, 30

(2) A plentiful supplementary water supply is afforded
by the 100 mllion m3 storage capacity of the cxisting canals, reser-
voirs and ponds within the dr:énage area, -Completion of the Oker Dam.
would add another 45 million m?, During extended dry periods, irri-
gation and other damands would considerably reduce the volume of stored
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—ater aveilable for artificial flooding unless drastic conservation of
{mpourded water was enforced,

(3) Considerable variation in river stage has been
experienced during the past period of record, as indicated in Tables 3
and 4., Operation of the Harz reservoirs may "be expected to moderate
the extrame flows in the future.

¢ Means of Creating Still-Water Barriers and Drainage
ObStBC]BSQ

(1) The water obstacle afforded by the existing streams
of the Aller-Leine basin could be increased by utilization of one or
more of the following means:

(a) Creation of still-water barriers by raising
crests of existing dams or by construction of temporary dams, combined
with closing of amulverts and other openings in levees and road fills.

(b) Inundation of lowlards along the streams by
b :ctiang dikes and levees and opening of flood gates in levees.,

(¢) Inundation of lowlands by closing normal
drainage outlets. . '

. (2) 1In order to obtain a comparative quantitative
evaluation of the potential artificial flooding at various locations,
analysis was arbitrarily confined to still-water barriers resulting
from tamporary damming to 1 m and 3 m above mcan water (MW), herein

‘designated as "low barriers" and "high barriers,” respectively., In

this study, it was assumed that the water surface of the pools above
the tamporary dams would be level, and that mean water oconditions
would prevail at the time of the operation. During high water oon-

d tions, greater flooding could be expected due to the increased slope
of water surface upstream from the temporary dams.

d. Qeneral Effect of Still-Water parriers,

The effects of artificdal flooding created by temporary
damming operations on the Aller and Leine Rivers are sunmarized 4n
Tables 6 and 7, and the extent of inundation outlined on the strip
maps preaented on Plate 16. Serial numbers of sites correspond to
those of Bxhibit A, Referance is made to Exhibits A ard R for data on
the dimensions of dams and bridges. The flooding producci 7 the low
barriers would be mostly confined within the stream banks, whiie that
produced by the high barriers would flood areas about 0.2 to 2.5 km
wide, Formation of continuous overbank flooding would not be prao-
ticable, except during periods of high flows. Review of the artifi-
olal flooding possibilitier in specific reaches of the Aller and Leine

Rivers follows,
- CONFIDENTIAL
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e. Effect of Aller River Still-Water Barriers.

(1) General, The navigation and rill dams along the
Aller River are built so that thcir crest heights may be readily in-
creased without damage to the structure, as described in Exhibit B,
For purposes of this analysis, it was assumed that the crest eleva-
tion could be increased 1 m, but that higher increases would be im-
practicable because of the excessive lengths of temporary damming
required. Temporary danming by means of blocking of bridge openings
at suitable sites was also considered as shown in Table 6 and discussed
beldw,

(2) Source to Gifhorn (Jm 166). The Aller River flows
through a broad marshy valley and 1s the basis for an extensive systam
of irrigation canals which ocould be used to form water obstacles and
inundation in localized areas. Blocking of the Aller River syphon
beneath the Weser-Elbe canal (See Plates 6, 10 and 16) would cause
inundation over a considerable arca adjacent to the canal; however,

a large volume of water would be required (17.5 ndllion m for the
low barrier or 57 million for the high barrier as indicated in
Table 6). In the vicinity of Gifhom, shallow artificial flooding
of the Aller and Ise Depressions could be accomplished as indicated
in Table 6 and further described in Exhibit B,

A (3) Gifhorn to Celle (lm 115). Temporary damming at
Brenneckenbrueck (Site 1) and Diekhorst Sluice (Site 6) could produce
a stil)-water barrier about 0.5 ¥m wide and nearly 15 km long. High
barriers at the other 3 sites in this reach indicated on Plate 16
would create isolated shallow inundation of an average width of
250-500 m, and average length of about 1 km as shown in Table 6,

(4) Celle to leine R, (km 65). The four navigation
dams in this reach afford exccllent opportunities for formation of

low barriers, each producing flooding averaging about 0.3 m deep over
areas 2-4 km long and 500-1,000 meters wide (See Plute 16)., Creation
of high barriers at the 4 suitable bridgc sites shown in Table 6 would
create additional obstacles each .2-5 km long and 500-1500 m wide,
averaging approximately O.4 m deep over the adjacent lowlands. Con-
siderable construction might be involved in blocking the large bridge
openings (eAch over 100 m in length) to the required height; but the
resulting pools would produce a nearly continuous water obstacle.

