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FLA C3D 5. 01 B768 0 Nensky s HPP - Hydraalic Gradient - Full supply leved (FSL) 1430 masl - Cul-olf dapth at 1225 masl

©2016 Itasca Consulting Group, Inc.

Step 4117530
07.12.2016 16:47:16

Gradient [-]
3.0000E+00
2 8000E+00
2. 6000E+00
2.4000E+00
2 2000E+00 Xm0
2 0000E+00
1.8000E+00
| 1:6000E+00
1.4000E+00
1.2000E+00
1.0000E+00

. 5.0000E-01
' 6.0000E-01

|

4.0000E-01
2.0000E-01
0.0000E+00

0520535 5 3000M9300391H0 4050963900 bgmdol il 3960B] (3500d30L 3900eol Low®dqby
12253.%9090l combosh)

3.5.2.2 bayghogbgdo

2902002049600 320900 LsyMHgbgdols 45:mb30l sbsemoBolicygols

Loymgbgddo @o5mbz0l sbseroBolmzol doMgdmwo AgMmeEMmaoMo dmEawo bsBz9bgd0s
3953039 O0MT> 6-d0, §399MmOoD.

1'430.00 m.a.s.l 1'435.00 m.a.s|
) b1}
z
E Asphaltic
! b= face
Tl by

] — Drainage (3A)
/

20 m #~
S
~N

200,00

O05AM535 6 2551MmbB30L Ao

25935M0560BS 5305 MO0 396E0oBHMMYB0L FHgdo 10 8/F LoyMgbgdol sgmbzol
9b5¢EroBol doge dJoegde 0dbs. 400 LoE®IoL ™Mbgzso Lsxgs®o odbs dmgodmgdmero,
O®B9bog 996905 3o0E9M056mds 107 3/F.

STAGE Il —Part 2 & Final Report Draft Final - 1 11 February 2017 28



IPOE 6933965300l 0dawg3l EPC  3mb@®mod@m®l, Bos@odml Loymgbgddo mbgzso
Log3oM0, M5md  9B396mL, MMI LodoM3zgerol dsbos JEYMoos s Mmd Lodobby
390@96056mds  890dergds  Joofqgl.  Fobsomdgy dgdmbggzsdo, gom0dzolL  3ggero,

1535059 M, oBIMNMZEIOS s F9omfi3L LoyMqbgddo saMqm3y.

6930289600530390l H3bomadg

a. IPOE-l gbdolL, G»md godMm3gs BH-R150-2 F50mGm00owols, 6:emdgwoi 9¢0gdstgmol
29000830L 39000l MBIVMO s HMIJoE XIO 30093 3MGLOIDS, IRIRF00Y,
39050GBMb  LodoMm3zgzgemdo IPOE-U  g@odoll — bsfowo 1563900880  go39d0emo
930996005(30930L TgbodsTobO.

b. B396 gMo@gdSL 03534MHMd® 030l GOl OsBMRAOL LOPMIYL, o:Mb3OL
3M9803095AL s 3MMAMIBOMIOIPO  2og0gbmMoLy  6gdoLdoge  sEdSMdLL.  EPC
3B EHbEHTS BooBHOMS 5mb30L  LYBLOEGHOMMO SBsEPOBO s 9ol Loggmdzgeby,
3O9BIMNMZS BRI o  39gro 853-0¢pg, dosefios Mo 12250.%/ Lbodsmegl.
39060353900 gom0d30L  39gwo by  Bsdzqd0moym  M33gbodg  g@mBY
dyobgzomman 650g09gdd0; ol I9BMIgEs Pogmbgzsl <200 /-0y o dobodwdsg
05093565 295009bmol 3OMaMgloMgdol Molgl. IPOE gmsbbdgds 40000830L 390l
39060353900l J90tm535H9dsb.

c. EPC 3mbbiamn@ob@ds 0o30L 2016 ferol ©9398060L Lsdmermm doM0ms©o @obHsobols
©M399996@&30, 9gLmogz5Bs 3A LoMgbssgg B39bs LEbs3OMML J535¢MGHBY; gl LoEgbagy
13965 5M0ol 53 Lobgol bgmdol BL3gMHDY s 0.89 Loligol Loymgbgddo. Low®gbasgg B9bs
BOHMB39wymRL 0oL, M™A fyarol mbols 6gdolidog®mo sfg30Lsl fyswo 8935 M9bsgdo
@5 Lobs3oMmml  domdo  IMBYds  FIGMOsEo. gl gofig®owos  IPOE-L  {obs
6930996005(309930.

d. EPC 30mb@M5dBHm®m8s 1B Bods@o®mmlb Lo3geo 3mmb@otmgds boyhgbgddo, Goms
oB39bml, MHmI  LogMgbgddo LodoE3zwol  Tolboews  sMOL  8gsdo s Lsdobby
399@90056md0l Jow(g3s Tglodeqdge0s. foboswdgy 390mbggzsd0, 39070d30L 390
15359 M, ZOBIODNMZOIdS > F950)93L LBoyMH9Ybgddo saMgM3Y.

