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Warning for Flash Floods in Boulder, Colorado*

Who would be directly affected by a major flood in Boulder?
How might their response to warning of a flash flood be influenced
by characteristics of the warning? What other factors may affect
their response? What benefits might emergency flood proofing
yield in a flash flood situation? This study attempts to answer
these and other important questions.

A major flood (1% or 100-year) on Boulder Creek would directly
affect over 1500 residents in the city, and over 400 residents
in the two major canyons west of Boulder, Boulder Canyon and
Fourmile Creek Canyon. If all the tributaries in the city were
to flood in a 1% event, the affected residents would number over
8,000. The risk to Tife is greatest closer to the mountains and in
the canyons. In the canyons and the city, west of 28th Street,
almost 5,000 people might be found on the Boulder Creek and Fourmile
Creek flood plains on a typical weekday afternoon. During the
evening, the exposed population would be over 5,000; about 3,000
people would be present later at night. The need for an effective
warning system is obvious.

Age, education and socio-economic status have been found to
influence how people respond to warnings. Of more practical importance

in the design of a warning system are the variables related to the

*Research for @his paper was funded by Denver Urban Drainage and
Flood Control District. The viewpoint of this study is that of the author

qutdgez not reflect the opinion of the Urban Drainage and Flood Controll
istrict.



characteristics of the warning: reliability of the detection
network; credibility of the warning; the nature of the communication
mode; the content of the message; confirmation of the warning;

the number of warrnings received; and public awareness of the hazard.
Other important variables include the presence of environmental

cues and the type and attitude of the group a person is in when

the warning is received.

A section of the flood plain was studied to determine what
benefits emergency flood proofing might yield. With an hour lead
time, perhaps a maximum of 25% of the damages to the contents of
residential, commercial, industrial and government buildings could
be avoided by turning off the gas and electricity, and by elevating
or removing furniture, equipment, personal papers and other
valuables from the flood's path.

A number of scenarios were developed to depict several
alternative warning systems and the hypothetical response by the
population exposed to flooding; they include estimates of deaths

and injuries, and of the outcome of emergency flood proofing.
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PREFACE

This paper is one in a series on research in progress in the
field of human adjustments to natural hazards. It is intended that
these papers will be used as working documents by the group of
scholars directly involved in hazard research as well as inform a
Targer circle of interested persons. The series was started with
funds granted by the U.S. National Science Foundation to the
University of Colorado and Clark University but now is on a
self-supporting basis. Authorship of papers is not necessarily
confined to those working at these institutions.

Further information about the research program is available
from the following:

Gilbert F. White

Institute of Behavioral Science
University of Colorado

Boulder, Colorado 80309

U.S.A.

Robert W. Kates

Graduate School of Geography
Clark University

Worcester, Massachusetts 01610
U.S.A.

Ian Burton .
Institute of Environmental Studies
University of Toronto

Toronto, Ontario, Canada

M5S 1A4

Requests for copies of these papers and correspondence relating
directly thereto should be addressed to Boulder. In order to defray
production costs, there is a charge of $2 per publication on a

subscription basis or $3 per copy if ordered singly.
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FLOODS AND FLOOD STUDIES IN BOULDER

Flooding in Boulder presents a serious threat to life and
property, although the hazard has not lacked study. In 1910 an
architect, Frederick Law Olmstead, Jr., recommended a plan for
dealing with floods, including further study of the problem.

Since that time over 25 studies have been carried out, evaluating
the hazard and recommending a range of adjustments that includes
channelization, storage, dams, levees, land use regulation,
enlarged flood ways and emergency preparedness (see Table 1). To
date, few of the recommended actions have been implemented. In the
meantime, the number of people and the value of property exposed

to flooding has increased.

Perhaps part of Boulder's historical apathy can be attributed
to a lack of serious flooding within the city (see Table 2). The
flood of 1894 is the most serious flood event to have occurred
since the town was settled. Yet in that flood only one 1ife was
lost due, in part, to the flood's slow onset.

In the wake of such floods as those in Rapid City (1972) and
the Big Thompson Canyon (1976), the effort to prepare for a serious
flood in Boulder has been renewed. The U. S. Army Corps of Engineers
has re-evaluated the probable discharge and flood plain limits of a

1% (100-year) flood.* The new discharge estimate is 12,000 cubic

*A 1% flood is one which has a 1% chance of occurring in any given
year, regardless of when the last flood occurred. This corresponds
to a statistical average of once every 100 years. $evere floods can
occur back-to-back; Minot, North Dakota, has had three 100-year floods
within ten years.
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feet per second (cfs), as compared to the previous estimate of 7,400
cfs. The Corps also proposed several flood plain management
alternatives. In May, 1977, the Boulder City Council approved
further study for a combination of an enlarged flood way in the western
part of the city and land use regqulation, and for selected removal
of buildings and flood proofing elsewhere. The flood warning system
is also being analyzed for improvement. The Sheriff's Department
and the County Hydrologist have distributed rain gages to volunteer
observers. A more systematic analysis of possible flood detection
networks was undertaken by Leonard Rice Consulting Water Engineers,
Inc., with funding from the City and the County of Boulder and

the Urban Drainage and Flood Control District.

Eve Gruntfest's study (1977) of human behavior in the Big Thompson
Flood, also funded by the Urban Drainage and Flood Control District,
has provided considerable insight into the problem Boulder faces
in reducing the potential loss of life from flooding. The report,

Recommendations for Front Range Communities with Flood Hazards

(Downing, 1977) summarizes some of the important considerations
for the design of an effective warning system.

This research project was undertaken with the goal of applying
what we know of warning systems to the design of an effective flash
flood warning system for Boulder. A workshep, held in May, 1977,
addressed this problem. The City Council has subsequently directed
the Boulder City Manager to make recommendations for the warning
system's improvements. The following questions were addressed in

this study:



1. Who is directly exposed to flooding in Boulder?

2. What variables influence how people respond to flash

flood warnings?

3. What can be done to reduce the number of lives that

might be Tost in a flash flood?

4. Given a limited amount of lead time, what measures

could be undertaken to reduce damages from a flash flood?

5. What benefits might such measures yield?

A summary of the methods used is followed by a review of the
warning system and the variables that influence warning response.
Several scenarios are presented to illustrate how alternative
warning systems might function.

It is the hope of those concerned about the flood hazard that
appropriate preventive actions will be undertaken before a major

disaster tests the effectiveness of a new warning system.

ESTIMATING FUTURE HUMAN BEHAVIOR: RESEARCH METHOD

The many studies of the Boulder flood plain have yijelded a
variety of maps delineating the hazard area in the city, but as
yet no large-scale maps of the canyon flood hazard zones. City-
wide estimates of the residents exposed to flooding are based on the

100 Year Flood Plain Map, adopted August, 1969, revised March, 1976.

This map (see Figure 1) is based on a 1% discharge estimate of 7,400
cfs for Boulder Creek at the mouth of Boulder Canyon, and on comparable
estimates for the major tributaries jointng Boulder Creek east of

the foothills.
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BOULDER FLOOD HAZARD
1969, Revised 1976
—==e= City Limits
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=== Intsrmittent Streams
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—~— Contowrs Interval 100 Feet

FIGURE 1

100-YEAR FLOOD PLAIN MAP.

Based on 7,400 cfs discharge. Standard
project flood plain corresponds to the
0.2% (500-year) flood (adapted from
Ericksen, 1975).




The major hazard to 1ife is in the canyons and along Boulder
Creek, west of 28th Street. Estimates of the 1% (100-year) flood
hazard area in the canyons were based on rough observations for a
12,000 cfs discharge at the mouth of Boulder Canyon.

Buildings bordering on the flood plain were generally included
in the counts. In many cases, people occupying these buildings would
need to evacuate, as they would be vulnerable to floods larger than
the 1% flood.

More detailed estimates of the population exposed to flooding
were conducted for the Boulder Creek flood plain west of 28th
Street and for Boulder and Fourmile Creek Canyons. In the city,
the 1976 Corps of Eﬁgineers' schematic map, adjusted to reflect

dry islands, as delineated on their QOctober, 1976 map of the 1%

(100-year) flood plain, formed the study area (see Figure 2).

The first part of the present study involved estimating how
many people would be exposed to flooding in Boulder, Colorado. The
population-at-risk can be divided into three groups: residents
of the flood plain, people who work in the fleod plain, and visitors
in the area when the flood occurs. The procedure for estimating
the numbers in each of three groups, summarized here, is more
fully described in Appendix A along with the detailed counts.