(5) Leine R, to Weser R, There are no existing dams
in this reach, but the bridges at Ahlden(Site 51), Rethem (Site 57),
and Verden (Site 63) would be likely locations for erection of tam-
g:azy dams (See Plate 16). No significant flooding would result from

barriers, but areas 8-11 kr loug and 1200-2000 m wide would be

flooded to an’ average depth of approximately 1 m by creation of high,
barriers, as summarized in Table 6. The size of bridge openings are
large (110-375 m) and several lengthy stretches of railroad and high-
way embankments would have to be used as part of the barricade, thus
probably involving closure of culverts and other opanings.
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L. fect of Lelnc River Still-Water Barriers,

(1) General. Te narrow valley and steep gradients in
the upper reaches of the Lelne River restrict the possibilities for
creation of effective stili-water barriars (See profiles on Plates 3
to 5). The cffects of the low barriers muld be mostly confined to
increasing the channcl depth, High barriers at the sites, indicated
on Table 7 and Plate 1€ would produce inundation of 300-2500 m average
width, practically continuous in the lower reaches below Hannover

(lam 161). |
(2) Rnume R. (lm 264)to km 161 (South of Hannover).

Artificial flooding produced by still-rater barriers is insignificant
in this reach, except for the 2 sites (Serial Nos. 196 and 197) showvn
on Plate 16, in the vicinity of Salzderhclden (km 252), where ponds
1750 m wide for a total length of 11 km could be formed. Table 7
summarizes the effects in this reach of the Leine River.

(3) Km 161 (South of Hannover) tp Neustadt (jgn 110).
Several suitable sites for still-water barriers exist in the vicinity
of Hannover, where an extensive local flood protection project, in-
cluding channel rectification, dikes, and creation of an artificlal
lake (sec paragraphs 2-10d and 2-11) has bcen constructed. Combin-
ation of temporary damming and breaching of dikes in that locality
would inundate an area about 1 km wide and extending for scveral
kilometers above and below Hannover. A continuous water obstacle,
12 km 1ong, 300-900 m wide and averaging approximately 0.5 m deep
would’ bée created by erecting five high tamporary dams at sites 112
to 116, gnclugive, shown on Plate 16. Blocking of the Neustadt high-
way brifige opening (site 109) to 3 m above mean water would flood a
1200 m pride area extvending for 8.5 km. Reference is made to Table 7
for summry of effects.

(4) Neustadt to Aller R. junction. A practically
continuous 26 km long water obstacle, aversging about 300 m wide could

be produced by creation of high barriers a* the 3 bridgn openings
designated as 102, 104, and 105 on Table 7 and Plaie 16, Flooding by
low barriers at those sites would be mostly confined to the stream bed
and to the old meanders. A low tamporary dam at the Botlmer RR bridge
would create a8 still-water obstacle averaging 460 m wide and 1.2 m deep,
extending upstream 5.6 km.

g. Water Reguirements for Still-Water Barrjers. .

(1) The volume of water required to effoct the artifi-
cial flooding on the Aller and Leine Rivers described in preceding para-
grephs and shown on Plate 16 and in Tables 6 and 7, together with the
estimated time of f£11ling at the natural mean rates of flow given in
paragraph 4~02b(1), are approximately as followss :
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Water Require;r:gnt Nature? ®illiag Time

(million m’) (Days-hours)
ver ch . Low_Barrier High Barrier Low Barrier High Barrier

Q._l_gr .
Source-Gifhorn 2.4 57.0 250 66- 0
Glifhorm-Celle 1.0 0.9 o- 8 o~ 6
Celle-Leine R. 5.0 8.7 1-11 2-13
Leine R.-"eser R, - 42,0 - 5-10

275 108, 26-19 U 5
Leine R.
Fhume R.-Hannover 8.7 10.5 3-8 b~ 1
Hannover-Neustadt 1.8 32,3 0-17 12-10
Neustadt-Aller R. 9,8 45,0 2-18 17217

20,3 87.8 19 33-18

(2) Supplementary sources of water supply for still-water
barriers are the reservoirs, ponds and canals located within the basin
and described in paragraphs 2-10 and 2-12, A -summation of available

storage capacities follows:

Location Storage Capacity (million m3)

Oder Dam 30.6
Soese Dam 25.5
Ecker Dam 13.0
Harz Ponds (Harzteiche) 10.5
Maschsee Reserwir (Hannover) 1,6

' Mittelland Canal 19,0
' 100.2

',

. [Y 3

Upon completion of Oker Dam, an additional 45 million m3 capacity would
be avatlable. During extended dry periods, the wvolume of water stored
in the reserwirs and available for discharge would be considerably re-
duced, .as indicated by the representative-10-year reservoir hydrograph

of Plate 17.

