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Dam Safety Program - Process

SAFETY EVALUATION OF EXISTING DAMS (SEED) PROCESS
[Recurring Activities including Monitoring, i Comprehensi
Technical Responsze Teams, and Issue Evaluations)

Issue Identification Issue ~ MO
Through Facility Evaluation Decision-Making

Reviews, Incidents, and Risk Are _Ruslc Reduction
ete, Assessment Actions Required?

INITIATE SOD CORRECTIVE ACTION (ISCA) PROCESS

|Corrective Action Studies, NEPA, Mod Report, Final Design, Construction, Risk
; Reduction Verification)

Iniliate Corrective Project Specific
Action Study 1o Autharization (Mod Construction and
Evaluate Risk = Report ta —  Risk Reduction
Reduction OMB/Congress) and Verification
Atematives Final Design

siiE 3 ¢ B RUELETE (4598  Matt Tracy)
® FGRHME  MARB R HERMTEL -

o T :
> 2001 4 911 s » BEFSE T KBRS IE | BRATEABR SR

aTEE o RO EZEHEMT - BE B S WS KEEZ T EZT
Bt Te it B et (VB E R bR )~ 25 IR AS (B b E 4E 5)-
L RENCE R S OB HE ~ L HREE M AR EHE -

gaEtE RIS EHE AR MRS  FIEBRITE - gLy
asc it B M e BESRAR T ~ ST VEAE R AR (2 B 2R ~ ARl
LALRE ) ~ BB R R AT (B x Hegslt x &%)
e S EALTRERR BT P e DA (R ~ S8 T T RF SR HE -
PR E S B (R R

B R E /KRR 77 R 4+1 &0 (REER ~ (ML ~ (B ER
M2 ~ FEFSEFER M3 ~ (RS M4 (ISR RS AR R ) » IR AR
AT EAEL TR - HAISRG A S5 Bty Ry B R B AR Rt -

BN AN B - R 4Lt E RS M 22404 2 81
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B RBUETIRETIE  Ba R ERHRETS S R F RS i 12k
JE o (3) B #8/NH (Intelligence Support Team) » B {5HI4%
TEE TR S B R R R St B B 5o
i B fh B R K B BB - (M) EBEENEE
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SECEET YRR B A R ) ~ S5 58 TAZ (MG I ~ 7 Es )
% EREVEZ4E (Reclamation Access, Intrusion Detection, &

Surveillance * RAIDS) » EL&HI AEH] (¥R =Ei@E@IEF 0 )~ AR

(EUHIE 2 KA B B R R4 B E iy - B A\ B g HEE L

TENEEIF S RIEOE AL © 5540 » AT AR 2R 5 B S R FH 25 T8

Bty > (a0 S AR /) (7R o] A BB FE S I TH) ) - ERRGHY
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San Fernando Dam) ~ 1999 fEEE A ~ 1963 FFAF| FLIERHE

(VajontDam) ~ 1911 FEEEFTIE (Austin Dam) ~ 1928 FE AR PEHT
1% (St. Francis Dam) ~ 1959 S AE] %S B 1HZE% (Malpasset Dam) »
ATHA (2000 F-LAT% ) 7Y 2004 FEPE-RIEHIE (Camard Dam) ~ 2005 4
Veyity 252 3% (Taumauk Upper Dam) ~ 2017 FEELEE4ERIIEH (Oroville
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2023 4EFIEEEAfEE4% (Derna Dam) ~ 2024 4ER7 7 FHE (Rapidan
Dam) o DA 135 B 26 15 B SR SRR  Tak A -
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ANTAIERNE 16 4 - 1 ERPRESER AT T R
T (ETAMTSE) - SR TIEaE | AHIENREN - e
16.0.9 AR BIFIBERIETT - K REE 3 ARMIRE 2.1 AR 2 5
B S KRR T - TERIRTEIE 8 - BRI - 3 M T
IBRROKER B ROKRAS - 1889 4 5 F 30 & 31 HERtE AR
R + RERAT A RIS AR TR - TR
B 10 Sy T 0 % 12 ARK » Ak 2,200 ATEL (RER
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A5 THIE R + Hi75 93 AR - 1976 S EJ0E KT A rpI g A2
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B LA 111 SRR RBIE R R EOF 11050 ORIy
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FIBEHETRE » AV 11 ATECR T S [ESSTerphaEtas: - &
PERARED R - 8 | 5 AR E BT T
FLRERRTHIE S -+ FLIBRE (DS B M — TR 2 1
KA Ccutoff) #HiBAE FLIBYERENY - 255 £ B (arching
effects) 3 KMEEFFM - PIEME B A BNKRE AT
FHEEA T BIEE 0.3 AR - EIAERIEH 1.2 AR 452
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R AR 6.6 HIE - s8EFHEL 15V BENEEZ 0.62 1Y
DOERIE > B 5 (3 R LI B BUERE K R E T KB (R4
7K ERIE R AL 3 AR > EIFEROEE) - 2R 0.9 ARV
SE A KHE - R > N RERZE ALY 80,000 AW - B3
BT BB 1R B /KSR K (L « ARSI E Y LR LR
”REAVEEAREAT ST (KRS M E TRl ge R b AR ) -

2005 FEFe 2 58 L3 Taumauk Upper Dam): KLY EEIZ &K H N
A 1960 2 1962 FEfTEEHY - (B RDESE - $Hm ) » 8 30.5
AR EZKE 500 I AR B/K IS ER Bt B E 7.6
NRER ~ 2,135 AREN@EKRE > 14 200 A HyMNamEZeEls
(G EHG) - FIEA2REE  BRET BERIEL 0.6 ARK
iz > 7Y 2004 SEAF R (IR T #sse T 1R 7KB5 (Geomembrane ) » JRESET
RS TEIE 4y 486.8~487.4 /AR ~ HRIEIEELY 483.7~484.3 AR »
KA AL E LB HRERELAT 0.4 AR (=) 2 0.5 AR (F)-
20054F 10 H &3 B3 TP RASR R I T e B i TR
KratK L ERES (HIgIER AL SRESE R > (RIS KEKALEE
FIEK - BHA B ARBIERr L4845 > 2005 4 12 H 14 HimEREE
(4@ 9) > LRl 4,248cms o &Agat » H/KEE I EZLY 485.8
PNRBEANTAF I AE/KAEEESHELLERE R T 1.28 AR BIEE
[EHIESE S A FMEELY 487 .08 AR > SR EE RS -

2017 FEELEAERIE (Oroville Dam) : ASHALFFEEIIFIEETN -
72 1968 FE52 THY A » e 235 AR (FElEs ) IWEEEA
Tt E ST E ORISR - 2017 5F 2 H RGBS mitE
PRBCAESY 1,500ems B CE{RFSRL-HFRIFTZZIH SR AU E
4,500cms ) - ZEPRH IR AE T IEABAR (A8 10) » SRR Ed -
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FE NACGER EIFERFERENT > (HOKEKAL EFE > A0 4 RIREE S EKiE
ME s AERIERE S - MG E HER - AR SE NEEIRRE
47 350cms » (RPN HEETBURERY 4% > IEIERE NS R Eed
EUSRIR AR - BB R BT R N 20 BIER > MWHRTTHE I
BB E - AREREEKAL - Rl 0 TRl - B
5 [RESZ R B AR A RE L - WS ZRHEST T BRI E
THE -

> IRBEBINFIFZ2E B (Association of State Dam Safety

Officials » ASDSO) FMCERIELET » 1 2010~2019 FERIAIF HIHSE

H REERIRT By | /K EGE BE S TR R /K ST (4 180 1)

(2~4 35947 20 ) 2 BIREAEN=aE - 3 RHHRA ~ 4 L&

R~ (5~8 #/NA 10 1) 5 458 E MR - 6 BfsiRErTifE= - 7 A
FRZE - 8 Hilh -

10:30 SECGUENCE OF EVENTS
0.42 cms o 1-Jung 3 1976 About 406 m daw
11:00 z“a:.— A 300 TpmTram rer varical finis-of

June 4 2= Juned 1976 Spring fiowing ce

Whirlpool

7~ SRl S AT 8 ~ IEBH eSS

- -

l' )‘l__ -- '__ .@%
0 ~ P ERve it TR ST 10 ~ BEEEAE R I o B N SR
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SRE 5 ¢ BHERIE R 4ERE (45 578 > Daniel Staton)
® FEREME ¢ MRS SRR E R AT R -
® [NAHHEL :
> AHIE SR T A d AR S - B EIVEERRREAR

1~ SEEEME DT ~ ERE - FERR ~ HKIhE R REIREHSE o Sewl bl T
= FyEa o 28I 0 &80 40 ZAFERVERER BE > MRS B 2 i &I

TUERE  ETE eI A E AW TARFHESHES A - i E 1948 4
RO AE L I = A FE A T E (Review of Operation and
Maintenance Program, ROM Program) > iZatEEARZ 0 ERIE T TED
BEia | (Preventive Maintenance)  SREEVAE I F-AEER/ N RE -
DA o e 828 B ] BE AR R SE M 1 SR KRR - Bt IR G B 4 sy A B
MEAniE 11 -

B (0D FHEAVE P BRI S BB E B EIER N E R
B (Asset Inventory) HIMEEIR & A EBMEE R T - HIOEE
BREEERIGERE B E SRV FACE LIFEHHRH] - EIL 54
SLERHIEHEATA 4EEIH H (BREEERRIRTERAY ) DUE RoAR KSR A
FESEECH:  mfk (WIFERME) BESF K » AROEAREE
EEERHEK - N HEF L BEEGR T 2E (HE - BT E
o st - ESEE) N T g ) (REEENER) o6 - It
Ry # S E I E B THE -

SR R R SR AR [FI 7R oK o3 By ) ORI > ST 48 TAE A
ZGUUER - GRETENME - FOHE - PRS- #E - 8 - A sEMEE
[ ~ FEHE R R BT o 1 TR RS o r s s O TR S 2 TR
P SR8 (5] P S E R Ao A 55 S B (A B s A Y BB Ak F e S 4
AR AIRFERE 2 ~ BRGNS ¢ 3 TS R d oty
EEIETHIERS © 4 SRS MRailE 4 T EE G
A AR - TS EERDT R (BN ER R AE
P TERRE S ) 5 EEIE A R E SR AL EAE Ay I EIBEE - =
Bt AL B A ] RE AR I BRI HIE MR 6 Rl SEMEE A Mg (A TE
HEARNER T > BEEEOTACHENMA BRI 7 JEF A
Rt N > EE R RSN A RIITERGTE © 8 BT
RS A FHRAVEZFIL -

Bl The &R T - Saht G HErREES P sEs e A & e T THh
HiEE - SRt EOLA - (eI R RSB AEAY R - BRI
By T =gz B MRS R R AREE « RIS e
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& (FE— HIFEEANRNT  BEBERTIHEA) « eIt
B/ \FE—20 HEER A E T8 1T E R ARG E R E )
PUR R Z 2o si etatil (Al \EET - irENERE —XE
A ) - AL (E RS B e A VE AR AR MR HT Y SR L /K ST
ERMAS & - HECRSAE BT EHERIR T ORFF 2 2 -

B - EEETIRERBEEA Y ARG B RS 5
B R AL - BE/E 1970 FARETERE
sEAlECs TR R AR IR 8 (o e fIaE 12) ¢ 35
A1 R LRI BRAY B e fETRE - S50 2 Ry TRBG S A bRy AT (5%
TESERGHIR) - 5 3 RV SUE R (AT A e E R
&R ) - 5 n e E B R e E A B IR IE SRS  A0HECR
E A GHRN - W RRRE TR TRMRIE IR > IR TR

CALETER I P RIAF BIPREL 372 2B e i e Sy 0 [
B LB - Aol FHE4EE - B AR EREHERT
ERERE > AR RIBHEEL - BB HLIME 10 FRTEEGHE R BIIEK
B1EBL AR KA (Major Rehabilitation Replacement, MRR)
WEERBEGEHRAR CGRERRAZE 10 BE KU EE) 2FNES
HYEE ZUR ] o 2R e ua i M A e AR S A SR T AR SRV E =
M NMESHAE T —FEENHE - BERERK 10 4 - 30 FER

Application of Scheduled Maintenance

| Good Condition

11 ~ BN R LG Y A RR 1

12 ~ BB R RG] CER 1R 3)
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SRR 6 ¢ ESNIEEREAL — B B A U, (2 /)N > Amanda Dolezal)
® FIEREME ¢ /4B NI R S Y B B A A -
® N -

> BEEHKENIE (Failure  JMERS) HUEFRR T AIREER A G K
EREBERRAIA ZHERRUK ) > RYESBIRIEE » BEH/E 1994 £
FEERI T EBIREAG A E R TIE > H et B RN EE S0V E R
PR RS AR (BDHIPER ) ~ A5 (SRR SR i B R = B
FEO BEFEEITE R - MRS e BB RA (head ek &4

> BEEIESENZRESEE bR - DE R A THE -
PRI > A8 T AREA R T B ST & 8 AR > DRI 5 b s
AR~ S ITRIM A L BR 2R E R - B R IR EIRE
HIA > FIRBE RN RIR B SOE THIIMERE R R B e (H - — H#
B I H SR e E 2R RREG SR HER (RURREEhH R
R - BEE S EAL > §F 2 F I KEE IR R B e
R HZBAEES B > W et imidat s - s e o=
R LA I O NEEFL > DL S AR A5 R A N
i HLAFEE T (49 20~30 AR pafEfLEREERETE -

> B RIS - R T RER BAR ~ RGP T RYE
1% BEFEHELACHk ~ RS d i BRI - SERRAY SR U A e
= (EBHSEER T BB ROE ~ BRI > DU R SCEE MR IR AY
J7 3 (RN AR S PE B TR At AT &) - BB S
A RMEE SRS B E (B &/ MRSt FEER )
IDSEVwc At

> B AT HREERERNZ2RETER > AEEEMEE
s 0 HasBUR HRE S IMR T AT BEBREENRE SRS
AHRERZEE] IR E > A RV E R RERY RS - SORSHRIEA
BJEFGEE T IEH ) IRRE - A RETREEE IR E - ERHEEE A E
HE2ERR (BEEF) NHFRERREREH T AR &
SIEHE > AVE IR H AU BB HE I -
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2 - g..