The numbers of residents were estimated by counting the
number of houses, apartments and trailers in the flood plain,
and then multiplying the housing stock counts by average multiples.
Counting the number of workers in the flood plain (for the detailed
study area only) involved 1isting each commerc¢ial, industrial or

government establishment and estimating the number of employees.
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Estimating the number of visitors 1ikely to be in the flood plain
was more speculative. Estimates were made for each center of
attraction (businesses, stores, parks, restaurants), and for those
driving through.

The numbers of residents, workers and visitors were calculated
for 4:00 PM, 7:00 PM and 11:00 PM on an average weekday. The
separate estimates were then combined to correct for possible
overlap of counts.

Although saving lives is the primary benefit of a flash flood
warning system, with an adequate warning, some property damage may
be prevented through emergency flood proofing. The magnitude of
these savings was estimated for the city portion of the detailed
study area. In the canyons, emergency flood proofing is Tikely
to be of Tittle benefit due to the short lead time in a flash flood
situation. Appendix B explains the estimating procedure. Briefly,
it involves estimating the value of the contents of buildings
exposed to flooding, the expected damages from a 1% (100-year) event,
and the percentage of the damages that could reasonably be avoided
given various lead times. This procedure was perhaps Tittle more
than quantified guesswork, but its purpose is to indicate the
possible monetary benefits of a warning system.

Past studies of how peop]e-responded to warnings of imminent
danger have linked behavior to a large number of variables.* These
studies provide the basis for estimating how people might respond

to a flash flood in Boulder. The relationships between the variables

*Several sources review the warnin -resgonse Titerature;
Mileti (;974); Mileti, Drabek and Haas ?1975 ; and McLuckie (1970
and 1973).

1
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and response are discussed in the next section.

To illustrate the influence of the warning-related variable,
four warning systems were conceptualized, reflecting the range of
preparedness from the current state of affairs to a detailed,
integrated system. Table 3 describes the levels of the warning
variables for each alternative. A scenario was developed for each
system, describing how the system might work and estimating how
people might respond to the warnings.

The scenario methodology is, by its nature, speculative. It
attempts to project into the future the consequences of current
or proposed trends and actions. Future events may be influenced
by variables not included in the scenario. The scenarios attempt
to focus on the most typical human behavior, but they illustrate
the range of behavior patterns that might be expected.

The physical event, the meteorology and hydrology, is the
same for each scenario. The storm is patterned after the one
Ericksen (1974 and 1975) used in his scenarios of flooding in Boulder
(see Figure 3). Its intensity was changed to reflect the Corps of
Engineers' 1976 estimate of the 1% (100-year) discharge, 12,000 cfs.

The progress of the flood downstream is roughly similar to the
Corps of Engineers' hydrology for their design storm. Which streams
flood, the magnitude and velocity of the waters and the exact timing
of flooding at various locations depends on the nature and location
of the storm and rainfall. Flood crests for the city are shown on
the hydrograph in Figure 4. The storm used here is but one of

a wide range of possible storms that could cause disastrous flooding.
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HYPOTHETICAL BOULDER FLOOD

STORM PATTERN

CRISHAN

cree

————

Fourmile Creek

FIGURE 3

HYPOTHETICAL STORM PATTERN

Rainfall intensities are not estimated,

but precipitation amounts are sufficient

to cause a 12,000 cfs discharge at the mouth

of Boulder Canyon (adapted from Ericksen, 1975).
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FIGURE 4

HYDROGRAPH OF HYPOTHETICAL 1% FLASH FLOOD
Lead time between middle of flood-producing
rainfall and crest of flood on west edge of
Boulder City is 1 1/4 hours. This table is
for a different type design storm than used
in this report, but illustrates lack of time
available for emergency evacuation. Flood
heights given in the scenario are from the
same data (Corps of Engineers, 1976).
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THE WARNING PROCESS: WHAT VARIABLES AFFECT HOW
PEOPLE RESPOND TO WARNINGS?

The warning process may be divided into several components
(see Figure 5): an alert of potential, the physical event, the
detection network, warning agencies, user response, and results.
This discussion deals primarily with the official warning process.

In addition, many people may be warned by relatives, friends or
neighbors. Unfortunately this unofficial warning process cannot
be relied upon to warn everyone.

Warning agencies may be alerted by the National Weather Service
or private meteorologists of the potential for flash flood-producing
storms to develop over the region. The agencies can then "gear up"
to monitor the storm if and when it occurs.

The nature of the storm determines the magnitude of the threat.
The time of day the flood occurs affects detection and human response.
The presence and observation of environmental cues (heavy rain,
clouds, rising river) has been found to enhance adaptive response
to flood warnings (Mack and Baker, 1961).

The detection network, typically radar, rain and stream gages, and
volunteer observers, is responsible for estimating the magnitude
and expected lead times of the flood. Ledd time can be defined in
various ways. In general, it refers to the amount of time between
the first warning (or prediction) of a flood and its arrival.

Three aspects of the network are particularly important. The system,
of course, must be reliable. No one will get warned from official

sources if the network fails to detect the flood, or fails to transmit

17
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the data to the proper officials. Additionally, if the network's
credibility is lTow--if it has a high false alarm rate--over the long
run both officials and citizens will trust the system less and less,
and the warnings will become less effective (Anderson, 1970). The
amount of time between the first warning of the event and its

impact is also important. The subsequent warning activities

will have to be carried out within the time 1imits determined by

the physical event and the detection network. Several levels of
warning may be used: 1) an alert notifies the appropriate
emergency personnel of the potential danger (but is not disseminated
to the public); 2) a watch is disseminated to the public and
indicates meteorological conditions in the area are conducive to

a flood event; and 3) a warning tells everyone that flooding is
imminent or occuring. If the lead time is short, the warning

may not be preceded by both a watch and an alert.

Prediction of a flood is transmitted to the warning
agencies. Responsibilities for detection and warning may rest
with the same group, or warnings may go through several channels
before reaching the public. If the messages are not clear,
response will be less adaptive.

Effective decision-making in a flash flood situation is related
to the extent of preparedness planning. This involves developing
and practicing emergency procedures for a flash flood situation.
Appendix C 1ists the decisions that might be called for in a flash
flood. The emergency plan should consider fallty telephone lines,

blocked highways (from landslides), and the absence of key
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officials, among other things. One of the keys to an effective
warning system is the maintenance of the preparedness capabilities,
including regular contact between its members (observers, officials,
and key citizens), periodic practices of the whole or sections
of the plan, the updating of personnel and telephone lists, and
maintenance of the rain and stream monitoring equipment.

With the data provided by the prediction network, the warning
agency must decide whether or not to issue a warning. To insure
a more objective decision, public officials should be freed from
responsibility for the consequences of a false alarm.

The first reports of an imminent flood threat must be confirmed
to insure an accurate warning. Warnings from official sources
have been found to encourage a more adaptive response than those
from unofficial sources (Drabek and Boggs, 1968; Mileti, 1978).
Warnings disseminated through personal communication modes,
such as telephones, bull-horns and face-to-face, are much more
effective than the impersonal modes (Drabek, 1969). Although sirens
are often misinterpreted, they may be useful in mobile home
parks and at night when many will be asleep. The warnings should
be disseminated through as many channels as available. Large
establishments (schools, offices) should be directly linked into
the warning network.

If the lead time is sufficient, the content of the warnings
can encourage some emergency flood proofing measures without
undue risk to 1ife; however, in the canyons, evacuation should
be emphasized. Other aspects of the message include specific

instructions as to evacuation routes and means; a moderate sense
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of urgency; the most accurate estimate of the size of the expected
flood possible, relating it to known landmarks; an estimate of when
the flood will arrive; examples of others taking adaptive

actions; mention of who made the prediction if that person is

known to be credible; confirmation from other sources, e.g., the
mayor; the number of warnings issued in the particular area; and
mention of environmental cues, if appropriate. Warning messages

from different sources should agree in content, and increasing degrees
of specificity are desirable as more is known about the flood.

The users of the warnings, the flood plain occupants, typically
seek to confirm the first warning they receive. This may involve
calling official sources (police, sheriff), checking the radio and
TV, or finding out what friends and neighbors are doing. 1In
Rapid City, only about 20% of the people evacuated after the first
warning (Mileti, 1973). Warnings should be issued repeatedly, and
indication of number of warnings should be given. An adaptive
response to a warning of imminent danger requires a major alteration
in one's normal activities and may be accompanied by some risk--as in
climbing theAwet side of the canyon.

Certain characteristics of the users themselves have been
related to response in disaster studies.” Personality traits may
influence response, but are difficult to anticipate in a warning
system. Past experience with only minor flooding may hinder
adaptive response to a major event, as has happened in many flash
flood disasters: '"We never thought the water would get that high."
A person's familiarity with the area, particularly the Tocation

of high ground, may be related to response.
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The elderly and Tow and high socio-economic level groups tend
to respond less adaptively to warnings than other age and social
status groups (Mack and Baker, 1961). In a number of disasters
the elderly have formed a disproportionately large number of the
victims because they are less able physically to move (Hutton, 1976).

