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PART 1
CFRD ?
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CFRD
Concrete Face Rockfill Dam
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« ZONE-1 ! upstream blanket zone

« ZONE-2 : Bedding Zone, d;,5,<75mm, #200:<5-15%
« ZONE-3A : Transition Zone, <150mm

« ZONE-3B : Main Rockfill Zone, <800mm

« ZONE-3C : Sub Rockfill Zone, <1500mm

=
K water

ICOLD Bulletin 141

Location depends on height
of dam, rock quality, and

Face Slab rockfill grading
2B
- e Large rock
@ ! @ @ N, dozed to face

LA Cohesionless fine-grained soil

LB Random fill Zone Material Grading Layer
2A Perimeter zone filter 2A Filter Minus 36 mn 0.4m
2B Processed minus 75 mn 2B Crushed rock Minus 75 mn 0.4m
3A Selected rockfill - 0.4 m layers 3A Rockfill Minus 0.4 m 0.4m
3B Quarry run rockfill - 1 m layers 3B Rockfill Minus 1.0 m 1.0m
3C Quarry fun rockfill — 2 m layers 3C Rockfill Minus 2.0 m 20m
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Advantages
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PART 2
History of CFRD

Success & Failure
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The 1st CFRD
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THE EIGHTEENTH TERZAGHI LECTURE | 3 1

" i jvil Engineers
Pres t the American Society of Civi
e 1982 Annual Convention

October 28, 1982

Figure 1. Monitors (water cannons) were used to break down the gold-bearing gravel
J. BARRY COOKE deposits with tremendous volumes of water under high pressure. Some mines
operated several monitors in the same pit. Malakoff Diggings, circa 1860.

“The concrete face rockfill dam, CFRD, had its origin in the mining region of the
Sierra Nevada in California in the 1850s”




Transport and Fate of Mercury
in the Environment
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Potential for Mercury Contamination
in Sediments

Hl High

B Moderate

[ Low (unaffected by mining)

I Unknown
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TABLE 1.—Summary History of Reckflil Dams

F;ig?ﬁiso:‘ Concrete Face Earth Core
of dam Height, | Number or Height, Number
technology Year in feet names Year in feet or names
(1) (2) {3) 4) (5) (6) ]
Early period
(1850-1940)
Dumped™\ (1850 7> Many timber |1850 to No earth
roclkdfill face 1940 core
1925 100 8 dams
1925 275 Dix River
1930 330 Salt Sprin;
W ﬁ) Begin earth
core
Trarsition f—
eriod
(1940-1965)
Dumped  |1950-55 |200 A number 11940 Begin
200--300 |PG&E dams [1950 250--400 |Kenney,
Watagua
1955 370 Paradela 1955 250420 {30 dams
1965 490 Exchequer 1960 510 Goschenen
mm—ml— 1955-65 | 300-400 |Ambuklao,
Brownlee,
Lewis Smith
Modern
period
965 S84 }
1965-70 |{200-300 [Many 1965-84 | 300-600 |Many major
rockfil dams
1971 320 Cethana 800 Oroville,*
Mica,”
1974 460 Anchicaya 850 Chivor
1980 530 Areia 1,000 Chicoasen
Nurek?

*Earth core gravel shell dams.
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[(Geomembrane)

Figure 1: Typical section of the concrete face at Salt Springs
dam after 70 years of service and repairs, The shotcrete

overlay repairs can be seen in the background. Figure 4! The geomembrane installation at Salt Springs

completed with a protection layer installed at the abutments
and the reservoir rising in May 2005,
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Height (m)

Construction of CFRDs
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Fig. 13. Pore-water pressure contours (kPa) within the cross section at z =
(a) t = 0.04 days; (b) t = 0.1 days; (c) t = 0.2 days; (d) = 0.4 days.

(&)

150 m at different times for case II (sandwich layer):

Fig. 14, Total head contours (m) and velocity vectors within the cross section at 2 =

layer): {(a) t = 0.04 days; (b) t = 0.1 days: (c) t = 0.2 days: (d) t = 0.4 days.