13 ~ e t/KE E A P e R 22 5]

g 7 - KiFEZE R K E R (1.5 /8 > Dom Galic)
© SEREE | RIS ALASEIE R o MRS RS TS -
o T :

> SRR A E ERE M (Risk Analysis) ~ JEB&EEE(H (Risk
Assessment ) FEFREH (Risk Management ) 3 (/& : E& O &
iR b )T B G S EE Bl E 2l o rasss - IRIFTE
% R EHAIEE S EBRIIESR - B R IEESHEEERRE -
Ry S P A s 0 A TR E R SHER ARER » B S %
R F SR B T ST B — B RS (Potential Failure Mode,
PEM) #E 2B | -

> B AT O R o BB E BT (PRMD » & B A
#R o PRM AV B E Ay e 591 BB E B e B BTl - b B et e
" RRENRA ~ RIS R AR IR ) (How) > AIE(ELL T RIEERA0 ) B8
A o LARERER BB - ATRERVERRRPSIE S ¢ KR (RN
) = e EE —~ 2RSS~ el ERR A g H Ik~ AT+
=R - BEEER GELE) RS (Event Tree) Rl
B TSRS - (B A e s B Ak - HAREZe e gl

st A ATER AU T B AR A IRE - TR R B -

> ERSRMSET T > BT EEEST (UK #FE) > ERRERE
SR PR AR R AR o TR I SR PR DR HA =R
AIEZ PR EEIRREET SO SO e (BENSRET TR T EHeY - 4
so R e B A TR Y 55ERE ) - BT EERERMAE Y RS EN
Hx2H et MRERR  MIHETESH > BE gt —M" %
Bt (R Rl (—f ks 0.5) FRIBEIRER CAAEARMNEZR)
HEFTHREE (ELEAEET AL IR RIS ETEN ) « SRS i b A oy A
HEEYE ) B T BB T RE B LAVERE o MR e M (0 T oy
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iR J) AR A B s R AT A e M (T e T A 2N E
et - 4NiE 15) > SRR E(EAMEEEERARME LSRR (5
SR ARG A BB ) S S EBOERIER -

B fmR o B AT 2 AT IS A & B it

" p EHEEEEI TR NIt EA R RiFaeaT (BIEE
T LB o BT th A R s s s T_ LAY B ERie ) (Y TRE - R ERY B
THES > EARAEEEAVEETE - Bgoth B ERHERTER

DISERERY A Z23E - DU AR AR BT B AL R r o A Ry iR
Hig REEAER (e A [R5 Z FERTES 5 - fEi L e - #ES T8
A Ry Ao BREN] ~ ZEAY R -

JE\Fg A A L B A B S IS SRR S T » DU ST
i — U AR o 2R B AT AR 48 E (risk portrayal
chart) FIZ&imss (safety case) ZREHBNAK - GAAMER LN ERA
DRI E R BVRES  ASRIIHMEME T EeiagE | ERYEEEEL
BEAL R E R AR ME &R ) - e B E R e 55 ey 2 g
(BNZraimes ) > AR b (G E T B R it iy B2 A R FO M RE B RS & 0 T
A0 SC R R E A SRINE Ham 2l B RRE SRS b R B TS
&) - BE(dERRES > PR TEERER (BEFHEEM) 4 BF TE
& Cconfidence) HYZEE » RN BT 4SS (ElafbieE ) TES
&g T AEIRMEE | IVTTRENE » DME RETERINE BV -
EOEEFREEHERAGSE ISR BLOERFRIE
SRR TTREEE AT &SR -

TR YA (SOD) YRR Al o7 s =08 + 1 e E b R (A8
Binz i)~ 2 FEEARUE R (RS IERS T 75 Bt it ) ~ 3 Bl
gk o e TEF AT 2B ER RE(L T E S BN ETT R

"EEYE > REEEE T ER ALARP JFAI (S o fTHE B A S o E(K 0 As
Low As Reasonably Practicable) » {F&FE O] fTAYHEIE PN o] gE[E(K
JE\Fg: - G FORFERARCA R G VIS T ZE - Bl - SRR TR > FERERL
D ERRINEARA T 2B AR R > RIESE  4afeils  siEhE
B EE PR IE Ry MY EA e 7% -

ik R PRECH RAVTBENRE R, (O BRI el stk TH )
Ah o SRR R R R - B S B BB R

P B eRIIRD) ~ i TR T ~ #RIERER o ENRE T
DURSEN S GG AY Rocky /KEEHE & ST R BEEEE B & aE 0L
H ] HEEaERey /KOst - RO EEAFE TR - ZEHlE R
Regwe (BOROKALEER) > 4ME 16 -
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Big screens

15 ~ At M ] T 2R E 16 ~ Rocky /K 3 SR B

wte 8 ¢ BF R KEBREFL J77A (45578 » Mussie Tekie Beyene)
® FEREME | AU BRRITHVE AR A KRR E T -
® NANHE :

> DHOKERE ) R TIHOKEE ) (R ) sk b T SG98 > Hdp Tl
KK SRy T IHUKEREE | ok b T R4 THUEReR - WA BB E(E
ERIREREK S - HOKEPRr R R K S AR AAER - DU HE
FEECRIFIHRAIR - B TASEHEIKEE » s E o E
fii 15 45 L 28 e 2 T B A B R DARECREVEAE B A £ Y58 -

> EMHE (Deterministic Method) : EIEhETBARIER > B E L /KEIRE
MIFHER - DUREAIER AHEK (Probable Maximum Floods, PMF)
R ERE bR » bRl SR Ry ToKESRE , (208 17) 0 2
HUR ERER R G > Bl R i R B R ER R - EEETEES
VO{ERE S EE ¢ 1 fEE R RERR ALK (PMP) - 2 FI| /K SO RIS PR
ORAAIE - 3 RIS B DI A LSRR & - 4 B THEASH PUF - 248
ifi PMF A ERM: - SEAEIEER CRRlEE PMP ifEET) - (&
B —FE M (A E L KEHHE ) - R ARMSERES - H
RIfsE DL PMF #EfTHE R EKE /K S 2 4 AMFRZ KRR KR
JE\Fg - TR HA S BN ZE - iR EE = T 0 B4AKE PIF &
WA E

> %% (Probabilistic Method ) @ i EE(F 8 A4 SR FIRRAE E] I 409 A%
B HIEERIEHERSM  BERIKEL 20 HE 0 E 2 © S3HTEK
S By UK 4R | (Flood Hazard Curve @ #[E 18) » @it
KB P B A R R (AEP) ZRIMVRBH (R > HORERKE

(Streamflow Method) B¢Fki& (Rainfall-based Approach) #ff -
ETUR AR AR TTE - FIF RS MG S ~ st &R
ARG AR T A A &1 R 71 CRACKRERI T B 2RI ) - 7
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Flow (ft/s)

(E4E ARG - BEAEFTIE(R 2 1/50,000 AEP HYSEFE LR - PR
BARIEECIKSE 2 HlEr i - BRI RIRE R K 5 aH AR
& o HRE BIRIA O ITRCRIVIA T & IMERYAHEEE (Bh=02
ShIf PR SR AR M BRI (R0 - FERIEAE 200~300 SELLEFE) ~ &
HrEREE A PRATBE A B E fak - Bt EE G — 85

> B REAUKEBRRHG R PUF B R 2R R (A5
B SR ) - R R\ 1T 5 F B AT BV E Ry R 5 & - 1
Kigstt B EEE G ISR Ry BHCERSGE TR E » I
MR EAGET R A R SRR - 40 (6 A g i 55
B RAOKEY Rz A -

10,000 prrnalMaxima N—day [T T T T T T T T T T TTT
Mean Flow Frequency
Curve :
= = Instantaneous -
=== TSLL{10% baseflow) 1-day
100,000 - = TS HL (10:!6 baseflow)
2822 cms —-= TS LP {10% baseflow)
=== TS HP (10% baseflow)
800001+ e TS LI (10% baseflow) ey
Znaans —-~ TS HI (10% baseflow) § 1,000
60,000 - == TS MAX (10% baseflow) £
1699 cms — T5 Cal. (10% baseflaw) 2
[T
40,000
1133 cms
20,000 4 /
566 cms 7z 7
100 4 —
0 e
! ” y Y £ | S T TN N N N T T N N T I T O A T 1
¢ 20 49 60 80 100 120 99 95 80 60 40 20 10 2 05 0.1 001

Time (hr)
Annual Exceedance Probability (%)

[l 17 ~ AR — /KRR ] [ 18 ~ #RIABER K K F iR

FRAZ O : HEEAKHEZE S (454388 > Ali Warren)
® PR EAE « SRHAHNE K 27 S R SR R MY B e B VR A R S A A B M
® [N

> RIBZEsHERET S EE RS > M BB K
5 B A e Rt AR b R SR A P A EARAVIRER - HAE
BEE e o RIEEE S EER (SEEE) - ZEE
#EREN: - BiEA - IS BRe A 2 HERA e o WM
e e R - U R T (AU ~ SEPRRIEEE ~ EAR
B> BB~ WM EFEHERYEE 774 ) - DUSREE R B R0 - fEOR
FTE AT I A BR B HYARRE [ 5 3 S0EER i R Bt E B E =
SER R h H BB AR 14 -
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> H RAYE ECE PG ERE 1 Eh o FRE IR SR R - IE
RAELEF5 (Vaiont Dam) JE3 IR ANME 19 0 2 BEHTRrE (Karst
Geology) > BilEiAefimEEAGHHIE © 3 JRAE L BIALRE CE » 1R
B gyt > AUABUEHRIEZES (Malpasset Dam) YRR -
S T R S TR A TR AG I RE T A SRR SR > ATIE 20 ;4 2T
EANEL e - RINBDNBSRIGEE © 5 IR(E - EaHE AR
RETT > TR EEH BT A RE MR -

> AREEMEEA A | 1 B ERUEE > TR ERRSRAE IS MR
T 2R - 2 MR TR - Al DA A e BV [ [ = 3R R A0k~
s st ML - 3 SR (LEsilaE - HEE AR A5/ #hE
T PEMA BYRES > s B PR A [R] — 2= R PR AR B () — e A 53
ARG RV R SR B R ] -

-

19 ~ FLG B

FRAZ 10 + KIEBEHIERZSESH] (1.5 /\iF » Montana Foulke)
® PR EE GRS R MR SR R B MR b Uk
® [N
> JKIEZEENEE B E SN > W HER R - BTN
(BELE A RE VIR LR R o B LA R R — 2 - BREE
T HRER AL E AR E RN - 55 R B 1 [ R A 52 2 ol BB A A =
AR - BEEs B NIHIBEIR (It E |80 - T A /KEERYEFEMERE - MR
TTREORETER £ RE S IR R R as B - W B A T
flEtEs -
> FEEIETEREENEKESIEE (S35%ET L REK - E
HASRH ~ BaiiRin %) 1EED) - BHFERNGE 5 (ERAHEE © B
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HEY ~ Se =~ BN - SRSt SOKEREREIR - PIA1/KEEK
A ZEFE STty - BEHBEPRARIE 0 - ASRE L2/ 040 T /KB ~ 27 8L
SRR RFFEEIFAT

TR KRR ZE R EE 2 - ERERHA AR E B aY A RN
M BRRRECE 27K ERET ~ BUHIH K ETE DI 2% - HRIZRS a1
B g7 X ALPE /KBRS T (vibrating wire instrumentation):
H BT ~ RN R EAVER: - BUg T - 2B EEHE
{5 A e (08 21 ) 2 bh B4 A He: R e A ] B A5 A X H BT 7K B 7K iz
BL/KEE 7 [EIHY B EFERE (4 > WRERIE eS8 > — BB B #HiE
(e o] 157 Ry RTREAVE R o

BN (HERAVIEHEE - TR O B E T E TR -
A FHB A B 2 3 i BB K B/ K AL HY BRI (% > TR BLVBAE R h aRE iRy
EHRGE - IS REINERESER > TR Ak e Ry mie5im - It
{EFHEMCF KO - BERms > MFER (TR AR HERS -
BHCNERFEREERE - BPEN (Baed))i) Al E Bl
B~ PERME CHIERRAALRE ) ~ fRREE (RlAEA RN E MR YA
HUM) -~ BGE (BRI ES(L) S EEGR S
fEHREME RIS I -

FEes HEMUHEE (QIE 22) gk A TREEREE - RIS HRE
BIRK ~ BGEEFREN > HEEEERE - B ES B
T~ BN - SRR TR A O ~ RIROLE - TG
afl > EIE NIRRT - R e ett - SN Bt ERS (SR - AT T
T IBEAR ~ BEEEOREE - BB EENND L e B TR S
AT > B RBERE K BGRR S Y E R

B HIEE SRR R o (IR S - HNEEE S SN A
FeHEE - PEREFRA] (performance limits) HYREE - FESHE IR
BIRHREFY ~ BREEE (BiREEHEMES - O mEkES) F
BRI E R BUSIERS  MUE I B TR A\ B2 ARt R o Aes
SR -

Y/
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e 0

21 ~ JKEESTEUR PR i el 4 22 ~ A H BB

e 11 ZKEAE ~ KE R IFELESE (1.5/N%  Melissa & Jennifer)
® EREE : BRB/KEMEIRNN ~ BB R R E S T
o NEHE

> KPR Z B R OF ~ FUSEE( T S (AR ~ Bk KK
FoKEESGT RIS E > AADKEEE AR " #08eR - KE
MR EEPEE S  AREERK - PIEETT M - SRIEEIEMET
F ~ Dhpett sk CEIMEE EABIHUK O B KEDIRERI 2528 ) »
HKE Az 18 ~ 513 HERE ~ MirE Ml AR L REg2
O =AM RIARRE - BAUNMRRRECRAIF R E - RAE 2R ST %
fE%7 > AANETHE 0 S F R -