3.5.3.  obg35000 GHIMOO 650070980 LsdoM3zgedo

©0Bs0b60l ©M3396@0, 8B30390Io 2016 (ool ©9393896Hdo 5B39690L, MM 10,-By
3930 Lbobdol mbgzs GO bogdgdl (oohybgb 59 dmenm bsbgddo bgmdol gLzgeDy,
Bsbs30Mm™ Fbsmob bgs ©obgdoL LsbsdoMml 3A Bmbol sdws (J3g0mm. ©OsMSBs 7)
303900 306E0L Fyargdol dmEmemds bogdgddo 5ol +0.58-sb 13- boowagol
MboL odns.

STAGE Il —Part 2 & Final Report Draft Final - 1 11 February 2017 29



Thickness of conductive layers (m}

| f ! | | !
0 1 2 3 3 5 3 7 f L] 10

Detailed map » ,« z \

but on a limited extension.

Depth mainly between elev. 1309 and
1304 masl.

Deposit almost absent in the left side of
the valley floor.

{ : '\\ \ \
== \=4Y o
il -
,\t\. 3\ \ ==
\ \ G\
\ \ \ | Antoia
VR S \
o - e ¢ \ \
o - A \ \
a ‘_?" \\‘ 4 §i\
g VU 4 L=
% N e -
z";’ deposit thickness: from 2m up to 8m

0526535 3000 55090900l 3dsMHMdS

0530530039005  35035¢0liobgdmo ogm 53 Mdowo bsgdgdol b sImdbMS s
2939QPOGOS, b ©s3Ts39ds IN-situ. 0dob 4sdm, M MHMBEOL ol mby Jomowos,
23OM L535MMEMS, HMI b 5 JOJOO 56 STMOMLMYDS, 50539 sFMTo30ds IN-situ.

IPOE 509608653L, O3 80fjol 5849853900l Lodmemm Imgero xgé oligg 30056090, romos
MBOHMBb3gyml o, HMI 9319353930 MHY350 BHOMMO bsgdgdol BMbsl Jmbogls
03039 LodogMols s LodogMol 03039 Fglodegd™MdId0, Mo3 06303 FYdSMY
53056 Bod9dL.

3.5.4. ULobsdodm

B ©06900L 5956905 s G39600eols AMmBYMDS

IPOE-0 0530530039s@ 33dmbsds, ®md 306053 qbmdsl  s6039d®s bgws ©obgdol
53969050 1:1.7 ®505 M BEOb39wggm boggdmds dowseno baeolbol sbgsw@olb Bgosdomom,
53 2oBMEOES  39dboEols  gMdg350b  BMBJ30mboMmYdSL.  Lodmermm  doMOMI©O
©@o0bo0bo  dmogogl  BgMEmdL  1:1.6. IPOE  250mbo@dogl  domoero  3g3ogo)Hmdols
565 PMOLS O 3ZILOROYIMHO S 25TIMEFPOO MHglrMLYGOOL 35TMYgbgdols I60TZ69MdL,
53 993090905 o0 boMolbol Bgado®mols bsfo®mdmgdws ©s dbmmE 3ol
bo3)dz9w B 0fimbgdl 1:1.6 ©ogsbgdsl sln39, 0doLOM30L, MMI bgawro dgmfigmlb bydoldog
50300  Bs3MTomgdls BYs30MHBY dgwo 3MGMgdBHol sOLYdMOOL Bsbdow by, IPOE
dmombmgls, 93900wo 56 Mbs dmo393gl oo Bgs ©0bgdol 39M0Eol 39gl,
Gmdgoi bgwl dgmdwos  Bgsdocmol bgerdols(iamadmdsl. d39Mowol  dmfiymds,
09000535900 EPC-0l  Lodmemm  doMoms©  ©obsobdo, MHmdgwog 6583969000
053M535B9 J390Mm0m, ©IM{AGOME0s 399 JguHmE9d90do yserdzgds Jodobs o
L9golidM®o Jggsligdol bo3z0mbgdT0, HMAWGdOE IMEgdwE0s J39dmo.