150 m at different times for case I (sandwich
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TABLE Z~Partial List of £FRD Dams aver 50 Metera High with Design Data
! Rin- ‘
farcad
Face each \ Zone 1,
Height, ‘Year Slopes areg, in vy, as | Toe siah | in moters
in ) com- s souare | Slab equation I aper- | widlh, in {hori-
Mama meters Location pl{e‘:?d Ess) tDG) Fik-roch type | meters m+ CH | cenfage zontal)
1 (2) @ @ 1 @ s ) _lota
54 | California 1895 |0.5-0.9| 1.3 DR-Granite 023 + 4.003H 0.5
ﬁ?:i?.lﬂy 50 | California 1916 | 1.2 ii\ DR Granize | 0.23 + 0.003H | 0.5
Dix River 8 | Kentucky 1925 1012 1. DR-Limestone | 95
Salt Springs 00 | California 1931 |11-14) L4 DR-Granite 10,900 6.3 + 0.007H | 0.5
Cosss}:nu g | California 13 [ 135 | 16 DRt )
Malpaso 78 Teru 1936 05 o PR & DR
Cogoti 75 | Chile 1939 | 16 1.8 DR-Gravel
Lower Bear Number 1 71 | California 152 | 13 L DR-Granite 5000 103 + 0.0067H | 0.5
Lower Bear Number 2 s0 | California 952 | 10 | 14 2,800 |03 + C.O06PH | 0.5
Paradela 112 Poﬂudﬂa‘ gzg :';' }g DR-Granite 55,000 0.5 + 0.00725E | 0.5
La Joie g ;?; m:" Tok 12 13 gg Shoicrete
?:mht 98 | California 18 |10-13] 13 DR-Granite 6,700 6.3 + 0.0067H | 0.5
Wishon 8 | California 958 Lold) 1A DR-Granite 0,000 (0.3 + 0.0067H | 05
4 2 ~ Mexico 1959 1.4 14 - h 3 o )
San ldelfonso 6d X . 1956 14 14 CR-DR
New Exchequer 150 | California : ; Main DR-Meta 0.3 + 0.0067H 0.5
Andesite
s | |
Cabin Creek 76 | Colorado il 15 ;i w | 0.5
- 70 France 1967 2 2 % i - X
l;i:: 110 Yugosiavia 1967 :g iz E‘E Cranite 16,500 l0.35 + 0.0042H | 85 P.D
Kangaroo Creek 5 | Al s Wl i CR-Schist 8,000 |0.3 + 6.005 05 a7 36
Pindari 5 0 CR-Rhyolite 16,406 |0.48 + 00024 | 081 |30 mini- |45
mum
(2.6 »
) 0.085H)
. © Rai 75 Australia r 13 L.3 : ki
gmgm Raised ‘10 i 1971 13 1.3 CR-thom’e
T 140 | Colombia 1974 | 14 14 CR-Quartzite 23,700 (0.3 + 0.002H 05 la-s3 |3+
Alto Anchicaya CR-Hornfeld [ 22300 (03+0003H 1405 |70 Vaties-10
. 1976 | 14 14 (toe)
Le Rouchain o | 13 | 14 CR-Granite 16,000 1035+ 0.000H | 05 1o
Little Para CR-Shaley 10,208 (0.3 + 0.0020H 05 40 4.0
; lombia 1978 16 L& Dolomite
ol - i 1978 | 14 | 14 CG-Gravel 14300 03 + 0.0037H | 04 (30 40
Qutar o haiian i 1 Asiaiis 1w | 15 22 CR-Gneiss 8,375 (0.3 0.45  [3.05
Winneke (Sugarloa CR-Sandstone | 82,500 [0.3 + 0.002H 05 |6.1H mini- (5.0
20 mum H
. W.Va., USA | 1979 §m
Bailey, R.D. % CR-Sandstone | 65,000 10.3 + 0.003H 05 G5+ |43
Arela 160 Brazil 1980 e S o ” 0.019H
s Turirmiai 115 Venezuela -Basalt X .3 + 0.0034H 0.4 4, 5.5 7.5 {5.0-7.10
ﬁe"i?ﬂi‘{;‘“’q“”e o5 | ‘Ausirals CRoiimestone | 53,000 [0.3 + 0,002H 05 las—7s0 |50 4 a_t
giuiebihs CR-Greywacke | 27,100 0.25 65 |30-386 fa+3 warter
TABLE 2.— Continuad =