> BN EEAVE b AR AT AR © B8 R
I - dme \HRBLC RO B E - #E G R/ EENE -
a DB T URSOKEA MRS - BB EEE R
IKEETERE B A0 | Seat &5 B4 ) Bm TR - e B HEIR
EERORES (A8 23) ¢ BiFERUsla R R badit CRk&IEr b B ) ~ i
JeVE PR E TlISEEEREY) (bypass sediment ) ~ FEFZEMERETL
(EeATE e )~ HKIIERY K DEED CEB SRR HK O FERU SR
BEHJEY) ~ #RIEMHR (sluicing)

> BREE4Y 300 BEOKEFER SSUETEMENE - HefrZ BT EA
40 > RylEST R S KEEHBIR B AYEE - BT T RN EE
TR TEMIEINTFE > T — (R AR EL A SR PRI T ROK R A%
Bt (EEESEE 9 IR > BBl E ORI NEDK RS A
aF(d ) o A6 24 > RESTIEHE PR (EUSAYIRI OIS E) WSS &) DE
SRR ERHE T  FE BRI DR - BHFEEE R
FEIHVERIRR A Ry 6~10%  FB(EFYSCATRIFERY 16~26% © 5550 - 356
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SPEELTA 20082 A NIKE - BEKES RIS - R2F
RV EHEIR -

® Reshet
4 Raw NID
Search Radius
NHDPlus v2
05 16

23 ~ SR E A 24 ~ AR TR

Kilamaters

AL 12 1 KEERY/K THERR (1 /N85 » Lucas Adams)
® FZERHRE © BRBH/K ARk (IELRT) fEf - s S S ]
® [N

> KA AT FH AR s B /KO S o3 AP Valves )R BAF9(Gates )
FARARE A Ry« WRIFT T 2 RGOS e E - B R (R E g
AR/ > PAERDRE ¢ mREPIREEhE R RIg i H/KOmEse -

> WA E & - Bk (Ball Valve/ Spherical Valve ) ~ M
(Butterfly Valve » {RAA » N 4EEECETRAET ) - AEKEHER ]
JKRAYEESERT (Rotary Cone Valve » %8 P SR BR 7 ) ~ £F
ZEf® (Plunger Valve @ JEFI&EZ ) 5 $fEZEMI (Plug Valve ) ~ oz UE
1EfEd (Pilot-Operated Globe Valve » B » ERBRELGTR AR
1)~ Z=g i (Air/Vacuum Valve) ~ EEHER (Fixed-Cone Valve >
CHUCEH R R B H KR > $18 Needle Valve PRIEAEAMR A
MREC AR ) ~ hZE5 7% (Hollow-Jet Valve) ~ & (Tube
Valve) ~ EfEfE (Sleeve Valve) ~ 7/KJJ38E /KR (Hydropower
Turbine Inlet Valves) Zf o

> FFEREE  EEETEERIEIRFIFT (Bascule Gate) ~ 2RI
(Drum Gate) s EEISRAFT (Ring Gate) ~ BHEEBFIFT (Obermeyer
Gate BIRFIEL LR 7 L3N & )~ YU FIFI(Radial /Tainter Gate>
B L BT R A E B K T ~ #R=CR1/ &R (Roller Gate
EERFIAREZEIEIR AR R T EE=EK S RN ARIKE
BRLEE ) ~ BTHEEREFT (Stoney Gate @ FUCEEERRGFIIETS ) ~ [EE
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fmiFT (Fixed-Wheel Gate » RA&SHEFRREMBEIZER ) » JHm KR
1#6485F9 (Roller-Mounted Gate » ~EHEIFEFT » FIFEw s K E =
FUR DEERS ) ~ Br4EREAPY (Tractor Gate ) ~ B EEIRAFY (Ring-Seal
Gate ) ~ 32T (Ring-Follower Gate ) ~ A&/ (Bonneted
Slide Gate » # LA HI/K T » #EHIRBFF#1R0E - BRI EEKE) ~ &
JiF (Jet-Flow Gate » HNMEIRE R4 » BEESIRETIRE) ~ #117)
BP9 (Knife Gate) 55 o NEIFEIFIEEETFERA 7 /K IMERE ~ BEAI5EM:
it T 4RI A -

> BRI IR A R AERE R ¢ MR IS S L 0 e (HBETIE
SHE) Bgah (AERHERIEL) npthl - EEETED; (HEEEE
{ERYRIATT ) © UYL B R L | RUR S BLE e frg (RE ¥
R E oy EE T SEME BRI E R - SlRSSUR R AE 25) 0 i
R SEfp B LS (L HIEB/KGUE R et ) > HoonE B R BLER IR
AL 26

> [REARAE G R EAR AT © w53 Ryt kORI hRE PRI (S KEE )
K7 MEREE (R FHKER) - HHY R WERRERL ~ R 733
> PESRBUKEEIHEE - MR =1 TR A AR R 52 2T
fE - BAREPEREIEASIERIIEY) > WARRPEEIREAER »
RESE - RS EEEFA - itErr I EsF BT —RETEP
B BRI ERIPIER: 10 ST — BN - 10 tH/KRIPT
BP0 E 4 FHET IO -

BIRDCAGING SEVERE WEAR

25 ~ RIS N 1 26 ~ g2 A B R SRR IR

R 13 © M EG B FR B S H] (75 44 > Dan Levish)
® {EREE - M HME G EE o7 A KB s IE T -
® [N
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> RS EEEEKIE R A ERIPEED 17 N - 3P ht Bt B EE)
EEEEE (BT E RS ERR iRt 7 Ea s
KIFIGRA ) G BRI B N2 2 B AR - e
AHEGEE M (Probabilistic Seismic Hazard Analysis, PSHA)
B E R e thE) CGRE R ) £—ERE AR » H
AR Ry RS AR MR AR | (ANE] 27) » STEFRHLERE AT FR iR
PErEE R - DA ERSR S HUASE « 28110 » PSHA A TERIFRA © 4552
RN ARG E T E) (B EEE S/ R e g T
) BEAIATEENE (BINAZRGE > Al REEHEE ) > &
BT KRBTSR 5 KRS RE » TR BEIER
B~ BT 2 AR S e B AT R iR 2 o

> PSHA BUTHAZ © | PEEER (2EE - BT - gRithEEE) - 8P
EFEMEESE) 2 BRFEUL - WEE Rk (B &%~ H#
FE PRI~ BB T 1) BN BB T S TER R
3 BT RS A R | T REAY B A B HR A T BRI B R (A
AR 7 B R R S S ) FORE S B S - N AR
[ R RIS EE) > RIS AR St B Ay 8 A= ARG 5 4 RS HERL
& (I EREIERS ) WIS E TR - Bt 21 RRE]E
BERERE (R S 5 EHEEE M4 (Hazard Curve) > BT PSHA »
WM E A FERIRAVFE © 6 SSEthE s (EIhn2E R FE R R
EALAVEPRECSE ) » DUARY FLAC ~ SHAKE EENRE TR ( KIFZEE 77
Mr) e

> WERNZ S thE S Bl R R RS - BEEERLTIEEE
1§ > BESEH BB AR BN IR SR R - EHAE
BB - ERBUFIGIIRE - W ERELE » DUAE S REE
SRy - BB EE 2 HE) (WEHS - TILRERE) K&
fElE) (T ~ HHEE SRR RS ) - A8 28 - M B NGERELE
FREITEEREITIEY - BRIEEREAE KakGT I E R E LN
BRelRg - 550N BEEEIEFFEHE (Induced Seismicity)
WE N B B S U 7 J6 Y BE /KO AT BN 2 B A BU2 EEASE » (B4549
B EE -
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ection of array, Wickiup Dam, Oregon with
triaxial FBA-23 unils n dicmmfndsquans Units Qd and Qds are identified as potentially
liquefiable, unit QTb is basaltic b mm%mulmmmm

27 ~ R HEREEIHTRCR &l 28 ~ FEHEDH D ARE

AR 14 1 KN BRE T B AT HT (454388 » David Gillette)
® R A A ORI RE G EEE K A -
o A :

> REWEOBELREE TS E PRI R By BIEEESRE e
DIibERE A 1% - SR8 Rt R ST oA B T A% DB R (ke
RS tBaeG > EATEERRE - T SR L s iy T - DARERR
BIRAARAI - 5981 BB /aR hl98aR > £80R(E (Liquefaction)
T i ERABE R RN R+ N R B (E rLRsK
B BT iy o R IR )5 - (HI A AR AR AR R
2 B EREYHE (Sand Boil) BRGEIAIgEFR A THERAL -

> THEHESEEEE  BIERIE - RILES - BRYEN - e
BIPEIE - 248 KBRS - RLBEE AN T E (Rt &85 )
A E A Es (Standard Penetration Test, SPT) - ElSfE A
#E& (Cone Penetration Test, CPT) > DAKEY I Rz & M » Hrt CPT
PRI TR 3T R R T B R B2 (S e M A o DABE R (AR Y
BB E el E REGEN AR TR/ 20 @ o RS LIEE T
TH HE & EREAS S R S e ( Ea fi )~ (5 EFRE i (B Eh S )-
SRR FEA R (Rl 2 Esme g ) & -

> HrER R TSGR (AIE 29) ¢ Sat B RST - BERERE TR
(bl E g ~ Sat PR K RORAHER] ETED) ~ ke FORE A S5E
% ot ERA] (QIE 30) @ BEreE HE AR F B ER b
R B PR E @R T (RRVOE ~ TR FCGEEE ) ~ (R e
KEfE ~ Bilfssatiie ([HEREE 5o20K) ~ AR (DR E
AeieR) F o st ERIAERIREA KRGS - 2855k L
HEPRIS IR B RFARO ) ~ FANE (ARENFER A T0A) ~ K
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JEEE NI | A IR nE AR & R I s e R T
PURERES] » At T2 A g 4

> HIEEIHTHI RS H AR EARVEAE9%E - M0 ok s T B e e it
3% - HEPAIMER AR ERAR - KEPE TRENEGER
U - 5T 2 4 am L R HGEIE B A BRI A W M s »
RBL A EIRFFRETE - BBORSFaaT (AR B 4R iES ) KA
fEVEAE R > WA ARE H AT R E AR - DU REET Bl iR
R e S R

Generous Freeboard \

Upstream Crack Stopper

Flat Slopes

Filter and Drain
Loose Material Removed

Wide Core

29 ~ Wt oGS S

Formed Drains
Spacing: 3 m
Diameter: 130 mm

AT

Gl rngs
! _-_: _.,r.. =

L
2
=

Drainage and
Grouting Gallery

. -
T

ML

Grout Curtain

Spacing: 3 m
Depth: 40 % of dam height
Diameter: 75 mm

-

30 ~ HrER At TG T2 S HE

whie 15 1 REKE S EEE RS K SCIRAS R (45 538 » Jose Cestero)
® FERHMR © IR KSR /KB AT ~ K EEE R R R SRR Tk -
® YTHHE -
> JREEEEITHY EE H AN R A ARk - EEEAE HESET
EMFAER R IR ERR - RS IR S Ao REOE RS (BHSER
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i)~ BREEE  SUEEIRBEREA AT RS - (H 3R 5 DR ba B B AR K
KEGBARYIA > $EaHEESEAGHRR - BRROITHIE 02
EIEAVKESE  DUBSHUKERE ~ U ~ K58 (s DURESRE
SRt ) ~ SUKEER R - oK HEE - 2 By A Do K
Hpraps (S F &R -

eI SRy B = 1 8B/ =0E (Empirical Equations) F
R 7K BRI 28 (T A A 152008 HY T R 2R 5 A= IRF TR -
Fify B PR H B S A R 5 2 BEREAYE (Numerical models) i
RO RERFEEY L » BIERERSURLR Se EF ] ( DAL
JFE SR ZE BB e ) - AEBOBBHIRERSR » 3 YA L » FEANE
gL ANEREREE - BEAEMS (UEa - b - BEh
J&) WITT Ry > RESTEAGHE IS R alEAE - JEASBURKEKEERE
REREAAEEN » Ritg#T T BEMEST ) e E RS
o AERA T BEM T (USRS R ) SR e B L S B Ea & -

N EE - AR —4E (One-dimensional, 1D) Z% 4 (Two-
dimensional, 2D) J7RETE » /A& RELEANIE 31 - —4E0MTFR4E
JE AR RO SR IEEN A » ST RS KORE S EH S =R 7y
Mred e A RS N 4 o KR & E (BB Rt - BE
TR > GEE R AR RE R S i e i 2R b (el _EFrA 7K
TIEZIE) 30 )~ E AR TP AR E 2R « o DUt

(EFZTBHERE ) BSBERER » KR e E (X) RE/KFEEER

(Y) 128) ; (BB R RE Z @ EE RS (FEE—04R) A
Hi ~ ES AR R BN AR (S ~ RS FOREE ) ~ rirssE ]
HEFE AMWHENASIERE - B Ao TER& - 2ot
PR~ BB REREASE - WK EREFETEE © LiDAR & » HX
R NS AT 2 © TS ERE S P BER  EaiitPR:
PREEEFRMRR R -

AR EIE S (FEIAE 32)  WElEEIEE - REEI L foRER
HlE ~ R AAI/KHE ~ KBRS ~ AU AR R/ & AR
ZEIRFE] ) ~ R HYRIET & (BUREMER ) KMEERH - WEGA
VoEEEtE (EAP) 120t MR ARSI GEEL &R E - 4R
RETE Bt RS UIRY /KB - BURE SRR P - [z
P A o R T