HMaMO3 J3900Mm, 0sM535Dg 8 65B396900, LEdMW MM MO OBs0BO sHs FMO(353L
60 LOT>MEEOL 390U, 50TOMEL T390l J39dm ObYdOL Fbstgl s 1 3 Lodswerols

STAGE Il —Part 2 & Final Report Draft Final - 1 11 February 2017 30



B9 ©0bJdOL 3561539 39IL.

cen A —

B9d @5 J3905 ©0bgdgd0L BIMHPMBGOOL FEPMIEMDs BEIBH0ZMNO  (LgoLbdmdgME)
306Md90d0 99dm{jds USBR 35dbargdolbomgzol 8943bowo Lsbgewrddwngsbgwrmadols dobgwozom,

396Jdm:

¢ 639793030 dyMIsM9gmds, {ywol mbgy gsebogsgdo FSL-Bg o s6sbsoMo
19goLIMOO OGZOOMNIS;

e B39Mm dEAMIoMmgmds, FSL -sb LHMsgo Bsdmzsmbs dobodscrm {yaols
©MbyHg o 9Mb50MO bYoLIMMO OHBHZ0MMZS, 96 oYM o FmMmzsbo 693900
1530633930 5 3M3BS0MO LYoLIMEMO OGHZOMOMNI;

*  9JuEHMYIoMOHO FEYMTMYMdS, yaol Fodbodoymo EmbY, sMsbsomO LgoldMo
©HZ0MMOM.

IPOE-8 3530l bofloer 1 56060380 50bodbs, MM gdud©gdocm®mo dymds@gmdolomzol
396MHMd0L dYMMds Fgdmfids fywol doduodscrMo mbolbmgol 14330. b/ -bg.
69309605305 0Ym 353900, MHMI J39s ©0bgdol FIMHEOMIOL BEYMOEMds  S1939
399m{jdgdyeroygm dgbsderm dodbodwdo igswomdolomgol (PMF) 14353. b/©-%y. gl 3
OMOLMZ0L 339 2939JONMWOs S JoEYdINo  MLIFOMBMIOOL  BoJEMMGO0
050530594MB0EGOGEN0.

LgolidmeMo sbsemobo

b Bs@ots OBE s MCE 8ofolidg®gdobmgol, Hmym®ma gobdst@GHqdmwos bgdmo 3.4
39694mx30egd5d0. OHMYMGOE 29605MEH3L mommgwo USBR Lobgwrddmngsbgwm s ICOLD
domwgBgbo 148,  ULgoLbdm®o dEAMTsMgMds M0l  9JuBHMYIsIOO  IGHZOMMZ0L
9pMdoMgmds, Mm3d> BgoLbdNOmo OGHZMHMZs  JOHMNMIWOMdST0s  figowlsgsgzdo  {ywols
Mbgbmsb FSL-bg; dmmbmgbogos, Hma:

e OBE-bLoogol Loghom@ 5O bs 0yml, 6 by dosygl ¢dbodzbgerm Bosbo
STAGE Il —Part 2 & Final Report Draft Final - 1 11 February 2017 31



390boenls o FoL9b 93930060900 BoagdMIGIL;

e MCE-bogol ©sH0s5g00l ombg dgodergds ogmlb dobomqdo, Bsa®oed 56  0dbgds
36565060 4ol ¢3mbEHOMEM 25933905 §Yoelio3o300sb.

OBE 90{olidgzmobl 2560s53mdsdo_145 {gwrofodo ghmbge 2s609mMgdol 3ghomoom (PGA
0.10g) MLogO®MbMgd0L BogdGHMmMIdO YBOM OO, 300  FME056MdI0 0dbs Jowgdweo
5 OMIY0E F9305YMBOEGOIE05 S Mobb3zgEMsd0s MLsx3mbmgdol ImmMbM3bgdmsb.

2D s 3D @0bsdom@o sbseroBgdo odbs Homdmoygboro MCE-bogols, PGA 0.65g-oo.
bowsbsgo 603993900Lm30L BoGoMmES IdMMSGMOOOo 33t93900 ISMGEO-b%g s sbg39

396HO0BNRN@0o BHILHIOOG BoGOOo.