Many studies have noted that the kind of group a person
is in strongly affects his reactions. Family groups tend to
respond more adaptively than peer groups,* probably because of
a greater sense of responsibility among the group‘s members.

Family members, if separated when the warning is received, often
try to reunite and evacuate as a unit. This contributes to
problems of convergence onto the hazard area, as well as to tying
up telephone lines (Drabek and Stephenson, 1971).

The attitude of peer group members is also important
(Mack and Baker, 1961). In one motel in the Big Thompson the
proprietor showed 1ittle concern about the rising river until
evacuation had to be accomplished by knocking a hole through the
ceiling because the outside staircase was under water. One of the
visitors led the way. For other groups, the delaying of evacuation
was fatal (Gruntfest, 1977).

Panic is not typically a widespread response to a preimpact
flash flood warning. Panic may occur when an individual is trapped
by the flood, with no escape route open (Quarantelli, 1964).

Public information, one of the more important aspects of a

warning system, can be used to expand the exposed population's

*Eve Gruntfest's study (1977) of the Big Thompson flood found
the opposite behavior pattern, but i% appears to e due fto the
influence of other variables.
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experience of the hazard. Particularly where the population

turnover is high, as in Boulder where about 50% of the city

residents change addresses each year (City of Boulder, 1976), the
education efforts need to be conducted at frequent intervals.
Information on other types of adjustments, such as federally
subsidized flood insurance, may be included in the education program.
The use of any natural resource (in this case the flood plain) entails
some level of environmental risk. The public deserves to know

what the risks of living in the flood plain are, and how those

risks might be reduced.

SCENARIO I: THE BOULDER FLASH FLOOD

This scenario describes what might happen in a severe
flash flood in Boulder, with the level of preparedness of January,
1977. The events described below represent only one set of
possible actions; the ouscome of an actual flood could be either
more or less disastrous. This account provides the basis for
the other three scenarios' description of the effect of different
levels of community preparedness. To reflect the more.likely
situation, the flood is assumed to:-occur some years after the Big
Thompson. The population estimates, however, are for 1976.*

The day could be any in the flood season, late spring to early
fall. However, few are concerned about the hazard flooding presents

in Boulder. It has been some years since the Big Thompson flood.

*The scenario, accompanied by eyewitness accounts of other
f1a§h floods provides the narrative for a slide presentation
aya11ab1e from the Insitute of Behavioral Science that compares
pictures of Boulder before a flood with postdisaster slides of
the Big Thompson and Rapid City.
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Many of the flood plain occupants were not in Boulder in 1976;
others do not believe anything so disastrous will happen to them.

Over 500 people live in flood-prone areas of Boulder Canyon
or Fourmile Creek Canyon. Perhaps 400 more are visiting the canyon
areas this particular afternoon. In the city an estimated 1,530
residents have their homes in the Boulder Creek 1% flood plain. In
the area west of 28th Street, workers and visitors number over
3,050 (see Appendix A).

For a while the city and county had been actively involved
in preparing for the flood hazard. The Corps of Engineers had
completed their study of Boulder Creek. The estimate of the 1%
discharge had been changed, but no formal action had been taken
on proposed flood mitigation measures. The initiative of city and
county officials to upgrade the current warning system had diminished;
concerns over a severe drought had taken precedence, although
severe thunderstorms occur in drought years. Sporadic news stories,
reports, and statements by citizens and officials concerned
about the flood hazard attracted 1ittle attention.

The day had started out a typical weekday. Although the
weather forecast called for a chance of thunderstorm activity in the
afternoon, the same forecast had been given many times over the
previous several weeks. About 4:30 PM large thunderstorms are noted
west of Boulder, centered on Sugarloaf Mountain, between Fourmile
and North Boulder Creeks. The moderate rain prompts many of the
picnickers in the canyons to head for home. Light rain in the Tower

canyon areas and the city causes Tittle concern. Many expect the
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storm to clear up later in the evening, as often happens.

At 5:15 PM the National Weather Service issues a general
flash flood watch for gulches and low-lying areas in the Front
Range canyons of Gilpin, Jefferson, Boulder and Larimer counties.*

The watch is announced about a half hour later by many radio
stations. Some of the TV stations report the watch on their
evening weather reports. In the canyons few hear the message.

Radio and TV reception is poor in many areas because of the
terrain and the storm. Few people in town pay much attention
to the watch.

By §:30 PM the tunderstorms have intensified; 6:00 marks the
middle of the intense rain storm that will cause Boulder Creek
and Fourmile Creek to flood within an hour.

The flash flood watch alerts the Boulder Regional Communications
Authority to the potential for flash flooding in gulches and Tow-lying
areas. By 5:45 several mountain residents have called in to
report heavy rain. The Communications Center tries to confirm the
reports but the Tist of rain observers has not been updated recently,
and many of the observer telephones are disconnected or not working
due to the rain. Dispatchers are busy handling calls reporting rock
slides and other traffic hazards re]ated‘to the rains. After
considerable delay, the reports of heavy rain are confirmed, either
by telephone or radio; heavy rain, two to three inches in one

and one-half hours, is reported in certain locations. The Sheriff's

*In many cases the National Weather Service would not issue a
watch because of the lack of information and the localized
nature of flash floods. ATlthough not prepared to do so at the
time of this writing, they may, in the future, disseminate alerts
to key warning agencies, but not the public. If neither an alert
or watch were issued, the situation cculd be much worse than
presented here.



deputy on duty that night sends a patrol car up Fourmile Creek
Canyon to check on the river. He also contacts the volunteer
fire departments in the canyons to obtain more information about
the possibility of flooding.

Upon receiving confirmation of the rainfall amounts and the
rising river from the Communications Center, the National Weather
Service issues a flash flood warning at 6:15 PM. The warning
emphasizes flooding in tributaries and low-lying areas in a number
of the Front Range canyons near Boulder. The wafning is carried,
after some delay, on a number of radio and TV stations. Many
in the city discount the warning.

As reports of the rising river reach the Communications
dispatchers, they alert the fire departments, Director of Public
Facilities, Sheriff's personnel, University and City Police and
the City Manager. The local radio stations are also notified to
help warn the public. About 6:20 PM the Sheriff, called in from
home, makes the decision to start evacuating flood-prone areas of
the canyons. One of the Communications Center dispatchers starts
to call canyon residents on the emergency call list. The
canyon fire departments alert neighbors in their areas. Extra
patrol cars are sent up the canyons to $1ert the residents of
Silver Spruce, Orodell and Canyon Park.

Throughout the canyons the lack of information about the
expected magnitude of the ftood hampers the warning effort. The
volunteer firemen (men and women) and the deputy sheriffs are not
sure how urgent their message is. Many people are told to drive

out of the canyon. The residents hesitate. Few are aware of the



flash flood hazard. Even fewer have planned evacuation routes

and procedures. Confused by the warnings and unsure what action

is appropriate, many try to confirm the warning by calling official
sources or friends, or by checking to see what their neighbors

are doing. A large number of people, in particular those driving
through the canyons, never receive warning of the flood. Many
residents do not have telephones and for others the lines are down.
Some do not hear the sirens and loudspeakers on the patrol cars.
Others do not associate the sirens with flood danger. A number
who believe the warnings linger, gathering papers, possessions or
pets.

At 6:30 PM the run-off floods Wallstreet, in some places
reaching over eight feet above the stream bed. Salina and the
Junction are quickly inundated by debris-filled torrents. The
alert comes too late for most of the residents. Upstream occupants
try to warn those downstream, but thé lack of telephones and
time limits their success. Although the heavy rains alert some,
several groups of friends do not realize the danger until too late.
Many are fortunate to escape when they hear the water coming. Half
a dozen are killed. Climbing fifty feet up the side of the canyon
would have saved their lives.

Early phone calls alert Crisman to the rapidly rising
water. Many of the families are warned and evacuate promptly.

An elderly couple unwilling to climb the canyon side tries to
drive out of the f]ood. In the narrow canyon north of Crisman
the turbulent water reaches almost ten feet above its normal stage,

carrying with it bridges, cars and houses.
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About the same time as Crisman floods, North Boulder Creek
washes out the bridge on Colorado 119 as it joins the already
raging Boulder Creek. One man abandons his car seconds before it
is washed off the road. A number of motorists farther upstream
are not so fortunate. The quickly rising water sweeps more than
one camper downstream. Many tourists in the canyon narrowly
escape disaster when fallen rocks on the road prevent their driving
farther; the rising river forces them to climb the side of the
canyon.

