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SRS A B S K& A2 (National Dam Inspection Act )
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&Y 84,000 B2 ) » 1978 B FREUT M aE I Fls LR E /K & & » |/
A T EE R - TIEE 1978 F 1981 FEMISEREEH 9,000 H S
fEE KA TIE - 1979 FBFETEM T KIFZE2BFHES]
(Federal Guidelines for Dam Safety ) $2ft & /KEEHEIr &%
(B0 PR b o AT Al A KB ZE 2SR - 1R 58 By JR i 25 ek -

> BEfErKEZ4atE (Dam Safety Program) @ ¥ifT HER AlECRIEHS
SRR AR ~ AR - MENIREERCN S AR « A5t
BT EKER " BEA KL 2aHS  (Safety Evaluation of
Exiting Dams, SEED) > $I¥VE(EEE/KEETH " EEIKEZ 2N
=5 ) (Initiate SOD Corrective Actions, ISCA) DU EHBEHE:
A B EEE /KRR T NECES /K EEZA4: | (DOT Dam Safety) SETfE >
MAZAE 4 - HpBARKGZ2HEEE 8 F 1 REGERH
( Comprehensive Review, CR) > ) BEHGF¥EH EH Z A5 ( Issue
Evaluation, IE) > S9pkir 4 S5 1 X (BEHEE  HHEGRIH
) ARG/ NH (Technical Response Team, TRT) ©

® [HSRAIHE (i RN KH S K2 aabil% ,(110
10 A 5 BEIESAT) K KMEEYIieE ke Zeas s &K
5K (11149 H 23 BEEARD WEUKEZ 2EH TE -

Q ] Dam Safety Program - Process
. —"'_ L_‘ SAFETY EVALUATION OF S (SEED) PROCESS

A\l (Recurring Activities including Monitoring, Examinations, Comprehensive Reviews,
Technical Response Teams, and Issue Evaluations)

Issue Identification ssue ~ No

Through Facility valuation DECi_SiC'"'M-’ki!'lD
Reviews, Incidents, and Ris Are _RlSk REdU_EtIOH
Actions Required?

INITIATE SOD CORRECTIVE ACTION (ISCA) PROCESS

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

Project Specific

Authorization (Mod Construction and
Report to —>  Risk Reduction
+ EASY Tun A DuEAK - it OMB/Congress) and Verification
The ruins of the South Ferk Dam and Lake Conemaugh. The S Final Design
line at the top of the image shows where the dam had been.
3~ HEfEsUETERIED 4 ~ Bl KEZ 2 ERIE
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( Reclamation Security Program- Security Tailored Assessment Report (STAR) ""“W
Date of STAR Evaluation: )

Lmc | e | [ pxao |

~ FACILITY TOTAL

| TokeActionNow | 1 |
I o |0

Action required!
See the ACTIONS tab
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OMETHINC

7~ KNG T BT ) SR 8 ~ A T BRI ) SRR
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> RIESEE 20 tH4E (1900 £ 2000 ) P fEiEME 15 A RAY/KIS
B4R ET > 1900 2 1930 SRR 27 PE ((LATEE 4.5%) ~ 1930 £ 1960
FEREISE 3 PECASFTEE 0.3% )~ 1960 2 2000 FErTEE 2 FE( (LT 0.06% )
ZETE > (HEATEBA 15,029 FEEEEKE -

> RERREIES M 13 S ARG L 2B FOIFRBURBEE RG] R IRZER] )
BEEER (2000 FF£LLAET) #Y 1889 FrgtE e (South Fork Dam) -
1976 4F£Z21E# (Teton Dam)~ 1965 F-EFFNEIE (Fontenel le Dam)
1925 FEFERIH (Sheffield Dam) ~ 1971 FE NEEEHFT M (Lower
San Fernando Dam)~ 1999 fF 3 ~ 1963 5F FL3EFHE (VajontDam )~
1911 FFEH TH (Austin Dam) ~ 1928 FEEARAPEHTIE (St. Francis
Dam) ~ 1959 4 FNMHZER (Malpasset Dam) » #THA (2000 FELLE ) 7Y
2004 FEREHF(Camara Dam)~2005 FEFa# 2 ¢ 3% Taumauk Upper
Dam) ~ 2006 4F AV JKEFE 1 (A.V. Watkins Dam) » DL N3 RIEE
2000 FELART R LATR 2 1 SRR EEEREH -

> 1889 FrEtEvetE (South Fork Dam) @ KEAINERE A EBLoN
7> 1938 2 1953 SR A% His 12 AR - B/KE 1,520 &
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NEFEANFIE 16 4 BEFPRESEEE AN ETT 7R E s
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TRE R 10 8% IR 9 2 12 AREK > 385 2,209 AFET (K
EBRFERE T R A GRAEMA )~ 1,600 HEEEER - MEELEE
1,700 EZ=ETT °
> 2005 FEFEHE ve 3% Taumauk Upper Dam): KA FEEBI# &R E M
A 1960 2 1962 RTS8 (B RDESE8HmE ) - &S 30.5
AR E/KE 500 BIL A AR B/K I ER A B AREA 7.6
NRER ~ 2,135 ARENAEKRE > 4 200 X BHMNanm@EZHels
(IR HG) - FEASREE  BRETBERIELR 0.6 ARK
fir > 1A 2004 FEAE_FRHRIE T gt T (k7K (Geomembrane ) o JREEET
PRASTHIE =&Y 487.4 AR ~ EIEIE S 484.3 AR » /KAISEHEE
HENPIRAELLT 0.4 AR (&) & 0.5 AR (/&) - 2005 410 A
B BB RASEREEN T mA SR RER > &KL
EEES (FHIGTHR AR ) RESEH > (S KEKALLLERIE » [
RS R =AY 486.8 AR ~ HRIEIEE4Y 483.7T AR - HHLAER
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Artist’s rendition of 1889 overtopping failure
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Application of Scheduled Maintenance

Good Condition
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MEAMLE » iR S S 2 B R e U IR B R =
FRIF » 45w R IEATEE © Bk & /K RS B B A AT /K R B R R 28
JELLIEIRE R 2 2 AR A VLA - A ERIRE A TR Bl > DAE
CEIRETTE s S KEL IR ERE L -

%
N\ -
U

12 ~ FtEOE R EBEE (FEEF) 13 ~ PR pa PSR B & T B S

i 1 KIFZEER MR ERRHE (1.5 /N > Dom Galic)
® SZEREAR ¢ SR E bR S R ASREE T =0 R A R T A
® N
> JFEFHEEHAES (Risk Informed Decision Making, RIDM) 12
387 (Risk Analysis)~ JEFSEEE (Risk Assessment ) Kz B/

(Risk Management ) 3 &  Ffpl5RaHE - BT 347 KLY H
IFETEHIR IR - MEREZA 4 ~ HUUH Re4ERE - JASRER - EEEAES -

> JEBE AT - M — B EA e DA B K B2 2 L SR i A B AR a5 B R
RS o e VB RS (Potential Failure Mode, PEM) e
DA BB H ez 538 P 5] » 55 BA SB-A <- E R I B P A B A e [ g 3 2R
o NERHERERRTE] 77 By 8 (EEEE (EIFEE/KEITMHIE ) © 8RR
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KAL ~ BEINERTER ~ NIFRIEE 2R (SRR - SATER2
SUE ~ EERERETT ~ P TR - TPRCEE o BALATIF R R AT
RLEL R BB TRETY - IR EERYAEEN: - FAHEETE
A G RN > 40 14 -

