






















































































































































































MEAN DAILY DISCHARGE OF LOG AMISLES HIVRI ABOVE ARROV(N SRCO
In s=cond-feet

on HPC-R
Iy 1 Octobar : Kowember ; Decembnr ; Jamuary : Februsry : Mareh April @ May : Mume @ July - huguil @ Seplecher
1 15.0 22,0 1060 .0 13.0 130.0 23,0 7.0 2.0 33.0 32,0 2.0
a 15.0 21.0 27,0 0.0 11.8 150.4 22,0 280 33.0 b1.0 28,0 23.0
3 16.% 33.0 20,0 20.0 11.8 150.0 184 28,0 il.o ha,o 30.0 20,0
L 2.0 5.0 B P00 11.8 130, 0 16.5 35.0 27.0 1.0 27,40 16,5
5 26,0 L0 20,0 20.0 12,4 119.0 26,0 .0 11,1 bz 27.0 19.6
L] 11,8 20,0 20.0 20,0 4.3 138.0 L3.0 k2,0 7.8 fil,a 30.0 124, 0
¥ Tl 20.0 20,0 20,0 iL,8 138.0 20,0 Be.o 11,8 Th.Q h3.0 bs.0
3! 7.4 20,0 0.0 B20.0 15.6 150,46 18.. 5.0 1h.3 Ag.0 13.7 17.h
2] A.3 20,0 B 20.0 Lu0.0 157,0 8.4 20.0 1s.a 9.0 18.4 13.0
1t #.3 200 20.0 0.0 La7.o 157.0 15.6 25,0 2.0 9, 0 23.0 15.6
11 6.5 20,0 20.0 20,0 243.0 163,0 15,6 32,0 180 51,0 18.b 13.7
1z 12,4 20,0 20.4 (] 200.0 168, C 4.3 k.o 15.4 A u 23.0 11,8
13 13.7 z0.0 20,0 3lr.u 157.0 Buli,ry 46,0 31.0 1,3 8.0 u3.0 11.8
1k 13.7 0.0 20L.0 By o 5.0 150,06 51,0 iB.0 1.l sH.0 31,0 13.7
15 13.0 20,0 an.u h3.0 59.0 138.0 50,0 Lg,0 by 61,0 9.8 15.0
16 15.0 20.0 ITL.0 25.0 L5, 0 108.0 Y30 37.0 58,0 .0 13,7 15.6
17 37.0 20.0 385.0 21.0 6ha, o 50,0 hi,0 3L 50,0 500 18,4 13.7
18 16.5 20,0 HIDG.0 12,0 50,0 3.0 39.0 .o Ly o 3,0 19.3 1%.0
1 FEAN 20,0 3650,0 13.0 35.0 22,0 26,0 bl,o k1.0 58,0 Ih.o 11,1
20 1.0 zZ0.0 20.0 2.a 33.0 15.4 LER: b 5.0 Ao, 20.6 15.0
21 19.3 20,0 41bo.o 12,0 26.0 2h,0 3l.o hz,0 La.n 70,0 1.3 4.3
a2z 2L.0 20,0 20,0 10,0 22.0 T3.0 3.0 35.0 br.0 0.0 11.1 .3
23 16.4 20,0 20,0 9.0 25.0 3.0 L3, 3.0 by TE.O 13,7 16.5
2 1.3 20,0 20.0 10,6 k.3 25.0 3%.0 3.0 45,0 &h.o 1,3 12.4
2y 15.6 20.0 20,0 11.0 2.4 37.0 26.0 L5,o o H1.0 i7.0 3.8
26 174 1070,0 20.0 19,0 9,2 37.0 L& .0 ag.o 35.0 TT.Q 13.7 0.9
a7 15.3 26,0 20.0 15.0 [N Bg.0 51.0 35.0 .o T 20,0 118
28 22,0 2hso.0 20,0 32.0 157.0 50,0 330 137.0 ir.o Bz,0 15.0 10.5
2 22.0 12870, 26,0 20.0 9.0 b0 Lz.0 0.0 ] 13.7 10,5
o 23.0 T36.0 20.0 6.0 27.0 g 28.0 1.0 oL IR 1.5
i1 23.0 20.0 12,0 18.4 2h.0 6.0 21,0
el 550,28 17674, 0 13320.0 1591.0 klere R 3565.0 1658,2  13bi.n BI9.E 2055.0 &g 5716
1 Delly
\chargr 1.7 589.0  L3LLO 51.3 10,0 115.0 55.3 b33 3.3 66,3 e 19.1
. Mesn Delly
ischarge hz,0 12870,0  hilo,o 7.0 flone ALl 51,0 120 sH,0 96.0 h3.o 1zt .o
+ Mean Dally
igcharge 7.4 20,0 20.0 9.0 9.2 136 1h,3 2.0 7.8 39.0 9.8 9.8