Around 6:40 PM the water triggers the Orodell flash flood
alarm. Shortly afterward, news of the flooding at Crisman reaches
Boulder. After consulting with the City Manager, the ranking
police officer orders the evacuation of the 1% flood plain.
Officers are confused as to the extent of the flood plain, the
location of safe areas, and proper evacuation routes. The warning
messages do not specify how to evacuate or where to go. No one
knows how long it will take for the flood waters to reach Boulder,
or how serious the danger is.

The lack of rain in Boulder and the uncertainty as to the
expected magnitude of the flood contribute to a sense of complacency
among the residents. Of the residents who do believe the warning,
some collect valuables and pets. Severe traffic problems develop
as many in the flood plain evacuate and others converge on the
areas to help out or watch.

Word of the flooding at Crisman also reaches Orodell. The
volunteer firemen and deputy sheriffs renew their warning efforts;

this is especially difficult because many of the houses are across
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the river. Many newcomers are unaware of the flood hazard; their
response, in many cases, is too late to be effective.

Around 7:00 PM, the Fourmile Creek flood waters reach
Orodell, cresting over ten feet above the stream bed. Numerous side
canyons also flood, damaging houses that are well above the main
stream. A volunteer fireman is killed trying to reach residents
on the far side of the river. Over a dozen people die, including
several trapped in the Wagon Wheel Motel when it is inundated.

Peripheral thunderstorms cause Sunshine and Gregory Creeks
to flood at about the same time as does Orodell. Little warning
is received in these areas. A group of picnickers is drowned
trying to cross Gregory Creek. Sunshine Creek crests four to six
feet above normal. Several people die in these two normally
placid creeks.

Boulder Cfeek continues to flood as raging side gulches empty
into the main stream. A bridge upstream from Silver Spruce clogs
with debris and temporarily dams the water. At 6:55 PM a wall of
water released from behind the bridge and from a side gulch
inundates parts of Silver Spruce thought to be safe. Although
most of the residents have evacuated, some are killed. A car
of guests from the E1 Vado Motél, trying to drive out of the
canyon, is washed off the road near Orodell. A car full of students
returning from a day in the mountains is swept off the road below
Orodell; one manages to escape.

The Fourmile Creek discharge has already caused some areas of
Boulder to flood. With reports of the flooding at Silver Spruce and

at the hydroelectric plant, the police decide to sound the Civil



30

Defense alert sirens.

The quickly rising water floods the Canyon Park subdivision
at about five minutes after seven. Although most of the families
there have been warned and safely evacuated, one person is lost
trying to climb the wet canyon wall after gathering some valuables.
Somewhat later the water in that area crests well over ten feet
above the stream bed.

The evacuation of the Boulder flood plain is hampered by
several things. Those further away from the creek respond slowly.
Few realize how fast the water is rising. A number of the elderly
do not hear the sirens or, if they are warned, are reluctant to
leave their homes. Groups of singles or peers tend to disregard
the warnings. In many cases, store managers and proprietors
instill a false sense of security in their customers.

As the water overflows the creek banks, several people belatedly
trying to escape the apartments east of Eben G. Fine Memorial Park
are swept to their deaths.

Although the Communications Center continues to function on
emergency power, the Justice Center is isolated by the flood
waters.

The Sixth Street bridge is quickly demolished as the water
climbs to eight feet over its normal level. The City Public Works
crews, in the early stages of flooding, try unsuccessfully to keep
the bridges free of debris. Each bridge temporarily dams the water,
releasing it as a wa?e when the bridge finally gives way.

The flood waters pile up behind the Ninth Street bridge,

overtopping it by several feet, before the bridge is washed out.
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The resulting wave of water engulfs the Library and Municipal
Building. In the constricted channel through the Library, the
creek reaches over fifteen feet above its normal height. The
Municipal Building, Chamber of Commerce building, proposed Senior
Citizens Center site, and First National Bank are engulfed

in water running at moderate velocities about three feet deep.

As the flood rushes eastward, the Terrace View Manor apartments
are undermined by the scouring of water ten feet over its normal
height. Several homes near 17th Street are completely demolished.
The flood plain near Athens Court is engulfed by three feet of water.
The Harvest House cottages are destroyed as the water crests five
feet above the bank of the creek.

The debris-laden Boulder Creek flood waters carry over &0
people to their deaths within the city. Some are caught watching
the rising river; an impromptu concert at the Band Shell had attracted
a small crowd. A dozen patrons of restaurants in the flood plain
die trying to get to cars; in one case part of a restaurant is
swept into the stream.

A number of residents of the University's married student apartments
are killed. One family tries to save its car. A child is playing
near the river. Several students coming back from the University
are caught crossing the foot bridge; they are trying to reach their
families.

East of Folsom Street several groups of people are trapped
by the flood waters: shoppers in the Arapahoe shopping centers,
apartment dwellers, guests in the Harvest House cottages south

of the creek, residents east of 28th Street, and other visitors to



the area. Some are in cars, some on foot.

Throughout the city the same stories are repeated many times.
The initial warnings of a flash flood meet wide-spread skepticism.
Later, as the creek starts overflowing its banks and as rumors
of disaster in the canyons filter down to the city residents,
many decide to evacuate. However, too many wait too long; many
die as they seek escape in their cars.

Some manage to save important papers and remember to turn
off the gas and electricity and to elevate their more valuable
belongings. In the few minutes before disaster strikes, however,
few think to take such measures to reduce theéir losses.

Over 90 people are known to have died in the flood. The
bodies of others never will be recovered; they are listed as
missing. Almost 100 people, including many elderly, are injured,
a quarter of them seriously. Tales of harrowing escapes are
recounted for months afterward.

The next day finds refugees camped on hill tops or stowed
in schools and the University fieldhouse. The results of years of
indifference to the flood hazard are symbolized by the ruins of
the Municipal Building.

Direct damages within the city exceed $21 million to structures
alone { Corps of Engineers, 1976a). West of 28th Street, damage
to the contents of homes, offices and stores adds about $1.75
million to the flood's toll (see Appendix B). Cleanup costs and
damages to utilities contribute further to the reconstruction costs.

Many things, in fact, worked well; in other disasters they

have not. In Rapid City the Civil Defense sirens were not sounded
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because no one knew where the alarm switch was. In Boulder, key
people could have been out of town, and important equipment could
have malfunctioned. Telephones could have gone out much earlier.
Flooding could have occurred in other canyons and tributaries such
as Twomile, Goose, Fourmite Canyon, South Boulder, Bear, Bluebell

and Skunk Creeks, not to mention the St. Vrain or Lefthand Creeks.
It could have been either a holiday or night; people would be asleep
and unable to see the flood in the dark. The death tol1 could have

been much greater.

SCENARIO II. UPGRADED PREDICTION CAPABILITIES

This scenario represents what might happen if a more sophisticated
detection network were installed, accompanied by only a Tow level
of preparedness planning.

Several years earlier the city and county had studied
possibilities for a flash flood warning system. A network of
volunteer rainfall observers was established. Several stream
gages were installed, assuring the city of perhaps a 30-minute
Tead time between the detection of a flash flood and its arrival
on the west edge of town.

Concurrent with the installation of the hardware, moderately
detailed preparedness plans were drawn up. These, however, had not
been kept up to date over the intervening years; names and phone
numbers are wrong, officials have forgotten their roles, and some
newcomers have not even read the plan. The Targer establishments
(banks, hotels, restaurants) in the flood plain are not specifically

included in the warning network, nor have they organized their



own preparedness plans.

Efforts to inform the public of the flood risk and of appropriate
responses to flash flood warnings have been sporadic. Occasional
news articles and radio announcements have heightened the awareness
of only a small number of people. Most of the flood plain occupants
do not think they will ever be directly involved in a serious flood.

With thunderstorms intensifying around 5:30 PM, reports of heavy
rain start to reach the Boulder Regional Communications Center.
These are passed on to the National Weather Service which, at
6:15, issues a flash flood warning for several canyons in the
Boulder Front Range areas. At about the same time, the appropriate
emergency personnel are notified of the hazard by tone alert radio
receivers. The volunteer fire departments respond and start to
alert canyon residents in their areas.

Although the reported rainfall amounts indicate that a serious
problem could exist, the river gage flash flood alarms have not
yet been triggered. As a result, the early warning messages
in the canyons are rather general. Although few take immediate
action, the early warnings do serve to raise the level of concern
of many people.

At 6:30 PM,Wallstreet, followed by Salina and the Junction,
floods; this triggers the first flash flood alarm. However, the
alarm comes too late for the upstream residents; Crisman is
warned minutes before being flooded though Orodell has more time
to prepare.