2D 5bs¢roBds  dobgs  396Mm3sbgbBH o IBMMTs30s  FgLodsdobs_ 0.450 o 0.250
306H0DBMbGHMEOs©0  ©O 39030395 Ms©. 3D sbsgroBds  Homdmgdbs  FzgMools
95J50oHO 3MOODBMBEIMOO O 39MGHOIILIMO A9IIPAO0WGIJO0 B Mgdoo 13
306H0DMbGHmMEs© s 0.44 3960GH035MEs©. d0BbgM0s, MMI gl 35095©Y0Yd900
doLoegdos MCE dofjoldgmolmgol, Gmas gsabszegdo §yarol ombg dmbagrm@bgeros oymls
39dbenols 93900 bg 53-000 ©050. F0HY35 5T0LY, Y59 YOWYOIO0, 0O 2D
©5 3D 065309960 56seoBgdom, 335639690l 30{iMM bgmdol 3mMIol o BYyez3wbols
39dbenols bgolidm® Jdggdsby.

215939 906036905, HMB FgbsEebol sbdsMgdols Mgog0mgdol Ldgd@®o (0.1-0.2 {3) Lyoldwmmo
3b5¢0Bobmzol  4oblbgozgds  BbLIMLL  398bErol  EMIoboMgdMo  (JOMOMOEO)
3960mobysb (0.7-0.9 {j3) IPOE 0dwrg3s 6193mI9b@so30sl, Memd dglfogaroe 0dbgl sBJstgdol
69530609000 b3gd@BH®mo dofolldzmgdol sbas00dgdoLS 35Tl 0MHR3W03 3OYsedo, oM
©59()30309L 565¢0BOLMZ0L 459MmYygbgd o Fgbsodsbols 5BJsgdol Mgsa0Mgdols LdgdEHmol
Lo8)d3e056Mds. g TgodEgds TGPl YGHIWIOHO ODBH0BOL §EO30L 96Bs3WwMdsT0,
5009653 90559500 §o0IMJIb0o Q5990 gd9d0 JoBRbgE0s, MMT Mbs 0gml oG I
(3mbLgEZsGHMEMwM) dbseL.

$45¢043995 Jodols 45035¢0olHobgds

IPOE-3 gobobos 358bemols §ysendzgds Jodol aomazscolijobgdol dmmbmgbgdo s olas
9303965305, ®Md PMF 893mbgq30Lm3g0lL 653dssmmvyenos dobodd 0.99 {gsardzgds Jodo.
19 LO>MEOL 356539G VIO 3JOIXO 065 SBWS YogMH0sbgdMO 35dbeols Bgws ObgdOL
3396000bY. 39090 990dwgds  0yml dmlsdm®mgdgeo 08 dgdmbggzsdo, 09y bgwadom by
Lo6dMbBH™M  LbsdMTomgdo 0dbs 30w gd9gE0. dolo FmTmOGdIOL LsFoMmMYds Fgodergds

39050909l 39960359 N300 s 08 MML LyFoMmM bgedobsfizEmdmdoo.
30l mbg d939Mm0wbg dg0degds s@RgL 14353. B30l Mbosb.

358beob 839600wbY 35653930 3900l sda@gdom FSL-bg ©sds@gdmwo fyswrd3zgds
94080 5M0ob 6 3 S BMEHE0MHYOEO [YsEOEMds 14330.%/© -Bg s60L 30. {yswrdzgds Jodo

096905 1533560L0, Goms JoBsMogLML F9gMH gm0 oo MdOL 65350gd0 s Jool
Go@Egdol  Jdggdgdo  0bgzy,  BmmOE  3m(BIEEOYMO  GdwEgdo,  Fdnfj3gnwo
03950 EMBII0M.

3.5.5.  3LgEAEOL LsxgsMo

090005350900 BgbL3MOL  3odbosewo 046935 Iy 9OLYdME  gzgws  JoAbsEDY
mdsgbo AFRD 956300006900, x96HM3560 yoMosmgds ©oBsobol g@swgdols s
STAGE Il —Part 2 & Final Report Draft Final - 1 11 February 2017 32



bBIXEHOL Lags@ol 3MBLEHMMJ300L dodsbm, 0l3g OMYMEOE LMD 3538060 JdO
Bo0md900 s LodoM3zgero, 0dbgds 360d3bgermgzsbo 0dolsmgol, MM sMdmbgdwyero
3094 65398000L MBogOmMbMmgdsdo dmgwo dobo gmbdaombo®gdol ds6dowby. IPOE magl
3MIgMOEGHMWI© 3MIbMdL, Mosh Tgboxrgmolo SLGsWEHOL Logs®ol oBsobo dgodwrgds
396300006:009L s 496bMEOE0g L BYBLIMSDY. M9bTbEgdO 3MTgbEHIMGO0s dmfmgdmwro,
Goms 999053091 Bgo30M0L 0Bs0bo, OMEs 3MMYJEBH0 3935 JOMOMOIEO OBs0bOL
IO YOOL 9393056 IGO0 COB0BOL BsBsTo.