off in
1-foot, jle s R4 n0fL L0 MAPOLD 30,0 Ghlu,b LG I2g0.n 26he,r V8. oo 1380, 0 130,46
tmum Stage 12,10 reet mt 1148 on Mov, 29, 1970, Discherge Ll,500 zecond-leet Totel scre-feet 1970-71 (33310.0)
MPAN DATLY DISCM4RGE OF BIG TUJUWGA CREEK BELOW BIG TUJUNGA DAM
In second-feet
whon 168-R
3 f : - Lo : : i Mareh  Aprll ¢ May : Juie - July” b Tugusl - Septomber
1 2.1 3.3 200,0 17.7 33.0 3.0 3.6 K| 8,2 6.7 1.6 9.7
2 2,3 3.2 20,0 17.7 3.0 3.0 26 L,z 8.3 6.7 1o .
3 2.5 1.1 200,4 17.7 30,0 2.0 3.0 '] 8.3 .7 106 3.6
L 2.7 1.0 187, 0 4.7 jo.o 32.0 3.6 ['W ) B.2 b7 10,6 N
5 2,9 3.0 160 17,7 30.0 3.0 3.6 L.g H.1 [ 10,5 9.5
[ 3.1 EN 00,0 17.7 23,0 370 i.6 6.6 .0 A7 1.5 9.3
7 3.2 3.2 8.0 17.7 29.0 320 3.6 6.8 7.9 bt 10,5 9.
8 3.3 1.3 12,0 17.7 29,0 32,0 3.6 7.0 7.8 6.7 1.l 9.4
2] 3.z 3.b 20k,0 177 28,8 32.0 1.6 1.2 7-7 b7 1inb 3,k
10 3.2 1.5 148.0 7.7 28.B 32,0 2.6 7.4 .6 6.7 10,4 9.3
11 3.1 1.6 23.3 17.7 13,6 3.5 1.6 7.5 7.9 6.7 10,4 9.3
12 3.1 1.7 0.0 27.9 0.0 31.5 1.6 Tl Tk 6,7 1.3 9.2
13 3.0 1.7 0.0 BT 0.0 L5 1.6 7.5 7.3 Gt 10,3 9.2
1 3.0 ER a.0 LA, 0.0 3L5 3.6 TeS 7.2 2,5 10.3 9.0
15 2.9 3T [(N4] 7.0 [sHs] 31.9 1.6 7.5 7.l o 10.2 H.g
16 2.9 3.8 o0 bé,0 0,0 11,4 1.6 7.5 7.0 U 1,2 g9
17 3.0 3.8 C.0 L5.0 0.0 31,5 3.4 T.5 T.0 0,0 0.2 fil.g
1H 3.0 3.8 .0 Ll 0,0 3.5 3,6 7.5 7.0 0.7 1.2 8.9
19 3.0 3.0 9.0 L3.0 L.y 19,4 1.6 TS 7.0 1,8 1.2 a.9
20 3.1 1.6 .0 b, 36.8 3.3 1.5 T3 iRy 1,8 .t 4.y
21 3.1 7.9 0.0 41,0 36.8 3.3 3.6 7.5 6.9 0.8 10,1 8.8
2z 3.1 3.9 0.0 L, 0 15.0 3.3 3.6 7.5 6.9 10,8 10.1 8.8
27 3.2 3.9 0.0 35.0 35.0 1.3 3.6 7.5 6.9 10.8 10,0 B.A
2k 1.2 3.9 9.5 38.0 5.0 3.3 3.6 7.5 ¢.A 10.8 10.0 5.k
25 3.3 3.9 7.7 37.0 ER) 3.3 1.6 Tl 6.8 0.6 10,0 .0
26 3.3 3.9 17.7 37.0 .o 2.3 3.6 7.7 (.8 10,6 9.9 0.0
27 3.3 4.3 17t 37.0 2 E: 3.6 7.4 6,7 16 9.9 5.k
28 3.L 2.8 .7 37.1 330 - 33 1.6 T .7 10.£ 9.9 B¢
2g 3.4 5.0 7.7 30.0 3.3 1.6 8,0 6.7 10,6 9.8 8.6
30 3.b 200,12 rf.7 35.0 3.3 3.8 a1 6.7 1.6 9.8 8.6
ES 2.3 17,7 34,0 3.3 g.2 0.6 9T
lotal oh.& Igd,6  1lol.y 7. 65,2 633,95 1R,z 2174 219,35 235.3 IIE, T 24f.0
in Dally
Lecherge 3.1 13,3 8.1 32,2 23.4 0.0 3.6 7.0 7.3 7.8 1.2 B.3
i, Mean Delly
JiEcharge 3.h 2000 200 .0 kg, 0 37.0 33.0 1.8 Bz £.3 10,4 i0.0 2.7
a. Memp Dimily
Yischarge 2.1 2.8 0.0 7.7 0.0 3.3 3.6 'R} 5.7 o0 97 0.0
mtT in
re-fieet 168.0 TG 3T w0 13oR.o 1257.0 %0 koo LI50 Wern ied.c ug2.0
inetamenesus diecherge, Flows were mostly desm relesses. Tetal Acre-feet 1970-T1 {11,750.0)
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MEAN DAILY DISCHARGE OF FACOIMA CRERK FLUME BRIW PACOTHA DAM
In eecand-feet