> JEbmErl - b A E BRI 3R HSR AR - SRt m S AR
M~ HE RS nl ez (G e\ be REFRIR R R ) » DA T T
HE— P IR - B LEEER T BEKER (FEAEEN) 5
BHEELENZR  FELOESFRAEEREN A EUER OISR
5/ LERR S &R AT RECE AT aE R -

> FRERE T BRECE RAVEIERAREE . (O ek R KT )

Ah o AERETRE R R s £ - B B AR B R

(RPEREBGTCRINGR) ~ BE TR oA ~ #RIENER  Ho R FINER LS

PARREh A Y Rocky 7KEEHE & ST R - CE it Sl s®ar

H o] BEE SR KAt - RO EEAFERIERE - ZEHlER
Rt (BOOKALEER) - 46 15 -

® HIGHRAIHH :

> KFIZBHEREEEEEIREEEE 2R KERERBRET RS
EA 108 2 110 LAY SOUKESERY 3 FEERY B CEFR T8 AT
Sy A SER A B S /KR TH 2 EREMIIHET - S TEfE s 3R
B S/ NERE S - MR P HEE) 7 AR IS IR REE R T
TREfFE AR ~ SRS U EIEE ) (E/L4ERIE TR -
WETEREA 2 ) SRR S NI R BT n] o RHEHE R 2 HM K -

> STEHEERZRAEER R > BINERE 2 JOKERPTERBEIEA - &
TRER B R s A TR AR RS - P BUKEIRE e B st &
TERMEE - AR RERE - REERSKERE R R
Ktk - 2B EIRER: - SRR E A SRR -

0.04 0.5 0.53 Big screens

vo.z 0‘0.6 0.4 —

0.0106

A

14 ~ AhfEE % a] & 5 2R B 15 ~ Rocky 7KJBE# %I B M BN B 4
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SRR 8 ¢ BREHUKEBESE L A (45 4376 » Doug Woolridge )
® IZEREE | RUHZE S EBATHYE A MR A oK E s st B T = -

200,000

50,000

® Pz :
> KR ) SR THOK S ) CEREIIgR) Te LTSS B Tt

KEE ) X T HUKEEE | SR L T EE MR > WA EE
EFIERERSS

FEAEE ¢ DRGSRl gE i RME B AR » Bl Al gE i RE7K (Probable
Maximum Floods, PMF) o DAE5 % #%38 (Gibson Dam) Ffd] » BH&E K%
Bpomt s KOO (£R A HEC-HMS ) ~ B8 Tl sE A ARErlg (ERAH HMR) ~ 34
#& PMF R R A5t PME - 70 llE TR R Y A PR S R R SRR 2R
e A& > 20E 16 o HBI{FELL PMF B THEEEKEH/KES 25 - R
REFEZ KSR THERS - AR EM R E -

sk 1 DRI B S TR (REERA TR S
SO ) SRR o LIS A% (Gibson Dam) A0 » FRHefs
J7 2 g S K Rl R K 7 A (RIS ) » SRy > 2
AR AR © PR 77 25 3 R B K S iy
FEREEORE - B A S AR R R S AL AR - S5 1
B 4008 17 - AR R T A M RN - Bkl
BHIA ~ FFDBIET SR S R - B E R TR -

® (HISRAIEH * B - BN /KL Ertl R oK ikEE T KM S e
&R HE RO E/KES KR (111 5 9 H 23 HEEIEERD W

B

W HTER A RE K RARRAK R R A U SO i KOO R 2

Bk} DU BE AR TR A /K ey -

Gibsol

n Dam Montana - HMRS5A PMF Hydrographs Plot

e 6,895 MU KB AR

[\

Flow (ft*/s)

K;j¢@mxaﬁﬁ

0

20 40 60 80 100 120 140 160
Time from start of rainfall (hours)

P LASCEPH P §

51RH10,0004F

180 200

intall (hours| AEP (%)
16 ~ HEARHE EAAEGR 17 ~ HEARFRR AT EGR
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BRZ 9 ¢ MEEIEE S (45 4788 > York Lewis)
® IR EAE | 5R AN E By K 2 R R S B (R (- BV A i A =C AR R 4 -
& NNHE :

> KEZEFEFIHEERSH > rREEMEE @ HES
(Seismology )~ HifZE2 (Geomorphology )~ THEHEEE (Engineering
Geology )~ #/E /K322 (Geohydrology ) ~ #rERYHEE (Geophysics )e
ARAE S I B P P i S B AT SR R, -

> WEBERER 1 el - ot EEE S E &k (GHEKEE ) 2
B FR AR A TE HE ~ W T (0SS ~ SERRTHES ~ 78
Akl ~ BB~ SRR ) - 3 2E bR o1 LR E B
SIS, R EL BB E R A R

> TEERR M BOfKEREE T » 39 0] BE A B S AR RE Y VB A I IR =
WREE SN e GEfAEITHENE 18) - SHAE B FEIE
MEEEA S TR LIRS ( T EERESEUE 19) - FEKE
% (Seiche Waves ) il ~ B g B 225U % MUK EE 2R TR -
EWEE R ~ B/ EhEE o

® ([HIGRAEH KEEHEN BEMEE R THEABREASS  HEKEZ
EEFEMZINER (AT A RIMNMEEREIME T/F > 14
LS55 g NE U= B2 S IVA ) I A= AT ST e [ RS o o N
AEEA - AR EUR E RGP E (FIaRE SR E & - B R EUKE
R E N BFFEE SR AR - MR 2 PRt BTt (B )
AT EATRERE B 2R E TR A G - IR A -

18 ~ AT B A e 19~ NEEHRE MR EEL
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RZ 10 ¢ KEIRE - AERKIBEEE (1.5/MFE > Kent Collins)
® PR EE ¢ SREH/KEEMEIRNT ~ BrEEME M RIS
® [NZSHFE -

> PEEFTE /K AR - g D E K ZE R R VKA SR - WAL
FoPR(EH R g IR SR 2R g R DAt ZE ] ~ PHEEHEK
1~ BRI ~ 3 DR e ke (B - BE ST ) » I RoK =
L o

> WRUEREI | KB R S E R ~ VR RO (R
FHEEZ IR~ A IIVEHE G FKER RS AR &g e T
f ~ & hEmE BT EIRUK A B R KD RE RS2 52 8 ~ REIF pa E)
B EHEIREE HACE PSR S ~ BB KR
FFEEb e AP AR R (BREEREL > 206 20) -

> BRI - PR AR o KR o TR E AR
SR RE - NELERIFE/NHZE B & (Subcommi t tee on Sedimentation,
SOS) EEEIHFIEALRY 2030 FFERTfR R E KENRIH M ERHE S
e EEE | B AV (SKER - SEEsZEME K IHD ~ 7K
BN 0 WE 21) 0 2 /KRR E -