On Boulder Creek the confirmation of flooding comes too late

for Silver Spruce and areas upstream.
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Although most people in both canyons are warned, the response
in only fair. The lack of lead time prevents everyone from
receiving a warning. Many get only one rather general alert.
Lacking confirmation of the threat, they hesitate, uncertain of
what to do. Messages received over the radio and loud¥peakers are
less effective in promoting evacuation. Many, in particular
newcomers unaware of the hazard, die trying to escape in their
cars. Over 35 people lose their lives in the canyons west of
Boulder.

The flash flood alarms and reports of flooding at Crisman
prompt the police to start evacuating Boulder's 1% (100-year)
flood plain. Warning efforts there proceed somewhat more smoothly
than in the canyons. Loudspeakers and sirens on patrol cars,

Civil Defensesirens, and the local radio stations are used to
disseminate the warnings. Time does not allow for extensive personal
contact.

Although most of the city flood plain occupants receive more
than one warning, in many cases their response is not adequate.
Many of the newcomers and visitors are unaware they are in any
serious danger. As the flood's magnitude and lead time are
confirmed, the warning messages become more specific. Officials
and citizens alike are unsure of the location of safe ground or
evacuation routes. The lack of time and the traffic jams keep
many from evacuating safely. .

Few people think to turn off the gas and electricity, or

have the time to elevate furniture and protect valuables.
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The flood waters reach the west edge of town shortly after
7:00 PM. The rushing water carries many people with it as it
engulfs the flood plain. Almost 30 people die in the city, less
than 100 are injured,and 1ittle property is saved from the flood's

ravage.

SCENARIO III: A MODERATE WARNING SYSTEM

This scenario reflects how warning response might be affected
by a fairly sophisticated detection network, coupled with a
moderate level of preparedness planning and extensive public
education efforts.

In the summer of 1977 a series of rain and river gages had
been installed in the mountains west of Boulder. In addition, a
fairly widespread network of rainfall observers had been
established. The system is designed to provide a 45-minute lead
time for the city, with later confirmations of the flood size and
travel rate. In the upper reaches of the canyons, the lead times
are about 15 minutes.

Plans for response to flash flooding are fairly detailed,
although only sporadically maintained. Schedules and criteria
for making the important decisions are specified, and responsibilities
are delegated. Nevertheless, the turnover in city and county staff
catches some officials unprepared. The planning has not included
the early notification of large establishments; their preparedness
plans are inadequate.

Along with the development of the preparedness plans, a

long-range public education effort was begun. Officials work
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closely with the media each spring. Brochures or flyers are
mailed out yearly to flood plain occupants. The public utility
bills are used to notify residents of the flood risk. The
education messages describe the risk, identify the flood plain,
mark safe areas, and 1ist appropriate actions to take in a flood
situation, including evacuation and emergency flood proofing.
Coverage in the upper parts of Fourmile Canyon has been less
comprehensive than in the city.

By 6:00 PM the automatic rain gages and calls from observers
report heavy rainfall west of Boulder. This information is
promptly relayed to the National Weather Service and local emergency
personnel. The National Weather Service issues a flash flood
warning, specifically including Boulder and Fourmile Creek Canyons.
As the volunteer fire departments start alerting residents in the
canyons, they are fairly sure of the flood threat. Subsequent
confirmations of rainfall and flooding give the warners increased
confidence in the importance and urgency of their task. Had
a less credible network been installed, the volunteers may not have
acted so promptly, especially if previous alerts had been false
alarms.

At 6:25 PM the first river alarm is triggered. The warning
is relayed to Wallstreet several minutes before it floods. Salina
and the Junction have more time. Many escape in time, but several
are caught by flooding side guiches.

Downstream from the Junction and in Boulder Canyon the lead
times are longer. The messages are specific, including directions

to climb to high ground up the sides of the canyon. The warnings



are distributed primarily by sirens and loudspeakers, with some door-
to-door warning and telephone contact before the lines go down.
Some people are able to get radio warnings.

The response to the warnings in the canyons is genmerally
adaptive. ~Most of the residents receive several warnings; many
climb to high ground. However, some disbelieve the warnings or
linger too long before they evacuate. A number of the tourists
driving through the canyons receive only general warnings. Some
try to drive out of the danger.

By 6:30 the potential for disaster in Boulder 1is clear to
the policeman on duty, and the decision to evacuate the 1%
(100-year) flood plain is made. With the longer lead times, more
emergency personnel and neighbors are able to go door-to~door
and use telephones. Sirems, loudspeakers and radio announcements
are used to confirm the warnings.

Most residents respond fairly well. The warning messages
encourage the elevation of valuables and disconnection of gas and
electricity, Traffic problems are less severe since non-emergency
traffic is prohibited from the area.

Despite the warning efforts, some die. Many are influenced
by the actions of those that leave promptly, but some,
particularly those in groups of friends and the elderly, delay
their evacuation until too late. Perhaps as many as 30 people
die in the flood, over half of them within the canyons. Fewer

than 50 suffer injury.

In the 45 minutes between the first warning and the first serious

overbank flow in town, many residents take the precautions of
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furniture and valuables and turning off gas and electricity.

For most businesses, the warning comes too late to try to carry
out such measures. Perhaps a third of the damages to building
contents that might have been reduced in the available time are
actually avoided. West of 28th Street alone, this amounts to
over $130,000 in reduced damages (see Appendix B). Many valuable

papers are also saved.

SCENARIO IV: AN INTEGRATED FLOOD WARNING SYSTEM

This scenario represents what might result from detailed and
careful planning of the flash flood warning system. The detection
network includes a regional weather radar station east of Boulder
and a combination of automatic and volunteer monitored rain and
stream gages (see report by Leonard Rice Water Consulting Engineers).
These are linked by radio to the Boulder Regional Communications
Authority, where a computer helps the trained officials interpret
the incoming data. Several hours before the rain gages report
heavy rainfall, one haur before a flash flood would crest in the
city, the flood threat could be roughly forecast, with more
accurate confirmations as the gages continue to monitor the event.

The preparedness planning has been.comprehensive. The flash
flood plain has been detailed and well-maintained by City and County
officials. Practice alerts are run to check for weak 1inks.

Telephone calls to key people in each neighborhood, backed
up by patrol cars, sirens, loudspeakers and radio messages, are
relied upon to spread the warnings. Names and telephone numbers

are updated yearly. Radio communication is maintained where



telephones are unreliable. Plans were made to notify the large
establishments in the flood plain early in the warning process.
Most of these have developed in-house preparedness plans.

Complementing the preparedness planning is an extensive
public education effort. Attractive signs advising people of
the hazard and directing them to climb the canyon side in the
event of a flood were placed at key points in the canyons. In the
city, signs were erected marking the expected 1imits and heights
of flooding. The newspapers and radio and TV stations are utilized
at appropriate times. Brochures describing the hazard are widely
distributed through business and citizen groups, Sheriff and Fire
departments, general mailing, as a part of real estate transactions
and rental contracts, and through the schools. Announcements
on public utility bills are also used periodically.

Throughout the educational campaigns, the emphasis is on
reducing deaths and property damage. The repeated message is that
the hazard, although infrequent in occurrence, is of sufficient
magnitude to warrant careful planning.

About 4:00 PM the radar station reports large thunderstorms
building over the mountains west of Boulder. This information

prompts the Boulder Regional Communications Center dispatchers to

alert their 1ist of flood emergency agencies of the possible danger.

0ff-duty personnel are called in; people are alerted to watch

their rain gages and the stream's height. The radar reports of
rainfall and intense thunderstorms are sent to the Natjonal Weather
Service. They issue a flash flood watch for several canyons of the

Front Range west of Boulder.
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By 5:30 the automatic rain gages report heavy rainfall
centered on Sugarloaf Mountain. Upon receiving these reports,
the National Weather Service puts out a flash flood warning.
A11 available emergency personnel are mobilized.

Shortly after 6:00, enough rain has fallen, with Tittle sign
of letting up, to prompt evacuation of the canyon flood-prone
areas and the high risk zones in the city. Sirens and loudspeakers
on patrol cars, door-to-door contact, telephone call-out fans, and
radio and TV stations run frequent messages alerting people of
the threat and directing them to tune in Boulder $tations, which
by 6:30 are only broadcasting emergency messages.

In the canyons, people respond promptly to the warnings.
Many receive confirmation from second and third sources. The
content of the messages is similar: "The Boulder County Sheriff
has received confirmed reports of extreme amounts of rainfall.
Severe flash flooding is imminent. You are advised to go to high
ground. Do not try to drive out of the canyon. This is the first
warning." Many have prepared for evacuation by collecting emergency
supplies in one place and planning places to go.