By 1 0otober : Wowenher - Deconber : Jemoary : Fobruary 3
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T.23
Ln2
5.6
h432.0

5.53
10,2
N

183.8

139.6
4,50
2.8

277.0
Total Acre-fest 1970-71 (F200.0}

6,37
13.7
3.3
I

191.1

T, 54

233.8
2.0

[T
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288

8,56
110,0
e

376,9

1G.5
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_?1_

LLE.Q

13.5
28,0
5.0
RS

376,19

Diecharge BS99 Second-Teet

387
9.0
8.6
9.9

8r3.2
2h,2
281,0
8.4
1300

12164
bo.s
71,0
2.8
2hio,0

2ch,5
6.6
.7
3.9
s, 0

Total
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Mexilmum Stage 3,45 fest mt 1100 on Nowv. 29, L9V0.

Hean Daily
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Mln, Mean Neily
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APPENDIX E

EARTHQUAKE DAMAGE

TO WATER SUPPLY SYSTEMS

Cities of
LOS ANGELES AND SAN FERNANDO
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EXCERPT OF

" EARTHQUAKE EMERGENCY REPORT - CITY OF LOS ANGELES "
FEBRUARY (971

I INTRODUCTION

The Earthquake

The Los Angeles area was jolted by a strong earthquake o
Tuesday, February %, 1971. The quake hit at 6:01 a.m., and had a
magnitude of 6.6 on the Richter Scale. Its epicenter was in a spa:
settled area north of the City of Los Angeles, about 10 miles east
Newhall (see Exhibit 1).

Hardest hit by the earthquake were the Granada Hills, Sy
and Olive View areas of the City of Los Angeles and adjoilning area:
the City of San Fernando. In these areas, all lying within a thres
radius in the north part of the San Fernando Valley, the U. S. Vete
Hospital, the Olive View Sanitarium, a major freeway interchange, 1
jointly owned Sylmar AC-DC Converter Station, the Metropolitan Wate
District’s Joseph Jensen Filtration Plant and the DWP Water System'
Van Norman Reservoir Complex and distribution system, as well as m:
other structures, sustained major damage, Private homes and busine
suffered severe damages. The earthquake caused at least 64 deaths.
When the final assessment is made, the total loss may be as much as
$1 billion.

This report describes the damages incurred and the actior

taken, immediately after the earthquake and in the following days,
the Water System of the Los Angeles Department of Water and Power.