® [EFRAIHE - BN EEOKES IR KSR SR 4 25T
(105 5 8 H) 5TH " EAARUERF EIETE ) > DURED 120 F 0D
Ry B RS & o R (SK&RE ) ~ FR (BEZEAE) sk
(7KF7) Efe > EEFFHEEmEE -

Relative Sedimentation Impact and Potential Reservoir
Sediment Management Options
100,000.0

10,000.0
1,000.0

100.0

Reservoir Life (years)
(Total Capacity/Mean Annual Sediment Yield)

10.0

1.0

+ Reclamation Reservoirs

—Threshold
0.1

0.001 0.010 0.100 1.000 10.000
Retention Time (years) = (Total Capacity /Mean Annual Runoff)

21 ~ RENEMEE T
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B 11 HEEREER AT (45 538 > Amanda Dolezal )
® PR EE « SREHZRIS A R R ERE e KA N Bl SRIE T -
& NNHE :

> EREERERESY - BOKEIEHEA T E R IEIEF ) (Standing Operating
Procedures, SOP) > W& 22 » A - BRI IREAEZE DI -
HAREGES/KEMEIFEENERIERE » EAER (&L ARKK#E
SO ) ~ GERETT Ry B BERIERES ~ ZKIEIRAE - B - BoresstE -
FERAES S - DL NSRS o RS R TR AR S TR E A2
N o

> 4R A\ BISE  BE A EBAN | KNI > SRR T %K
W BT (AOHAP - SRR R ERS) 23t 18
SRR - 4655 A B LT B B A KIS - B 8
S 1 JERMAIGE SRR BT - KRR - B
cpEsEstd > EEIBUIEREL AR - BASRE  BiieE
(S KIS AE 23) ~ YT E RIS -

® [HIFRAIHHE B T BREIRERER ) BESEEE - i BN
TEERUREAFEE TR &R SR E A B A DIPERE, -
M/KEZ 2 ERDE MR BRI AT BRI EREAGEE NBAZHE
N SR — BRI - R R S R I Raa TR RIS = -

2016 Seepage Downstream of the Berm

22~ FREEMEREFHYAT 23 ~ EEEI2/KIE Ik
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SRR 12 1 KIBHVESSESH] (1.5 /NE% » Montana Foulke)
® FEREE ¢ I aEie N e N BB R Tk -
® [NZSHFE -

> IKEZERNE G H a5l > M tHEER - RS0l
FECAEEGRESR > SR ENRE T - B ] sE I
BHFEA RE B R AR Y - Se 25 HGUERE B FIHAGHIRm - H
HEefe et Bk (AR ) 2 TE B RN KESPEEL
(EEET ~ HiL ~ FIKEK ~ BRI~ Bo0lkinF) HEEY - &
ARERAREE 5 (ERAFRTE - BEAERY ~ St - BN - JSAeAE

i S KEEEREIRTE -

> ACRIEIESY S (BEE 1SRN W e AE - KR
50 KBREE IR » R Aok (7L - W ~ A - f23) -
BN R FTE O AY: © 3 SreiRess - B A -
Sh o B - AT 4 BRES BN LIRE (HUE 24) > MEERE R
Sk~ NTHEER S - TR e s B G R ER A - (8l B
desra (ANFEH A TR ) DB § 5 Bl B
R (B 25)  FRISES IS  H A E BT % « R
L R RS 2 MBS » T e T ARG A B
N SN T oy T

® ([HIGZHEAEH @ EE T EEREHEBHTUEMR SRS EEED (Structural
Health Monitoring, SHM) > BELFY 6 FEARRIFALRAASSCE NGRS - HIEEE)
(O ZRHET T o0 M7 (B TR 2 RS /K BRS04 2%t (Digital Twins )
iy A BB BRI A 4S8R S B R IR BEL (FEARRRIE D ENA B2
/KRS 112 4 5 A 6 AW AORIETBEE®E ) - ERtE
FrE R BN - AT R 8B v N R BIA /KRS -

Lower
etric | Quality Data ’,af

-
“x
-

24 ~ Fe HE LIRSS 25 ~ KBRS
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PME 13 | HBEEEWR B REESES] (45 578 > Dan Levish)
® FHREM S MBHE SR BN R BT -
® Pz :

> WIFTHIEGE A HAY RIS GIR AR - FrRECAIEZE
Sh IRt B E b i E AR E LB E - KPR e el H (&
R - R0 - BIPEE) VR B R Kos - (EHEE
PR - SEfEhRERER (BIRRIIITI FLAC FdAaim AJHE ) -

> (R HEGEL 8 (Probabilistic Seismic Hazard Analysis,
PSHA) : H AR Z FEF Y7047 7025 » T B I R IS S Rl st (5%
A (BRIENNZERE PGA KRS PGV ) » i ATHH B2 tE H ek - 2
I SURE (It E B IERS ) R Ry A s i 4R > WE] 26
7 ETYE EFPRE] © HIMRIEEER TS - REEHAE - HR
BE R TR 5 3 8 i KRR SR -

> HEETAIHAY (BONGERER )« | FERTEREE - BN
CEBTARRI - R om R B S TR - DIRAR SRR By > it
RS A Ry KIEE st S HUE 2 s ] 5 2 AR R > $2ft
HRE S ATRE Y B IEAERE R Koskat > B N it S e 5 Y R G R A -

> B0 AR EE a2 HE) (WEHS - TALRERSE) K
SitmiiEy OHRTH - S ~ SHRERETEE ) > A0iE 27 > BHIERIER G
FREATEERAEITELY - it BN SN AR SRRV B MG AR R H B
BERGSoEHR CGRNESmE) - W3RN EHE R -

® HIGHAIHH *

> BIPKEZ 2sHEHERE L H AR EA R AGHT - BKE
B BRI /K R SE B B R 1 - 15 e 1R PR Y i K R RE T
(Maximum Credible Earthquake, MCE) - if#Y{ESZ MERE K3 2B FERF
(et i A - BRI A - MR TR B A JhE
g~ MEARL > MVKEEH A BRECINRME G S R mrEE
& EEEBSIERE L EERFEEE ST AT RFISEEA

g -

> PG T BB ) (TR E5e » RASCHIE -
S ~ AR TR T B S B B R S R BT
R AR R I LU I ) PR £ 2K (/)
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RO ) - NPT VS H R R B T AR SR T A B S A
2 DUEFRP R IE VTR S 5 — SR E B B A -

> BIPVKEZBEZEMER > RERNT > LEE S E'HtESR

o BMIEE R H AT 22 AR A2 IR ST S S R e

(ZKEEA M EEEAR IR EIIE) - /KBS L g4

R (NP FOFAE ) R ETERE T SRR i

so e R R B R ARHENEER - U AR L - [F

R > IR A ST BKESE BRI RS R HIE B AR - TR e
Mg K B MSS R EESS -

Peak Horizontal Acceleration Hazard Curve

1.E-01 T 1.E+01
i —Total =
-only :i
> 1.E-02 —Crustal HF 16402 £
AN g
NS -
[N S E
£ 1e0s LN curve 1 1E+03 '§
— N ' & e | o
5 EESSiE=s €
= AL i
= N 2
R p | IRREE 1E104 8
:S\ urce u:-‘:, L i e
I . b
T pre 1 SR
1.E05 . 1 1.E+05 ) ) - ) )
tion of strong-moti array, Wickiup Dam, Oregon with
0.00 0.50 1.00 1.50 2.00 triaxial FBA-23 units indicated by red squares. Units Qd and Qds are identified as potentially
PH A, g IIg_ucﬂnble, unit QTb is basaltic bedrock. Digital recorder is located on dam crest.
=X 24327 —> == == A v [ ] 2 HI 4 ——
26 ~ HRAHFE G EE I HTRICR 27 ~ TIHEEM AR