With the initial warnings, the roads in the canyons are
blocked at both ends, an early precaution against cars entering
the danger zone. Many motorists are out of the canyon by the time
the flood hits. As the rains continue to fall, the canyon roads
become impassable due to rock falls or flooding side gulches.
With confirmation of serious flooding, motorists are told to abandon

their cars for higher ground.
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As the creeks rise, the river gages confirm the flood threat.
Rough estimates of the flood size and lead times are made and
incorporated into the warning messages, along with reports of
the flood's impact upstream and people's response to the warnings
elsewhere. The Civil Defense sirens are sounded when the flood is
fifteen'minutes’away. For many, this is the final cue to evacuate.

In Boulder, response to the flash flood warnings is highly
adaptive. Evening crews in stores and businesses are able to
elevate or move many valuables. Many residents also save substantial
amounts of their personal papers and property. Many cars are moved
to high ground. Almost three fourths of the possible avoidable
damages are actually avoided--this amounts to over a quarter of
a million dollars west of 28th Street alone (see Appendix B).

The Tonger lead times allow almost all to evacuate safely.

A few are caught in the flood; they do not heed the maxim:
"Always keep yourself between high ground and the rising water."
They simply wait too long. Less than a dozen people die in the
flood waters, and only a few are injured.

The early warning allows for evacuation centers to be prepared
for the displaced. Emergency communications are quickly established
to handle incoming and cutgoing calls inquiring about the safety of
friends and relatives. The city, county and state get a jump on
the reconstruction process.

There are things no warning system can do. Homes and offices,
stores, hotels and restaurants, streets and bridges, gas, water,
sewer and telephone 1ines, and public and private buildings are

destroyed or damaged. Flood insurance, for those who had bought it,



covers some of the loss. Weeks pass before much of the debris
is removed. Planning and financing the reconstruction takes
months of frustrating effort. A year later the flood's ravages

can still be seen.

RESPONSE TO AN EARLY AFTERNOON FLOOD

If the thunderstorms were to grow and intensify west of
Boulder around 2:30 in the afternoon, the warning situation in the
mountains and the city would be substantially different from that
later in the evening. Initial notice of the heavy rainfall might
be somewhat delayed as many would not be at home to monitor the rain
gages; most would be at work or out shopping. If a radar station
were established, it could provide an alert several hours in
advance. This would give key people time to get in position to
monitor rainfall. Perhaps 300 residents would be in the canyons,
as opposed to about 450 in the evenings. Residents and visitors
in the canyons might total 800 people in the middle of the afternoon.
Once the seriousness of the storm is confirmed, the response-by the
emergency personnel in the city would be rapid, as more people
would be on hand during the day. In thecanyons fewer volunteer
firemen would be able to respond quickly to a flood warning. Warning
in the canyons would have to rely heavily on the notification of
key people in each area and the efforts of city and county personnel.

In Boulder, dissemination of the warnings would be easier,
but some serious problems might develop. Perhaps half of the flood
plain residents would be at work or school. Massive convergence

onto the flood plain of families trying to reunite, interested
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onlookers, and volunteers and emergency units would create severe
traffic jams, seriously jeopardizing the evacuation effort.

Messages by the radio stations may help to 1imit the convergence.
Telephone 1ines would also be tied up, perhaps to the point of being
useless for emergency warnings.

West of 28th Street the total number of people exposed to
flooding in the city would be over 4,000, somewhat less than the
estimated 4,500 people in the 1% (100-year) flood plain during
the evening. There would be fewer residents and visitors than
during the evening but, depending on the day, most of the
work force would be on the job. Although this increases the risk
to life, it also increases the potential for reducing damages
through emergency flood proofing. The amount of preparedness planning,
including employee education, within each establishment (particularly
the larger ones) would determine the level of damage avoidance.

Response to a warning of a flash flood during the daytime
will be influenced by the same factors as described in the
previous scenarios. There may be a greater willingness to evacuate

during the day and a greater visibility of environmental cues.

A FLASH FLOOD AT NIGHT

Late at night, between 10:00 PM and midnight, it is most
difficult to disseminate a warning. Less than a third of the visitors
and workers exposed to flooding in the afternoon or evening (in the
canyons and west of 28th Street in the city this is about 1,000
people) might be in the flood plain at 11:00 PM. However, many of
the residents (almost 2,000 people west of 28th Street and in the
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canyons) will be asleep.

Detection of the storm may be delayed if volunteer observers
are not watching their rain or river gages. The relatively fewer
numbers of emergency personnel able to respond promptly, especially
if home phone lists are out-dated, will slow the entire warning
process. Ordinary sirens may fail to wake the soundest sleepers.
Those who are awakened will Tikely not be prepared to respond
quickly; many will seek confirmation of the warning. Dressing for
going outside will take more time. At night the weak Tinks in a
warning system could prove fatal to many people. Little in the
way of emergency flood proofing is likely to be accomplished,
except perhaps in those establishments which are occupied all night.

During the night the warning messages should emphasize safety.
Radio stations may need to be alerted earlier during the day, if
the situation warrants it, to insure they will still be on the

air if a flood develops.

OF GREATER AND LESSER FLOODS

This study was based en a hypothetical 1% (100-year) flood.
Planning for the flood hazard should also consider floods of greater
magnitudes. A 0.2% (500-year) flood would inundate a larger amount
of land beyond the 1% (100-year) flood plain. The velocities, depths
and debris loads of the flood waters would be greater, causing a
much higher risk to 1ife. Damage to buildings in a 0.2% (500-year)
flood on Boulder Creek is estimated to exceed $37.5 million (Corps
of Engineers, 1976a). An effective warning system for a 1%

event should also be able to pick up the more extreme event, in which



case warning messages should emphasize safe evacuation.

More frequent floods of a Tower magnitude are also 1ikely to
occur. A reliable and credible warning system should be able to
distinguish somewhat between the more frequent events (the 4% or
25-year floods) and the more severe 1% (100-year) floods. This
would enable evacuation of only the areas 1ikely to be flooded and
prevent overwarning, which would be detrimental to later warning
efforts.

Flooding caused by snow melt or long duration rainfall would
allow for greater flood-fighting efforts, including bridge clearing,
sand bagging and emergency flood proofing. A flash flood warning
network could also provide reasonably accurate forecasts of flood
heights and Tead times in a slow flood situation.

LEARNING FROM OTHER DISASTERS: THE NEXT STEPS IN THE DESIGN
OF AN EFFECTIVE FLASH FLOOD WARNING SYSTEM

Flash floods have exacted a high toll in recent years: 237 dead
in Rapid City, South Dakota (1972); 139 dead in the Big Thompson
Canyon, Colorado (1976); and nine dead in E1 Dorado Canyon, Nevada
(1974). Property damage has totaled hundreds of millions of dollars.
In the meantime, the people and buildings in flood-prone areas continue
to increase.

Along Fourmile and Boulder Creeks, west of 28th Street only,
3,000-5,000 people could be exposed to flooding, depending on the
time of day. In the city itself, over 8,000 people live in flood-prone
areas.

Given the present efficiency of the warning system, the situation

in Boulder is quite serious. Many people in the canyons would get no
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warning. In the city the warning time would be too short to allow
for everyone to be evacuated safely. Many of the flood plain
occupants are elderly and will need assistance in evacuating their
homes. Many residents 1iving near tributary streams also face

a significant risk to their lives.

Buildings that would be severely damaged in a 1% event include
the Library, Municipal Building, Terrace View Manor, University
housing buildings, Harvest House, many residences and other buildings.
Important records, supplies and equipment would be Tost, increasing
the social disruption that would follow the flood.

The surest method to reduce human and property losses is
to remove the vulnerable buildings from the flood plain. Even if
this were undertaken, an effective flash flood warning system would
be needed to reduce the loss of 1life, the subsequent social disruption,
and some of the damage to the contents of residential, commercial
and government buildings.

Despite the sophistication of the prediction network, if
planning for the flood hazard does not include careful consideration
of warning dissemination, warning content, and other variables
that influence response to the warnings, the system may fail its
major purpose: safe evacuation of vulnerable areas.

The necessary steps in implementing an effective warning system
include determining what level of protection is appropriate, possible
funding strategies, what agencies have what responsibilities, who is
to oversee the entire operation, what public information measures
are appropriate, and drawing up a preparedness plan with the

participation of all involved officials (see NOAA, 1977 for a guide
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to this process. The Fromt Range communities report fDowning,
1977] also contains some specific recommendations).

The major historic floods in Boulder have had a fairly slow
onset, which greatly reduces the threat to 1ife. However, the
potential for a major flash flood is obvious. Although no one
can predict when, a flash flood will occur sometime in the future.