The Van Norman Reservoir Complex

The Water System's Van Norman Reservoir Complex is the te
of the two Los Angeles Aqueducts which deliver 80 percent of the tc
water supply to the City. The complex consists of two major resery
formed by the Upper and Lower San Fernando Dams, a smaller bypass
reservolr, s complex of bypass pipelines, penstocks for power stati
bypass channels, chlorination stations and standby pumping stations
Fanning easterly, westerly and southerly from the Van Norman Comple
major water pipelines which distribute and transfer water to other
of the City (see Exhibits 2 and 3).
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nd Second Los Angeles Aqueducts

e damages to Aqueduct facilities were confined primarily to
Angeles Aqueduct Penstock, the Cascades, the Saugus Pipeline
Los Angeles Aqueduct on the north slope of Terminal Hill,

educt in Magazine Canyon just north of Terminal Hill, and

1 and conduit sections of the Filrst Aqueduct between the

nd San Francisquito Canyon.

side the San Fernando Power Plant, cracked control valves
ses on Units 1 and 2 left the plant inoperative. The
ontrolled flow from the Penstock caused severe damage and
e power plant foundation and tailrace channel. Throughout
nstock from the power plant upstream to the head-gates at
there was evidence that rivets had been pulled out as a

r supports displacing the external stiffemer rings. It
ral piers had sunken one to two feet, the 3/8-inch steel
kled at pier gupports, and one of the expansion joints
nearly 20 inches.

mage in the vicinity of the Aqueduct Cascades consisted of

cking, with most of the damages confined to the First Los

uct Cascades, The concrete channel lining was badly cracked
and some sections were uplifted and displaced,

e Terminal Hill gpillway structure of the Second Aqueduct
ly undisturbed; some damage to the pad paving was evident

merous slides along the access roadway. Some areas of the
pad were visibly sunken and portions of the 77- and
piping had separated.

me of the most extensive Second Aqueduct facility damage

he north slope of Terminal Hill where the 77-1inch Saugus
upported aboveground on concrete plers. The pipeline

ave guffered a compression failure due to the northward

art of the slope., Anchor blocks and plers apparently were
ed on the upper half of the slope, with piers being dis-—
nches to a foot downhill with respect to the pipeline. The
ared to have accordioned on itself at mid=slope, resulting
ollar on the pipe and spilling water from the collar causing
n around piers and anchor blocks.

mage to the First Aqueduct in the Magazine Canyon area, Just
inal Hill, consisted of extensive cracking in the box conduit
on of the Maclay High Line conduit causing numerous leaks

: erogion. It appeared that the Magazine Canyon area settled
. relative to the Aqueduct and High Line.

ong the First Aqueduct, between Magazine Canyon and San
Canyon, north of the town of Saugus, conduits and tunnels
‘acked in numerous locations and air valves were damaged on
jiphon sectioens,.
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The maximum average rate of outflow from Lower Van Norman
Reservoir for any one day was 660 cubic feet per second (efs}; the peak
rate was 700 cfs. Pumping accounted for 30 to 60 cfs maximum (see
Exhibit 6). Spilling operations were discontinued February 12 when the
water surface dropped from elevation 1,109 to 1,092 feet and the volume
had been reducec. from 11,200 to 6,500 acre feet. Water was used in the
system until February 19, when the turbidity sharply increased because of
an underwater slide. The balance was drained into Bull Creek by four
12-inch emergency taps to the 78=Iinch outlet line.

Upper Van Norman Resgservoir

The main concern for the Upper Van Norman Reservoir dam was
that pipilng was occurring as evidenced by the muddy-colored seepage which
appeared at one corner of the portal vault of Qutlet No, 1. The tower
gates and a gate dowmstream were closed to Isolate the outlet line, and
blowoffs were opened to relieve the pressure in the outlet line.
Immediately, the flow at the corner of the vault decreased and the color
slowly cleared up, Indicating that the muddy=colored seepage was originat
from leaks in the tower gates or foundation.

On February 9, at about 7 a.m,, the outflow from Upper Van Norm
Reservoir was increased by opening a 48-inch needle valve to discharge
water into the Chatsworth High Line, and subsequently some of this dischs
was spilled into the Los Angeles River (see Exhibit 6), In the afternoor
two 24~inch holes were cut in the 99-inch bypass pipeline dowmstream
where it crosses Bull Creek to increase the outflow and supplement the
existing 12-inch blowoff.

The next day, spilling was discontinued and the rate of outflow
was reduced to that required to supply the Chatsworth High Line.