BME 14 1 KBV ERGT kit (30 534 > David Gillette)
© N | TR R EIE B R -
® Pz :

> L0 HESITHHBESEENIE - R(EBS) - B E - Hie
BB - HEREBESE > oRER e (HESKE 7
B R AAEENES ) WAFE - MTFRANRAELEF T (FF
MEAERERE R AT @R ot LU S G - i+
Asgsa A (A0iE 28) @ FEREm EAEE T B R LR ~ S
PRIEE rERET (BAVLE - EEREEE) - fRETetKEE - |
e TR (THETREE R2/K) ~ SRR (B AR -

> RALEES (TEEMmEGEGIAE 29) @ s iEA RS e B
BEAURRISEL > BROCBRE RIS - nlE AR E A g - 8 AR
FHrEEE AsEs (Standard Penetration Test, SPT) -~ HiEgEE A
sXEh (Becker Penetration Test, BPT) K EI#EE AtES (Cone
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Penetration Test, CPT) &5 o #E M RIFE S HT IR > aliEia%%
A TN FLECES R - SN TRE R R 24l it L I BE LS -

> RsEEER - tESITIHH B A AR AR  (TRERET CFE
KIS ) ~ A REsREREATR TR T ~ BRI K &8 (FKIhREE
BIEH ) 5F - WrdEst DGt A (A06E 30) © 3Gt RIS ~ %
PrAELERE o R L e e g ~ St P K RO SR ETEDD ~ e i
SR ASHFE S ©

® HEFFRAIHHE BB E SRR - KEES CRHEC TN
AFE > MBI T R ERE CRRerED « S RS &
(R RERE Eh RIS - el AT R AE R T o] T BRSBTS e
IKEESHEHE 5] 5 - SR BRI YRR R & A - P E R E A
R 1] RE LEBRAY FHIR Kbt TR BRI o - OB R T S 4SRRI /M &R T
rakEt R AR (& 2O foRst 35 ) - EaEhsatad e > 03
IR A

Generous Freeboard \

Upstream Crack Stopper
Wide Core

Flat Slopes

Filter and Drain
Loose Material Remowved

28 ~ B AR T2 BT

Formed Drains
Spacing: 3 m
Diameter: 130 mm

Foundation Drains
Spacing: 3 m

Depth: 40 % of dam height
Diameter: 75 mm

81 29 - TELRRE SR L] () [ 30 - B LR SR

YK v

BME 15 L R KAE S R B R KRS (75 738 > Jose Cestero)
® TRENE | MG KRBT KRR R SR T -
® Pz :
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> CEEHR - AR A& AR (Empirical Equations ) BE{EfH#EE

(Numerical models ) &KEg/FELFHRG 5 BRI CAHRE > T2l R

T ARG 55 A B Bl - B (A L B A T R SE B R s e AERE > 7]

PRGNS SRR 2EE G E TSR AT - BEEAS
(ERER EH P RIEE S S -

> SHEESEE A EE—4E(One-dimensional, 1D)E¢ _4#( Two-dimensional,
2D) FTEETE A ATAE RELEANE 31 o —4EHTERASTE EIRAR MO 4R
FelEia - ST REMESKRE ST SR 2R E) - iTaERE A
Bl RS E AR HE & - (ERE R M EREE ~ RIIAERL ~ A
NS (FEAES) 7= BURE TR EE ~ Brimionig s
AV R AR ~ BETIER R BT R A E - 40t
DI ( EPEriEiErs ) REEEERE - /ORI EmmE (X)) REKE
#wEEHEA (Y) B#) (EEEAA ZRETE)) TR EMEERENER
(RS ~ S ROMESE ) 4848 X oy Ryl € K vl 3 2 e e - o ifrdd
RATEFEEAMBEENASIER o (BR 53 HESEE & - EH
R IEE - TTESEEMEEREERN ) SRR ITEE - 2
e FERE JIMRS ~ EHEEEARAIEERE

> AR EIE  AREEEE (FENE 32) R E SR -

HE -~ BEERTTE ~ SRR KEE ~ iK% (Depth ) BT

(Veloci ty HJSRFR( DV )~ il (S CHACK AL E R AR 2R )~
EEEMIAVRIEERE (BURERER) KMEERH -

> SEHEREL  JBRIEHIEE S Ads REEIEL - BIEROULEENIES
2R Jey DR B B BRSO R SE TR E VA - SRR (E 5 2 A\ aiiE
o i SEHE (BETTES) WURHERA T Rk /K581% (Flood Intensity)
Je YHEWFHE (Warning Time) » HA/KGRE LUL/KZEE (Depth) B
ALKEEE (Velocity) HYSRRE (DV) For > THERFERIMEEERE - =
PR - RIFRR  NRERSR - B COREEE ) Sl R TR
[E] o BFAL A Al &8 B A = B E e - &8 =275 2R ¥ 5y DSO-
99-06 F{F K S EEME 75743 (Reclamation Consequences
Estimation Methodology, RCEM) - %5{E & 5 o] (£ A £ T = [H
LifeSim BN KB EF 2 /KEAE Life Safety Model °

® HIGHRAIHH :

> BINBOKEEETAREHECESERTE R N SR BT
[FEE) A EBRIREIME (BIERTEEERER)  AEE
SAMRERTICREELUR ~ JTEEE ~ AIEE o DU AR RS e
& (B8 pol AN - Hrpa g sl Rfe B Mt T BUR L2 &R
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Prigiae 2 LU R aGsuE S - L& ATEaR tE - DR A 82
FEEA o TR RN R AR Ry T B S FR I - IRREe it
QBRI ERL > 40 DV ~ FIGERIF ] - EERRIERE (BUREE
&) KEVEREE > EERE A ENY -

> ARHIE ~ FENEEEREY > EREER N Nt sE e
AR NAEE 10 R EE A E R AV E 25 & -
A L H AT /K EE N AR AEY) )R i e s & m) i HL AGHE %
RIS b (SRR AT E ) KA e sdEf - 5 KEER
g fES PO TR lEIE Mt ESECHRE o T EIREL
ZIERNE > BRI EERE ER) DG R R A > 1D PR
o HEE ~ HIERE T EUETT > IENIRNRABELE -

31~ —HE R AR ELRL 32~ WrRst g T2 S

PRIz 16 | BoEETE R ES® (1 /N > Ben Claggett)

© FZREIRE  UAR KRS TR SRR T » SRR e
BHL - EIHE R RO T B RA -

® Pz :
> KREHSEENE B LRI S K © EIRE e A -
R S AR O G TS S

> BTESEE (Emergency Management ) : HAERSER K 46 - IR
RIS E &% FG(Preparedness )~ fEEE(Response )~ {85 (Recovery )~
JEE (Mitigation) °