In its wake will be destruction. Can we afford not to be prepared?
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APPENDIX A
THE POPULATION EXPOSED TO FLOODING IN BOULDER, COLORADO

If flooding were to occur in Boulder in the next several years,
who would be directly affected? This question was addressed in
three parts. First, the number of residents occupying flood-prone
areas of the city was estimated. Next, the approximate number
of people exposed to flooding in Boulder and Fourmile Creek Canyons
was counted. Finally, the numbers of residents, workers and
visitors in the Boulder Creek flood plain west of 28th Street were
estimated for various times during the day (these counts were also
extended to the flood-prone areas of the two canyons). Each
set of estimates will be d¥scussed in turn.

The numbers of housing units in the flood plains considered
in this study were obtained from air photographs, subdivision plats,
block counts, visual surveys and spot checks. The numbers
of residents were then estimated using the following multiples:*

Single family dwellings 3.17 (city) 3.2 (county)

Trailers 2.0

Apartments 1.82

Error in these counts is estimated to be less than 5%. Floods,

of course, are not confined to lines drawn on a map. The character

*City multiples are from R. L. Polk and Company, Profiles of
Change, Boulder, Colorade, 1975  For irailers, the multiples are
based on estimates by the Housing Inspection Department, City of
Boulder County Land Use Departmznt  The aythor is grateful to
Bill Conger, City Human Resources Depariment, for compi?ing most
of the estimates of weciirr-ur wwdsndc fhe otey Timitg
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and location of the storm will determine which streams flocd.
Flooding could be over a large area or confined to only one or

two basins. Although this study is based on a 1% (100-year) flood,
less frequent events of a greater magnitude need to be considered

in preparing for the event.

City-wide Estimates of Residents Exposed to Flooding

The only map delineating flood-prone areas for the entire

city is the 100-Year Flood Plain Map, adopted August, 1969,

Revised March, 1976 (see Figure 1). This map is based on a 1% discharge

estimate of 7,400 cfs for Boulder Creek at the mouth of Boulder Canyon
and on comparable estimates for the major tributaries joining
Boulder Creek east of the foothills.

Table A-1 summarizes the resident population exposed to
flooding within the city. Over 8,000 people live in identified
flood-prone areas; most are in the Twomile Creek Basin. Most of
the households in this area are middie income, middle aged families,
although considerable numbers of elderly, young families and singles
also Tive in the flood plain. Except near the foothills, overbank
flow in the Twomile Creek Basin is likely to be shallow and low
velocity. Flooding will deposit a conéjderab]e amount of silt,
disrupt traffic and affect a large number of apartments, several
trailer courts, a school and Boulder Community Hospital, as well
as single family dwellings and commercial buildings.

Along Boulder Creek the exposed population is diverse. The
apartments, including the University complexes, and Tow income

dwellings house many students. The population includes significant



numbers of singles and families; young, middle aged and elderly:
and Jower to middle aged socio-economic levels.

The flood plain populations of the other tributaries--Sunshine,
Gregory, Bluebell, Skunk and Bear Creeks--are predominantly middle

class, middle aged families.

Boulder and Fourmile Creek Canyons

Over 500 people are estimated to reside in flood-prone areas
of Boulder and Fourmile Creek Canyons (see Table A-1). As no
adequate flood plain maps exist for the canyons, this estimate
is based on a rough visual survey of housing stock. Borderline
cases were generally included in the counts since these people
would probably have to evacuate in the case of a major flood.

Except for a dozen trailers and two motels, dwellings in the
canyons are mostly singie family houses. In the upper reaches of
Fourmile Creek Canyon many of the dwellings are small cabins. There
an "alternative" life style prevails; many work at home. The
population appears to be fairly stable, although bimodal: the oider
residents who have been there a number of years and the younger
more transient population. Below Poorman's Hill the residents are
generally middle class, and most commute to Boulder for work. In
Boulder Canyon the pepulation is dominafed by upper middle class,
middle aged families, with and without children.

Estimates for the numbers of visitors and workers in the
canyons could be quite large, depending on the particular day and

the weather.
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Residents, Workers and Visitors, West of 28th Street

Following such disasters as occurred in Rapid City and the
Big Thompson, and drawing on a wider base of Front Range flood
data, the Corps of Engineers have concluded that the more likely 1%
(100-year) discharge would be about 12,000 cfs at the mouth of
Boulder Canyon. This discharge has been applied only to Boulder
Creek--mapped on a schematic map and the Tess detailed Qctober,
1976 map. The schematic map, altered to include the dry islands
shown on the October map, was uséd to delineate the Boulder Creek
flood plain west of 28th Street, the study area for estimates of
the numbers of residents, workers and visitors exposed to flooding
(see Figure 2). This study area represents the highest hazard
zones within the city; east of 28th Street flood waters would have
Tower depths and velocities.

An estimated 1,530 residents 1ive in this part of the flood
plain (see Table A-3). About 150 of these 1ive in the highest
hazard zone, corresponding to the 4% (25-year) flood plain.
Although the canyon data are not dijvided by risk, another 250 people
probably 1ive in the highest risk zones in the canyons.

Over 1,400 workers might be in the study area on an average
weekday afternoon. During the evening tess than half that number
would be working in the flood plain, primarily in restaurants,
retail and grocery stores, gas stations, and in various office
buildings. Later at night less than two hundred might be working
in the flood plain. Only a couple people would be working in the

canyon flood-prone areas.
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Restaurants, theaters, offices, parks, motels and stores all
attract visitors to the flood plain. In addition, a number of
people would be driving through. Over 2,500 visitors might
be in the flood plain in the afternoon or evening, less than 900
later at night. The time of day and day of the week, the
weather, and the scheduling of special events such as concerts,
meetings and sports events will greatly influence the actual
numbers of flood plain visitors.

Table A-3 summarizes the estimates for the population exposed
to flooding west of 28th Street. Also given is an estimate that
takes into account residents not at home, absent workers and
possible overlap between the three groups. In the afternoon almost
5,000 people in the canyons and west of 28th Street would be
directly affected by a major flood, in the evening over 5,000

would be vulnerable, and 3,000 would be vulnerable at night.
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APPENDIX B
DAMAGE REDUCTION IN A FLASH FLOOD SITHATION

With an adequate warning, some of the damages to the contents of
residential, commercial, industrial, and government buildings
could be avoided in a flash flood situation. The adoption of emergency
flood proofing measures and their success is influenced by the amount
of time between a warning and the onset of a flood, the value of the
contents-at-risk, whether the building has more than one floor,
the manpower available to move valuables, the extent of preparedness
on the part of the building occupants, the expected height of
flooding, and the human response to the warning of a rare event.

The same study area as in the population survey was used to
determine potential damage reduction: the Boulder Creek flood plain
west of 28th Street as delineated on the U. S. Army Corps of Engineers'
1976 schematic map, adjusted to reflect dry islands in the flood plain

as delineated on the smaller scale Corps of Engineers' QOctober, 1976

map. This portion of the Boulder Creek flood plain has the highest
number of residential structures. East‘of 28th Street the flood

plain is primarily developed by commercial and industrial uses. There
several large establishments would account for much of the flood

damages. Figure 2 shows the study area.



68

Inventory of Buildings in the Study Area

Table B-1 summarizes the Tocations and types of the residential
buildings in the study area. Most of the houses are fairly old,
built around 1900. The apartment complexes are much newer. The
average value of the contents on the ground floor of a house was
estimated to be $6,000. This includes furniture, carpets, electrical
appliances, kitchen wares, books and records, and other personal
belongings. Two cars, for an average value of $2,500, were assumed
to belong to each house. (Cars, which are easily moved, were
included for residential buildings only.) The contents of apartments
were estimated to be $3,500 per unit. One car, with an average
value of $1,500,was assumed to belong to each apartment.

Commercial and industrial buildings are categorized by type
and size in Table B-2. Estimates of the averace value of the ground
floor contents are based on figures obtained from the county assessor's
office and interviews for a sample number of establishments. The
error is probably significant, but the estimates provide at least an
order of magnitude basis for caiculating the benefits of emergency
flood proofing. Although there are few larger buiidings, they contribute
disproportionately to the total! estimates. The level of preparedness
and the response by building maragers in the larger establishments
will greatly influence the total benefits of emergency preparedness.

Government buildings in the study area are the Municipal
Building, Public Library, Park Central Building, Data Processing
and Fire Department offices, Youth Action Center, and the Band Shell.

Estimates of their contents are included in the commercial estimates



(a11 are offices except the Band Shell which is included in the

service section).