(1) 2 @) [ @ [ @ ©) o (8) {9) ae | 09 (12)
Mangrove Creek 80 | Australia 1981 1.5 1.6 CR-Siltstone 29,100 0.375 + 0.003H | 035 13,4, 5 40
and
Sandstone
MERI;SSI‘:J'E Creek 105 Australia P 1.5 1.6 CR-Siltstone 33,400 0.3 + 0.003H 035 (3,4,5 4.0
156
and
i Sandstone
Shiroro 130 Nigeria 1982 1.3 1.3 CR 150,000 (0.3 + 0.003H 04 |60 7.0
Yacambu 150 | Venezuela 1982 | 15 L5 CG-Gravel 13,000 2 46 1+5
Murchison B9 Australia 1982 1.3 1.3 CR-Rhyolite 16,200 {0.3 0.5° : 3- -6
Awonga 47 | Australia 1982 [ 1.3 1.3 CR-Meta Sedi- | 30,000 |0.3 + 0.002H 055" |Existing |3.0
ments (Silt- ki
stone-
Sandstone)
Awonga, Raised 63 Australia P 0.02H
Fortuna 65 Panama 1982 1.3 1.4 CR-Andesite 22,000 |0.411 + 0.003H | 05 |40 5+ 0.
Fortuna, Raised 105 | Panama 1983 | 1.3 14 CR-Andesite 0.411 + 0.003H | 05  |4.0 5+ 0.02H
Glennies Creek 67 | Australia 1983 | 1.3 1.3 CR-Welded Tuff| 24,500 |0.3 on P ‘_3,'3
Salvajina 145 | Colombia 1983 | 1.5 15 CR-Dredger 50,000 |0.3 + 0.0031H 0.4 [4.0-80 |
Tailings .
Bastayan 75 Australia 1983 1.3 1.3 CR-Rhyolite 18,600 0.25 o 23358 5 g; :
Boondooma, Stage | 63 Australia 1583 1.3 1.3 CR-Rhyolite 25,000 0.3 0.4 5-5. .
Boondooma, Stage [T 73 Australia P
Khao Laem 105 Thailand 1984 14 1.4 CR-Limestone | 140,000 [0.3 + 0.003H 0.5 4'?Ga11ery) =
E Karstic
Bejar 71 Spain 1984 1.3 1.3 CR-Granite 19,140 0.35 + 0.003H 0.4  |3H/5 4
Terror Lake 58 Alaska 1985 15 14 CR-Greywacke 0.3 + 0.003H 0.4
Argillite
Alsasua 50 Spain 1985 1.3 1.4 CR-Limestone 13,850 0.3 + 0.008H o4 LS(Gal.lel'Y) ’
é(:malea 97 | Sri Lanka 1985 | 14| 145 CR-Chamockite | 60,000 [0.3 + 0.002H] 05 3-8 ik 3
tang Al
o Main Daur) 85 | Sarawak 1985 | 14 | 1.4 CR-Dolerite 65,000 (0.3 0.5. 46 a5
3l Elng
’ (Lima Saddle) 60 | Sarawak 1985 | 1.4 1.4 CR-Dolerite 15,000 {0.3 0.5 (46 3.5
atang Al
(Bekatan Saddle) 70 Sarawak 1985 1.4 1.4 CR-Dolerite 42,500 |0.3 0,5. 46 3.5 5
Lower Pieman 122 Australia 1986 1.3 |1.3-15 CR-Dolerite 35,000 {0.3 + 0.001H 0.5 13-9.0 e
Irurn 50 Peru 1986 3.0-6.0
e 123 Brazi] uD 1.3 1.3 Basalt 110,000 |0.3 + 0.00334H | 0.4 206
Cirita 85 Indonesia uD 1.3 L4 CR-Breccia, 0.3 + 0.003H 0.4 4, 5, and 7 | 5=
Andesite
Segredo 145 Brazil uD 1.3 13 CR-Basalt :
Acena 65 | Spain uD | 13 1.3 CR-Gneiss 21,800 (0.3 + 0.003H 0.4 [3H/5 |3
Kaliwa 100 Philippines uD : 3.0-6.0
Machadinho 124 | Brazil 55) 1.3 1.3 Basalt 100,000 {0.3 + 0.00334H 1 0.4 30
Split-Rock 67 Australia uD 1.3 1.3 CR-Greywacke 0.3 0.35 s
Gravel Bree-
cia, Siltstone
La Miel 180 | Colombia uD 1.5 15 CR-Diorite 0.3 + 0.003H
Dinkey Creek 115 California r er
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Current CFRD Technologies in Korea
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Dimensions