(3) The rates of discharge from the Oder, Soese and
Ecker Dam outlets are discussed in dotail in paragraph 4-04. The dis-
charge rates and durations are summarized in Table 9. Those flows may
be used to supplement natural flows in filling the pools behind tem-
porary dams. The initial oombined rate of discharge from the existing
Oder and Soese dam outlets at full reserwoir pool, is about 85 m3/sec,
In 8-10 dw:é those reservoirs could be enptied, providing about

50 million

of released water. Studies described in paragraph 4~-04

indicate that it would take about 2 days for the initial increase in
flow to travel downstream to the vicinity of the Aller and Leine River
confluence, plus 3 additional days for the flow there to reach the sus-
tained maximum rate of approximstely 60 m3/s above the basc flow., At
that rate, the still-water barriers along the Leine River would be
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#1162 in about 1/2 the time required by the mean natural stream dis-
charge shown in previous subparagraph 4~02g(1), Medification of the
dam outlets to increase their discharge capacity would further reduce
the time required. Reference is made to paregraph 4-04 and to Table 9
for further data.

4~03 MAJOR FLOOD WAVES,

8. Gg!!eral L]

(1) The studies in this paragraph pertain to the artifi-
cial flooding effects that might be produced by breaching of the large
Harz Mountain dams,

(2) Quantitative estimrtes of the potential effects of
major flood waves are presented for the Oder, Soese¢ and Ecker Dams.
Reforence is made to paragraph 2-10b and to Exhibit B for descriptive
data on those structures and to Plate 9 for sketches of thc dam cross-
sections and elevations,

(3) Insufficient data were available to permit detailed
study of the effects of a major flood wave from the Oker Dam, which is
in process of construction; however, estimates of the relative poten-
tialities are included.

be Hydrologic Considerations.

(1) High stages on the Aller and Leine Rivers are
reduced by impounding runoff in the Harz Mountain reservoirs, Water
is released to maintain navigable stages during low flow periods and
for irrigation purposes as discussed in paragraphs 2-09 and 3-04.,

The natural discharges of the Aller and Leine Rivers normally are not
disturbed bty operation of the dams for power because of re-regulation
pools immediately below the main dams. In study of the effect of
major artificlal flood waves, it was assumed that the basz flow in the
st>.om at the start of the wave corresponded to mean water corditions
as tatuiated in Tables 3 to 5.

- (2) The peaks and durations of flood waves are greatly
influenced by the initial reservoir pool level and the storage capacity
of the reservoirs. In this study, it was assumed that the reserwir
was at the maximum level in order to dafine the maximm probable limits
of the flcod waves, The maximm reservoir levels shown on Plates 9,

17 end 18 ars attained only during the flood season. The hypoﬁxetical

Oder Dam stage and storage hydrograph for the period 1908 to 1917

(Plate 17) reflects the gemeral trends of reservoir variation prevailing
for thec Harz daud. The reserwir storage curve for Oder Dam is based on
data in Reference 9 and is shown on Plate 18, The curve shown on the
plate for Soese Dam was based on data from Fxhibi{ B and developed by

the metrod presented in "A Progress Report on the Disposition of Sediment
in Reservoirs" by A, W, Van't Hul (See Reference 18)., The Ecker Dam
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storage curve was similarly developed from data given in Reference 12,
. The equations for the storage curves can be expressed as:
Oder Dam S equals 3400 § 2.31
Soese Dam S equals 3400 H 2,31
Ecker Dam S equals 200 H 2.76

Where S equals storage in cubic meters, H equals reserwvoir depth in meters.

(3) During passage of a majcr flood wave downstream, an
appreciable gnount of volume 18 retained behind embankments and in
depressions on the floodplain, and lost through evaporation, seepage, etc.
For example, 39.5 percent of the wolume of water discharged from the
Bder Dan breach of May 1943 was los%t in the passage of the flood wave
to Intschede, 426,6 km beiow the dam (Sce References 19 and 20), Con-
sequently, it was assumod in this study that for each 10 km of travel,
about 1 percent of the volume within the flood wave would be lost or
retained on the flood plain,

c. Means of Oreating Artlficial Flood Waves.