Emergency Flood Proofing

Given an adequate amount of time between the warning of a
flash flood and its impact, a certain amount of the flood damage
can be avoided. The surest method of reducing flood damages is to
remove the property from the flood's path. On an emergency basis
this can be done with cars and perhaps with valuables such as
stereos, televisions and personal papers. Some furniture and other
valuables can be carried to the second floor or elevated above the
expected height of the flood waters. Turning off the gas and electricity
can help prevent fires and keep electrical motors from shorting out.

With more extensive preparedness planning, openings to the
buildings can be sealed and display cases elevated by pulleys.
The.fo110wing estimates have not considered this type of
contingency flood proofing, as it requires permanent structural
alterations. However, its role in reducing flood damages should
be considered.

A prerequisite for effective emergency flood proofing is an
accurate forecast of the height of ¥fooding and its expected time
of arrival. Many people have died in flash floods because they
delayed their evacuation while getting valuables, moving cars or
retrieving pets or animals. With an accurate forecast, timely
warning and adequate public education and preparedness, much can be
done to reduce the flood's impact. Even though 1ittle of monetary
value is saved, if important papers are retrieved, the postdisaster

disruption can be lessened. In the more hazardous flood-prone areas,
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particularly the canyons, the emphasis should be on saving lives
rather than property; emergency flood proofing is of no benefit it
the entire building is destroyed.

Costs associated with emergency fleod proofing include a
partially increased risk to 1ife, warning system costs, employee
training, public education, income lost while moving, and

actual moving costs.

Damage Reduction by Emergency Flood Proofing

To determine the benefit of emergency flood proofing the following
steps were taken:

1. The value of the contents-at-risk was determined.

2. The expected flood heights for a 1% event were estimated.

An average value was used for each segment of the flood plain.
Estimated flood height for the 25-year fleod plain is four feet,

for the 50-year flood plain, two feet, and one foot for the 100-year
flood plain.

3. The extent of damage te contents was estimated. The Federal
Insurance Administration stage damage curves were used for
residential property (taken from Grigg, et al., 1975).

4, Estimates were made of the percentage of the damage to contents
that could be avoided, given adecuate preparedness and warning, for
lead times of 60, 45 and 30 minutes.

These estimates are presented in Tables B-3 and B-4. Table B-5
gives the percentages upon which the damage reduction estimates in
Table B-4 are based. The percentages take into account whether or
not the building has more thar one story, the lead time, and the

number of people available wher the warnirg is received.



The estimates in Tables B-3 and B-4 represent the maximum amount
of emergency flood proofing benefits possible given the various lead
times. The actual benefits achieved will depend upon how many
(and which) people carry out such efforts. This will be influenced
by the characteristics of the warning system: public education,
prediction capabilities, warning source, message content (whether
or not emergency flood proofing is encouraged), confirmation of
warning, and means of warning dissemination. The influence of
these variables was included in the estimation of the actual
amount of emergency flood proofing benefits realized for each of the

scenarios.

Conglusion

Though this study lacks the precision necessary to be definitive,
its purpose is to illuminate the potential benefits, as well as
problems, of emergency flood proofing. Downstream from the study
area the total benefits might be comparable with the estimates.
Flooding there would be shallower in most places, and lead times

longer.
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TABLE B-1
PROPERTY EXPOSED TO FLOODING ALONG BOULDER CREEK,
WEST OF 28TH STREET
Based on 1976 Corps of Engineers' schematic
map of the Boulder Creek flood plain, with correction
for dry islands as delineated on their
October, 1976 map (see Figure 2).

FLOOD PLAIN Houses Ground Residen- Number of non-
1 story 2 story Floor tial Residential
Apts. Population Establish-
ments

W CITY LIMITS
TO BROADWAY

25 year 0 10 24 23
50 year 1 8 36 11
100 year 7 44 111 34
Total 8 11 62 171 68
BOWY TO FOLSOM
25 year 9 2 38 103 30
50 year 28 12 81 272 11
100 year 113 56 189 870 25
Total 150 70 308 1245 66
FOLSOM TO 28TH
25 year 0 0 0 0 0
50 year 0 1 59 110 30
100 year 0 0 "0 0 36
Total 0 1 59 110 62
TOTAL OF FLOOD PLAIN
25 year 9 4 48 127 53
50 year 29 19 148 418 52
100 year 120 59 199 919 a5

GRAND TOTAL 158 82 395 1526 200




TABLE B-2

NONRESIDENTIAL BUILDINGS TN THE BOULDER CREEK 1% FLOOD PLAIN,
WEST QF 28th STREET
Based on 1976 Corps of Engineers
schematic map of the Boulder Creek flood plain with
adjustments for dry isiands as delineated on thedr October,
1976 map (see Figure 2).

BUILDING NOS. ESTIMATED VALUE ESTIMATED 1%
TYPE OF CONTENTS FLOOD DAMAGE
OFFICES
Large 12 1,020,000 423,150
Medium 21 275,250 73,600
Small 17 32,750 7,150
50 1,328,000 503,900
AUTOMOBILE
Large 5 672,000 259,100
Other 22 168,600 16,400
27 840,600 75,500
FOOD SERVICE
Grocery (large) 2 350,000 42,500
Grocery (other) 4 23,000 4,150
Restaurants 22 431,700 84,350
28 804,700 131,000
RETAIL
Large
> 9 786,300 159,400
edtum 17 278,900 62.200
23 54,000 10,850
49 1,119,200 232,450
SERVICE
Motels, 1 13 326,200 73,800
theaters, etc.
Other? 22 179,000 17,650
35 496,200 971,450
MANUFACTURING 10 ‘ 230,0003 43,000
TOTAL 199 4,818,700 1,227,400
% of contents . 25.5%
value
NOTES: 1. Includes Boulder Art Center, Boulder Athletic Club,

Good Samaritan Nursing Home, Pioneer Museum.

2. Includes barber shops, dental offices, cleaners and
other miscellaneous-service oriented businesses.

3. Watts-Hardy accounts for almost half of this.
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APPENDIX C
ELEMENTS OF THE WARNING PROCESS

This is a partial list of the activities that might be included

in a warning system. A complete list could include identification

of responsible officials for each decision.

PRE-FLOOD ACTIVITIES
Public Information
post signs indicating
height of historic floods
evacuation routes and procedures
prepare and distribute local brochures
prepare regional brochures and distribute
enact hazards disclosure law or agreements
require warning on state travel maps
solicit news media coverage of hazard
incorporate hazards in schools curriculum
Emergency Preparedness
prepare detailed flood plans and distribute
to each involved official
conduct periodic practices
update plans periodically
stockpile appropriate emergency supplies

PREDICTION OF FLOODING
Monitor Weather With Radar
Obtain Precipitation Amounts
automatic rain gages
volunteer observer reports
Obtain River Stage Data
automatic river gages
volunteer observer reports .
Assess Expected Magnitude of Flooding
Assess Expected Lead Times
Confirmation of Rainfall, Flooding

NOTIFICATION OF QFFICIALS OF POSSIBLE FLOODING
Fire Departments
Sheriff and Deputies
Police
Local Hydrologists
Radio Personnel
TV Stations
Ambulances
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NOTIFICATION OF OFFICIALS OF POSSIBLE FLOODING (continued)
Search and Rescue Groups
Parks and Recreation Personnel
Highway Departments
Public Works Personnel
City Manager, Mayor
Hospitals
Military
Relief Groups
Emergency Communications Groups

FORMULATION OF WARNING MESSAGE*
*Mention Who is Giving Warning ‘
*Degree of Urgency (Alert, Watch, Warning)
*Expected Magnitude, Related to Known Landmarks
*Expected Lead Time
*Proper Actions
*Location of Safe Areas
*Evacuation Routes
Number of Warnings Issued in Area
Confirmation of Flooding From Other Sotirces
Reports of What Others Are Doing
Reference to Past Floods, Here or in Other Areas
Mention of Environmental Cues, if Present
Emergency Floodproofing
Precaution Against Convergence

EVACUATION DECISION
*Exact Areas to be Evacuated
canyons
city
county

WARNING DISSEMINATION TO PUBLIC

Methods
radio
phone calls
Toudspeakers
Civil Defense sirens
television
door~to-door :
sirens on patrol cars, emergency vehicles
tone alert radios

Special Warning To
commercial establishments
theaters, restaurants
hotels, nursing homes

Close Highways

Bridge Clearing Patrols

*
Starred items could be included in the first, brief messagess
subsequent warnings could provide more detail.



POST-FLOOD ACTIVITIES
Notification of State and Federal Agencies

relief groups
Federal Disaster Assistance Administration
Governor
President
Urban Drainage and Flood Control District
Department of Housing and Urban Development
Corps of Engineers
United States Geological Survey
State Geological Survey
Federal Insurance Administration
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