SEHEEEME - iR (FETE) BIRER T A /KiEE (Flood
Intensity) NTHEZERFHE (Warning Time) » Hrt/KogE DUEL/KIRE
(Depth) BH/KEFE (Velocity) HYSERE (DV) Forr o THERFRHAIAH
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31~ —HER Y

i 16

WA > & BFEE MR TR - it CGOREE) &
PEECPRARIFE] « BRfE AT & B AU B EREE - KA n 2%
R ¥ B DS0-99-06 = K K8 5F d 77 7% SCfF (Reclamation
Consequences Estimation Methodology, RCEM) » S{E 5 ] {5 &
B TIeE LifeSim Bz (&5&EY) - ANELERRA - HETFHE - FiiL
BT R SIE ) BERR I H IR B IR @Y 245 - (HE R B E R T K -

>

+

s

PTEAREERL 32 ~ AR eIk E EE B

X FEREETEE FOBESR (1 /)% » Ben Claggett)

® EREM  DIHE KR ORI R SRR T % - SRR e
B B ORI RO TR R -

® NEHEHE
> FTAE/KESSFEHIE BB 5TE (Emergency Action Plan, EAP) >

>

FEEEZEA NN (HEHEFRE NSRS E > JEKEE
HERATAURERR ) BERELT-TEfTEIDANG L - EFER A L B iR
s MIEEATTEBEREK - BEEaFA/ NG o8 o F
N EAEEEE - BRI KERTE2ER  wn &R o] e
BEFTALTAE -

S ESE T (Bmergency Management ) JRAZEGFEGESHT ~ EH

STEMIE ~ NSRS ES - FREDUE - EWMERE  HUK - AR
HZE - st - BUfTErS - WA SR Rs s R E e m &0t (A

KBRS ) SRR FARE RO R | R
R -

EAP B — 1 EHE G > st & HEES EH > HEASENREE
(Detect )~ EHTES (Respond ) FIZZ1FZEM: (Terminate ) ={EFSES
HIRFARAR - Ry KEE PR A MR A\ B2t ERBIVIE ™A - i
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TRETA S HESN N BEER B CIE - EXEH T EHEE « A
B (Checklists) @ REEACiRAt SR EH > AE 35 5 EEFLHR
HHEFE (Response Level Decision Matrix) @ Sl Bietss
SRUCHC - 40[E 34 5 #EIEFE (Notification Charts ) BEHEMAIE S
e =0 B EEEA A EERHE A (A FERMRET)
WCEEDARE VI A4 A E - BB N AL AR~ S E BT
BUERSK o H EAP FESEETREE A2 ~ IBEAER > MIEENITRAIS

=

=

> JKEERY T FERENG & el EAP fROCEATIESS - (HEREEEH R E
¥ TREEBAER ARG (ICS) FAR WP E A TEETE (1AP)-
TIFEHEALAE R RAGE 1CS - m/KEEH R D EE - FEH
Bor TSR 1BT R - WA 5 LAY AR A (R oy T - BRI
A il R~ AL & /N B i S B OREHUE — 2L T B[R D -
B ERARSFR B RGATEEE A BEE - 77 R E
DB IR B B ) (4R | TEAEEE - A TR e &
2 FEIUERE - AHETCREDSRIE > NIRRT - T 3 TR
FRIAHTHL - T 4 KECEE ) STV IR (P REsoK
KA S ETH ) TR L NI B AR WA AE - EHERE A il
IR AN 33

> REMEEEG - HAVERHETRAERE T (AN - HECEEE) - BREd BAP
AR ~ IRt e (F - AR HATRE - Wik
Al o Wy el amAlESR (WSS~ REVESR) MHRIERDES (401
REMEIESR ~ EVESR) - ANiE 36 - TIEFEaEKSEHEBCELL -
st ERE (RIS ~ TSR ~ RFEESGINN ~ BRI mE WP RuE
R BB L] - DA RIS RE S AR A T (B (L EAP -

U.S. Forest Service Jurisdiction Local Affected Response Agencies’ Jurisdiction
Dam Owner is Responsible for: > Affected Communities are Responsible for:

_l'gl' Note: The USFS
3 is not directly
responsible for
emergency
planning and
operations not
on USFS lands.

Jurisdiction

33~ B AR
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34 ~ MESEE ISR

Full-Scale Exercises

Functional Exercises

Drills

Tabletops

Workshops
Samlnau

Capability

Hlunlu‘/‘l‘ulnlh(
B Discussion-Based [l Operations-Based

35~ THEATEh AR B 36 ~ 2 fEHETT T FUR T A [EE SRR

g 17 © Bt B di (1 /1N > JTaron Hasenbalg)
® {EREE « R BRI - BN K B ] -

® YTHHE -

> M@ At ~ KR - KT~ B/KEG RS - 28
%> HRIMEBEN L& RETKENEKE  EENMER R T H
sk /KRR (Z22thlE) REHERIEIET (AR FE ) 2k

T EHMEAEEYIME S SAEPRERAVEE ST 0 ERE LR - KEDRRE - R
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HE UK ZRFREHEEE - RO E RGNS — (I EEAYEE LS
TERARRFEEENNSS - B EE R ERGERIRIHEE -

> JKIHRE (PR ZEGEEFAN) £ 5 ¢ 1 JRIEIAE - B
W TEAS ST Rl ~ SEAARCRIE/KER 2 JERHZE - BIAniEE
NJEHERT ~ N IEERIN ~ S5 afHIERIFT CAIE 37) 5 3 ZKAUTmin
B fianyEk (cavitation » 4 38) ~ Jfed ~ BREESE (FEABEE
WEEAE /K AE T B - BB ERGEHERE ) ~ ETRITHHR

(hydraulic jacking - /= BR/KIAUAE AR SRR R E AR L BT ADE
A JHBHE AR ) -

> GEREBIADRIRTE EE T &y ¢ 1 45U EEY - PlInsEsE R g e
R} ~ SGEELYHE  WESTIER R R » 2 Mkl e CREEL - &
J& -~ T4 BIUrE SRS 5 fE (Alkali-Silica Reaction, ASR)
TR « S @iEgah - W+l (Internal Brosion > 41 Bellaire
HRIE G KRB ERERE ) -

> PR{FEVE TR EL IR B SR (R ~ R (E A e B s A
R IR ABGRZHIRERDI - BERNBEERSIR Mgk - =]
REAERS BN - & EINRHRIRRR -

e 18 ¢ fEEMESERR S MAEE SR (45 438% » Amanda Dolezal)
® FERHME | SRR EIEEEREET REE NEHISIET -

® NEHE :
> (EAEVEZEFZE (Standing Operating Procedures, SOP): S{r#Efit
I~ BBAVCER o DINECRESIEAE IE R BB & T IEREZEE ~ AN

E(E - HALR AT S (EETE8 - 5 - B35 - BaEsst i (EAP
FHEPEAIE 39) « BAER GREEL - MESE - HERERE

32



TR ) » HIREREE SR (FRIFEALEEDER - L FRRAIE) ~ &Rt Ry
BN (RONEEESE R Rt ) ~ 7K e (Bt AR (RS ER ~ BK
FEGRIE ~ FUKIRIFIRAE) & - NAZHEIRE S (EREF eV E
Hr—R) » DIECRA EEBRS H IR BT -

TKIEEHRE BFI14E © B SsRENGRAIERGH6F 25 i e =y 51 4R
BRI E IR - HEORER(E B e U AEIE A SOP FIZ =&
SN - DUES SR GEN o BT 7RI B ERS2%S - gt
—A/NGHEIIRERCA - BasditiEre E RN RS L E - DUEER S
PERF AR - SEHlllAT e AR T B AR (WK RS - FPKOA
DURRYPMERRSE ) ACHERR IR F BHIEEED R - JISREE 1L - BRI e %
FSaREEHlaCs: - FE LGSR B ERZ HHEERIAR -

wr )| SR 2/ D EIUE—K > BEREREAVERE - SRR ERT L3R
REARFE A (AR A% ) W EGE AR S B YR N0y AR
BB - aEhs B 22 B RIHYAORET 3 o B IR > Al
FHUEHGSE > SREREREIAE 41 - BEGISA R EFEGIT > &
KT REEM ARSI - SRR /=AM ZEINRE T » EAHED
7y CHER Ry 2~4 /NEp) ErliEdlIRmEealEEE SOP (Rt T2 8 - 1%
e R ELERETT Ry RS ) BTG = - BSEEs =
A fE AR b dgE (risk portrayal chart » I8 42) EREERIEF AL
SV EAENURET - /MR EN E IR RS - ZOREEH AR
BREH 2T (SEEE DR YRR BB AIBIRVE ) ~ B IEals
(CHIPRAERAIFT) ~ REME (AN2/KEBIEECT - AEl 40) -

R E RS HIE S « 2B E it EHEE (Operating Log Book)
TG I EERI AR i B E BB IR 1 - e
Ui TIERIE RS - 2B IETENEY | H H e A MRS B
PERRECK - B RESAMNEINEESER > WirfrA AR EBIEHEE
12F7 o BB ERY H s BB M H] - sEIRIEE AR ZEA - PR AR
AR faaT B AE R H
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39 ~ BT E T P

noon - 1:00
1:00-1:15
1:15 - 1:40
1:40 - 1:45
1:45 - 2:40
2:40 - 2:55
2:55 - 3:55
355 410
410 - 5:00

7:30 - 810
810 - 8:25
8:25-9:15
9:15 -9:30
9:30 - 945
9:45 - 0:50
9:50 - 10:50
10:50 - 11:05
11:05 -11:45
11:45 - 12:45
12:45 - 1:45
1:45 - 2:00
2:.00 - 3:00
3:00 - 3:15
3:15-4:30
4:30 - 4:45

Wednesd cember 10

Registration

Opening Remarks

Types of Damns

stretch break

Performance Monitoring

break

Geolagy and Dam Safety

break

Instrumentation Monitoring and Maintenance

Thursday, December 11

Inspection and Testing of Mechanical Equipment
break

Standing Operating Procedures

break

Operating Logbook

stretch break

Emergency Management

break

Safety

tunch

Confined Spaces

break

Dam Safety Perspectives

break

Security

Closing Remarks and Distribution of Certificates

41 ~ SREFISR AN S HP

ARiE 19 ¢
o FHEHME :

B8 A5 133 S A

o T :

> HUKT - EREEES
ERREA ~ BUKEEEEE NN PERE o TGS A
B ERFR BRI T E R iR T
Sft (air slots) @ BiEILE
REME SR AR IR T2
J<p1pe-1n-pipe>52r§%%(tube-

e i

st 7K T R Ak as

40 ~ 2K IR

Diamond Lake Dam

Notes: PFM 53, PFM 55, PFM H2, and PFM SE3 are not plofied but would plot very low on the:
portrayol
O Total Rizk and

i Chart and don't contribute to e cversd sk

f, Annualized Failure Probabiliy (AFP)

B~ AFRRTRN

FERRe BEHERA T ETE

34

» % 1000

N, Estimated Life Loss

& 42 ~ e E

RE (air pip

BRI

uncertainty bounds

APFM 51 Int. Erosion

Along Contact of N
Emb. And Concrets
Dam

®PFM 52 int. Erosion

Along 5 Emb.
Contact

WPFM 54 Int. Erosion

Through S Emb.

«FPFM S8 Int. Erosion

of 3 Emb, Inlo
Foundation

WPFM 57 It Erosion

Through N Emb
Foundation

& PFM H1 Hydrologic

Overtopping

#PFM SE4 Seismic

Spillway Wall Failure
Conc. Dam Slides.

v #PFM SES Seismic

Ratain. Wall Failure

BEPESEATEE (10 - Tason Schneider)
ST E R R 2 -

FeF s
1A

IR R ) E
7J<uu#l7t&§@)‘ﬁ5$%i@ﬁ3%ﬂ’ﬂﬁ

es)s2H



in-tube) HYJT3 (4N 43) - R NERAYHTEE (40 PVC ~ HDPE =X
HE D) FARANAEREED > AARESHET - BEAE SRR
HAETT > (HEEAROIREEAVER B A - 3 ARRFREEE
BEA > Pl S AR P R 2e s b R 2 AR R 2 /K AT T H K
THYZE TR R A - 5980 - BB/t e 2 E R (A7EEhRIFTR
ERERAPT) HEEE S A ER s -

A O REfaE & e - RIEBHE - R R - HEERsEE A -
CEREMERTRE (REATER R BRIt EZ MR E ) F - FHNEE
{3 : 1 McPhee 3 (-3 At iE HAE RV R B8 T R ARS8
TR ERR T - SRS LUK TR A% o TSR P RS =2
TRRMARE T Y 3 R SRS (Aeration ramp retro-fit c Al
45): 2Bcho 3 (A1) RS 1931 & RERIOBEEGEHRE
AR B /K S R b - BUETTIHIE ~ s 0SS R A&y
EHE (AE 44 ) > WHIEEEEEES LI /EYY ~ B A4 Rkt 1
R DBESE ~ BT SIS EE AP > 2BF5 /5 5 KEF Heat Catcher Pin
TERFRFIRSMNZ2EE > R SEERMIRAEREIMER (A0
TEORER G ) T BRAETRER T %0  FrRSETAYES (pin) &EAR
FIRE B IR AERE A (RAPTRE A IR A EARREES » 13 Lol R ey Bl
Pzl ) NG EFIEN S AORGE & 247 IEFRFTE - BiibRFIRE
BT AR R o S SEER MR IR S -

LRI R RS A E R THERR - EARENE (HE/KEEEIE
ber) o BTGNS - 1Gibson 3 CREAELIE) 7Y 1964 £ 6 H#84:
K TASE (RRRTRKZED 1 AR » G [ERAEIF LY 20 /NEF ) »
ERCHEAEEIRE R EREL - TR o RIIEZ AL - SRS R
BHEER ~ $HE S A (rock bolting) ~ WS EAE 5 PRl s
TAR > WHMERTEHTE 5O ~ KR AE (aeration piers) B
TR TRES AR DR il BEORTIGE R A8 46 ¢ 2 Pueblo # CRAE
35 AR T OEEE) WA PRy e Blf)g - B8t
ST (spillway buttress) FAE/EBIEMEREEFR (A1E 47) 0 B
A RE A PR I BR R Ak L BREE (RCC plug) ZRFHESHGALE
HTBHE S BN (AN 48 ) MAE R ZEEET 5 | ASREHIH I (% T 5
S ) R
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[& 45 ~ McPhee itk i8I s G AE Bk RS