> BEfESEETE (Emergency Action Plan, EAP) JERAESEEE HIr M
BERNEFHER  NEEE 1 KEEHE SRS R T
FRIEFE TS PR » 2 BRI 2B BB ] REEEL Nt
& A B2 E R E R
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> REMEEEG - HPLEN IS AL TGRS > m] oy R 2 T T
(WS S EME ) B T A [FRES SR (B R B mEeR) - #$dT
T Bl AR S B PR AL ~ st R (HAIAS ) ~ TR~ e T AR »
BERItmE e o

® ([HiFHEAIHH -

JES TP Y © SSEBRERESEIEEEREF (SOP) > FE LA
BHEEAVER - HNMRE S ERIRLA RSB A A B E OB
RVEE A BB el ESE TIENTES | - I TIRAE AR B
fES T EE AR R ER AL AR B e E B KRBT
*ifi St~ EIRAFEPEE eSS - 4008 33 Z2[E 35 -

> TEETRFERER - BRERTRE KRR - REAY K EESRE R T
REBNEE - TRREMITBUF R ARSI & 2 A8 i M &
R EERTIF > HRSUEEREZ K EETRERAENEE - BIA/KE
JF A A AR 5 TUB AR ~ SEEMRE R (Rt ol ~ Fo ST L
IFERZEE ~ BRI oI e 58 aR - T E R (KOS
KEITIRE) IR EHHEKEEEHTTER > 2GEBTE - AR
RIS SOF By - A TR b s B BB AR ZE ] > A% &
st EE (HIA) R BN Fe 7y a3 > W18 36 - BOHER[ERE
AR AR AR R AR ( H s e e £ A R AEE SR - 401IE 37 -

Agency Superintendent Agency Superintendent
Expected Actions Checklist dnternal RL2 ——
T | Dui | Teme | Do | Tove | ok | Time | Dt
1] Ensure that an Jncident Commander has been

dos gnax d for the incident

mmander has completed all
o md p ected actions, especially

a_Ensunng a Response Le
updated according to the incident circumstances.

determined and

B._Ensutng notificalions are being made as shown
on the Notification Chart

¢..1he Ex pecledA tions Checklists are beng
b)' 9

pers:
Suj ppmd '!_pm Must
comespond with the N\\S ecia risese )

w

5|

Request stalus repors on conaitions at the dam as
needed

o

Mappropriate. proceed 10 (or remain at) the
designate: oOamma d Post

7 E re that all p I been evacuated from below the dam when
dn-ons indic: m h d T Ik to Incident Commander.
8 When appropnate, venly focation of all on-duty stall (smployee

1 Notfy Regio m mSYryCocd ator at termination of a RLT incident of
evel 2 or greater.
IC=incident Commander,

ecord all calls, |h E§
214 form-Activities L gl ensure ampl lete record of
the incident and decisions made

* See Official Fi

33 ~ BRSBTS & 34 ~ EEEIGI TR etk
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RESPONSE LEVEL DECISION MATRIX

maperied 10 reach o agmed | %
wsatha ey

o T i s

35~ Bﬂzﬁkﬁ&l‘ SEe R

Full-Scale Exercises

Functional Exercises

Tabletops

Capability

Workshops

Planning/Training
B Discussion-Based Il Operations-Based

& 36 ~ Stampede HHHEMKIFIL 37 ~ 2 FEHEL TR T A [EE SRR

e 17 - s iie®E et (1 7)N&f > Jaron Hasenbalg)
® PR EME | SREANS B VBRI = S IR R -
o P :

> W@EstEEmitE - HoKT - BRJsE - ERARES - n& s
R EEE PERKER (/K St EREIRE) )S’dﬁ SRR
(AR RIFSE ) HYTEL -

> 3RILL Ochoco 38 s 2T Es - STt ke K The & 572 » (T
TSV s SRS Y e A AR -

> MRt A S 220 (O AE T B ECFRE NI ) K R SRR
BAE (WRIHHE) ~ KR (USRS ~ HRBHE (AR
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eFIEE ) SRR S S REhE e (NG RIMTEE) ~ MR
& CAIFB 2R ) -

® (HIFRATHHE * BN /K BB IR G 455 R S i AH B ple e B2 > HL
(ERIRINER-SE i PNORPSELS- GIN IS BB AP vl b hdiik e
B - AR K 32 (EVKEESDERRIER (AIRFYSEED > 406 38
FeEl 39 0 By TAERTER RS, SO ROBERIRAA RV S ER B
Rz B/ K NE RS FRIGFP G 23 KE RS RS
HERRGH T - DGR N /KB 27 2 B R AE -

| f&a\l ‘ "“" ' > y

38 ~ ibARIE CERHIE 39 ~ E1 Guapo s JHH Bbiz i3

FE 18 ¢ ZKEEAY/K A% (1 /]NFF > Lucas Adams )
® FZEIRHME © BRBHK ARk (FRERT) fEE - A d SEoH R ZE ] -
® N
> JKCHEIRTIE oo F R ST - F2EThRe fPE 8 S B KO -

> AR - S ER T (BIEER 2K ) B S Bk
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Aerial view of Flaming Gorge Dam and Reservoir

Map sources: Esfi, Airbus DS, USGS, NGA, NASA, CGIAR, N Robinson, NCEAS, NLS, OS, NMA, Geodatastyrelsen, Rijkswaterstaat,
GSA, Geoland, FEMA, Intermap and the GIS user community
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,,..é SPILLWAY GATES ‘
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Full Pool

Selective withdrawl structure, added in 1978,
allows water to be released through gates at
different levels and varying water temperatures
to better match ideal habitat conditions of the
native fish in the Green River.

PENSTOCK INTAKE
Allows water down through the penstock to
turn the turbine and generate hydropower.

871 ft WM. /
Minimum Power, Pool /
Lowest point at which hydropower can be generated.

TRASH RACK STRUCTURES /
s

Prevents debris from entering
the penstock and bypass intakes.

BYPASS INTAKE

5,740 ft
Dead Pool
Lowest point at which water can be
drawn from the reservoir.
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Reservoir, 7

- (50,500 kw

BEDROCK

* Feet above sea level
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1958~2020 Number of Typhoons Hitting Taiwan (AVE 3.23)
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DRIFTWOOD

Typhoon Morakot

91.08 Mm?
== Annual Siltation Design Capacity 12%

——Accumulated Siitation

7z

Annual Siftation (Mm?3)

Accumulated Siltation (Mm?)