(1) Major artificial flood waves can be created on the
Aller and Leine Rivers by breaching of the Oder, Soese, and Ecker Dams.,

(2) The bombing of the Mohne, Sorpe, and Eder Dams by
the R.A.F. in May 1943 (described in Reference 19) provided the basis
for estimdting the size and shape of breach. For purposes of ‘this
study, it was assumed that demolition would cause an opening similar
to that produced by the Eder Dam bombing.

(3) The assumed breach approximates a parabolic shape,
corresponding closely to the equation: !

x2 equals 51y
Where x equals horizontal distance from vertical axis

i e - i

of the dpming
y equals vertical distence above lowest point of
breach opening

It was considered that the assumed breach approximates the largest
feasible opening likely to be produced in the Oder, Soese and Ecker Dams,
Breaching of earth dams with concrete cores like the Oder and Socese Dams
would require special preparations and procedures as described in
Reference 19,

(4) In order to permit comparative evaluation of artifi-
cial flood waves it was further assumed in all cases that the lowest
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point of the breach was 24 m below the initda water surface (similar

to conditions aj} the Eder Dam breach); therefore, the initial discharge ”‘)
would be 8500 m’/s for breaches at all dams studied. Breach discharge -
hydrographs are shown on Plates 19 and 20,

*(5) In view of the equalizing effect of stream conditions
upon various sized flood waves as the wave progresses domstream (See
Reference 20), it was considered that incre precise computations of
probable breach opening would be unwarranted for puyposes of this report.

d. Effects of Dam Breaching Operations.

(1) gemeral. The estimted effects of artificial flood
waves produced by breaching of the Harz dams, as described above, is
sumarized in Table 8, and discharge hydrographs at key locations are
shown on Plates 19 and 20, The artificial flood waves are designated
as follows:

Artifioial Flood No, Damp Breach
1 Oder
2 Soese
3 Ecker
4 Oder f Soese
5 Oder f Soese f Ecker

(2) Artificial Flood No, 1 is the flood wave on the
Oder, Fhume, Leine and Aller Rivers caused by breaching of the Oder Dam,
The outflow hydrograph at the dam was camputed from the storage-discharge
relation and routed dommstream to produce the disdm;ge hydrographs shown
on Plate 19, The peak discharge at ths dam of 8500 m’/s would be re-
duced to 700 m3/s at Elvershausen (37 km below the dam) and to 275 m3/s
at Westen, 290 kn dowmstream of the Oder damsite (See Table 8),

(3) Artificial Flood No, 2 hydrographs result from
breaching of the Soese Dam and are shown on Plate 337 The peak dis-
8

charge degreases fram 8500 m3/s at the dam to 795 at Elvershausen
and 270 m’/s at Westen as shown on that plate and tabulated in ‘Yable 8,

(4) Artificial Flood No, 3 is created on the Ecker, Oker
and Aller Rivers by breaching of the Ecker Dam. Discharge hydrographs

at key locations appear on Plate 20 and a summtjon of effects 18 con-
tained in Table 8. The peak discharge of 8500 m’/s at the dam would be
reduced to 260 m3/s at the confluenge of the Oker and Aller Rivers

. (110 km below the dam) and to 210 mg/s at Westen (239 km below the
"Ecker damsite), repraosenting an increase of about 107 m3/s above the
base flow at the latter location. - :

(5) Artifi ood No. 4 is produced by e}nchmnized
breaching of the Oder and Soese Dams so tiat the wave crests would

arrive simltaneously at the confluence of the Fhurae and Soese Rivers
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(km 276) (See Plate 1). Breaching of iie Soese Dem would be lagged 4
hours after the Oder Dam breach to effect that coincidence of peak flows,
Plate 19 shows the resulting discharge hydrographs at key locations, As
shomn on the discharge profile, Plate 13, and in the tabulation, Table 8,
the discharge f;gm the cambined breachings would be 1475 m>/s at Elvers-
hausen and 420 m’/s at Westen,

4~-03d

(6) Artificial Flood No, 5 results from breaching opera-
tions at the Oder, Soese and Ecker dams timed so that the combined Oder

and Soese peak flow would arrive at the confluence of the Lelne and
Aller Rivers to combine with the Ecker dam peak flow at that point, in
order to produce the maximum peak stage on the lower Aller River (See
Plate 1 for locations). As may be observed from the discharge hydro-
graphs of Plate 19, the initial peak discharge of 8500 m”?/s_at each

dam breach would produce a combined peak discharge of 520 m3/s at Westen.
This combined wave results from lagging of breaching operations at the
Soese and Ecker Dams approximately 4 and 15 hours, respectively, after
the initial Oder-Dam breaching. A sumary of effects is included in
Table 8.