LosemE ol B 060l Lols

O3 356599 900b0dbs IPOE-U dog®, bgblizdsls 358bocno oMol doerosh dowswro AFRD,
090 MBS 5993900 JOMOML O 30OMLEAEGH036 §6935L s LyFoMmMs ooEgl Fgdamado
693096530000  B9gs306H0L  Jglsdsdol  Lolggbg.  Jodberols  3mBLGHOMJz00l  Hobos
56960890056  890degds  50060dbml, MM SbBsw GOl Bgs3omol Loldg 3sdberol
10Ol 356G MEISEO 0DBMHPYDS, 0939, MMM Fyarol doduodserMo (iB93s. I3,
doM05©0 OHB50boL J0gH F93Mm535H9d9o Lolgg 9H0sbs 311T-00. 390 SSYEMSTS
9 330P39693L J0d0bstg AFRD-UI sliggsen@ol Bgsdomol Lolidgl s Lodsmergl.

S0 2 multiple
£osingle

=

ELr] =
(21
S

Halght [rm)

20
o
20 ity

o o =

o g el e ] 40 SO

Thickness of face {cem)

0526535 9 AFRD Lo3s¢mg 0d sbR35 oL HBas3o6mol bobdq

IPOE odmg3s 693009603008, 6Mmd 899damdo  693md9bs30gd0 wbos dmdbswogl
LB GHOL BYs306MH0L Tgusdsdol Lolidgby, GMIgwoa gobolobL3MYds WsdMESEHMO00D

5 39WHY Bo@oMmgdmwo 330930l 90990 dowgdmewo Jglodergdwmdgdol s sbg3g,
Lo FoMm dgLemvargdol sm3zseolfjobgdoom.

53 999590, LoMmgbsgg B3IBoL LoFoMm Lolbdql, Boaoe0ms®, o Jgodergds gBsbgl
OmameE 999gy: 1 X101 8/ FyomasmdEe®o g9bolbmzol s 11X 10* 8/§3 Lo®gbsgq
196obmzol B3I MO™  2o9BHIOMIOL  3mgB03E0gbGHOL  30MmMd]ddo, 303  LolidoL
399509©M0  BoM9bogg $Bgbss  LoFoMm  sbBsEEOL  Loxgs®ol  Loxgwmdzgerdo, Moms
MBOHMB3gYml Bo3domolo LoM9bsgg FgLodwgdmds g4zqwrs Lsbos3z®mOL MLOFOHPHM
©M9606M00LmM30L. M) SLRBIWEHOL  BYs30MHO 0l  s0RYRTY0S, OMYMEF 535505
03505900995, 39959 M0  BoM9bsgg $IooL  o8EIM0bMdOL  3mR030g6G0  bs
©503930mL s 5030 0bg, H®™B 0gmlb 5bEMgd0m 0yml 3.8 X 10 *8/§3 56 »gem dg¢o.

STAGE Il —Part 2 & Final Report Draft Final - 1 11 February 2017 33



(current design)

g=kikh/ti* AL (m%/sec/m/m) a: flow per unit length per unit depthlength
AL=dh*y"(1%+(1.6)%) Q: flow
perunltleng‘thQ:LSg* J qedh (msésec/m) ki: permeable coefficientof 1 0E=10 m/sec
impermeable layer=
=1.89%1/2%ki*h2/ti(h=0~125m) ti: thickness ofupper
impermeablelayer=8cm1.84E-05m®/sec J(1%(1.6)2)=
1.89
0.018 I/sec L: slopelength(m)
h: water depth from base of the gallery
velocity in the drainage layer
vd=kd*i kd;ﬁern]eabl&:zdé‘h@i) 1.0E-04 m/sec
entofdrainagelayer=
6.25E-05m/sec td: thickness of
drainagelayer=8cmneccesary thickness of drainagelayer i hydraulic
gradient=gradient of slope1:1.6
td'=Q/vd
029 m >td=0.08m
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