0
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Year

SOURCE: CENTRAL
WEATHER BUREAU

2011-2020 Earhquakes
Magnitude

000‘0‘®.
2 3 456

Earthquake Statistics

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
= moderate & remarkable (>200km) = small-felt-area (100~200km)
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Procedure Contents

Reservoir Administrator submits Data update and documentation

periodic safety assessment plan
(including the budget)

| Safety Additional
; information ; : investigations
Authority review mspection § experiments

MOEA review

Safety verifications
Reservoir Administrator (including design flood and earthquake,
authorized professional team to structure water physics, reservoir siltation, flood
carry out the project (with 4 discharge capability, freeboard, structure stability,
review meetings to ensure foundation and slope stability, monitoring
project progress and directions) system and hydraulic machinery analysis)

thority MO Dam failure flood impacts
divided group and its consequences

and panel

v et Integrated evaluation on the

performance and operation
accept qf the re.servqir (proposing
immediate, time limit and
planed improvement
suggestions)

Reservoir Administrator completes
periodic safety assessment project
(in a 5-year period load the next one )

COMMISSIONED IN 1973 WATER AREA 18.93KM2
DAM CREST AT EL.236M CATCHMENT AREA 481KM2
DAM HEIGHT 134M CAPACITY 507M M3 (2022)
CREST LENGTH 400M
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Dam site Annual Return

PGA (g) Probability Period (yr)
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Spiltway Pipe Failure
Spilteray Erosion/Head Cuiting
Under Investigation
Gate/Valve Failure

Spillway Deficiency

Slope Stability

Other

insufficient Spilkeay Capacity
Foundation Deficiency
Erosion

Ankmal Activity

spillway Chute Faillure
Resservoir CrhverTilling

High Reservoir Level

Debwis Clogging

Cracking

Dam Failure Primary Incident Mechanism
ASDS0 Incident Database 2010 - 2019
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- Honey Scented

- Cold and sweet

- Milky Light baked

- Charcoal Roasted
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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 conduct applied engineering research studies for Reclamation and other
organizations, 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.

e Flow capacities up to 60 ft’/s and 600 ft of
pressure head are available, with fixed and
variable-slope flumes, a low-ambient pressure
chamber, and advanced data acquisition
equipment and instrumentation.

Computational Fluid Dynamics Modeling
e Computational fluid dynamics models
complement physical modeling.
e 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/tsc/tscorganization/8500.html
Publications: www.usbr.gov/tsc/techreferences/hydraulics_lab/reportsdb/reportsearchall.cfm
Computer Software: www.usbr.gov/tsc/techreferenccs/computer%ZOsoftware/compsoft.html
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U.S. Department of the Interior
Bureau of Reclamation
Technical Service Center

Hydraulic Investigations
and Laboratory Services

Areas of Work

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

Environmental Hydraulics — River restoration, fish
passage, fish protection, reservoir selective
withdrawal, habitat improvements, reservoir density
cutrrent 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

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 testing,
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

Contact Information

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

office: (303) 445-2152

cell: (303) 524-0285

Publications: www.usbr.gov/tsc/techreferences/hydraulics_lab/reportsdb/reportsearchall.cfm
Computer Software: www.usbr.gov/tsc/techreferences/computer%20software/compsoft.html
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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:

e Soil Mechanics Laboratory

® Rock Mechanics Laboratory

e 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 laboratory 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.O. Box 25007 (86-68550)
Denver, CO 80225-0007
http://www.usbr.gov/tsc/tscorganization/8500.html

GLFS Group Manager:
Bobby Rinehart, Ph.D., P.E.
303-445-2395, rrinehart@usbr.gov

Discipline Leads:

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

Carolyne Bocovich, Ph.D. (Research Coordination)
303-445-2338, chocovich@usbr.gov

Tyler Chatfield, P.E. (Field Testing and
Soils Lab Coordination)
303-445-2371, tchatfield@usbr.gov

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

Please contact us for more information!

— BUREAU OF —
RECLAMATION
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Rock Lab Testing

o Physical and Index Proper-
ties including bulk density,
specific gravity, porosity and
absorption

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
Indirect Splitting Ten-
sile Strength

e Uniaxial Compressive
Strength (static and
cyclic loading)

Point Load Test

Tilt Table

Slake Durability

Rock Swell Testing
Drillability/
excavatabiity Tests

e Rock Permeability

e Petrographic Analysis

L]

Construction Materials/
Construction Support Testing

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

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

« Rip rap quality and durability evaluation

e Filter sand and

drain gravel du-

rability and ce-

mentation testing

o Filter compati-

bility testing

o In-situ field

density testing

(sand cones and

large ring density)

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

o Ring Shear (Fully softened
and residual strength)

Hyrum Project, Hyrum Dam
Direct Simple Shear (DSS)

Dynamic Testing:

e Cyclic Direct Simple Shear

o Cyclic Triaxial Shear

o Load and displacement
control up to 5 Hz

o Bender Element testing to
get shear wave velocity
and Gmax

Hydraulic Testing:

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

e Dispersion/Erosion potential

« Internal Erosion Per-

meameter

Custom and non-
standard testing is
available upon
request.

Site Investigation Support

» Cone Penetration Testing

o SPT Energy Measurement/Calibration

o Field Vane Shear Testing

o Rock Borehole Dilatometer Testing

o Aquifer Characterization and Dewatering Tests
» 3D Geologic Data Visualization

Geotechnical Research

o Filter performance and cementation potential
o Geophysical techniques to monitor
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

T a1 o

Ll

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 engineering materials selection
and corrosion control. MCL personnel are experts
in the various materials and techniques Reclamation
uses to build and maintain its structures as well as
environmental compliance strategies. Individual
subgroups include:

®  Protective Coatings

e Corrosion and Cathodic Protection

e Geosynthetic and Polymeric Materials

e Composite Materials

e  Environmental Compliance and Management

MCL Services

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

Troubleshooting construction problems
Specification preparation and review
Material submittal approvals

Onsite inspection and other field services
Expertise in state-of-the-art construction
materials and practices

Research on material problems

e Technical training: “Corrosion and Coatings
School” and “Webinar Series”

Technical Background

MCL staff are experts in a variety of engineering
disciplines including: Chemical, Civil, Mechanical,
Metallurgical, Cotrosion, Matetials, Ceramic, and
Polymer Science. Many of our staff hold advanced
degrees, professional engineer registrations, and
certifications from vatious 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

2
| ©
=
| v

=]

o

-

©

(=]

v

ynthetics Lab

{ Geos

==

Please contact us for more information!

Matetials & Corrosion Lab Group Manager:

Jessica Totrey, Ph.D., P.E.
jtorrey@usbr.gov
303-445-2376

Denver Federal Center
Building 56, 1400 Wing
P.O. Box 25007 (86-68540)
Denver, CO 80225

— BUREAU OF —
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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 occuts,
methods to minimize
and prevent corrosion
i on our infrastructure,
protective coatmgs cathodic protection (CP),
new technologies, and inspection and repair
techniques relating to maintenance and repair
of infrastructure.

Cathodic Protection
Basic Training
MCL also offers
corrosion and CP
training classes
delivered on-site at
locations throughout
Reclamation’s regions.
Over two days, MCL [ g
staff instruct
participants in basic
CP testing and
corrosion inspection. Training is hands-on
using on-site infrastructure with in-service
protective 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 materials, and geosynthetics.
Webinars are recorded and posted to the
Technical Service Center training website.

In addition to these offerings, customized
training programs at your facility are also
available upon request.