Modified
Gibson Dam

46 ~ Gibson i EHIE fi%@??}[[ : fi%IE%‘ZﬁétEﬂﬁj‘&ﬁEﬁKﬁ SR

Spiltway /| .
Overflow le—Axis of dom
M Euttress

|

;,' V //(£7 Spillway  Overflow Buttress I 7 Install RGC plug in stiling
/ .-”I/ \ l,."'f //’f;’ \\, basin to cutoff sliding plans
/ //«f" -\‘
Weak shale | coal seam in foundation /’ A \
created potential sliding plane that 7 N

/F
daylighted in stilling basin / /1// —~Tallwater
— Tailwaler : A

L = bleiede
1 - F Ve Impaoct block

Stilling Basm %Tlf
N i

“—-A‘§‘-=U'ﬂl‘"‘f
siiding buf{]t_é—/!ft

BUTTRESS 10—14 BUTTRESS 10
e Ton Y A1

& 47 ~ Pueblo HEEREGS AT (FEFTCERD)

14

[& 48 ~ Pueblo #; RCC $kEE (FERNER )
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SR 20 : B REHPER AR (2 /\EF > Peter Irey & Bret Lingwall)
© P EAEL : IR P S0 p e TR R AR R A ABE S o N A A R ) o S R A B
® N -

> WEREREy ER ) (BRZEFIHVIES) mRERI A2 ~ B BRI
] AHE TARABRA ) ARG TG - MR s LA B (FHE
TEAR AT RE FE A [EIARA R NG ) © 75 (% b BRI A R IEARAS IR A - i
g NENIRE 2 EE - AR e KERIRI LN — (BHE
SEE/KEIA 97 [EPNELHehE(: - AlE 49 ) > KBS - 1 H
SRS IR ] > 5T MRS e S B TR A R RE R P B b e i
(A —FIIRBE A EE TR ) 2 OB IR GG R EE )
IRESR e RIS A R RSB BRI H A 5%
) o PRIEHFHATERER A R - THERHEE - 58 " TR EH | -

> BB fey iRk N B ety K VURE T S B Bh AR AT [ SR
F - GBS A9 EHE W E S REVIEAR IR A - iSRG EAYHET © 1
Jill (Scour) > /KU EBLA GG (MNF4ESE2FER) #1858
Wik B0 Teton 5 (FRUHSR) » HIUANEAREH HIHAEHR 5 2
526 (Backward Erosion Piping, BEP) @ Hi NI CIaf a8
PR ERE E - BLATEIRENDE © 3 NER/ER (Internal
Migration) » TEEFRII#AT ERANETPZDE » RECEBFIRE
TSR » Z/a0 Red Willow 3 5 4 NECATEE (Internal
Instability)  4HFRIHEEE - AR EEO2 AR - &
RN ERAC T -

> WEREE SR BN S (08 50) 1 Sy (1EE
aiAbE ) > WIMESERE R E A 2 MIAVE DS (MR AR 8
T TEREA B (SEEESFERS)  BHELFENER - iR
MPERER TR - RiBC VIR - B EE A R M R aE
i o #E S (IR R E DUR AE T 617 - WHFRDABOKER (Catoff
Collars) RPH/KITEE © 2 EAURBUGHIERE G - KA E B TG
Y AT 2 R I ERED 0 3 REBME IR (PI < 7) BOEEA

B o
> FESEBURSCRE © gEt B KEERHEHZSEXTZ LS (WAEAL

e~ EKR ~ FEKERS) RIEERES - s e R E L aE
DUFEp s fo A B g F - FERR TR i S fE/NAH (Technical Response
Team, TRT) > B EZHARIGRGE L ~ B - BETHRIME TECEE: > WERA
Tt BT AR S B IAS SR - DARITA FLAR 3R I ol B e 5 T A
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at Incident

Dam Age

Sk AR (B eRtk#g ) IRESRECNTET) ¢ EERE
e b o SIRSGIRGH B ER H2ROLE - et iy - 2KEE
R RS RIIN - KEEKAL R ERE ~ KERRIERE - Bl
B~ IIARREE - DUETOIIARF(L - IR T 8 BB Gad
%o HIEFDE AR E RS - BETEE E R DI E HIETRARIA -

Internal Erosion Incident History Crack due to earth

tension from Separation at
. L poor contact

subsidence 1
a0 ‘

e U s

.14} !

1‘ : Crack from |
) \ difierential i

\ ‘ settlement

Leakage along outside of

i \ outlet conduit (or adjoining
powerhouse or spillway or
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P e o 32 Oy o8y o 00 S with folding or

1900 1910 1920 1930 1940 1950 1960 1570 1980 1990 2000 2010 arching of foundation ’F_.F Fault displacement
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Improved Concrete Construction
Practices

Time-line for Major Improvements of
Durable Concrete

Increasing Qualiy

Com puterized Batching
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GE/KEL 4.4 B AR (CHAPBAZEELY 115 BT AR » K&
EIFELY 12,137 A H - 5137’1)#}2 (HHERRE) satiRtE4EH 5,422
UTAR > BS AR SA S KR (Gt KR ELE
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Paralle! Traveling Cableways

These long cabloways, anchored to mabile
towers, doliversd up to 20 tons of concreto
and other materials to precise locations.

Cross-Canyon _ :;’ i
Cahleway System o 5y

General Superintendent Crowe

developed a system of traveling
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around the dam site, ‘Véﬁ '\(J?..

o

+— Cableway Runways
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aliowed operators to shift the
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- Wiy
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2025 Safety Evaluation of Existing Dams
_International Technical Seminar and Study Tour

@® Introduction

— Taiwan & WRA

— Dams & Challenges
@ Overview of Taiwan’s Dam Safety Management

Legislations
— Evaluation / Inspection & Monitoring / Operation & Maintenance

@ Zengwen Reservoir: Inspection and Operational
Practices

— 2025 Dapu Earthquake
— 2024 Typhoon Gaemi
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Iintroduction

Feitsui Reservoir (Jladeite / Emerald)

Getting to Know Taiwan

2/3 Mountains!

~ TheRing
of Fire

3 i -
= Area: 36,197 km?
& | Highest Point: 3,952m
| Population: 23million

¥ Climate: Tropical Marine
Precipitation: 2,500mm
Temperature: 18~30°C

Map of Major Feitsui Reservoir

Niwses and Dams ' WY Shihmen Reservoir (WRA) A tOtal Of 95

in Taiwan ais .
g Jiii Weir (WRA) 5 Main Administrators

ikl Zengwen Reservoir (WRA)
Pl Wushantou Reservoir 12 0f 95 managed by WRA

Al Nanhua Reservoir : Outlyi
Jiaxian Weir (WRA) Main island |~ V18
pEY Gaoping River Weir (WRA)

i

Pl Niaozuitan Artificial Lake (WRA)
(the newest one)

Main Power | rrigation
reservoir generation

27 16 12

96% of all capacity
8 of 27 by WRA 4

b5 -3



o , » Longest River: - 186 km

i Fengshan S 1) - » Largest Reservoir: — 2024 effective
zhanggang,_ e obor & 72N tonyan capacity nearly 500 million m3 (2% of Hoover Dam)

« Key Facts:

Reservoirs are concentrated in western Taiwan,
where the downstream population density is high!

Estimated Impact of a Dam Failure at

- Households: ~280,000

- Population: ~790,000

= Industrial & Commercial: NT$512 billion
« Agricultural: NT$8.6 billion

« Fisheries: NTS114 million

For Water Supply

-
] .
N\ 2 ] :
= 4 0 . \ @ Alternative water resources; reclaimed
- - 5 i
f —_— % b water, desalinated seawater, and

subsurface flow

| @ Ensure Stable Water Supply "'l- @ Strengthen backup and dispatch systems:
| @ Enhance Flood Resilience | - Reark Chaim Blant
| @ Disaster Prevention and ' F‘";es‘*ﬁ‘:"; S“ZF"'"*‘:’"“Y S
J ers se - - pgies:
\"I Emergel‘lcy Response IH:\S[ e h&. I.IT'It‘Il It‘lT'If_l_Vd sirategies
\ @ Sustainable Reservoir 2 Meehns Denon
N / @ Barge Transport & Dredging |
"‘\\ Management /‘) @ Hydraulic Desilting Tunnels "=
- - -\\. r/./
Core Missions \__ 3
« Rainfall is unevenly distributed across o Drysemn 135 T
seasons and regions ‘z"’"‘“‘”" LU | | et semen B
. 1 L] i
* Rivers are short and steep o
- High population density 100 159
300
e indeis 200 s
4 _ 268 o
10— '-. 4]

_['I 123 4567 8 9101112 month

SRR Trasting Sesrizmics Maktin.

Per capita annual water availability is
only one-fifth of the global average

Distance (k) |

ffif -4



Why Multiple Reservoirs Matter

_Average Water Resources and Utilization (2013-2022)

it 100 milfon mt(MCM) - Seasonal water regulation:
Storing in wet, Supplying

indr
y also used for Flood Mitigation

» wmm T Q] = The reh_abte operation of
$ 201.07 CED $ 633 70 D () s | 5025 CED reservoirs and welirs 1s
18 /ﬁ = crucial for societal
stability and economic

River Water ! EE Grounduater development
7&.29@/( | 5% +z m) P
T

Rainfall
il 88502

“B\Dismm 10 the 5ea /
= | 52340

Total Consumption

163.72
industrial Agnnllmal
1638 B 11550 GEED

2004 Typhoon Aere

A large amount of sediment and
driftwood flowed into the reservoir,
leading to a sudden spike in raw water
turbidity.

1999 Chi-Chi 921 Earthquake 2

The dam body suffered structural
damage dus to differential uplift caused
by inconsistent raising.

§l 2007 Typhoon Wipha 4

| The right abutment foundation

was eroded, and 60 meters of
pe—— ' the right dam body were

"® >y washed out, ultimately leading

o > g to a dam breach.

2009 Typhoon Morakot
The inflow ence approached the originally designed
PME Also, the intake trash rack was blocked by
driftwood and debnis, which impeded normal water
release aperations.

Driftwood

alwan’s Dam Safety
gement Leglslatlons

-5



Legal Framework

Article 49, Paragraph 1

“Dperators of water infrastructure for flood control, water
diversion, storage, or release must maintain, repair, and
regularly manage these structures and their appurtenant
facilities. Regular and irregular inspections and safety
evaluations shall be conducted.”

@ Scope: 95 reservoirs designated by MOEA

@ Responsibilities: MOEA & Reservoir Administrators

@ Dam Safety Framework: Evaluation, Inspection &
Monitoring, Operation & Maintenance

n based on: Dam height, Reservoir capacity, Disaster potential (hazard risk level)

FeibEAAREN

2

2008 (modif. 2022)

Technical Directions

Safety
Evaluation Task Force

MOEA MOEA ninistrator
Provides standardized Supervision, T Elath mlm_ﬁr based on site-specific
) . - chiaracteristics
procedures and clear Insp_et:t!nn; Review, @ Detsiled Inspection principles (monltoring
criteria for dam safety and Guidance of dam items, frequancy, key focus, preliminary

safely management -assessment critarfa)

operations St _ \ & Emergency assessment and response
i ' 12

Dam Safety Framework

What We Do

issue identification, current condition
assessment, and strategy development
of all critical structures, systems, and
surrounding environments

Key Points

Full-lifecycle and
Comprehensive Investigation

on-site visual observation,
instrument monitoring
identifying existing or potential
deficiencies and risk factors

: Comparison with
Inspection & Historical Data and

Monitoring : Threshold Values

maintenance and repairs,
replacement of aging components,
patrol inspections, condition
improvements, updates to
operation manuals

System Functionality
and Facility

Operatlon & Maintenance Performance Assurance

13
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Evaluation

Safety-Related Data Collection, Documentation,
Review, and Evaluation

From planning and design to construction, operation, and
maintenance

On-Site Inspection and Evaluation
Structural components and the surrounding environment
are examined through visual and instrumental inspection

Initiation Supplementary Investigation and Testing
o Be conducted when certain issues cannot be adequately
Timing analyzed or evaluated

Verification Analysis
Determine whether the original design assumptions remain
appropriate under current loading conditions

Dam Breach Simulation and

Disaster Impact Assessment

Emergency Action Plan (E&P): inundation zones, flood peak
timing and flow, and estimated impacts

14

L

Final Report

see1 Evaluation

dh “Safety Assessment Plan” > Approval
‘v (including the budget)
AN Execution <
L |
i« " A Reservoirs R
ah ‘Safety Assessment Report —— Panel Review ————» Team Review
Tier 3 | c |
‘v Reservoirs Approval
Repair and . |
dh Improvement Measures ¢ _
Kept under angoing
wv l | supervision
Progress Review and » Record Fllmg
Documentation All identified deficiencies will be continuously
tracked until fully resolved 16

bfif-7



suge2  [NSpection & Monitoring

Seismic Intansity=4 at the dam toe; Based on the facility peak discharge; 500mm per day

17

sage2  [NSpection & Monitoring

Reservoir Administrator Authority — MOEA

“Safety Maintenance Manual” ———————» Record Filil’lg

Inspection & Monitoring
(Periodic, Event-based)
Periodic: by the end of January each year
Event-based: within 10 days after the event

Results » Record Filing «—
Identification of Deficiencies l Re-Inspections or
dh Repair or ¢———————— Unannounced Spot
wv Improvement Measures Checks
4

Progress Review and
Documentation

18

wes Operation & Maintenance

Reservoir Operating Regulations

Hydraulic Equipment Operating Regulations
Electromechanical Equipment Maintenance Manual
Flood Discharge Warning System Manual

CCTV Surveillance System Maintenance Manual...etc

All safety-related work
follows the
Safety Maintenance Manual

Inspection and maintenance shall follow set frequencies,
with all records properly documented.