(7) Comparison of Effects of Breaching Operations.
Table 8 presents a sumary of the effects estimated to be obtained by
breaching of the Harz dams. The average width of area flooded at time
of passage of the peak, considering levees along the stream as breached
or overtopped, is tabulated in Table 10, The relation of the peak
effects of Artificial Flood No, 4 to natural conditions of stage is
shom on Plates 4, 5 and 7, Discharge and surface velncity relations
are graphically presented on Plate 13. Since the artificial flood
flows are oonsiderably higher than the observed discharge, stage, and
velocity measurements, the estimated values for artificial floods were
extrapolated and are subject to revision. Extracts of the effects shown
in Tables 8 and 10 at selected key locations are presented below for
comparison:

Artificial Flood No,

River Location River lm 1 2 3 4 5

(a) Halght of Wave ‘above Mean Water Profile (m)

Riume Elversnsusen .. 2715 3.7 3.8 - 42 =

Leine " Herrenhausen 152 © 4eb A - 6.0 -

Aller Celle 115 - - 3.1 - -
L Ahlden 59 2qlo 204 108 309 409
. Westen 22 1,6 1.6 1.1 2.5 3.1

(b) Surface Velocities at peak of wave (km/hr)

Rhume Elvershausen 275 9 9 - 9 -

leine Herrenhausen 152 5 5 - 5 -

Aller Celle 115 - - 9 - -
s Westen 22 5 5 5 6 6
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Artificial Flood No, \)

River Location River lm 2 2 3 4 5
(o) Time of Arrival of Start of Wave (hcurs after initial breaching)
Rhume Elvershausen 275 11 9 - 12 -
Leine Herrenhausen 152 40 33 - 37 -
Aller Celle 115 - - 33 - -
. n Westen 22 % % 61 7% %
(d) Time of Arrival of Peak of Wave (hours after initial breaching)
Rhume Elvershausen 275 - 18 14 - 18 -
Leine Herrenhausen 152 56 49 - 53 -
Aller Celle 115 - - A4E - -

" Westen 22 95 87 80 93 93
(6) Duration of Wave atove Mean Watcr (hours)

" Rhume Elvarshausen 275 pal 19 - 2 -
Leine Herrenhausen 152 38 38 - 41 -
Aller Celle 115 - - 30 - -

» Westen 22 56 52 45 60 60
(£) Duration of Wave above Mean High Water (hours)
Rhume Elvershausen 275 1 13 - 16 -
Leine : Herrenhausen 152 20 18 - 25 -
Aller Celle 115 - = 9 - -

L Westen 22 0 0] 0 19 24
(g) Width of Flooded Area at Peak of Wave (km)
Rhume Elvershausen 275 0.8 0.8 - 0.9 -
Leine Bordenau 121 1.4 1.4 - 1.6 -
Aller Celle 115 - - 0.7 - -

" Westen 22 2,0 200 2,0 300 300

(8) Etfect of Oker Dam Breach. Campletion of the Oker
Dam, now under construction on the headwaters of the Oker River near the
Ecker Dam, would provide an additional source of artificial flood waves,
Sufﬁcient data were not availar’e to pemit analysis of the effects of
breaching of that dam upon artificial flooding; however, estimates based
updn comparison with the effects of the Oder, Soese and Ecker Dams indi-
cate that breaching of the Oker Dam would raise the stages on the Aller
River at Westen approximately an additional 1 to 2 m when combtdned with
the flood waves resulting from breaching of the existing valley dams.
CONFIDENTIAL )

SECLITY INFOPMATINN B

-2 -

- ——

— — o

po—

-

e e

3
™

e o e cee— e




-, — o e —~d o

CONFIDENTIAL F

SECURITY INFORMATION

(9) Effect of Breaching of Navipation Dams. Breaching
of the navigation and mill dams on the Aller and Leine Rivers would
create artificial flood waves of short duration and small amplitude.
The low heights and amall storage capacities of those dams are factors
limiting the resulting waves, Because of lack of essential data, de-
tailed study was not made; however, it is indicated by German sources
(Exhibit B) that damolition cf the navigation dams would produce flood
vaves 1 to 3 m high, depending upon the difference in the upstream and
downstream water surface at the particular dam. ZLocations of naviga-
Hion structures are shown on the General Map, Flate 1 end on the pro-
files, Plates 3-7, and descriptive data are contained in paragraphs
2-08 and 2-10, and in Exhibits A & B.

4-04 STREAM FLOW VARIATIONS,
a, General, '

(1) The studies in this paragraph pertain to the artifi-
cl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>