Protective Coatings

o Coatings selection

and specifications -
Construction

support, quality
assurance
inspections, and
submittal review
Testing of coating
performance and
in-house surface
preparation and
application

Field coating

condition assessment, maintenance
planning, and small repairs
o Coatings for zebra/quagga mussel control

Corrosion and Cathodic Protection

e Cathodic protection system design,
specifications, and small-scale installations

¢ Construction support and submittal review

e Corrosion-related field inspections of
pipelines, tanks, gates trash racks, etc.

e Materials selection

for metals and non-

metals

e Field testing and

| troubleshooting of

cathodic protection

systems

o Standardized

(ASTM) and

specialized test

capabilities

Geosynthetic & Polymeric Materials

e Material design and specifications for
geosynthetics (geo-membranes, -textiles,

. -grids, -composites,

-nets, -cells, -foams,

GCLs), waterstops,

and elastomeric

sealants

e Plastic pipe

e Construction QA

testing, O&M

support

e Applied research to evaluate material
economics, maintenance practices, and
design

Standardized and specialized composite
materials testing
for pipelines,
tanks, gates, and
non-metallic
alternatives for
miscellaneous
components
(grates, rails, etc.)

Environmental Compliance and
Management

Hazardous materials design specifications
Construction management support
Environmental compliance audit
programs, management systems, and
assessments and impacts

Waste minimization and pollution
prevention plans

Facility surveys for hazardous materials
Phase T and Phase IT environmental site
assessments (property transfers)




Flaming Gorge Dam rises 502 feet above the bedrock

of the Green River, 32 miles south of the Utah-Wyoming
border, and forms the Flaming Gorge Reservoir that
extends 91 miles north into Wyoming. The reservoir has
a total capacity of nearly 3.8 million acre-feet and, at the
full capacity elevation of 6,040 feet above sea level, the
reservoir has a surface area of 42,020 acres and 375 miles
of shoreline.

The dam is located near Dutch John, Utah, a town
originally established by Reclamation to house those who
built the dam. The reservoir and the surrounding Flaming
Gorge National Recreation Area stretch north from the
Uintah Mountains in Utah to just south of Green River,
Wyoming.

Water from Flaming Gorge Reservoir is released through
the dam and back into the Green River. It then travels
about 250 miles south to Canyonlands National Park,
Utah, where it joins the Colorado River. The Green River
is the largest tributary of the Colorado River.

@ Colorado River Storage Project (CRSP)

Initial Storage Dams

IDAHO

Flaming Gorge Unit
Salt Lake City *

Provo "

UTAH

N Aspinall Unit; 8lue Mesa]

Glen Coryon Unit 1

NEW MEXICO

ARIZONA

Alap saurces e, Avbus DS, USGS, NGA NASA CGIAR, W Robinsen, NCEAS, NLS. 05, NMA, Geodatstyresen, Riksvistersiaa
G, Geolare, EMA Inemnan ard the GI5 user commniy

The Colorado River Storage Project Act of 1956
allowed for the comprehensive development of water
resources by the Upper Colorado Basin states (Colorado,
New Mexico, Utah and Wyoming) to provide long-term,
regulatory storage of water to meet the entitlements of
the Lower Colorado Basin states (Arizona, California and
Nevada).

There are four initial storage units of the CRSP: Flaming
Gorge on the Green River in Utah; the Wayne N. Aspinall
Unit (Blue Mesa, Morrow Point and Crystal) on the
Gunnison River in Colorado; Navajo on the San Juan
River in New Mexico; and Glen Canyon on the Colorado
River in Arizona. Each unit consists of a reservoir, dam
and powerplant, with the exception of the Navajo Unit,
which does not have a federally owned and operated
powerplant.

These units work together to regulate the flow of the
Colorado River and its tributaries to provide flood
control, store water for times of drought, produce
hydropower, and deliver water for agricultural, municipal,
and industrial uses.

Meeting one of its important functions as an initial
storage unit of the CRSP, Flaming Gorge recently
delivered supplemental water to Lake Powell to help
protect the reservoir from dropping below critical
elevations. In 2021, Flaming Gorge sent an additional
121,000 acre-feet of water to Lake Powell, and delivered
another 463,000 acre-feet from May 2022 to early March
2023.
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Dam Facts d

Height above bedrock: 502 feet #

Height above original river channel: 455 feet ‘ o
Crest length (arc length at axis of dam): 1,285 feet - % i o
Cost of dam and reservoir: $49,600,000 ey | SEL"WAV GATESr £
Cost of powerplant and switchyard: $65,300,000 & = T 2 il
(Paid in full to the U.S. Treasury from the sale of hydropower.) FulllPool g ’ = Y f{w
Excavation total:

1,023,971 cubic yards of rock and sand, including
1,775 feet of tunnels, down to 60 feet below the

PENSTOCK GATES

Selective withdrawl structure, added in 1978, Powerplant Facts

original river channel. d;?,:,snv:;‘:r:n?:::;:;d w;ﬁm'?"é:,m’,; Genere.mng units: 3
to better match ideal habitat conditions of the Capacity: 50,500 kW each

native fish in the Green River. Plant peak to date: 138,000 kW

First unit on line: Nov. 11, 1963

o //4——/56,, Last unit on line: Feb. 12, 1964
o OF “mﬁ GENERATOR Unit Voltage: 11,500 Volts

i S}_ART DF FIR Dol 4 i wﬁmﬂ;zﬁﬁn“m” Transformer Voltage: 138,000 Volts

a1’ 27, | 963 turn the turbine and generate hydropower.

5,871 ft |y

Minimum Power:Pool Cooperatives
Lowest point at which hydropower can be generated.

How is the hydropower distributed?

Municipalities
42%

TRASH RACK STRUCTURES
Prevents debris from entering
the penstock and bypass intakes.

State
Agencies
6%

Districts Native American
4.6% Tribes
12.1%

BYPASS INTAKE

History A [
Construction authorized April 11, 1956 L v : | | TRANSFORN

D, Pool
First construction contract awarded Jan. 4, 1957 Los::i F;; e R e
Prime contract awarded June 18, 1958 drawn from the reservoir.
Green River diverted around dam site  Aug. 17, 1959 " i,
First bucket of concrete poured Sept. 18, 1960 ﬁEﬁl’ﬂI@ ”Gorge &
Last bucket of concrete poured Now. 15, 1962 Reservoir
Reservoir started filling Dec. 10, 1962

First generator started Sept. 27, 1963

by President John F. Kennedy
Last generator completed Feb. 12, 1964 3 GENERATORS
Dedicated Aug. 17,1964 S (50,500 kW each)
by First Lady “Lady Bird" Johnson TN s :

BEDROCK

* Feet above sea level
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BUREAU OF RECLAMATION SIGNIFICANT EVENTS SINCE THE LAST EXAMINATION
COMPREHENSIVE FACILITY REVIEW EXAMINATION Describe any earthquakes and fisading (and any damages). major modifications/construction. major
REPORT FORM - EMBANKMENT DAM repairs, incidents, operating restrictions:

DAM HAME:

EXAMINATION DATE(S):

GENERAL INFORMATION

Who owns and operates the facility?
EXAMINATION PARTY

Name Title &
Organization

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

Gther general infarmation:

OPERATING STATUS AND CONDITIONS DURING THE EXAMINATION

Reservoir slevation(s) during the examination

reservoir elevati

Releases during the examination:

Spillway:

Outlet works:

Other outlets:

Weather on the day(s) of the examination?

Recent precipitation at the dam site?
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[FEATURE

YES

NO

PHOTO
NO.