= H:ds5ZoH 9 © X : 87.5m
@% T £ 9 :EL 207.5m |21=22| : EL. 205.1m
WAF A] z.\- 9| : EL. 204.0m H £ ©9:EL 181.0m
axmE 2,65k (AA|IPHE2] 7|E) X428k 487 x 106m'
q%ix{#g; 40.1 x 106m' E4xHEeEF: 31 x 106m

I TYPE
Concrete Faced GraveHfill

YOLUME GATE

DIMENSION SPILLWAY
H=45.0m High-Pressure Slide Gate Radid Gate{Gate Control Type)
bam L-330,0m L {B :5,0m x H:5.0m x IEA) (B:9.1m x H: 9.4m x 3EA)

p—
K water

Dimensions

2o =y Y

© 71°30IHY| THH| S M J 90| FM0H T
©BE MES XR(AH, 70)2 X §+FS X
ofls UP U FUTHE T NSTH EHEH

s AHEZR-AN-2EE A ZEE4+9(FW.L:EL198.6m(2001 4l )

w9 o o H:82.0 wALA| 242 (N.H.W.L):EL.195.0m

g 2 ¢ Zh17.4km WX 59| (LW.L):EL.165.0m
FEEA=:4.63kn x| 4= ® =257k

S YT ZE22H1,127mn SEX 52255438 0y

SAERFETL.65m/s 99 F N+ 8 242.6Wtm

7

TYPE

Concrete Faced GraveHill Dam

DIMENSION VOLUME SPILLWAY Generator Equipment
H = 64.0m Radia Gate (Over-Topping ype} B
L=472.0m 2.189.000m* (B :7.6m x H : 9.87m x 3EA) 3.310MWh/Year(olurne : G00KW)
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Dimensions

&
HRARE S5 AFEER

TYPE DIMENSION VOLUME SPILLWAY GENERATOR
Concrele Faced Rocklill Dam + H=555m : Radia Gate (Gate Control Tywe) S K ate
Ciiimrhi vy D L=330,0m 1012000 (' 0 4 H : 13,67m x 5EA) 18- 3 GWh/Year(Volume : 5,000K#) W r

&l CFRD ©H

| MATERIAL
Concrete face siab
Face slab bedding

Transition/Filter

£ & MAIN DAM

EL. 268.5m
F.W.L 265.5m

| Rockfill

Oversized rockfill

Clay blanket

EL. 228.5m

-

e HENE ma EETA gy camm  ga

@  BEDDING Zone 75 %ﬁiﬂf 40 *?3;-1\'“0;%; VI Bl.olzgllfLER o8l

@  TRATSITION 150 %ﬁjﬁ;ﬁ 50 - VIB. ROLLER o2l

® RGORCAK?JlELDL 800 L 1, 100 Hi=el 20% VIBl.OE(())II:ILER 48l

®  ROCKFILL 1500 T 160 Hize| 20% VB, ROLLER 48l

© U;SLLR'\‘EIE,G_I\_M 150 sE 30 +03..M0.%C~ Tam;ior;rg()]\;oot 63|
-2.5% Compactor
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(b) Case 1 (935 hrs)

() Case 1 {250.9 hrs)

(d) Case 1 (42 days)

(e) Case 1 (300 days)
1% 510 A7t 2 FEFAF (Casel)

(a) Case 2 (1.4 hrs)

(b) Case 2 (66 hrs)

{c) Case 2 (70 hrs)

(d) Case 2 (29 hrs)

(e) Case 2 (497 hrs)
2% 513 Aghe] mhE PFAF(Case 2)

(@) 4% 02H

(b) 51 0.65H

() 74 095H
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Suggestions !
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CONCRETE FACE

Paubo T. Cruz, Bayardo Materdn, Manoel Freitas
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CONCRETE FACE ROCKFILL DAMS :

Concepts for design and construction

BARRAGES EN ENROCHEMENT
AVEC MASQUE AMONT EN BETON :

Concepts utiles a leur conception
et d leur construction

D
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UPDATE! CFRD SOCIETY ENERGY ACTIVITY DAM&CIVIL | ENVIRONMENT = WATER POWERED PAPERS | CONF&EXH | HIGOODS  MEMBER

ABOUT CFRI = MEMBERS CONFERENCE HISTORY CFR

YOU ARE HERE: CFRD SOCIETY + MEMBERS + MEMBERS OF CFRD INTERNATIONAL SOCETY

Members of CFRD International Society

Y BERRY

Article 4 - Membership
(CFRD International Society Statutes )

A. Members of the Society may be specialists involved in CFRD
research, design, construction, supervision, management and
operational management and investors, and who have an interest in
these or other aspects of this particular field. Students from civi
engineering universities maybe associated members.

B. Members shal be accepted irespective of sex, race, language,
religion or political persuasion. The sole criterion for membership shall
be the academic level or the comparable level of scientific achievement
of the applicant.

C. Any member such as individual or group member shall fulfil his(her}
or itz duties and obligations and pay his(her) or its membership fee on schedule.

Ihe members who tail to pay such tees contnuously for 2 years may be deemed as seceding the Society of
themselves and their names will be removed from rolis in proper way.

(Mote: The members who fail o pay their membership fees continuously for 2 years will be removed from the
following list.) Member list attached.

HOT! EVENTS

Members of CFRD International Society

Gth International Conference on Dam Engineering

No. Name Country Organization Po 3
Society Read more...
- Workshop on Role of dam in flood control and drought
Position
[ T

Read more...

2007002 | Alberto Escueiro | Italy Director of Carpi, Switzeriand, Co- | Vice- il Qi atlon vl TonmeltnCs UfcFRDSK water
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