19
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m“' = Zon’gwon Reservolr:

Inspoetlo:l and Operational Practices

Zengwen Reservoir

= Commissioned in 1973
ﬁ' + Catchment area 481 km?
& K;’kﬁ - Water area 18.93 km’
» Dam height 134 m
= Crest length 400 m
- EC 492 Mm? (2024)

+ Water supply: 730M tons/yr
= Annual generation: 200M kWh

[ Functions ]
Irrigation
| Spillway 3 Domestic Water
PRO | 180CMS Ty Power Generation
Power | g5cms ' Flood Control
Dasiing Tourism
Tunnet | ¥ . Edvironmental
1€ Tk Education

Main Components

21

Landslide .Area.. ' P = . Trash Racks, Gates, and Hoisting Mechanisms
Vibration Sensors 4 y
Desilting Tunnel S J ‘ , Penstocks and Valves ¢
- Rebar Stress Gauge
Intake — Fa Diesel Gene
tax Concrete Strain Gauges: ¢
! Electromechanical Eg
e Tiltmeter

Spillway 7 Turbidity Meters
: asuring Wei -] 1
Gt Hydropower Plant
-

Stilling Basin

Seismometers
Piezometers, Earth Pressure Cells

- 4
. Mountain Drainage Tunnel

Daspiacemanl and Seitlement Observation Points

—

Surrounding areas, Hydraulic machinery, o |
Dperational systems, Routine maintenance Slape / Hillside  Inclinometer Observation Wells
activities, Repair Works, Safety-related .

- Rk Mass Groundwater
data and records...

Extensometers | Monitoring Wells




Monitoring Instrumentation

Py e W
Wugigou g
Landslide Arca o

# ; Frequency

X
4

[ham
Piszomeaters |5+2/41+6 ; Auto & Monthly) r'/l
Flow Measuring Weirs [2/2 ; Auto] _/ .’"I J
Displacement and Sattlement | (848 ; Twice 3 year)
Chservation Points (30/20 ; Twice ayear} |
Seismometers (9/9 ; Auto) f/’ /
Groundwater Monitoring Wells {2/2 ; Auto) -

v o0 p

¥ Turbidity Meters (1/1 ; Auto)
splll ey &
= Displacament Observation Points |10/10 ; Twice a year) P 8

®  Groundwater Monttoring Wells (44 ; Auta)
Right Abunment |

Observation
House:

®  Groundwater Maonttoring Wells (16/23 ; 5 Austo+11 Mont
@ Flow Measuring Welrs (3/3 ; Auto]
# Rock Mass Extensometers I

X inch o Wells (8/8 ; ¥) Py
o Displacement Obsanvation Peints |15/25 ; Twice 2 year) :’

s ..}-5 .

e

=73 |
\_&L\_ Rigin
5y Se—= Abutment

Wurigou

oz Landstide Arza

23

2025 Dapu Earthquake

= Design Earthquake for Zengwen: 0.67g
(Checked Seismic Acceleration) i
T G |
i BER 5 I P
i’ g $ ae e
M=T o (5 .
ToNIZE DT b SN g 4
63 Nh 7 L WEE & Smus o
5324 43 £ el
3 97
hig = == gy pau SFEE a
l,r'Z 1 "‘2_."'2 EI gﬁg“  mEE =
A total of 148 o s W
: tiag) HEE
g4 e o gf
i E e : 3 w_i#ﬁ
4 ; o I meE
-
B o 4BES fom, |, o
S w
AL G
E =N Agtive Fault
s~ aﬁﬁ o meE) s
x H v
|\ B
u . i < s 0ot s [l
= ) i i

Magnitude: 6.4

Distance from Epicenter: 3.35 km
Dam toe Intensity: 5-Lower

o ""’.-‘; PGA=515.3 gal(os::, PGV=20.3 cm/s

Dam toe

¥ ° -
PERL 2025/01/21 00:17

Earthquake Response

5min Text alert. Notify higher authorities
20min Initial visual inspection (dam crest)
30min Review real-time monitoring data
40min Check the communication systems
8hr Emergency contractors deployed
10hr Po_Lst—e:a rthqu?ke inspegtio_r:s_ |
[civil structures, hydraulic squipment, and monitoring data)
12hr :

UAV survey of the dam area ?ﬁ?
Continuous tracking monitoring data

EiEAe
WR0A7
LR
I
X433.4
YARD 6
Z2:284.1
FhAS1S g0l

Right Abutment

{10} 2 1 M s e Wi Mg

T 1

Left Abutment
=

Displacement (m)

T

an e W W M A 120 W
Dam axlo miloage |my

GNSS Real-Time Monitoring

114/1/26 07-3853
#40 Earthguake



Seepage Behavior Assessment

1721 Mainshock

1/21 Mainshaock

1/23~1/31 A lotal of 14 aftershocks [dam Loe Intensity=4)

1733131 A total of 14 aftershocks [dam toe Intensity=4)

FEH

Date

20 21 22 23 M 25 26 27 E 29 30 31 01 02 03 04 O5

Seepage behavior remains normal @
@ Seepage flow and observation well water
levels showed a slight increase following the

300 -
1110 — 1
1109 £ 5 260
= lwoa g
= 1107 S X0
£ 1106 E
é 1105 2 1m0
2 104 g
2 103 3140
£ 102 &
110.1 i 100
1100 = =
20 21 22 23 24 25 26 27 28 29 30 31 01 02 03 04 05
gquality @
R¥E
[ Phenpe poa

Pere et cyumbeeia AR

RARHERE

8 @ oa-a

EREEE
- .

) _
~EE i
[se}—

earthquake but gradually decreased
afterward, remaining below the alert

threshold.

On-site visual inspection of the SPN weir
confirmed that the seepage water was clear

with no presence of sediment.

26

Flood Operation Strategy

Optimal Flood!
Operation
Strategy

L}

Sediment
\ Flushing

Reservoir Level (EL m)
§

226
225
224 -|
7.000 =
= E000 -
:_§, 5.000 5
‘é-' 4,000
= 3,000 o
e
2 2000
]

1000

[

Before

© pre-lowering

water fevel
2 Sediment
Flushing

Outflow
> Inflow

Flood
Peak

Flood
detention
and
attenuation

Before

e G

Hydraulic
sediment
flushing

-

Outflow
< Inflow

¢ S—
Gradual gate closure fo
restore water ievel

PL: Planned Lowering Level
SL: Safe Level
EL: EL. Normal Full Water Level

Inflow

E— pillvay
W pesilting Tunnel
R PRO

C—— Power Tunnel

Rainfall Gauge
River Level 2 ° n
Gauge
Warning
+
Broadcast 2 Aa=6a 35

27

Radio and MDVFPN 4G

The stations are
weighted using the
Thiessen polygon
method.

Radio and MDVPN 4G | 3

Cloud-based
real-time data
integration
platform

Hydrological
Information
System

28



2024 Typhoon Gaemi

1 Typhoon path forecastmg and comparlson with historical tracks (referencmg the rainfall patterns)
2. Rainfall forecast |

3. Operation strategy recommendations |

2005 Typhnnn H‘1|t'\nn- |

20240724 00 T0~2024/07/27 0800 I WU‘ o
Rt ¥ |

Cumulatwe Ramfall l,GEBmm
Total Inflow: 727.41 millionm® & -
Total Outflow: 523.94 million m®

Sediment Flushing: 5.76 million m?

Hydraulic Sediment Flushing: 2.58 million m*

Typhoon Response

Zengwen Reservoir Operation Hydrograph - ey
1000 . S TP
nsll II III II | I "l""l" ||||III | I.','..I I s o1 oims
mu et ,,ux"imnf i ozfins 1 o .
o f’a 1.3 [ . .
" [Second Peak: 6,451 cms Special Inspection
(Rainfall - 500mm/day)
First Peak: 5,468 cms {7! 25 15:00)
(7/25 2:00) * &
e e mf \ Maximum Discharge:
Full Water Level |5 4,350 cms (7/25 17:30 =
zEL228m(Jul) (A / /éj { )

Safety Evaluation of Existing Dams
International Technical Seminar and Study Tour

THANK YOU FOR g
YOUR ATTENTION -, ##AR

Zengwen Reservoir

ffif-12



fifgk 3 - BFHEREGE

U.S. Department of the Interior
Bureau of Reclamation
Technical Service Center

Hydraulic Investigations
and Laboratory Services

The Hydraulic Investigations & Laboratory Services group applies physical hydraulic modeling, computational fluid
dynamics modeling, hydraulic analysis, and field measurements expertise to the solution of water resources,
hydraulics, and fluid mechanics problems. We operate the Bureau of Reclamation's world-recognized Hydraulics
Laboratory with a history of developing state-of-the-art hydraulic engineering technologies since 1930. Hydraulic
engineers address site-specific needs and conduet applied engineering rescarch studies for Reclamation and other
otganizations, including Federal, State, and local governments, private entities, and international clients.

Services
Physical Hydraulic Modeling

e Scale models of hydraulic structures,
hydromechanical equipment, and rivers and
channels with fixed and movable beds simulate
prototype flow conditions in our 54,000 square
foot indoor laboratory facility.

e Complex flow behaviors are measured and
visualized to evaluate and improve hydraulic
performance.

s Flow capacitics up to 60 ft'/s and 600 fr of
pressure head are available, with fixed and
variable-slope flumes, a low-ambient pressure
chamber, and advanced data acquisition
cquipment and instrumentation,

Computational Fluid Dynamics Modeling

e Computational fluid dynamics models
complement physical modeling.

* Flow properties that are difficult to physically
measure may be evaluated numerically.

Field Measurements and Testing
e Scanning sonar for underwater imaging
e  Open channel and closed conduit discharge and
velocity measurements
e Pressure (dynamic and steady state)
e Stress and vibration in mechanical components
of hydraulic machinery

e Air demand of hydraulic equipment

Website: www.usbr.gov/tse/tscorganization/8500.html
Publications: www.usbr.gov/tsc/techreferences/hydraulics_lab/reportsdb/reportsearchall.cfm
Computer Software: www.usbr.gov/tsc/techreferences/computer’20software /compsoft.html

ffif-13




U.S. Department of the Interior
Bureau of Reclamation
Technical Service Center

Hydraulic Investigations

and Laboratory

Areas of Work

Hydraulic Structures & Equipment — Spillways,
stepped spillways, stilling basins, pumps and turbines,
pates and valves, canal structures, intakes and
diversions, cavitation impacts.

Environmental Hydraulics — River restoration, fish
passage, fish protection, reservoir selective
withdrawal, habitat improvements, reservoir density
current measurements, acoustic imaging, total
dissolved gas abatement, river sediment flushing, dam
removal, reservoir and river sedimentation related to
hydraulic structures.

Website: www.usbr.gov/tsc/tscorganization/8500.html

Services

Dam Safety —Spillway uplift, high-capacity spillways
(labyrinth weirs, fuse plug embankments), dam
overtopping protection, spillway erosion modeling,
dam foundation erosion modeling, embankment
breach modeling, emergency gate closure tcsring,
debris impacts.

Water Conservation — Canal automation and
operations, water measurement technology and field
evaluations, remote flow monitoring and control
systems, software tools for design and calibration of
water measurement structures (e.g., flumes, weirs,
gates).

Offered Training

< Modern Methods in Canal Operation & Control
using hands-on 5-pool laboratory model canal
system

< Basic Principles & Developments in Flow

Measurements

Water Management Workshop

Software

Coanda-Effect Screen Performance | SpillwayPro
USBRWeir | WinADV | WinFlume | WinGate

*,
L

Contact Information

Manager: Connie Svoboda, P.E.
csvoboda@usbr.gov

office: (303) 445-2152

cell: (303) 524-0285

Publications: www.usbr.gov/tse/techreferences/hydraulics_lab/ reportsdb/ reportsearchall.cfm
Computer Software: www.usbr.gov/tsc/techreferences/ computer?20software/compsoft.htm]
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The Technical Service Center's Geotech-
nical Laboratory and Field Support (GLFS)
group has personnel that are experts on
the various geotechnical materials that
compose Reclamation's infrastructure.
GLFS is divided into four main disciplines:

® Soil Mechanics Laboratory

® Rock Mechanics Laboratory

¢ Field Testing/Site Investigation
* Research

Services offered: \We provide a wide vari-
ety of services related to the soil and rock
materials used for Reclamation structures.
These include both |aboratory and field
investigations of the engineering proper-
ties of soil and rock, in-situ soil and rock
testing, as well as groundwater investiga-
tions. Specialized equipment and capabilities in-
clude advanced soil and rock shear strength test-
ing, cyclic strength testing, internal erosion testing,
filter material cementation and compatibility (CEF)
testing, and rock-concrete interface testing. We
also offer contract testing for geological petrogra-
phy, providing assistance in evaluating materials
and in solving problems related to design, con-
struction, and research.

GEOTECHNICAL LABORATORY
AND FIELD SUPPORT

Many of our staff hold advanced degrees, profes-
sional engineer registrations, and certifications.
Staff are also highly active in professional socie-
ties such as USSD, ASDSO, ASTM, AEG, and
ARMA.

Technical training offered by GLFS: Earth School
and Water Management Workshop hands-on
sessions. Customized training programs are
available as needed.

Geotechnical Laboratory and Field Support
Denver Federal Center
P.0. Box 25007 (B6-BBS50)
Denver, CO 80225-D007
hitp:/iwww.usbr. guv!!scﬂsocrganhaﬁmm html

GLFS Group Manager:
Bobby Rinehart, Ph.D., P.E.
303-445-2395, rrineha n@ushr gov

Discipline Leads:

Rick Bearce, Ph.D., P.E. (Rock Lab Coordination)
303-445-2387, rbearce@usbr.gov.