MNOTES (e.q.. description. location,
comments, etc.) AND REFERENCES
TO NOTES BELOW

"o

AM CREST

a.

Settlements. depressions, or sinkholes?

b.

Lateral deflections?

Cracking?

ol

. Inappropriate vegetation (woody or deep-rooted

e

Drainage problems or erosion damage?

I

Rodent holes or voids?

. Road surfacing problems?

=

. Adequate traffic safety bamiers?

i. Other deficiencies?

NOTES:

|FEATURE

I'rEsl NO

PHOTO
NO.

NOTES AND REFERENCES TO NOTES]
BELOW

2 |DAM UPSTREAM FACE

a. Setlements. depressions, or sinkholes?

b. Slope movement (instability)?

c Cracking?

d. Inappropriate vegetation or debris?

e. Rodent holes or voids?

I Ercsion damage or beaching?

g. Condition of slope protection

h. Other deficiencies?

NOTES:
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[FEATURE

IYESI NO

PHOTO |NOTES AND REFERENCES TO NOTES]
NC. BELOW

? |DAM DOWNSTREAM FACE

a. Setlements. depressions, or sinkholes?

=

. Slope movement (instability)?

. Cracking?

=

. Inappropriate vegetation?

e. Erosion damage?

TF_ Fodent holes or voids?

|FEATURE YES| NO FHOTO NOTES AND REFERENCES TO
NO_ NOTES BELOW

*+ |RESERVOIR RIM, ABUTMENTS, AND

DOWNSTREAM TOE AREA

a. Landslide or rockfall concems?

b. Setlements. depressions, or sinkholes?

. Inappropniate vegetation near the dam?

. Seepage?

3]

MNew?
Existing?

List 2ach seepage location separately
estimated or measured flow rates or a
and how conditi
reported for simil

d. Seepage?
Mew?
Existing?

List 23ch sezpape location separately below. Motz

estimated Sow rates or areal extent and how
conditions compare to thise previously

Jsimilar recervoir levels Turbidity? San

orted for

. Toe drains or i wells?

Mete below estmated or measured flow rate from
drains and how conditions compare to those
previously reported for similar resenvoir kevels.
Turbidity? Fines accumulated?

f. Other deficiencies?

MNOTES:

b - 24




[FEATURE I\rEsl NO | PHOTO [NOTES AND REFERENCES TO NOTES| |FEATURE I\rEsl NO | PHOTO NOTES AND REFERENCES TO

NO. BELOW NOD. NOTES BELOW
> |SPILLWAY - Structural Features 8 |OUTLET WORKS - Structural Features
a. Flow obstructions? a. What outiet works components were visble for inspection
during the examination?

b. Concrete cracking, spalling, delamination or b. Flow obstructions?
deterioration?
c. Movements, deflections, or joint offsets? « Concrete cracking, spalling, or deterioration?
d. Erosion or cavitation damage? d. Moverments. deflections. or joint ofsets?
e. Seepage into spillway? &. Erosion or cavitation damage?

New? =page into outiet works?

Existing? New?
List each seepage location separ: velow. Mote -
estimated fiow ral Existing?

and how conditions compare to
orted for sm'lat[ fewolr age location separately
ines accumulation? w rates and how conditi

page from around spillway? those previously for similar resanvoir
levels. Turbidity o s accumulation?

those prewviously

Note below estmated flowrates? Turbidity? "."oid_s?

- 0. Seepage from around outlet works?
g. Weepholes/drains open? Flowing?

Moite below estmated fowrates? Turbidig’? Voids?

h. Potential for erosion of adjacent embankment? h. Detrimental vegetation in or near outlet works?

i. Detrimental vegetation in or near spillway? i. Other deficiencies?

. Log / =afety boom? Condition? j. Operational history since last examination?

k. Cther deficiencies? k_ Last examinabon of typically maccessible features

structure, conduit interiors, stiling basin? Report wri

|. Operational history since last examination? I. Last examination of typically inaccessible features, e.g., stiling

basin? Documented?

m. Last examination of typically naccessi
basin? Documented?

tures, eg., stilling NOTES:

b
NOTES:
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|FEATURE I'rEsl No | PHOTO [NOTES AND REFERENCES TO NOTES|
No. BELOW
T INSTRUMENTATION

a. Damage to instrumentation?

b. Is instrumentaticn adequately maintained?

c. Other deficiencies?

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

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

If Any concems reported regardng the
instrumenitation?

g. Additional instrumentation needed?

NOTES:

FEATURE

IvEsI NO

PHOTO
NO.

NOTES AND REFERENCES TO NOTES|
BELOW

¢ |OoTHER FEATURES:

a. Deficiencees?

NOTES:
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IFEATLRE

I'rEsl NO

PHOTO
NO.

NOTES AND REFERENCES TO NOTES{|
BELOW

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

NS)

a. Is there an EAP for the dam?

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

¢ Does the EAP contain initiating conditions,
emengency response levels, notification procedures,
actions to be followed?

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

&. |5 the EAP and the Communication Directory
annually updated and routinely exercised according
te Reclamation directives? Reports documenting
exercises?

. Hawe there been changes in the downstream
floodplain that would affect the hazard
classification?

@- Is there an EWS for the dam? What EWS
equipment exists, and what is monitored? Where
are alarms sent and what type of alamm (e.g.. audio

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

i. Is EWS equipment functional? Who is responsible

for maintaining it?

NOTES:

FEATURE

I'rEsl NO

PHOTO

NOTES AND REFERENCES TO NOTES]
BE_LUW

=

DAM ACCESS AND COMMUNIC

ATIONS

a. Are there dam access problems or concems?

b. Are there altemnate access routes to the dam?

. Are special vehicles required to access dam?

&. Is thers a communication system at the dam or
near the dam and a backup system?

f. Who can be contacted with the communication sys!

tems?

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

h. Wi
successful imple

ommunication systems allow
tation of the EAP at all hours of]

the niEh1 or da:.

NOTES:
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FEATURE

I'rEsl NO

NOTES AND REFERENCES TO NOTES
BELOW

1 |DAM OPERATIONS

a. Is there an SOP for the dam?

b. Is the SOP up-to-date? ﬁ':ﬂ is the date of last

revision?

c. Do the dam operators appear to be
knowledgeable of the contents of the S0F and

operation of equipment?

0P have complete and accurate
coverage of operation, maintenance, and inspection

facility and its operation —
ncies?

2 dam?
re do dam operating personnel i

lative to th

e dam?

hen is the dam attended?

h. Have dam o
operator training

rating personnel had dam
When was their [ast training?

i. Is there a bound logbook for the dam? Wi
it kept?

j. Are appropriate logbook entries being made?

MNOTES:

FEATURE

I'rEsl NO

PHOTO
NO.

NOTES AND REFERENCES TO NOTES]
BELOW

1

x|

SAFETY AND SECURITY

a. Any safety concems observed at the dam?

rating personnel identfied and
d spaces and permit required
confined spaces at the dam according to OSHA
regulations?

Reclamation Security Dfficer.
NOTES:

c. Do dam operating personnel have adequate
equipment for confined space entry (e.g., air
r)?

d. Any security concemns or deficiencies chserved
or reported at the dam?

Note: Secw
in this rejpos

rity deficiencies should not be described
t should be reported to the
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