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"Wind and Water - Design for a Changing Environment" 

Alternative water supply for parks in the City of Berkeley.

(i) To reduce irrigation water demand (by use of state-of-the-art 
irrigation technologies and strategic landscaping decisions),

(ii) To supply water for irrigation from local water sources, 
targeting shallow groundwater,

(iii) To incorporate emergency water storage / supply options 
into the water supply design to provide back-up to the City of 
Berkeley in the case of a major supply disruption (e.g. a major 
earthquake).
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Outline

• Self-introduction
• Design process
• Fire following earthquake 
• Methods for potable water supply
• Cost
• Reference materials
• Discussion 
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Charles Scawthorn
• Education

• B.E. (The Cooper Union, New York City)

• MSCE (Lehigh University, Penn.)
• D.Eng. (Kyoto University, Urban Seismic Risk: Analysis and Mitigation)

• Consulting Engineer (San Francisco, London, Tokyo) 1970s‐2003
• Dames & Moore
• EQE: Senior Vice President  $80 million / year global consulting firm, 10 countries
• Founded / ran Tokyo office 1995‐1998
• co‐founder EQECAT
• Projects all over the world

• Professor, Kyoto University (2003 ‐ 2008)
• Earthquake Risk Reduction
• Infrastructure Risk Management

• 2008 
• Visiting Professor (Stanford, UC Berkeley, Waseda [Tokyo], Beijing Normal University) 
• Research (NSF, USGS, SSC, WRN…)
• Consultant:

• government agencies (World Bank, FEMA, State of California…)
• Real estate and insurance entities
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Disaster Responses / Investigations
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To incorporate emergency water storage / supply options into the 
water supply design to provide back-up to the City of Berkeley in 
the case of a major supply disruption (e.g. a major earthquake).

Design: 
Capacity > Demand

(1) Demand: Need for water supply
Who needs the water?

Why: firefighting, potable supply, 
business/industry/irrigation

What: how much will they need? Of what quality?

When will they need it?
Where: sources / destinations?

How will it be furnished?

(Answers = Performance Criteria  Design Spec )
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Who needs the water?

Who When (hours)

Firefighters 100

Residents 101

Hospitals 100

Restaurants 101

Business (selected?) 101

Business (general) 102

Industry 102

Ag / irrigation 102

Others ?
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how much will they need?
The Plan specifies 1.5 to 2 gpd per capita and a population of 900,000 or equivalently 1.35 
to 1.8 mgd (940~1250 gpm).  To put the per capita supply in perspective, (EPA, 2011) 
provides the following guideline: 

• There are a range of values that are suggested for an emergency water supply (e.g., 0.5 
gallons per person per day to 5 gallons per person per day) depending on whether 
water for non-drinking purposes (e.g., food preparation and hygiene) is included in the 
estimate. The value of 1 gallon per person per day (USACE 2006) is a plausible planning 
number, consistent with the Federal Emergency Management Agency (FEMA), EPA, and 
the Red Cross estimates for drinking, food preparation, and hygiene related to health and 
safety

while (Sphere Project, 2004), a respected international disaster standard, provides the 
following: 

• Average water use for drinking, cooking and personal hygiene in any household is at least 
15 litres per person per day (4 gpd) 

• The maximum distance from any household to nearest water point is 500 metres (1650 ft.)

• Queuing time at a water source is no more than 15 minutes 

• It takes no more than three minutes to fill a 20-litre container  (5 gallon container) 

• Pets: 5 litres/small animal/day

• Hospitals / health centers: 40-60 litres/in-patient/day (15 gpd / in-patient)
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The Plan’s Table 3 indicates the duration water will need to be furnished, and shows that 
about 50% of required water will be available (i.e., furnished via distribution system) at 
community distribution centers in 3~7 days, and about 80% in 2~4 weeks.  Based on this, the 
Plan’s approximate total demand can be estimated: 

• 3~7 days: 1.35 to 1.8 mgd = 4~12.6 or a mean of about 8 million gallons

• 2~4 weeks: 0.7 to 0.9 mgd = 9.5~27 or a mean of about18 million gallons

for a range of 13.5~40 or mean total of 26 million gallons during the first month.   This total 
is for general population needs only, and doesn’t include water needs for small pets or in-
patient care.  

The total of 13.5~40 million gallons is less than the capacity of the underground 50-million 
gallon (MG) reservoir. 

It is worth noting that the daily demand 1.8 million gallons is equivalent to 7,500 tons, or 
about 190 tanker truck loads.  Alternatively, 1.8 million gallons is the capacity of only a few 
barges. 

how much will they need? (cont.)

• That was for potable supply – kind of easy – just use guidelines
• Similar for hospitals
• Business and industry are kind of on their own (don’t have to be)
• Firefighting?
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how much, 
where, when…?
(cont.)

OK

The rest 
– ‘the last mile’ 

isn’t
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the last mile
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Fire following earthquake – the problem
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Analysis
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The Analysis and Mitigation of Fire 
Following Earthquakes involves several 
major aspects

Earthquake Damage
Multiple Simultaneous Ignitions
Fire Spread
Water Supply and Response Problems
Communication Breakdowns
Competing Demands for Fire Service

Resources (medical, SAR, hazmat…)

14
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FFE modeling
• Stochastic process
• Ignition occurrence and fire spread 
| performance of gas and power systems

• Water supply | damage to distribution system
• Fire reporting | saturation of POTS, cellular and 911 

systems
• FD decision-making | radio chatter, self-dispatching 

companies, overwhelmed EOC
• Other demands: USAR, hazmat…
• ….
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San Francisco Bay Area  ‐ built to burn
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Pump Station No. 1 (40 tpm)

Fire Boat Manifold

Pump Station No. 2 (40 tpm)

Fire Boat 
Manifold

40k ton
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San Francisco Fire 
Department cistern
(200 x 1 hr)

Scawthorn, 21 Sept 2016 CE 105 

Portable Water Supply Systems
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Demonstration
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Methods for 
emergency potable 

water supply
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Nagaoka WTP emergency pumping from Shinano River
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Banda Aceh Water 
Treatment Plant

Kr. Aceh

Intake / 
pump 
house Pumps / Admin

Settling 
tanks / 
filters

Clearwell

U/G Transmission to 
Banda Aceh

GE RO units / 
Oxfam Tanks

Bowser 
loading
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Emergency Water Purification

Scawthorn, 21 Sept 2016 CE 105 

Emergency Water Purification - 2
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Emergency Water Purification - 3
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2004 Banda Aceh
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Who When (hours) Quantity Where How

Firefighters 100

Residents 101

Hospitals 100

Restaurants 101

Business (selected?) 101

Business (general) 102

Industry 102

Ag / irrigation 102

Others ?

how much, where, when…?
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TCLEE. (2005). "Fire Following Earthquake." Scawthorn, C., J. M. Eidinger, A.J. Schiff (Editors), Technical Council on 
Lifeline Earthquake Engineering Monograph No. 26, American Society of Civil Engineers, Reston, 345pp.

Cost
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Actually, LEAST COST which, of course, depends on what you  buy
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PEER Report
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Thank you
cscawthorn@berkeley.edu

For a copy of this lecture go to 
www.sparisk.com