Bagovich, Ph.D. (Research Coordination)
303-445-2338, ebomwch@mbr.gw

Tyler Chatfield, P E. (Field Testing and
Soils Lab Coordination)
303-445-2371, -tchamaltl@usbmav

Evan Lindenbach, P E., P.G. (Technical Specialist)
303-445-2336, eilrﬂenbada@uahr gov

Please contact us for more information!
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Rock Lab Testing

« Physical and Index Proper-
ties including bulk density,
specific gravity, porosity and
absarption

» Ultrasonic Pulse Velocity
(pre, during and post-test)

= Direct Shear (7-inch and 12-

inch diameter rings)

Fracture Shear and

Normal Stiffness

= Fracture Toughness

« Triaxial Shear

= |ndirect Splitting Ten-
sile Strength

= Uniaxial Compressive

Strength (static and

cyclic loading)

Point Load Test

Tilt Table

Slake Durability

Rock Swell Testing

Drillability/

excavatabiity Tests

+ Rock Permeability

» Petrographic Analysis

Construction Materials/
Construction Support Testing

« SB, CB, and SCB mix design & QA testing

= Soil cement mix design, slope protection and
engineering properties evaluation

» Rip rap quality and durability evaluation

» Filter sand and

drain gravel du-

rability and ce-

mentation testing

« Filter compati-

bility testing

* In-situ field

density testing

{sand cones and

large ring density)

® & 8 8

Soils Lab Testing
Index Testing: Full range
of soil physical property
and compaction tests.

Static Testing:

+ 1D Consolidation & Swell
(Incremental load and
Constant Rate of Strain)

= Direct Shear

(up to 12" specimens)

Triaxial Shear

(stress path systems,

SHANSEP Parameters)

» Direct Simple Shear

+ Ring Shear (Fully softened
and residual strength)

Hyrum Frojoct, Hyrum Dam
Direct Shmphe Shewr (5%)

Dynamic Testing:

s Cyclic Direct Simple Shear
= Cyclic Triaxial Shear

« Load and displacement
control up to 5 Hz

Bender Element testing to
get shear wave velocity

and Gax

Hydraulic Testing:

« Permeability (constant and falling head tests,
flow pump testing)

= Dispersion/Erosion potential

¢ Internal Erosion Per-

meameter

Custom and non-
standard testing is
available upon

. request.

Site Investigation Support

« Cone Penetration Testing

« SPT Energy Measurement/Calibration

« Field Vane Shear Testing

+ Rock Borehole Dilatometer Testing

« Aquifer Characterization and Dewatering Tesls
« 3D Geologic Data Visualization

&
&
Geotechnical Research
» Filter performance and cementation potential
» Geophysical techniques to menitor
embankment cracking and internal erosion
Constant Normal Stiffness direct shear test-
ing of rock and concrete
Internal erosion permeameter
Heat as a tracer for canal seepage
Cyclic behavior of fine grained transition soils
« Affect of vane size and geometry on Field
Vane Shear strength
= Abrasivity potential of reservoir sediment

. =

Earth School

GLFS delivers a 3-day course providing students
with the tools necessary to determine visual soil
classifications in the field Emphasizes hands-on
instruction and practice with a variety of soils and
lectures on problem soils and construction.




Materials & Corrosion

Laboratory (MCL)

The Materials & Corrosion Laboratory (MCL)
offers expertise in engineeting materials selection
and corrosion control. MCL personnel are experts
in the vadous materials and techniques Reclamarion
uses to build and maintain its structures as well as
environmental compliance strategies. Individual
subgroups include;

*  Prowctve Coatings

® Corrosion and Cathodic Protection

*  Geosynthetic and Polymeric Materials

*  Composite Materials

¢ Environmental Compliance and Management

MCL Services

The laboratory houses extensive testing capabilitics
for assessing the interaction of a material with its
service environment. We provide a wide varety of
services including:

®  Troubleshooting construction problems
*  Specification preparation and review

®  Material submittal approvals

-

Ongite inspection and orher ficld services

*  Expertise in state-of-the-art construction
materials and practices

s Research on material problems

e  Techmical training: “Cortosion and Coatings

School™ and “Webinar Series™

Technical Background

MCL saff are experts in a varicty of engincering
disciplines including: Chemical, Civil, Mechanical,
Metallurgical, Corrosion, Materals, Cenimic, and
Polymer Science. Many of our staff hold advanced
degrees, professional engineer registrations, and
certifications from vanous professional societies
including NACE and SSPC,

Special Capabilities

Staff are trained in Rope Access (SPRAT) and
SCUBA dive techniques to provide safe, efficient,
and cost effective means for inspection or repair of
otherwise inaccessible features.

Corrosion Lab
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| Geosynthetics Lab

Please contact us for more information!

Materials & Corrosion Lab Group Manager:
Jessica Torrey, Ph.D,, P.E.
itormy@usbr,gov
303-445-2376

Denver Federal Center
Building 56, 1400 Wing
P.0O), Box 25007 (B6-68540)
Denver, CO 80225
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MCL Training Offerings

Corrosion School
This 3-day course hosted in Denver, CO,
familiarizes participants
with issues relating to
corrosion of metals
and corrosion
protection,
Discussions include:
how corrosion occurs,
methods to minimize
A and prevent corrosion
- L § on our infrastructure,
protective coatings, cathodic protection (CP),
new technologies, and inspection and repair
techniques relating to maintenance and repair
of infrastructure.

Cathodic Protection
MCL also offers
corrosion and CP
training classes
delivered on-site at
locations throughout
Reclamaton’s regions,
Ower two days, MCL.
staff instruet
participants in basic
CP testing and
corrosion inspection, Training is hands-on
using on-site infrastructure with in-service
protecave coatings and CP systems.

Corrosion Webinar Series

The Corrosion Webinar Series began in 2013
and now includes three webinars per year on
topics including coatings, cathodic protection,
hazardous marerials, and geosynthetics.
Webinars are recorded and posted 1o the
Technical Service Center training website.

In addition to these offerings, customized
training programs at your facility are also

akhl

av upon req

Protective Coatings

» Coatings selection
and specifications
* Construction
support, quality
assurance
inspections, and
submirtal review
Testing of coating
performance and
in-house surface
preparaton and
application
Field coating b
conditon assessment, maintenance
planning, and small repairs
* Coatings for zebra/quagga mussel control

Corrosion and Cathodic Protection
= Cathodic protection system design,
specifications, and small-scale installatons
e Construction support and submirral review
» Corrosion-related field inspections of
pipelines, tanks, pates, mash racks, etc.
* Materials selection
3 ]} for metals and non-
\ metals
» Field testng and
rroubleshooring of
cathodic protection
systems
* Standardized
(ASTM) and
specialized test
8 capabilities
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Geosynthetic & Polymeric Materials
e Marerial design and specifications for
geosynthetics (geo-membrancs, -textles,
-grids, -composites,
-nets, -cells, -foams,
GCL’s), waterstops,
and elastomeric
sealants
s Plastic pipe
* Constructon QA
testing, O8:M
support

» Applied research to evaluate material
CCONOMICS, maintenance practices, and
design

Standardized and specialized composite
materials testing
for pipelines,
tanks, gates, and
non-metallic
alternatives for
miscellanecus
components
(graes, rails, erc.)

Environmental Compliance and
Management

s Hazardous materials design specifications
» Consrruction management support

¢ Envitonmental compliance audit
programs, management systems, and
assessments and impacts

Waste minimization and pollutdon
prevention plans

Facility surveys for hazardous materials
Phase I and Phase I1 environmental site




fifek 4 - BBERERRGeRES — A% (Z28)

SIGNIFICANT EVENTS SINCE THE LAST EXAMINATION:
Describe any earthquakes and Booding (and any damages), major modificaions/constnaction, major
regairs, incdents, operating restrictions:

BUREAU OF RECLAMATION

COMFREHENSIVE FACILITY REVIEW EXAMINATION

REPORT FORM Zoned Earth Filled

DAM NAME:

EXAMINATION DATE(S):

GEHERAL INFORMATION: — EXAMINATION PARTY —
Cyganization

Wha owns and operates the facility?

What offices are responsible for providing oversight of the operation of the facility?

Cther gereral infcrmation:

OPERATING STATUS AND CONDITIONS DURING THE EXAMINATION:

Reservoir elevation(s) during the examination:

Maarmum allowabls reservor elevabon:

Raleases during the examination:

Spithaay

Quitlet works:

Ofhver outlats:

Weather on the dayis) of the exarmination?

Recent pracipitabion at the dam site?

ffiF-19



FEATURE YES| NO | PHOTO NOTES (e.g.. description, location,
NO. comments, etc.) AND REFERENCES
TO NOTES BELOW
' |DAM CREST

a. Settlements, depressions, or sinkholes?

b. Lateral deflections?

¢. Cracking?

d. Inappropriate vegetation (woody or deep-rooted)?

€. Drainage problems or erosion damage?

. Rodent holes or voids?

g. Road surfacing problems?

h. Adequate traffic safety barriers?

i Other deficiencies?

NOTES:
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FEATURE

IYESI NO

PHOT!
NO.

NOTES AND REFERENCES TO NOTES|
BELOW

z |DAM UPSTREAM FACE

a. Settlements, depressions, or sinkholes

b. Slope movement {instability)?

¢. Cracking?

d. Inappropriate vegetation or debris?

e. Rodent holes or voids?

{. Erosion damage or beaching?

g. Condition of slope protection

h. Other deficiencies?

NOTES:




FEATURE I‘FE'§ I NO| PHOTO JNOTES AND REFERENCES TO NOTES|
NO. BELOW.

DAM DOWNSTREAM FACE

a. Settements, depressions, or sinkholes?

b. Slope movament (instability)?

c. Cracking®

d. Inappropriate vegetation?

2. Erosion camage’?

1. Rodent holes or voids?

3. Sespage?

Hew?

Existing?
List each seepage location separately beiow. Note
estimated or measured fow rates or ereal sxtent

and how condiions compars to those pre zly
reporied Tor Similar resenvolr Ievels. 1uilJit|}[=f:’

e
g. Other deficiencies?

NOTES:
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FEATURE I 'Esl NO | FPHOTO | NOTES AND REFERENCES 70
NO. NOTES BELOW

4 |RESERVOIR RIM, ABUTMENTS, AND
DOWNSTREAM TOE AREA

a Landslide or mekfall eoneerna?

b. Setlliements, depressions, or sinkholes?

c. Inappropriate vegetation near the dam?

d Sespage?
Naw?
Exisfing?
List egch seepage location separately below. Mote

eatmsted flow rates or sreal sxtentand how
condtions compare to those pn

Jsimilar rescrvair levels. Turbidity

. Tos drains or reliel wells?

Mote below estlimated or measured Now rate rom
drgine and how conditione compare to those
previously reported for similar rezensoir lavela

Turbidity? Fines accumulated?

F. Cther deficenciss?

NOTES:




FEATURE IYESI NO

PHOTO
NO.

NOTES AND REFERENCES T0 NOTES]
BELOW

SPILLWAY - Structural Features

a. Flow obstructions?

b. Cencrete cracking, spalling, delamination or
deterioration?

c. Movements, deflections, or jeint offsets?

d. Erosion or cavitation damage?

e. Seepage into spillway?

New?

Existing?
List each seepage location separately below. Mote
estimated flow rates and how conditions compare to

those previously reported for similar reservoir
levels. Turb\d\y or fines accumulation?
——

f. Seepage from around spillway?

Note below estimated flowrates? Turbidity? “oids?

g. Weepholes/drains open? Flowing?

h_ Potential for erosion of adjacent embankment?

i. Detrimental vegetation in or near spillway?

—
j- Log / safety boom? Condition?

k. Other deficiencies?

|. Operational history since last examination?

—
m. Last examination of typically inaccessible features, e.g., stiling
basin? Documented?

NOTES:
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FEATURE IYESI NO

PHOTO
NO.

NOTES AND REFERENCES TO
NOTES BELOW

& |OUTLET WORKS - Structural Features

a. What outlet works components were visible for inspection
during the examination?

b. Flow obstructions?

c. Concrete cracking, spalling, or deterioration?

d. Movements, deflections, or joint offsets?

e. Erosion or cavitation damage?

f. Seepage into cutiet works?

New?

Existing?
List each seepage location separately below. Mote
estimated flow rates and how conditicns compare to

those previously reported for similar reservoir
levels. Turbidig«' or fines accumulation?
—

g. Seepage from around outlet wo

Note below estimated flowrates? Turbidity? Voids?

h. Detrimental vegetation in or near outlet works?

i. Other deficiencies?

j. Operational history since last examination?

k. Last examination of typically inaccessible features - e.q. intake
structure, conduit interiors, stilling basin? Report written?

|. Last examination of typically inaccessible features, e.g., stiling
basin? Documented?

NOTES:




FEATURE

IYESI NO

PHOTO
NO.

NOTES AND REFERENCES TO NOTES]
BELOW

INSTRUMENTATION

a. Damage to instrumentation?

b. Is instrumentation adequately maintained?

c. Other deficiencies?

d. Is instrumentation read and data transmitted as
required in the L-237

. s there a Visual Inspection Checklist for the dam
and is it routinely filled out as required in the L-237

f. Any concems reported regarding the
instrumentation?

g. Additional instrumentation needed?

NOT

S:
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FEATURE

IYESI NO

PHOTO
NO.

NOTES AND REFERENCES TO NOTES|

8 |JOTHER FEATURES:

a. Deficiencies?

NOTES:




FEATURE

IYESI NO

PHOTO
NO.

NOTES AND REFERENCES TO NOTES]|
BELOW

EMERGENCY ACTION PLAN (EAP)
AND EARLY WARNING SYSTEM (EWS)

a. Is there an EAP for the dam?

b_ls the EAP cument? What is the last revision
date?

c. Does the EAP contain initiating conditions,
‘emergency response levels, notification procedures

and expected actions to be followsd?

d. Does EAP have adequate dam failure
inundation maps?

