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Hetch Hetchy Aqueduct Pipes, 1923 - 1933
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Agenda

e A Quiz

e Is the EBMUD Water System that Delivers
Water to Davis Hall "Reliable" After
Earthquakes?

e Some pictures to give you an idea
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Today's Quiz. Given a nearby Hayward M 7.0,
how long will the water be out on Campus at
Davis Hall?. Assume Davis Hall has NO damage.

Outage Duration Number of Students
o Hours (no outage) 2 (8%)
1 - 4 Hours 2 (8%)
1 -7 days 7 (29%)
1 week - 2 months 8 (33%)
Up to 1 year 5 (21%)
Total 24 (100%)
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What You Should Take Away

e What's seismically weak in the Water grid?

e s it worthwhile to seismically upgrade the
Water grid?

e What can we (you) do about this?
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What is the Most Common Type of
Pipe that Delivers Water on Campus?
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Cast Iron Pipe

Kobe, Japan M 6.9, 1995
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Why? Key Reason:

e Hoop Stress: = pressure * radius/thickness
e Longitudinal Stress: = Hoop Stress / 2

e Why divide by 22 Because almost all water pipe
codes (AWWA) ignore seismic loads

e This isa HUGE ERROR for seismic design
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Berkeley Water System

e Part of the East Bay Municipal Utility District (EBMUD)

e Campus Supply: Normally very high quality. Water
Treatment Plant in Orinda. Backup (now very rare): San
San Pablo / Sobrante (lower quality water).

 Pipes: About 4,200 miles (6" - 87" diameter)

e Most Common Pipes: Cast Iron (> 1,000 miles); Asbestos
Cement (> 1,300 miles)

e Other Pipes: Steel (the cheap type), PVC

e Local Storage: 175 Tanks, 125 pump stations, 6 WT'Ps
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Damaged Pipes in 1989 Earthquake

for Selected Water Systems

(O Damaged Cast Iron Pipe
(O Damaged AC Pipe
(O Damaged ABS Pipe

(O Damaged PVC Pipe
o Other damaged pipe
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Damage to water
pipes in the 1989
Loma Prieta
Earthquake

Note: this map excludes damage
in Santa Clara (>60 pipe repairs),
Mountain View, Milpitas, ACWD,
Sunnyvale, and some

other water districts
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Repair Rate Per 1,000 Feel
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Who says steel pipe is always better than cast iron pipe?
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Size Matters!

Welded Steel Pipe Only

)
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Under 12 12" and Over

FIGURE 8.2-17. LOMA PRIETA 1989 EARTHQUAKE -

EMPIRICAL DATA - EBMUD
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Kohe, Japan
January 11,1999




Kobe Geotechnical Conditions
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Percent of Customers Restored
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Fire Following Earthquake

Kobe: 234 Fire Ignitions within 14 hours
— 100 Ignitions Immediately After EQ

Lack of Water, Small Cisterns, Debris Hamper
Fire Fighters

Fire Boats Ineffective > 500 m from Shoreline

Total: 350-419 fires in Kobe. 1,000,000 sq. m
lost (~100 years of normal fire losses)
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Structures Burned

Fire Following Earthquake
Full Analysis As Is Water system

600 120
500 "& 100
400 //_/ BO
300 60
200 40
—— Structures Burmed l/ I
mu-_- = Fires Burning <0
u LI LIS D
0.01 0.1 1 10 24

Time - Hours

37

Fires Buming



Structures Bumed

FIGURE 12. Hayward M - 7. Calm Winds. CIP #3
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Fires Buming



lzmit, Turkey
August 17 1999




Tilted Building
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Ground
Rupture
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Damaged pipe section - broken out to allow
for emptying
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Picture taken at approximately Station 1+400, looking south.
The wrinkle in the foreground is at station 1+337.
The hole at the top of the pipe is a manhole cut into the pipe to allow inspection;
the steel plate at the floor of the pipe is the steel from the hole cut at the top of the pipe.
The wrinkles are as much as 200 mm deep from the original diameter of the pipe.
The internal epoxy lining has been stripped away from the pipe at the wrinkle location.
The wrinkle in the background is at station 1+320.
There is a change in direction of the pipe at both wrinkled locations.
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Seismic Design by Ed Keith c. 1970. Designed for 20 feet of right lateral offset. Designed to remain elastic assuming using El Centro 1940 motion (PGA = 0.33g)
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Seismic Design of Selected Pipelines
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This 16"-20" steel pipe (and branches, Summit South to Summit North)
criss-crosses over Hayward fault 21 times and traverses through 18 landslide zones
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Davis Hall

8 Pipe Failures

(1 flooded the "ne
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SUMMIT PRESSURE ZONE SOUTH

PIPELINE REPLACEMENT PHASE 1
BEAKELEY/OAKLAND, CA

>

'g e Pnes
B e b0 e Bendced
[ T R S e
@ rew Ve

Map i v WT!

Upgraded in 2021 (Identified in 1991.... 30 years from initial concept to final implementation... still more phases in the future)
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Angus Flex Hose at EBMUD
Fault Crossing

* QOriginal Application
* 3 hoses, 12”, 10” and 8” diameter

* Provides parallel capability to a 24” pipe across
the Hayward fault, near Castro Valley

* Design features abandoned: above grade
elbows, steel elbows, 10” and 8” diameter hose
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HDPE Application

Light Weight
Fused Fittings
Flanged Fittings

Can easily accommodate +10% Strain
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As Is

W Post-Earthquake Response

re-Earthquake Mitigation

3000
er Earthquake (Hours)
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Performance
Goals

4
Seismic
Improvement
Plans

(Part of CIP)

10

Description

&

Is SIP-1

SiP-2 SIP-3  SIP-4

Minimal secondary damage and risk to the
public

Limil extensive damage 1o system facilities

All water introduced into the distribution
system minimally disinfected

Provide limited fire service al fire hydrants for
first 24 hours after the earthquake.

Mormal fire service to all hydrants within 10
days

Hospitals, Critical Care, Emergency Reliel
Facilities: Potable water via distribution
system or truck within 1 day.

Hospitals, Critical Care, Emergency Relief
Facilities: Impaired service within 2 days

Hospitals, Critical Care, Emergency Reliel
Facilities: Normal service within 5 days

Other Users: Impaired service within 7 days

Other Users: Normal service within 10 days

Goals Mat
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Can We Do Better?

e Option 1. Spend $202 million. DONE, 1991-2004. Fix tanks. Fix
81 pipes at landslides / faults. EXCLUDES pipe replacement.
$3.60 charge for 20 years added to bi-monthly water bill.

e Option 2. Replace 3,000 miles of pipe with earthquake-resistant
water pipe. Cost: $9 Billion. (or about $6,700 per student)

e Benefit: 99%-+ no water outage for first 2 days post-
earthquake. Increase rent (3 person apartment) by $2,250 per
year ($62 per student per month).

e Option 3. Do nothing. Some customers have LONG water
outages.
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How to Solve?

e Better pipes in liquefaction / FX / landslide PGD
zones

e HDPE (fusion / couplings). Kubota Chained pipes.
Welded steel per ALA 2004, but not per AW WA
Mi1 (D/t < 95)

e Tanks: updated D1oo D1ro ACI 350.3 ASCE 7 (R < 2;
Vertical EQ). R=3.25, 3.5, 4.5, 6 are dubious.

e Wells, WTPs, Tanks: Design all for PGDs

e Until then: preparedness, but this will not be of much
help if too many fires break out
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