A new operating level for the reservoir was established at
elevation 1,195 feet, When the water level dropped to this level
February 12, the volume of water had been reduced from the full capacity
of 1,848 acre feet, 6§02 million gallems to 625 acre feet,

Measurement and settlement checks indicated that the relative
lateral movements of the west and eagt sbutments were 0.4 and 1.7 feet
northerly, respectively, and the dam embankment moved a maximum of 5.1
feet southerly at one location. The settlements of the east and west
abutments were 0,1 and 0.5 feet, respectively, and the maximum settlemeni
of the embanlment was three feet at one locatiomn.

First and Second Los Angeles Aqueducts

£ “+er the initial shock and assessment of damages in the
Sylmar=Van rman Lakes area, the 1nitial operations of the Aqueduct
Division were to halt the flow of Aqueduct water into the badly damaged
area,
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EXCERPT FROM

“REPORT ON THE CITY DF SAN FERNANDO
WATER SUPPLY SYSTEM'™ — NOVEMBER 1971

—_—

1. WATER SUPPLY SYSTEM

GENERAL

The water supply 5y5+em consisfs essenftially of seven welrs, Two

The Middle Zone wafer supply is obtained from Wells No. 2, 3, 4,
5, and 7A, and the MWD Booster Pumping Station, and is sfored in
Reservoirs R-2 and R-5, which are interconnected and "floats" on
the system. The High Zone water supply Is obtained primarily from
Reservoir R-Z2 which is lifted 1o Reservoirs R-3 and R-4 by the
High Level booster pump{s). The Low Zone water supply is obtalned
from Wells No. 1 and 6, and is stored in Reservoir R-1. A fie
with the Middle Zone distribution system provides supplemental
water into Reservoir R-1 when required, fthrough an automatic
hydraulic-operated altitude valve at the reservoir.

—_—

DESCRIPTION OF FACILITIES

1. Water Wells

a. Well No. 1. This well, drifled in 1901, is located
northeast of Fourth and Hubbard Streefs. |1 apparen-
Ty was not damaged by The earthquake and did not
require major modification. The pump is a Gould
Model 10JMC, 4-stage, oll-lubricated |ine shaft deep-
well turbine pump, with 8-inch diameter by 120-foot
long column, set in a 15-inch diameter by 170-foot
casing. The pump is driven by a 1760-rpm, 30-hp,

* General Electric Motor No, 12F5612S, operating on 220-
volt, 3-phase, 60-Hertz power,
_./_._

b. well No. 2, This well, drilled in 1910, is located at
The southeast corner of Borden Avenue and Sayre Street,
|+ was damaged by the earthquake and required replace-
ment of the pump and other modifications. The new
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present water supply in case one or more wells, in-
cluding new Wel] No. 7A, had to be abandoned. Two
identical pumping units were initially Installed with
provisions for two additiona! identical pumps to be
installed in the future. The fourth pump would be
used strictly on a stand-by basis. Each pump is a
Johnston Model 12ES, 4-stage, oil-lubricated, vertical
canned turbine pump. Each motor is driven by an 1800-
rpm, 150-hp, Westinghouse Motor operating on 460-vo!t,
3-phase, 60-Hertz power.

.+_

3. Requlating Storage Reservoiis

.

Reservoir R-t. This reservoir, constructed subsequent
to the earthquake, is located northeast of Fourth and
Hubbard Streets adjacent to Well Nos. 1 and 6. |t
replaces the embankment type circular reservoir {(con-
sisting of a reinforced concrete bottom and side
slopes) which was severely damaged by the earthquake.
The new 50,000-gallon capacity ground level storage
reservceir Is a steel fabricated clircular tank 24 feet
in diameter and 16 feet high with a top water surface
elevation of 1,146 feet.

Piping for this reservoir includes a 6-inch inlet from
Welt No. 6, an 8~inch inlet from Well No. 1, a 6-inch
inlet with altitude valve for fire flow from Reser-
voirs R-2 and R-5, and a 10-inch outlet.

Reservoir R-2. This reservoir, built after the earth-
quake, is located northwest of Hubbard and Dronfield
Streets. it replaces the embankment type rectangular
reservoir (conslsting of a reinforced concrete bottom
and side slopes, together with a wood truss roof)
which was severely damaged by the earthquake. The

new 3 M.G. capacity semi-buried storage reservoir is

a circular reinforced concrete reservoir, 181 feet in
diameter and 17 feet high with a top water surface
elevation of 1,260 feet.

Piping for this reservoir includes a 10-inch inlet
from Wells No. 4 and 7A, a 6-inch inlet from Wel!l No.
5, ST T, AP -~ .
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