. Is the EAP and the Communication Directory
annually updated and routinely exercised according
to Reclamation directives? Reports documenting
|exercises?

f. Have there been changes in the downstream
flocdplain that would affect the hazard
classification?

f——

g. Is there an EWS for the dam? What EWS
equipment exists, and what is monitored? Where
are alarms sent and what type of alam (e.g., audio
alarm, auto dialer)?

h.Is the EWS tested on a regular basis? When
was it last tested?

i Is EWS eguipment functional? Who is responsible
for maintaining it?

NOTES:

b -24

FEATURE

IYESI NO

PHOTO
NO.

NOTES AND REFERENCES T0 NOTES|
BELOW

DAM ACCESS AND COMMUNICATIONS

a. Are there dam access problems or concerns?

b. Are there altemate access routes to the dam?

c. Are special vehicles required to access dam?

&. |s there a communication system at the dam or
near the dam and a backup system?

f. Whe can be contacted with the communication systems?

g. Are there problems or concems regarding
communications for the dam?

h_ Will the available communication systems allow
successful implementation of the EAP at all hours of]

the mihl or day

NOTES:




FEATURE YES] NO |NOTES AND REFERENCES TO NOTES FEATURE YES| NO | PHOTO |NOTES AND REFERENCES TO NOTES]
NO. BELOW
" |DAM OPERATIONS 2 |SAFETY AND SECURITY

a_ls there an SOP for the dam? a_ Any safety concems observed at the dam?

b. Is the SOP up-to-date? What is the date of last b. Have dam operating personnel identified and

revision? signed all confined spaces and permit required
confined spaces at the dam according to OSHA

c. Do the dam operators appear to be regulations?

knowledgeable of the contents of the SOP and !D_" v T = :

operation of equipment? E o dam operating personnel have adequate

d. Does the SOP have complete and accurate ;‘q;f:;am for confined space entry (2.g., air

coverage of operation, maintenance, and inspection = 4; - - -

activities for the dam? Er ;nyos&it;uzﬁhcfg;;n:s or deficiencies observed

&. Does the SOP have sufficient current drawings =porte -

that describe the facility and its operation - Note: Security deficiencies should not be described

sufficient for emergencies? in this report but should be reperted to the

f. Who operates the dam? Who are the backup personnel? Reclamation Security Officer,

Where do dam operating personnel live relative to the dam? NOTES:

g- When is the dam attended?

h_ Have dam operating personnel had dam

operator training? When was their last training?

i_ Is there a bound logbook for the dam? Where is

it kept?

j- Are appropriate logbook entries being made?

NOTES:
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Fifgk 5 - EBF et aRE RS (Z8)

BUREAU OF RECLAMATION SIGNIFICANT EVENTS SINCE THE LAST EXAMINATION:
COMPREHENSIVE FACILITY REVIEW EXAMINATION Describe any earthquakes, flooding, major modifications/construciian, major repairs, inciderts, operating
restnchons

REPORT FORM - CONCRETE DAM

DAM NAME:

EXAMINATION DATE:

GENERAL INFORMATION:

Who owrs and operates the faciity?

What offices are responsible for prowiding oversight of the operation of the faciliy?

Ciher general information.

OPERATING STATUS AND CONDITIONS DURING THE EXAMINATION:

Resarveir el ) during the

Masarnum aliowable reservor elevabon:

Releases during the sxaminabion:
Spillway.
Outlat works:
Other outleta:

Weather on the day(s) of the examination?

Recent precipitation at the dam site?

ffif-26



EXAMINATION PARTY

Name

Title &
Orpganization

b -27

FEATURE YES| NO | PHOTO | NOTES (e.q. description, lncation)
N COmments, etc.) AND
REFERENCES TO MORE NOTES
BELOW
* |DAM CREST

2. Cracking?

b Spalling?

c. Defergration?

d. Deformations, offests, or deflactione of
parapet walls o crane rails?

&. Drainage problemea?

f. Ofher deficiznciea?

NOT

ES:




IFEATURE

I\rEsl ND

PHOT:
NO.

NOTES AND REFERENCES TO
NOTES BELOW

z [DAM UPSTREAM FACE

3 Cracking?

b. Spailing?

. Deteroration?

4. Deformations or offaaia?

- Other deficienciea?

NOTES:

ffif-28

IFEATURE IY.E-él NO| PHOTO NOTES AND REFERENCES TO
NO. NOTES BELOW

* |DAM DOWNSTREAM FACE

3. Cracking?

b. Spaling?

c. Dataricration?

d. Defomeations or ofsets?

e, Vegetation in joints or ift lnes?

f. Seepage?
New?
Exisfing?

List aach ssepage location separataly
heiow  Note esimated fiow rates or arsal
extent and how conditions compare to thoase
previouely reparted for similar reesnvoir
leves

ther deficiencies?

NOTES:




FEATURE

I'rEIm)

PHOTO
HO.

NOTES AND REFERENCES TO
NOTES BELOW

Galleries

a. Seepage’

New?

Exizfing?
List zach seepage location separately below.
Note estimated flow rates or arzal extznt and

how conditions compare to those previously
reenrhed jor similar resenvoir g

b. Foundation and formed dra
Flowing?

¢ Cracking, 2psliing, or deterioratinn?

d. Delomn

ons ar ofseta?

e. Adeguats lighting? Ventilaton?

f. Other daficiencies?

ES:
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JFEATURE

IYESI HO

NO.

NOTES AND REFERENCES TO

NOTES BELOW

@

RESERVOIR RIM. ABUTMENTS,
AND DOWNSTREAM TOE AREA

&. Landslide or rockfal eoncema?

ments, depressions, or sinknoles?

c. Inappropriate vegetation near the dam?

0. Sespage?
New?
Existing™

List zach seepage location separately below.
Motz estimated flow rates or areal exteni and
how condisons compare 1o those previously
reporied for eamilar reservair levelz.
7 Sendbolis?

NOTE!




JFEATURE IYESI NO | PHOTO NOTES AND REFERENCES TO JFEATURE IYESI NO | PHOTO NOTES AND REFERENCES TO
NO. NO.

NOTES BELOW NOTES BELOW
& JSPILLWAY - Structural Features 7 JOUTLET WORKS - Structural Features
a. Flow obstructions? a. What outiet works components were visible for
inspection during the examination?
b. Concrete cracking, spalling, delamination b. Flow obstructions?
jor deterioration?
c. Movements, deflections, or joint offsets? c. Concrete cracking, spalling, or
deterioration?
d. Erosion or cavitation damage? d. Movements, deflections, or jeint offsets?
le. Seepage into spillway? l=. Erosion or cavitation damage?
w?
New [f. Seepage into outlet works?
Existing? New?
List each seepage location separately below. Existing?

Note estimated flow rates and how
conditions compare to those previously
reported for similar reservoir levels. Turbidity
jor fines accumulation?

List each seepage location separately below.
MNote estimated flow rates and how
- conditions compare to those previously
. Seepage from around spillway? reported for similar reservoir levels. Turbidity
jor fines accumulation?

—

e beloy VI 7 7
Note below estimated flowrates? Turbidity 5. Seepage from around outlet works?

['Voids?
9. Weepholes/drains open? Flowing? Note below estimated flowrates? Turbidity?
[V oids?
—
h. Potential for erosion of adjacent h. Detrimental vegetation in or near outlet
lembankment? works?
i. Detimental vegetation in or near spillway? i. Other deficiencies?
li. Log / safety boom? Condition? i. Operational history since last examination?
k. Other deficiencies? k. Last examination of typically inaccessible features - e.g
intake structure, conduit interiors, stilling basin? Report
written?

|. Operational histery since last examination? — "
I. Last examination of typically inaccessible features, e.g.

stilling basin? Documented?

m. Last examination of typically inaccessible features, e.g.,
stilling basin? Documentsd?

NOTES:

NOTES:
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IFEATURE

IYESI NO

PHOTO
NO.

NOTES AND REFERENCES TO
NOTES BELOW

& [INSTRUMENTATION

a. Damage fo instrumentation?

b. Is instrumentation adequately maintained?

c. Other deficiencies?

d. Is instrumentafion read and data
transmitted as required in the L-237

e. Is there a Visual Inspection Checklist for
the dam and is it routinely filled out as
required in the L-237

f. Any concems reported regarding the
instrumentation?

g. Additional instrumentation needed?

NOTES:
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FEATURE IYESI NO | PHOTO NOTES AND REFERENCES TO
NO. NOTES BELOW
® JOTHER FEATURES:
a. Deficiencies? I I
NOTES:




FEATURE IYESI NO

NOTES AND REFERENCES TO
NOTES BELOW

=

EMERGENCY ACTION PLAN (EAP) AND

EARLY WARNING SYSTEM (EWS)

IFEATURE IYESI NO

PHOTO
NO.

NOTES AND REFERENCES TO
NOTES BELOW

a. s there an EAP for the dam?

11 |DAM ACCESS AND COMMUNICATIONS

b. Is the EAP current? What is the last
revision date?

a. Are there dam access problems or
concerns?

c. Does the EAP contain initiating conditions,
[emergency response levels, notification
procedures, and expected actions to be
followed 7

I:. Are there alternate access routes to the
[dam?

c. Are special vehicles required to access
[dam?

d. Does the EAP have adequate dam failure
inundafion maps?

|alarm X audio alarm, auto dialer)?

e Is the EAP and the Communication
Directory annually updated and routinely
exercised according to Reclamation

directives? Reeons ducumenling exercises?

le. Is there a communication system at the
ldam or near the dam and a backup system?

—

[f. Who can be contacted with the communication systems?

9. Are there problems or concerns regarding
communications for the dam?

f. Have there been changes in the
[downstream floodplain that would affect the
hazard classification?

h. Will the available communication systems
allow successful implementation of the EAP

g. Is there an EWS for the dam? What EWS
lequipment exists, and what is monitored?
Where are alarms sent and what type of

Jat all hours of the wtor day

NOTES:

h. Is the EWS tested on a regular basis?
When was it last tested?

i. 1s EWS equipment functional? Who is
responsible for maintaining it?

NOTES:
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FEATURE

IYESI ND

NOTES AND REFERENCES TO
NOTES BELOW

DAM OPERATIONS

- I3 there an SOP for the dam?

. Ia the SOF up-fo-daie? Whatis the date
0! last revision?

c. Do the dam operators appear (o be
knowledgeable of the contente of the SOP
3nd operation of equipmeant?

4. Does e SOP have complkte and
accurate covarage of oparation,

maintenanice, and inspection activities for the
dam?

= Does the SOF have suffi
drawings that deecribe the facility
Dperation — suificlent for emergencles?

dam?

f. VVho operates the gam? YWno are the backup perscnnel?
Where do dam operating perecnnel live relative to the

0 When 18 the dam attznded?

[ Haws dam aperafing personnel had dam
[operator raining? When was their last
ning?

i. Ie thers a bound loghook for the dam?
WWhere Is it keptT

Are appropriate logbook entries being
e’

NOTE

ES:
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[FEATURE

Iv?:sl NO

FPHOTO

NOTES AND REFERENCES TO

NOTES BELOW

* |SAFETY AND SECURITY

a. Any safety concems observed at the
dam?

b. Have dam operating personnel identified
and sagned all confined spaces and permit

ired confined spaces at the dam
accordng te OSHA regulationa?

¢. Do dam cperating parscnnel have
Nt 1or confined 2pace
entry (£.g. air meter)?

d. Any security concerna or deficiencies
I ad or raported at the dam?

Mote: Security deficiencize should not be
descnbed in this report but should be
to the Reclamaton Security

Officer

NOTES:




BUREAU OF RECLAMATION
COMPREHENSIVE FACILITY REVIEW EXAMINATION
REPORT FORM - MECHANICAL FEATURES

FEATURE

I YESI NO

PHOTO
NO.

NOTES AND REFERENCES TO|
NOTES BELOW

1 ISPILLWAY - Mechanical features

a. Can spillway gates be operated full range
under full reservoir head?

b. Are gates regularly exercised according to
Reclamation requirements?

c. Were gates exercised during the
examination? Under balanced or unbalanced

lcading ? Did the Eates UEE[EIE satisfactorily?

d. Is there backup power to operate the spillway
gates? Reliability of regular power?

e. Is the backup power tested regularly? How
often? Under load?

f. Was the backup power tested during the
examination? Tested under load? Did the

Jbackup power perform satisfactorily?

g. Are there any problems or concems
regarding the reliability of the backup power?

h. Can spillway gates be operated remotely?
By who?

i. Any problems or concems regarding the
remote operating capability of the dam?

j. Does the SOP have adequate operating and
maintenance instructions? Are the instructions
understood?

k. Corresion or other damage?

I. Inadequate protective coating?

m. Inadequate lubrication?

n. Gate leakage?

o. Other deficiencies?

NOTES:

b -34

FEATURE

I YESI NO

PHOTO
NO.

NOTES AND REFERENCES]
TO NOTES BELOW

OUTLET WORKS - Mechanical features

a. Can outlet works gates be operated full range unde:
full reservoir head? Under balanced and unbalanced
loading?

b. Are gates regularly exercised according to
Reclamation requirements? Under balanced and

unbalanced loading?

c. Were gates exercised during the examination?
‘Guard gates and regulating gates? Under balanced
or unbalanced loading? Did the gates operate
satisfactorily?

d. Are there limitations to the reservoir evacuation
capability of the dam (e.g., the intake structure is
clogged with debris, an outlet works gate is out of
service for repairs)?

e. Is there backup power to operate the outlet works
gates? Reliability of regular power?

f. Is the backup power tested regularly? How often?
Under load?

g. Was the backup power tested during the
examination? Tested under load? Did the backup

Joower perform satisfactorily?
—

h. Are there any problems or concems regarding the
reliability of the backup power?

i. Can the outlet works be operated remotely? By
who? Any problems or concems regarding the
remote operating capability of the dam?

. Does the SOP have adequate operating and
ma

1ce instructions? Are the instructions

L
werscnne\?

and followed by dam operating

k. Corrosion or cavitation damage?

I. Inadequate protective coating?

m. Inadequate lubrication?

n. Gate leakage?

o Other deficiencies?

NOTES:




