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P R E F A C E 

As more people occupy more land in Colorado and create 
improved property in settlement areas, population exposure 
to the damaging consequences of extreme natural phenomena 
increases commensurately. In the past decade or so the 
State has experienced disasters caused by severe winter 
storms, floods and tornados. However, because of the 
variability of Colorado's climate and topography, not all 
regions are exposed to the same threats . 

Recent disaster events have focused increased at tent ion at 
both local and state government levels on the need to 
mitigate such events where possible and to prepare to c ope 
with them when unavoidable. Progress in these regards has 
been uneven, in part because disasters are infrequent and 
unpredictable. The best preparedness postures are found 
among jurisdictions with recent disaster experience. 

The foundation of preparedness is an awareness of the 
hazards facing a jurisdication. This document contains 
information which will assist public off icials in making 
such an analysis. The short recorded history of Colorado 
makes it difficult to predict accurately the frequency and 
severity of natural phenomena. However recent research has 
improved this body of knowledge and makes it possible to 
summarize in a regional fashion events which can be expected 
to occur at some time. 

I strongly urge both local and state government officials to 
review this study carefully and to act on its implications. 
The shared obligation to provide for public safety demands 
no less. 
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PROBLEM 

In 1977 the Division of Di saster Emergency Services 
published a study titled Colorado's Vulnerability to Hazards 
which assessed the State's vulnerabilities to disaster in 
general terms. 

Following the Big Thompson disaster it was apparent 
that further study was needed to identify specific locali
ties and populations vulnerable to very high risk natural 
hazards. Potential dangers from flash and riverine flood
ing, tornados, and dam failure flooding -- Colorado's very 
high risk hazards -- were well known, but mo re precise 
understanding of their potential impact was essential. 
Additionally, new understanding .has evolved about the risks 
which face Coloradans as a consequence of earthquakes. New 
questions concerning vulnerability of the people of Colorado 
were raised; primarily: who was seriously exposed to these 
hazards, what levels of vulnerability existed, and what 
steps could be taken to begin to reduce this vulnerability? 

By 1982, with the strong support of Governor Lamm , 
considerable progress had been made in assisting with the 
improvement of the preparedness of local entities - our 
"first line of defense" against disaster. But the answers 
to the above questions are still only partial. New people 
come to Colorado every day and our vulnerability to the very 
high risk hazards discussed here is so great that much more 
needs to be done . 

The purpose of this study, therefore , is to assess the 
current (1983) vulnerability of segments of the State's 
population to very high risk threats. This assessment 
includes identification of the greatest natural hazards, the 
populations thr eatened, and methods by which vulnerability 
might be lessened through state and local government cooper
ation. The ultimate goal of this a nd past efforts of the 
Division of Disaster Emergency Services is to enhance 
preparedness at the local level . This study is focused in a 
narrow sense on very high risk natural hazards. Th is study 
also more generally aims at complementing and supplementing 
past planning to deal with these threats to lives and 
property. 

The authors of this study hope to advance levels of 
understanding of the overall preparedness problem by focus
ing on specialized problem areas. In the end, local leader
ship must assess their local hazards and mak e decisions 
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which place priorities on developing the response capabilities 
most needed locally. These assessments and al lo cat ions of 
priority are variables and they fluctuate with changes in 
local, state, federal and even the international environment. 
Currently these assessments and priorities must continually 
reflect Colorado's growing population and the new vulner
abilities and costs which are constantly developing. To the 
extent this study reflects local needs, and stimulates a 
deeper understanding of preparedness, so its uti lity should 
be judged. 

To establish meaning of the term vulnerability, it is 
useful to note that people become vulnerable to natural 
hazards when they choose (knowingly or unknowingly) to live 
near the areas where these extreme events occur. Vulnera
bility is also related to preparedness. People who prepare 
for the occurrence of an extreme event are less vulnerable 
to it than those who do not. The vulnerability of Colorado's 
population is rooted in a relationship between the occurrence 
of extreme events, the proximity of people to these occur
rences, and the degree to which these people are prepared to 
cope with these extremes of nature. 
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FACTS BEARING ON THE PROBLEM 

To assess Coloradan's vulnerabilities to very high risk 
threats, and to better understand how to reduce these 
vulnerabilities it is necessary to consider: 

1. The occurrence of natural phenomena which are major 
hazards in the State. 

2. Population patterns and growth in areas of the 
State where these extreme events occur. 

3. Steps toward local preparedness and mitigation of 
these threats taken by concerned elements of the 
population, including awareness of the threat, 
awareness of warning signals, availability of 
shelters and marked evacuatjon routes, planned 
responses, and incentives to encourage people to 
settle away from danger areas. 

Relationships between item (1) hazards, and item (2) popula
tion involved, identify patterns of risk. Relationships 
between patterns of risk, and item (3) steps taken toward 
preparedness, explain degrees of vulnerability to which 
various Coloradans are exposed; these steps offer insights 
as to the most cost effective measures which can be taken to 
reduce vulnerabilities. 

Such relationships are not new to Colorado. The 
natural phenomena involved have occurred here long before 
people settled near them and were impacted by them. Risk 
grew from the increasingly close association between natural 
phenomena and a growing population; as disasters in in
creasing magnitude and frequency occurred. The need for 
preparedness, invol v ihg percept ion and response, arose out 
of the impact of these disasters. As vulnerability to 
natural hazards has grown, so has the need for preparedness 

to reduce the cost of Colorado's potential disasters. 

EXTREME EVENTS WHICH ARE MAJOR HAZARDS IN COLORADO 

As previously established in the Division of Disaster 
Emergency Services (DODES) publication, Colorado's Vulner
ability to Hazards, flash floods, floods on the plains (or 
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riverine floods), earthquakes, dam failure flooding, and 
tornados are considered to be Colorado's highest risks.* 
These major threats are often interrelated and one may 
compound another: (1) a flash flood may cause a dam to fail 
or (2) a relatively small earthquake may also lead to the 
same result. This identification of very high risk threats 
has been developed from historical analysis of the growth of 
Colorado's population through the mining era into modern 
times and the losses which have been recorded. 

Flash Flooding 

In most of the mountainous areas of Colorado, flash 
flooding usually occurs in spring and summer. In southwest
ern Colorado flash flooding occurs most frequently in 
September and October. Heavy rainfall, possibly combined 
with snowmelt in the intermountane canyons, threatens 
population living along the stream bed or near outwash 
areas. Very significant lands! ide hazards often accompany 
flash floods in canyons and river headwaters . 

Flash flooding danger is of greatest significance along 
floodplains located in the mountainous areas and in parti
cular in the Front Range where population is concentrated, 
where gradients are steep, where large drainage areas can 
focus considerable quantities of water and where very heavy 
rainfall can occur. Of these components of a hazardous 
flash flood, amounts of rainfall and the time over which 
rainfall extends are the most difficult to predict and 
prepare for . A historical analysis of rainfall patterns 
along the Front Range by Professor Koe! zer, Colorado State 
University, has shown that probable maximum amounts of 20 
inches of rainfall can occur in a given 24 hour period . 
This varies considerably from expectations held by the 
public as to likely amounts of rainfall. 

It is s ignificant to note that the Big Thompson flood 
resulted from a maximum rainfall of 12 inches. The maximum 
rainfall leading to the 1965 flood was 14 inches. We have 
only minimal data concerning frequencies and amounts of 
rainfall to accurately predict flash flood intensities. In 
another example, in 1935, Fountain Creek had rainfall 
amounts of 18 inches occurring in 3-4 hours. It has been 
documented that a large flood -- a flood greater than a 100 
year flood -- has occurred on every large Colorado stream 
basin. 

*Urban fires and wildfires, serious threats in Colorado, 
have not been considered here since they do not represent 
the degree of risk to human life that the extreme events 
listed above do. 
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The State Geologist has undertaken an analysis of 
Colorado's most dangerous canyons in which fl ash flooding 
can occur. Major canyons which are threatened by flash 
floods are shown in Annex "A". 

While the bulk of these canyons exist along the Front 
Range, their dispersion over the State is general; many 
communities with significant population are closely associ
ated with these danger areas. Flash flooding occurs annually 
throughout Colorado o n streams a nd floodplains and the 
danger is greatest to settlements located close to the major 
streams identified in "Riverine Flooding". 

Riverine Flooding 

Larg e scale floods can develop from sustained or heavy 
rainfall from storm systems in the spring, summer and fall 
months in Colorado. But the most dangerous flood potential 
is in the spring when rivers are high during the snowmelt 
run off. Usually, rainfall in addition to snow melt run off 
is necessary before flooding occurs. These floods differ 
from flash floods in that the speed of onset is slower and 
time available for warning is greater; fewer lives are lost, 
but millions of dollars worth of valuable farmlands, roads, 
bridges, and other valuable assets, are at stake. It should 
be noted, however, that although riverine floods may occur 
over most of a river system, flash floods may simultaneously 
occur in headwater areas where steeper gradients exist. 

The Rio Grande, South P l atte, Arkansas, and the Repub
lican Rivers have a long history of flooding onto the plains 
areas. In 1965, as a result of heavy rains concentrated 
aro und the Castle Rock area, widespread flooding occurred in 
the Denver Metro area, loss of life and very high damage was 
also s uffered along the Front Range and o n the eastern 
plains. As more development takes place in the Metro area, 
run off potential increases and extensive damage can be 
expected despite new flood control dams. 

On the Western Slope the Colorado, Yampa, San Juan, 
Gunnison (N. and S. Fork), Uncompahgre, Animas, White and 
many other streams can be expected to flood in any given 
year. The most likely periods for disastrous flooding are 
during the spring snowmelt when rainfall occurs during peak 
run off periods in May and June, and when relatively heavy 
rainfall occurs on the Western Slope in September and 
October. On the Western Slope in Colorado, water volumes in 
the spring are normally large and gradients are relatively 
steep. Riverine flooding can threaten property but the 
distinction between flash and riverine flooding is blurred. 
Lives are also at stake. 
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Average rainfall during April, May and June on the 
Western Slope varies from 2 to 4 inches; on the Eastern 
Slope rainfall averages run as high as 6 to 8 inches during 
the 3 months. When this rainfall is concentrated during the 
run off period, flooding is likely. 

Earthquakes 

Earthquakes are caused by fault movements within the 
earth that produce a sudden motion or shaking of the earth's 
surface. In the . 120 years that modern man has occupied 
Colorado, hundreds of earthquakes have be.en noted. In the 
early years there were "felt" reports, but more recently 
seismographic instruments have been used to detect and 
locate earthquakes. Geologists recognize that many of the 
State's mountain ranges and bas ins are youthful and that 
faults associated with them continue to move and have the 
potential for generating earthquakes. Analyzing both the 
potential for movement of these faults and past earthquake 
history indicates the potential for damaging earthquakes has 
been underestimated in the past and that a potential exists 
for greater damage then expected. 

Large earthquakes and even moderate-sized events can 
damage or destroy the works of man by severe ground shaking, 
ground rupture, or displacement near the fault zone or by 
ground failure from landslides, soil settlement, soil 
liquefaction, and ground cracking. Additional damage and 
health hazards can be caused by earthquake induced dam 
failure, ruptured gas lines, water and sewage disposal 
facilities, and electrical power lines. Many critical 
structures (dams, hospitals, schools) have not been ade
quately designed for larger sized earthquakes that now 
appear possible in Colorado. Another area for attention is 
related to the fact that most local building codes continue 
to show a low risk seismic zonation which does not appear 
adequate for much of the State of Colorado in view of the 
emerging better understanding of our earthquake hazard 
(Colorado Geological Survey). 

Dam Failure Flooding 

Approximately 2,249 dams exist in Colorado that exceed 
10 feet in height. Many of these pose considerable threat 
to population who live downstream from them. These dams are 
a particular threat when flash flooding occurs in the 
vicinity of the dam, causing a sudden flow of water over 
the spillway of the dam or over the dam. Some of the dams 
in question are old and are subject to failure under extreme 
flooding conditions. Many dams were built to store water 
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for agriculture but now must serve to restrict flooding due 
to greater run off as a result of urban development. This 
combination of flash flooding and dam failure is precisely 
the situation that resulted in the Rapid City disaster in 
1972. Danger is greatest where a relatively steep gradient 
exists between the dam and the settlement pattern. 

Another hazard associated with darns in Colorado is 
related to seismic activity. When many of Colorado's darns 
were or i g in a 11 y co n s tr u c t e d , s e i s m i c a c t iv i t y was not 
considered to be as great a risk as it is t oday (for the 
latest analysis of seismic risk see the analysis of poten
tial effects of intensity discussed at pages 6 and 21). As 
a result, structural allowances were not fully considered at 
the time of construction. Today, a reasonably -high level of 
risk exists downstream from these dams. There is a possi
bility that an earthquake (or minor seismic activity) could 
shake the · foundation of a dam causing the structure to 
weaken and fail. 

At least 130 dams are known to have failed in Colorado 
since 1890.* 

Tornados 

The occurrence of tornados is confined primarily to 
the Eastern Slope of Colorado where they occur with consid
erable frequency . During the spring and summer months, 
tornados are likely around Denver, and contiguous metropoli
tan areas, the fo o thills of the Front Range, and in the 
plains counties. Because of the meteorological conditions 
found in Colorado, tornados often develop, move across the 
ground, and then rise rapidly so that they do not continue 
on a long, destructive storm path. Tornados therefore tend 
to have a relatively. short duration in Colorado, despite 
their frequent occurrence. 

When a torn ado does occur, it is an immediate threat to 
lives and property. Since tornados occur on the eastern 
plains where population densities are very low, few lives 
have been lost and relatively little property ha s been 
damaged in recent years. But recently, it appear s that many 
more tornados occured every year than had been previously 
recognized as developing on the eastern plains. They have 
also been observed developing over the Front Range and have 
impacted the growing urban areas: Manitou Springs, Thornton 
(this tornado also impacted portions of Denver and Lakewood) 
are two recent 

* From the Flood Hazard Mitigation Plan for Colorado, Lawn 
Lake Disaster. 
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examples. Map 1, (page 9) shows the occurrence of tornad ic 
events in Eastern Slope counties from 1978 through 1982 as 
recorded by the National Weather Service using the Limon 
radar. The pattern of occurrence over this 5 year period 
shows that Front Range foothills counties can expect a 
significant number of tornados every year. With better 
sensing systems, more have been observed in t he east. Table 
1, (below) shows the monthly distribution of occurrence in 
all counties. May, June and July are obviously a very high 
risk period of time; (this table was also furnished by 
National Weather Service using radar sensing) . The destruc
tive effects of tornados are so great that a significant 
threat remains to al 1 who 1 i ve on the Eastern Slope. The 
fact that very few people have been killed has led to some 
complacency among Coloradans who live east of the Continental 
Divide. 

Table 1 
COLORADO TORNADOES BY MONTH, 1975-1982 

MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER TOTAL 

1975 0 0 13 4 3 0 0 20 
1976 0 4 11 13 1 4 4 37 
1977 3 2 7 10 4 6 0 32 
1978 0 0 6 4 6 2 0 18 
1979 1 0 2 12 20 1 1 37 
1980 1 1 7 9 2 3 0 23 
1981 0 0 5 10 6 3 1 25 
1982 0 0 8 30 12 6 1 57 

249 

POPULATION AND POPULATION GROWTH IN COLORADO 

There is a close correlation between the population 
settlement pattern, population growth and the cost of 
disasters. As population settlement grows near areas 
susceptible to the occurrence of natural phenomena, more 
people may be impacted. As growth continues, and c ompet i
t ion for remaining land incre ases, there is an incentive to 
develop land close to areas where extreme events are likely 
to occur. 

To better understand the correlation between Colorado's 
population and the cost of disasters from very high risk 
phenomena, it is useful to consider the pattern of popula
tion dispersal in the State, the concentration of population 
relative to high risk areas, rates of population growth and 
development, and the pattern of tourist recreation near risk 
areas.* 

* Population data used in this study is taken from publica
tions of the Demographic Section, Colorado Division of Local 
Government 
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Pattern ot Di s persa l 

Nine Front Range counties account for 80 percent of 
Colorado's popul ation. These are: Denver, Jefferson, 
Adams, El Paso, Arapahoe, Boulder, Pueblo, Larimer and We ld. 

When ll more counties (Mesa, Fremont, La Plata, Douglas, 
Montrose, Otero, Garfi eld, Morgan, Delta, Logan and Monte
zuma) are added to the nine listed above, 90% of Colorado's 
population is accounted for. 

The remaining 10 percent 
dispersed over th e other 43 
densities are relatively low 
cities and towns. See Table 
census and growth figures. 

of the population is widely 
counties where popula ti o n 

except for a few important 
5, page 14 for 1980 county 

Concentration of Population and High Risk Areas 

Clearly the concentration of population in Colorado 
is centered ~long the Front Range - a region where high risk 
phenomena frequently occur. Big Thompson, the massive 1965 
flood and the Thornton Tornado are examples of recent disas
trous events that have developed from the combination of 
population ~oncentration and the normal occurrence of high 
ri s k events. Al so, a large number of high hazard dams are 
located in this region as is the largest number of people 

--. . threatened by relat ively high intensity earthquakes. Of 
course, extreme events threaten other population concentra
tions and these have occurred in most of the rest of the 
State, but the threat to urban areas of the Eastern Slope is 
paramount. 

Population Growth 

Colorado's population has continued to grow in recent 
year s despite the leveling of growth elsewhere in the U.S. 
Population in 1970 in Colorado was 2.21 million, and in 1980 
it was 2.89 million; the percentage change per year was 
about 3 percent . But this population growth did not occ ur 
uniformly across the State. Growth was concentrated in the 
high density longi tudinal strip along the Front Range, that 
is , the nine count ies discussed above which encompassed 80 
percent of tpe population. Also, some "islands" of growth 
are noticeable in Western Slope counties, and in some areas 
where energy or recreational development has occurred. In 
all, 48 counties gained population since 1970 and 15 lost 
population -- mostly in the rural East and Southeast. 
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Cities with the most significant growth are located in areas 
of population concentration where risks of natural disasters 
are greatest. 

Tourism Near Risk Areas 

Colorado's tourist population presents another vulner
ability concern. Many areas are very appealing in winter 
and summer to tourists who are unfamiliar with Colorado's 
natural hazards or typical safety measures. For example, 
Manitou Springs, which has a population of about 4,400, 
enjoys a much larger tourist influx. As many as 10,000 
tourists may be in Manitou Springs at any given time. Other 
areas close to or in the canyons of the Front Range and the 
Western Slope are also heavily impacted by tourists during 
peak periods. Significant Front Range and Western Slope 
locations near potentially hazardous canyons have a popula
tion and tourist influx as shown in Table 2, which follows. 

Note: 

TABLE 2 

Hazardous Canyons, Their Resident Population, 
and Tourist Influx 

Canyon Resident Tourist 

Big Thompson 1,300 2,980 
Boulder 75', 600 7,000 
Clear Creek 20,900 20,000 
Bear Creek 7,300 Not yet significant 
Fountain & Monument 191,700 11,000 
Animas 15,000 1,200 
Arkansas 23,000 500 
San Miguel 1,200 600 
St. Charles 3,900 Not yet significant 
Colorado River, 27,500 Not yet si.gn if icant 

Grand Junction 
North Fork, 1,000 Not yet significant 

Gunnison River 

These figures vary considerably from day to day. 

(Data obtained from local planning agencies; figures repre
sent the maximum number of tourists in one day.) 
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Population Summary 
I I 

In general Colorado's population distribu tion, growth 
pattern and tour~st influx underlie the rapidly increasing 
vulnerability and cost of disasters to the State. The close 
relatl.onship between population concentration and areas in 
which very high risk phenomena have occured for many years 
in Colorado ip an essential element of vulnerability and 
cost. But vulnerability and cost can be reduced signifi
cantly by efforts at hazard mitigation and preparedness. 
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TABLES 3, 4 and 5 

COLORADO POPULATION AND POPULATION GROWTH 

1980 CENSUS 
r;'./ ldli le 3 The Twenty-five largest Hunicipa11ties in Colorado. 1Q80 . . ,, 
•' .. . ... ' . 

... . -·· .. ·---------------=----------------_·__;_ 
tlan~ of 

Municipality 
1980 Poo. 

(Fina 1 ) 
1971) Pop. 

(Fina 1 ) 
. -....... ----·-·-. -----------------------

1 
7 
j 
.1 
') 

b 
7 
=~ 
q 

I I) 
11 
12 
1J 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
?4 
25 

OenvP.r 
Colorado Sorings 
Aurora 
La r.ewood 
Pueblo 
Arvada 
13oulder 
Fort Collins 
r.reeley 
Wes tmi ns ter 
Longmont 
Thornton 
\.Jheat Ridge 
Loveland 
Englewood 
Northglenn 
Littleton. 
f.ra nc1 Junction 
Broomfield 
Co1rme rce City 
Canon City 
Brighton 
r.olden 
Ourango 
Sterling 

4q2. 365 
215., 50 
158,588 
,, 2 . 81)() 
Jf)l,fi86 
84.576 
7fi,685 
fi5,()92 
53,006 
50 .211 
42,942 
4(),343 
30,293 
30,244 
30,1)21 
29.847 
28,631 
28,144 
20,730 
16 '234 
13. 307 
12.773 
12.237 
11 .4?.6 
11. 385 

514 .678 
135.517 
74.974 
92.743 
97.774 
49.344 
6fi.870 
43.337 
38,902 
19.512 
23.209 
13, 326 
29. 778 
16. 220 
33.695 
27.785 
26.466 
20. 1 71) 

7,261 
17.407 
9,206 
8,309 
Q,817 

lf),333 
1().6 36 

Rank in 
1971) 

1 
2 
5 
4 
3 
7 
6 
8 
9 

16 
14 
19 
11 
18 

- 10 
._ 12 

13 
15 
29 
l7 
24 

. 25 
23 
21 
20 

Table 4 Twenty-five Municipalities ~ith The Greatest Population Growth, 
1970-1980 

Nume rical. Percent 
Rank by Increase Increase 
Growth Huni c i pa 1 ity 1970-1980 1970-1980 

1 Aurora . 83,614 111.5 . 

2 Colorado Springs 79,633 58.8 
3 Arvada 34 '732 69.7 

4 \..'estmi nster 30 ,699 157 .3 

5 Thornton 27,017 202. 1 · 

6 Fort Collins 21.755 . 50.2 
7 Lal.ewood . 20. 117 21.7 

8 Longmont 19.733 85.0 

9 Greeley 14.104 36.3 

10 Lovela nd 14,024 86. 5 

11 Broomfiel~ . 13,469 . 185.5 
• . 

12 Boulder 9,815 14. 7 

13 Grand Junction·. 7,974 39.5 

14 Federal Heights 6,344 422.4 

15 Lafayette 5.487 l Sfi.9 . 

16 Fountain 4,809 136.8 

17 Brighton 4 .464 53. 7 • 
18 Craig 3,928 93.4 

19 Pueblo 3,91 2 4.0 
20 · Canon City 3,831 41.6 
21 Louisville 3' 184 132.2 

22 Steo~boat Springs 2,758 117.9 

23 h'i nds or 2. 713 173. 5 

24 Gretnwood Village 2 ,634 85.l 
2 .493 97.0 

I 
- i 
' - - -
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LOCAL PREPAREDNESS AND HAZARD MITIGATION 

Vulnerability and the rising cost of natural disaster 
in Colorado can best be reduced by limiting settlement in 
hazardous areas. Mitigating the costs of disaster through 
governmental and private processes which encourage settle
ment away from historically hazardous areas not only reduces 
the chance for future catastrophe, but also generates a net 
benefit to the taxpayer since he does not have to spend 
money periodically on relief and recovery. 

When risks cannot be avoided through efforts at .miti
gation, preparedness to effectively respond to the onset of 
extreme events can also reduce disaster vulnerability and 
cost. Preparedness depends on the ability of a community to 
ensure that its citizens are aware of their local vulner
abilities; that its citizens are given and recognize 
adequate warning of the potential onset of extreme events; 
and that they know the safety measures, escape routes or 
shelter that can offer protection. 

These preparations should be incorporated in a simple, 
easy to understand plan. The essence of preparedness is 
then to practice, publicize and test a plan based on a given 
hazard, so that all are confident of their operational roles 
and responses. 

Just as there is a correlation between distribution 
of population, growth and the cost of disasters, there is 
also a correlation between population and the ability of 
political entities to pay for mitigation and preparedness. 
As population increases, additional tax revenues can be made 
available to deal with commensurately increasing vulner
ability . A growing tax base can yield increased funding for 
preparedness. 

The maintenance of a balance between preparedness and 
vulnerability as growth continues will yield large net 
benefits over the long term. Large savings wil 1 accrue if 
citizens can be adequately warned and protected. Even 
larger savings will accrue to the community if development 
is managed with disaster mitigation in mind . For example, 
if zoning is carried on effectively, people can be diverted 
or provided incentives to avoid settling in a floodplain . 
Thus when periodic floods occur, repeated suffering and the 
costs of relief and recovery will not be necessary . 

Currently, efforts are underway in Colorado to mi ti
gate and prepare for the potential impacts of natural 
disaster. Most flood prone communities have ent_ered into 
some form of floodplain management either by zoning or 
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in vol vemen t in the Federal Flood Insurance Program. Most 
high risk communities -- those populated areas near hazar
dous zones -- have developed or are actively working on 
response plans oriented on local hazards. Exercises are 
being conducted to test community understanding of published 
plans. 

The processes of mitigation and preparedness are under
way but large risks and high vulnerability still exist. An 
important problem which is a distinct obstacle to progress 
has become increasingly clear. Differing entities 
principally city and county governments -- have not combined 
concepts, leadership authority, ope rat ion al techniques and 
resources to mutually build preparedness. Means have not 
been developed except in a few unusual situations to achieve 
the integration necessary for effective preparedness. An 
outstanding example of success in integration however, is 
the Multi Area Response System (MARS) developed in Boulder 
County/City. 

The Division of Disaster Emergency Services (DODES) 
has instituted an "On-site Preparedness" program to enhance 
and stimulate local efforts. DODES has vis ited* over half 
of Colorado's counties with the purposes of: assisting the 
county to improve its preparedness posture and to meet the 
standards imposed by the Colorado Disaster Act of 1973, 
integrating city, county and state plans and informing State 
agencies of local problem areas. Levels of preparedness are 
rising but a significant gap remains. 

Despite rising preparedness levels, such realities as: 
the 1965 flood, the Big Thompson flash flood of 1976, the 
Thornton tornado of 1981, the Lawn Lake dam collapse of 
1982, the number of high hazard dams in Colorado and the 
potential impact of a severe earthquake, result in an 
unmistakeable realization of very high risk. This risk 
evolves from the proximity of natural phenomena and a 
growing population in Colorado. The need for each community 
to be aware of its own vulnerability as a consequence of 
local natural hazards, population patterns and its status of 
preparedness is of crucial importance. Each community 
should analyze these relationships from their own local 
points of view. 

* By January 1983 
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ANALYSIS OF INTERRELATIONSHIP BETWEEN NATURAL 
PHENOMENA, POPHLATION PATTERNS AND LOCAL PREPAREDNESS 

FLASH FLOODING AND POPULATION VULNERABILITY 

Flash flooding almost anywhere in Colorado represents 
the highest vulnerability that Coloradans have to natural 
disaster. Most of Colorado's population is exposed to the 
risks of f lash flooding. Even people who live on the 
eastern plains are periodically impacted. But in general 
those elements of the population who live near the canyons 
of the Front Range are in the greatest danger. People who 
live near other canyons across the State, mainly the Western 
Slope, are also seriously threatened. 

A more specific way to identify those elements of Colo
rado's population that are particularly at risk is to 
examine the many canyons across the State which have been 
identified by the State Geologist as particularly suscep
tible to flash flooding and other geological hazards. Then 
each of these canyons can be compared to existing settlement 
patterns to determine those in which significant elements of 
the population live. Of the many canyons in Colorado 
susceptible to flash flooding, those shown at Table 6, below 
have important communities located near or in them . Elements 

....__.. of these communities are clearly at risk. Many other 
communities are also at considerable risk depending on their 
proximity to a dangerous canyon or stream. When flood areas 
are ranked by order of the most population at risk, that is 
those that have significant elements of the population 
living close to the flood area, results are as shown on 
Table 7. These areas are listed in the order of the number 
of people generally exposed to flash flooding; the highest 
numbers of population at risk are ranked first. 

People who live in or near the areas shown on Table 7, 
page 19, are subject to the greatest risk in the State from 
f l ash flooding. They are in immediate danger, and must 
continue to take steps to increase their preparedness if a 
high level of readiness does not now exist. A study of the 
"Largest Known Floods at Various Front Range Locations" 
(analyzed by river basin) indicates that over 350 people 
have died as a result of flooding since the 1800's , see 
Annex D*. A local warning and evacuation plan is needed 
because the speed of onset of a flash flood is often so 
short that little time is available for 

*Wayne E. Graham, P.E. 
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TABLE 6 

Major Flash Flood Canyons of Colorado* 

Canyon 

Animas River 
Tributaries 

Arkansas 

Bear Creek 

Big Thompson 

Boulder 

Clear Creek 

Colorado River 
Tributaries 

Fountain and 
Monument Creeks 

North Fork, 
Gunnison River 

San Miguel 

St. Charles 

County 

La Plata 

Fremont & 
Chaffee 

Jefferson 

Larimer 

Boulder 

Jefferson & 
Clear Creek 

Mesa 

El Paso 

Delta & 
Gunnison 

San Miguel 

Pueblo 

Communities Affected 

Durango & Upstream 

Rockvale, Portland, Canon City, Texas 
Creek, Park Dale, Howard, Cleora, 
Salida, Buena Vista, Northrop, Vicks
burg, St. Elmo, Winfield, Twin Lakes, 
Poncha Spgs., Garfield, Monarch, 
Coaldale 

Morrison, Kittredge, Evergreen, Tiny 
Town, Fenders, Aspen Park 

Cedar Cove, Drake, Glen Haven, 
Loveland Hgts., Waltonia, Sylvandale, 
Big Thompson East 

Boulder City & Canyon 

Golden, Blackhawk, Idaho Springs; 
Empire, Georgetown, Silver Plume 
(These four communities are situated 
in the headwaters of Clear Creek) 

Grand Junction, Fuita, MacCarneo 

Manitou Springs, Monument, Colorado 
Springs, Green Mountain Falls 

Oliver, Somerset, Bowie, Paonia 

Placerville, Sawpit, Telluride 

Beulah, Valley View, Fairview, Colo
rado City, Rye 

*Adapted from the State Geological Survey - List of Dangerous Canyons -
See Annex A for a complete list. 
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TABLE 7 

HIGH RISK FLOOD AREAS IN COLORADO* 

Canyon County 

1. Boulder Creek Boulder 
2. Clear Creek Jefferson and Clear Creek 
3. Bear Creek Jefferson 
4. Fountain and Monument Creeks El Paso 
5. Big Thompson Larimer 
6. An imas River Tributaries La Plata 
7. Arkansas River Tributaries Fremont and Chaffee 
8. San Miguel River San Miguel 
9. St. Charles River Pueblo 

10. Colorado River Tributaries Mesa 
(Grand Junction Area) 

11 . North l"ork of Gunnison River Delta and Gunnison 
12. South Boulder Creek Boulder 
13. So. St. Vrain Creek Boulder 
14. South Platte (North Fork) Douglas, Jefferson, Park 
1 5. Cache La Poudre Larimer 
16. Buckhorn Creek Larimer 
17. Crystal River Gunnison 
1 8. Cimarron Creek Gunni son & Montrose 
19. Hif le creek Garfield 
20. Roaring Fork River Pitkin 
21. Left Hand Creek Boulder 
22. Four Mile Creek Boulder 
23. Rio Grande River Mineral, Rio Grande, Alamosa 
24 . cucharas Hiver Huertano 
25. Kiowa Creek Elbert 
26. Republican River Yuma 

*Ranked by .order of most population at risk. Specific elements of the 
population subject to high degrees ot risk have not been determined 
because thi s depends upon more precise measurement and mapping of the 

· area. 
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external help. Also, the terrain is such that Limon radar 
may not be able to pinpoint rain cells over the foothills 
such as the one which caused the Big Thompson flood. In 
general, the Limon radar can locate massive storm systems, 
but specific areas of prec ipi tat ion are hard to identify. 
Checks are needed in individual valleys through spotter 
networks to determine amounts of precipitation that could be 
dangerous. As Colorado's population grows, it is likely 
that most of the areas described in Table 7 and many others 
in the State will be under pressure for further development, 
thus increasing the population at risk. 

Tourists represent another element of the population at 
risk in Colorado's flood areas. During the spring and 
summer periods, when flash floods are likely to occur, the 
population densities in these areas are significantly 
increased by tourists. Tourists represent a particular 
danger, in that they are unf arnil iar with the area and the 
propensity for flash flooding that may exist. They probably 
will not be familiar with warnings or escape routes, and may 
be less likely to respond effectively than permanent resi
dents. Particular efforts must be made to warn tourists 
with roadside signs and instructions on what to do shou ld 
flash floods occur. Preparedness to reduce vulnerability in 
these areas in particular has developed considerably in the 
last two years and response means have been significantly 
improved with better weather warning sys terns; see map 3, 
depicting NOAA* weather warning coverage around the State. 
But the over al 1 vulner ab i 1 i ty of canyon residents r erna ins 
high because of the relatively short time of onset for 
most flash floods. 

RIVERINE FLOODS, AND POPULATION VULNERABILITY 

Significant elements of Colorado's population, par
ticularly those that live along the Front Range and many of 
Colorado's Western Slope streams, are vulnerable to broad
scale, riverine flooding. By and large, east of the Front 
Range, gradients are not steep, therefore time of onset of 
this type of flooding is slower than with flash floods. 
People who live here are more susceptible to property damage 
than loss of life, but property damage is likely to be very 
high . The flood of 1965 caused damages of over 500 million 
(in 1965) dollars. See Annex "C" for a list of the 14 most 
damaging floods in Colorado's recorded history, (from: The 
Flood Hazard Mitigation Plan for Colorado.) Shoula--a 
similar storm occur again, damages would probably be much 
higher (not considering inflation) since more development 
has occurred and water run off rates are greater. As more 
people move into the Denver Metro area, damages and vulner
ability must be expected to continue to increase despite 
effective planning now underway. 

*National Oceanic and Atmospheric Administration 
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Population growth in Colorado's western counties has not 
been insignificant. Population densities in recreation, mining 
and energy producing areas are increasing rapidly. People are 
settling near streams that rise rapidly. Al though spring ra inf al 1 
is not normally heavy on the western Slope, concentrated rainfall 
from an intense storm when snowrnelt run off is high, would consti
tute a significant danger. Vulnerability remains high. 

From an overall state perspective at least 212 towns and ci ties 
and all of Colorado's 63 counties have been associated with flood 
prone areas; that is approximately 150,000 people, 62,000 houses and 
1,200 commercial and industrial business structures are located in 
Colorado's floodplains. (Flood Hazard Mitigation Plan Fo~olorado) 

EARTHQUAKES AND POPULATION VULNERABILITY 

A current depiction of seismic risk to Coloradans i s obtained 
by comparing the intensity map (map 2) on the next page to the 
modified Me real 1 i Seale on the following page . Roman nurner al s on 
the map are keyed to the scale. In other words, potential impacts 
described in the paragraph on earthquakes on page 5 can be expected 
across the State. Possibly the most dangerous of these are poten
tial darn and other structural failures that can result near 
population centers. The relatively high intensities found near 
Denver, along the Front Range and on the Western Slope seriously 
increase the vulnerability of people living in these areas over that 
expected in the recent past. 

DAM FAILURES AND POPULATION VULNERABILITY 

There is some evidence that the existence of a darn tends 
to develop a sense of security in potential residents. Whatever 
the cause, settlement has frequently occurred below Colorado's 
darns. People settle in the potential inundation zone that would 
exist should catastrophic darn failur e occur . More specifically, 
228 darns in the State have been categorized by the State Engineer as 
"high hazard," that is: if the darn were to fail then there would be 
significant loss of life. At a lower level of risk to people and 
property (essentially property damage) , 3 3 7 darns with in the St ate 
are classified as "moderate hazard."* Only few lives have been 
lost in recent years from darn failure, but property damage has been 

* Inundation zones for "high hazard" darns have been identified 
(with maps) by the State 
which have been provided to 
from the Colorado General 
Bill 1416." 

Engineer in his excel lent publ ica t ions 
local governments at low cost and result 
Assembly legislation, known as "House 

Inundation zones for moderate hazard darns can be estimated wi th 
sufficient accuracy for l ocal warning and evacuation planning 
by use of Annex F, "A Method for the Rapid Approximation of Darn 
Failure Floodplains in Colorado," William P. Stanton, P . E., 
Department of Natural Resources, Colorado Water Conservation Board. 
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I. 

.___.., .. 
IV. 

v. 

VI. 

VI I. 

JI II. 

'n<. 

x. 

XI. 
XI I. 

Modified Mercalli Intensity Scale 
(from Richter, 1958) 

Not felt. Marginal and long-period effects of large earthquakes. 
Felt by persons at rest, on upper floors, or favorably placed. 
Felt indoors. Hanging objects swing. Vibration like passing of light trucY.s • 
Duration estimated. May not be recognized as an earthquake. 
Hanging objects swing. Vibration like passing of heavy trucks; or sensation 
of a jolt like a heavy ball striking the walls. Standing motor cars rock. 
Windows, dishes, doors rattle. Glasses clink. Crockery clashes. In the upper : 
range of IV wooden walls a nd frame creak. 
Felt outdoors; direction estimated . Sleepers waKened. Liquids disturbed 
some spilled. Sma ll unstable objects displaced or upset. Doors swing, ciose, 
open. Shutters, pictures move. Pendulum clocks stop, start, change rate. 
Felt by all. Many fright ened and run outdoors. Persons walk unsteadily. 
Windows, dishes, glcssware broken. Knickknacks, books, etc., off shelves. 
Pictures off walls. Furniture moved or overturned. Weak plaster and masonry 
D* cracked. Sma ll bells ring. Trees, bushes shaken visibly, or heard to 
rustle. · 
Difficult to stand. Noticed by drivers of motor cars. Hanging objects quiver 
Furniture broken. Damage to masonry D, including cracks. Weak chimneys broken 
at roof line. Fall of plaster, loose bricks,· stones, tiles, cornices, 
unbraced parapets, and architectural ornaments. Some cracks in masonry C. 
Waves on ponds; wa~er turbid with mud. Small slides and caving in along sand 
or gravel banks. Large bells ring. Concrete irrigation ditches damaged. 
Steering of motor cars affected. Damage to masonry ; partial collapse • . Some 
damage . to masonry 8; none to masonry A. Fall of stucco and some masonry walls. 
Twisting. fall of chimneys, factory stacks, monuments, towers, elevated tanks. 
Frame houses moved on foundations if not bolted down; loose panel walls thrown 
out. Decayed pi 1 i ng broken off. Branches broken from trees. Changes in flow 
or temperature of springs and wells. Cracks in wet ground and on steep slopes. 
General panic. l·:asonry D destroyed; masonry C heavily damaged,· sometimes with 
complete coll apse; masonry B se riously damaged. General damage to foundations. 
Frame structures, if not bolted, s hifted off foundations. Frames racked. 
Serious damage to reservoirs. Underground pipes broken. Conspicuous cracks in 

·ground. In alluviated areas sand and · mud ejected , earthquake fountains, sand 
craters. 
Most masonry and frame structures destroyed with their foundations. Some we11-
bunt wooden strnctures arid bridges destroyed. Serious damage to dams, dikes, 
emba nkments . large londsl ide. Water thrown on banks of cana1 ·• rivers, lakes, 
etc. Sand and mud shifted horizontally on beaches and flat land. Rails bent 
slightly. 
Rails bent greatly. Underground pipelines completely out of service. 
Damage nearly total. Large rock masses displaced. Lines of light and level 
distorted. Objects thrown into the air. 

* Note: Criteria for various grades .of masonry construct{on described below. 

Masonry A. Good '"'01-kmanship, mortar, and design; reinforced, especially 
1aterally, and bound together by using steel, concrete, etc.; designed 
to resist lateral forces. 
l·:asonry B. Good \-1orkmanship and mortar; reinforced, but not designed in 
detail to resist l ateral forces. 
l·~asonry C. Ordinary \-:Od;mansnip and mortar; no extre:me \-:eaknesses like 
Tilling to tie in at" corners, but neithe r reinforced nor designed .:gainst 
horizontal forces. 

~ · l·:asonry 0. \·!eak materials, such as adobe; poor mortar; low standards of 
\\'Orkmansflip; \-:eak horizontally. 

Extracted from: 
Earthquake Potential in Colorado 
by Kirkham and Rogers · 23 



significant. The Lower Latham Dam (near Kersey in Weld 
County) failure in 1973 and the Prospect Dam (also in Weld 
County) failure in 1981 were by any standards fortunate as 
to loss of life. The Lawn Lake Reservoir dam failure in 
Larimer County (classifi ed as a moderate hazard dam) unfor
tunate 1 y cost 3 (poss i b 1 y 4 ) 1 iv es in 1 9 8 2 , but a g a in 
Coloradans and our visitors were fortunate. Nationa l 
experience has shown that those who live in a potential 
inundation zone are doing so in some instances at very high 
risk. Colorado's degree of seismic activity across the 
State, the old age and design characteristics of many of our 
2,249 dams and the high probability of flash flooding across 
the State intensifies this degree of risk. Of these high 
hazard dams, 26 ar e currently al so identified as "unsafe." 
These dams are unsafe usually because spillways are too 
small to pass the run off from a probable maximum precipi
tation event. See Annex "B" for a list of unsafe, high and 
moderate hazard dams . 

Residents who live "downstream" from a dam may be at 
significant risk, so that the aggregate problem for exposed 
communities to prepare safety measures for those at risk is 
urgent. National experience has shown that a significant 
number of lives can be saved in event of dam failure if 
people can be warned and evacuated. People in potential 
inundation zones must be made aware of the danger, local dam 
failure warning signals and available evacuation routes. It 
follows that ther e is a strong moral as well as legal 
obligation to Colorado's governments to develop and test 
plans which can provide adequate safety measures. 

The State Engineer's list of high hazard dams has 
received wide publicity in Colorado. Every community 
exposed to possible dam failure should undertake prepared
ness measures with ·a sense of urgency. Specifically, 
communities should review their own situations to identify 
people and property at risk, then take those actions neces
sary to expeditiously prepare warning and evacuation plans 
for those determined to be at risk. Essential steps for 
planners are: (1) coordinate with dam owners or staff 
to determine failure or warning notification procedures for 
the dam site, (2) obtain or develop worst case estimates of 
flooding (or inundation maps in some cases where large 
numbers of people are exposed or when feasible to accomplish 
by dam owners with significant mapping capability) and (3) 
obtain flood wave travel times (assuming complete failure) 
to those people or communities who are in the worst case 
inundation zone. When these data have been determined, a 
plan may be formulated, publicized and tested at very low 
local expense. 
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To stress Coloradan's vulnerabi li ty to this very high 
risk hazard, here are some exampl es of the number of high 
hazard darns in some Front Range and Western Slope counties: 
Larimer - 59, Jefferson - 21, Montezuma - 7, Eagle - 5, 
Mesa - 4, Delta - 12 , Gunnison - 8, Summit - 6, Weld - 15. 
In Summit and Garfield counties the Dillon and Rifle Gap 
Reservoir Darns threaten almost the entire cities of Silver
thorne and Rifle respectively. In all, 42 counties contain 
l or more high hazard darns. Large numbers of Coloradans and 
tourists mainly in the Front Range counties and in developing 
areas of the Western Slope are exposed to this hazard. The 
vulnerability of these people is very high and will remain 
so until every community plan for response to darn failure 
flooding is developed , tested and kept current. 

TORNADOS AND POPULATION VULNERABILITY 

Tornados occur in the eastern p l ains every year. The 
relatively high frequency of occurrence in the plains 
counties is shown on Map 1, discussed earlier. This re
flects a 5 year observation of occurrence and depicts the 
broad areal spread east of the Continental Divide and the 
incidence of tornadic events in Front Range, foothills 
counties. While loss of li fe and property has been rare, 
vulnerabi l ity is growing. As population spreads towards the 
East much greater vulnerability will develop, since this has 
been a l ow density , relativel y high frequency region. To 
better understand community vulnerabil ity to tornados, it is 
useful to compare community population densities with the 
incidence of tornadic activity . Where population densities 
and incidence of tornadic activity are highest, the greatest 
aggregate vulnerability exists. Note that in table 4, 
growth in many of Colorado's Eastern Slope cities has been 
significant; densities are also growing. The danger to 
the Front Range urban strip is great indeed . But lower 
density areas are faced with enough tornadic activity every 
year so that they can not relax. The example of the Thorn
ton tornado will be repeated; a tornado path will intersect 
the settlement pattern and loss of life and significant 
damage will periodically occur. 

Any Eastern Slope cornrnuni ty must realistically expect 
and prepare for tornado impact, particularly during May, 
June and July. Schools are among the most vulnerable 
elements of our society since adequate basement shelters 
almost universally do not exist in Colorado. Bu t some 
s h e lter, such as a strong interior room is better than none, 
and as warning systems improve, some reduction in vulner
ability is possible. Map 3 shows NOAA weather warning 
coverage of the State. If citizens, nursing homes, schools, 
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MAP 3 

NOAA Weather Rc.dio broadcasters, in all parts of the U.S .. are made on 
one of three high band FM frequencies. The frequencies. in megahertz:. 

and the current Colorado stations are given in the accompanying figure. 

,-------------------- ---- \l 
NOAA WEATHER 

R ADIO 
COVERAGE-198 1 

u JunU 

• TRAN SMITTER LOCATION I 

RADIO FREQUENCIES l 
162 400 MHz !Areas A and D) 

162 47S MHz (Areas C and El 
162 550 MHi {ArFas B a nd Fl : 

________ _J 

This figure shows the coverage of NOAA Weather R adio as o f late 1981. 

The system is d esigned so that six differ e nt messages a r e t ransmitted 
in each o f the areas. A through F. The irregular outlines indicating cover

ages of Areas A thr ough D are relatively accurate since the effects of 
topography surroundin g the transmitt ing stations have been taken into 
account. The coverages in Areas E and Fare approximate. In Area A the 
same message w ill be transmitted at t h e same t ime on the sam e fre
quency (" sim u lcasting") from Poin t of Rocks and Reiradon Hill. This is also 
true f o r transmissions from Mead and Denver in Area B . 
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and businesses in the coverage a rea purchase relatively 
inexpensive (approximately $35.00), tone activated radios, 
vulnerability can be significantly reduced. Community 
warning systems are also vitally important. Money expended 
on these systems will eventually be repaid rnanyfold. 

CONCLUSIONS AND RECOMMENDATIONS 

Coloradan's vulnerability to the five natural events 
disc ussed in this study is very high. Flas h and riverine 
flooding, earthquakes, darn failure f l ooding and tornados 
have such enormous impact and in all cases except riverine 
flooding have such speed of onset that reductions of vulner
ability through preparedness is difficult. 

Those people who live in or close to Colorado's major 
canyons and flood areas, particularly those along the Front 
Range, are in continuing danger. Heavy rainfall over any 
one of these canyons could result in a rushing torrent of 
water which destroys people and property in the way. 
Boulder, Clear, Bear, Fountain and Monument Creeks and the 
Big Thompson are some of the better known areas at risk. 
Also, sustained rainfall particularly in the spring over 
Colorado's major rivers can yield a predictable, large scale 
flood that will do great damage. 

Earthquakes may occur with enough inte nsity to cause 
massive building and proper ty destruction and loss of li fe 
in Denver and other Front Range cities. A repetition of the 
1882 event would probably cause heavy loss. At the lower 
end of the earthquake intensity scale, many Coloradans 
across the State live in continual risk of a resulting darn 
failure flooding. Darn failure may be brought on by other 
events, but regardless of cause a very large number of 
Coloradans are at risk. Again, gradients in the State are 
steep enough that times of onset are likely to be very 
short. Governments across the State have been informed of 
the location of high hazard darns so that threatened elements 
of population have been identified in very general terms. 
Further identification and si te specific planning by local 
governments concerned is a prime need . 

High vulnerability from tornados affects the entire 
Eastern Slope region primarily in May, June and July. 
Vulnerability is growing as population concentrates in the 
foothills of the Front Range and as expansion towards the 
East continues. Most v ulnerable are mobile homes, buildings 
without basements, and schools. Warning systems are irn
prov ing, but speed of onset of tornados is so rapid that 
response times are inordinately short and unlikely to yield 
sufficient time for full protection. 
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Since a clear correlation exists between population 
size and density and the cost of disasters, it follows that 
Colorado's growth continues to intensify potential costs and 
vulnerability. Should the State's population grow in the 
next decade as rapidly as the last, that is by almost 30 
percent, vulnerability wil 1 increase dramatically. Lower 
levels of growth will commensurately increase vulnerability. 
There is another acute problem additionally inherent to this 
growth since people are choosing to settle in many areas 
along the Front Range where extreme events are most likely. 
This is the high relief (difference in altitude), relatively 
high ra inf al 1, reg ion of the State. Fairly high intensity 
earthquakes have and can occur again in this area. Tornados 
occur in the foothills as well as across the eastern plains. 

This increasingly high vulnerability along the Front 
Range and indeed across the State can only be reduced 
through better preparedness and mitigation -- mainly at the 
State and local levels. 

COUNTY PREPAREDNESS 

In general, the nine counties (Denver, Jefferson, 
Adams, El Paso, Arapahoe, Boulder, Pueblo, Larimer and Weld) 
that account for 80 percent of Colorado's population have 
developed plans which bear with considerable specificity on 
key local hazards. These county plans generally stress 
responses within unincorporated areas of the county, leaving 
incorporated entities to develop their own plans. In most 
cases in these counties, cities have also begun to develop 
their own reasonably effective plans. Also, many of these 
entities have held exercises to test their plans. Many have 
begun to develop recovery plans dealing with such issues as: 
damage assessment, debris clearance, and temporary housing. 
Some of these entiti~s in the 80 percent population "slice" 
have developed effective response systems to carry out their 
plans and in many cases can cope with emergency situations 
of fairly large scale without outside help. 

Counties, cities and towns which comprise the next 10 
percent (up to 90 percent as described on pages 8 and 10, 
when counties are considered in terms of total population) 
of the State's population have not progressed quite so far. 
Many of these entities are still lacking written plans or 
existing plans lack sufficient specificity. The quality of 
these plans ranges from excellent to poor. Some have 
exercised their plans and have dedicated response organiza
tions -- some have paid little attention to preparedness 
issues. Most of these entities would require State assis
tance in a large or medium scale emergency situation. 

Many of the entities which comprise the last 10 percent 
of Colorado's population (when listed in order of total 
population as described on pages 8 and 10) .have effective 
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life saving plans and organizations under a sheriff, police, 
or fire authority that will effectively save lives when 
extreme events occur. Perhaps their relative isolation has 
generated a high degree of awareness of local threats and 
interest in self preservation through preparedness. But 
most will need rapid and effective support from the State 
Government to cope with damage assessment and recovery 
operations if not with lifesaving. 

Local preparedness in recent years in general has 
improved significantly. A broad-scale program of emphasis, 
including systematic "on-site" preparedness visits and many 
other assistance techniques has stimulated local thought and 
effort. Concern with preparedness at the local level is for 
the most part genuine and growing. Local leadership is 
demanding a higher level of performance from their prepared
ness officials. There is a strong overall basis for optimism 
that the preparedness status of most counties will continue 
to improve. 

A concern which detracts from this progress is the 
continuing reluctance of various political entit ies to 
integrate their plans and operational systems. The events 
described in this study are of such potential magnitude that 
no town, city or county can expect to cope with a large or 
moderate scale emergency without assistance. Integration of 
closely related entities' capabilities is the most cost 
efficient means of response; State assistance follows after 
f~ll scale local efforts are committed. 

Overall, the enormity and areal spread of the high risk 
events described in this study are of such a magnitude that 
a massive event in a populated area will still cost many 
lives. Possibly because of better preparedness, fewer 
lives may be lost today than would have been lost just a few 
years ago; but considering rates of growth in high risk 
areas, this may not be true. Certainly, if growth continues 
without commensurate stress on preparedness in the most 
hazardous areas, 1 arger losses in 1 i ves and property wil 1 
eventually occur. The priority of preparedness ernphas is 
should be on those exposed to very high risks -- those who 
live in. canyons, along rivers, below darns and in tornado and 
earthquake prone areas. Effective preparedness against 
disaster requires that all entities: 

1. Study their own local high risk hazards and relate 
them to the existing settlement pattern; determine 
high priority vulnerabilities. 

2. Develop plans with sufficient specificity to deal 
with high priority risks and vulnerabilities; these 
plans should include life and property saving 
measures as well as steps towards recovery. 
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3. Develop response systems capable of carrying out 
their plans; integrate plans with other potentially 
involved entities. 

4. Test and publicize plans and safety measures; 
forward a copy of plans to the Division of Disaster 
Emergency Services so as to better integrate 
state-local planning. 

The high risks described above only emphasize the 
continued need for local ent ities to fully adopt the above 
re commendations and for them to stress mitigation -- partic
ularly zoning (or more broadly, hazard area reduction) to 
limit settlement in high hazard areas. Many efforts at 
mitigation are exposed to extreme political pressures -- for 
development for example. Still, over the long term mitiga
tion is the least expensive means of reducing the costs 
which will evolve from the events discussed here. 

STATE PREPAREDNESS 

Historically, State Government has not demonstrated a 
deep concern for preparedness against Colorado's very high 
risk hazards. Prior to 1978 comprehensive Statewide written 
hazard assessments, plans detailing the roles of State 
agencies, money to t rain local and State preparedness 
officials, Statewide emergency communications or even 
on-site, full time management of the Division of Di s aster 
Emergency Services were not provided for. At the time of 
the Big Thompson Fl ood o nl y a plan oriented on nuclear 
attack existed in Larimer Co unty; the State Plan was also 
mainly oriented on nuc l ear attack. The general approach by 
the branches of Stat e Government was to utilize as much 
f ederal support as possible in provid ing preparedness for 
Co loradans. 

Al though th is pol icy could be described as frugal, it 
failed to provide Coloradans with the range of support 
necessary to adequately mitigate, respond to and recover 
from ex treme natural events which could occur at the local 
level . This area of governmental work was recogni zed as a 
developing field and its growth was largely stimulated by 
federal initiative . Significant state initiative emerged in 
1979 when a full time management position for the Division 
of Disaster Emergency Services as well as funds to upgrade 
State emergency communic a tions and for periodic activation 
of the State Emergency Operations Center were approved. The 
Governor also took a strong role by reviewing and strength
ening DODES capabilities . He strongly supported an aggres
sive "on- site" program to improve local preparedness and 
took a variety of other measures to stimulate progress. 

30 



In recent years a number of disasters of significant 
magnitude have occurred in Colorado; six have received 
Presidential declarations since 1965. State declared 
disasters have al so occurred in significant numbers; (see 
Annex "E" for federal and state disasters declared in 
Colorado). 

The State's ability to provide assis t ance to local 
entities has grown significantly in the last two years. 
Better understanding , awareness , measurement of weather 
phenomena as well as more effective warning systems are 
available and being utilized. A strongly improved emergency 
communications capability is developing so that redundant 
systems can e x tend across the State . A computer system has 
been installed in DODES. Statewide exercises have improved 
critical response capabilities. State agencies have disaster 
coordinators and internal disaster plans oriented on the 
State Plan. Much greater emphasis is placed on inter 
government coordination : local - state - federal. In
creasing concern for emphasis on mitigation has been 
developed. 

Thus far, positive changes can be identified. But 
overseeing the additional planning, training, operational 
and resource management effort across the State will require 
greater effort at the local and State level to match growing 
vulnerabilities and needs. Expenditures for preparedness in 
the near term will be inexpensive compared to the longer 
term costs to the State which will inevitably occur if the 
State is not fully prepared to deal with its very high risk 
hazards . Colorado should continue to raise its own pre
paredness now to save lives, property and money later. 
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l!A2.ARDOUS CA!IYONS lH COLORADO 

The drainage areas and their A~sociated tributaries and canyons li s ted 
brl<N have been identified by the Colorado Cro1o~ical Surv~y as con
t a ining potential ly hazardous geolotica l c ond ition s . I n tense r ainfall 
viay cause flash flooding, deb ri s movement, r ock fall, landslidin&, and 
erosion .. 

These areas have been selected f or the intensity and degree of po tential ly 
h.:izardous geological conditions a nd the int ens ity of cu rrent developmen t 
coupled Mith projections of n ear-term and fu ture de ve l opment pres su res . 
Only areas west of the 1DOuntain front are i nc luded . This list does 
oo t indicate . by omission or inclusion, all area& ~hich may be hazardous. 

For each area lis t ed, the f ollowing infon.atioa is presented. 

1. The general name o f the drainage area (the major dr~ lnage) for 
i dent ification of the general a rea only . The haza rdous canyons 
and tri butaries are not all listed. 

2. The county(ies) in vhich the potentially ha za rdous area lies . 

). The co ... un ity (ies ) affected by the hazard . 

Api s hapa River 

Arl<.Ansa • River (nea r 
Florence) 

Arka nsas . River (Sa lida 
t o Parkdale ) 

Upper Arkansas River 

S. Arkan•a• River 
(Poncha Spring s to 
Monarch) 

Bear Creek 

Big Tho~p•on River 
and North Fork 

Lower Blue River 
(Dillon to Creen 
Hountain Reservoir) 

Cuun l y(lc s ) 

l~ Plata 

Las Anirr..:is 

freinont 

Fremont, 
Chaffee 

Chaffee , 
l ake 

Chaffee 

J efferaon 

Lari1>er 

SumDlit 

A-1 

Lon1niuni t y ( ics) A{ ( e:c tcd 

Du ra ngo , Animas Ci ty 

Aguilar, Culnare 

Florence, Rockvale, 
Portland, Canon City 

Pa rkda le, Texas Creek, 
Cotopaxi, Coaldal e, Ho~ard. 
Wellsville, Cleora, Salida 

Buena V1ota, Nathrop, Vicka
burg, St. El1110, Wi nfie ld, 
1\lin Lake• 

Poncha Spring•, liayaville 
Carfie ld, Monarch 

Tiny To\l'fl. Fe nJera , Morrison,· 
Idl edale, Kittredge , Ever
green. Rosedale, Brookval•, 
Aspen Park 

Cedar Cove, Dra ke, Cl eo Haven, 
Ualtoni•, Cl e n Comfort. [&tee 
Park 

Silvertho rne. Heeney 
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1>cr Blue River 

Brush Creek, Easle 
R.1 ver 

Butkhorn Crook 

Cache La Poudre, 
North Fork 

Cimarron River 

Clear Creek, Tucker 
Gulch 

Crystal River 

Cuc:haraa RJver 

!Agle River 

Colorado River, Elk 
Creek, Canyon Creek 

Colorado River 
(Grand Junction area) 

C1Jlor•do Riv~r 
(Rulison to OeBeque) 

Dolores River 

._. 
·mtain Creek., 

u1Dent Creek 

Core cr~•k 

Crape Cr~ek 

Gunnison River, East 
River, Slate River, 
Coal Creek 

Henson Creek 

Hermoaa Creek 

La Jara Creek 

Lef t-lland CT eek 

Little Thompaon River 

K.anco1 River 

HcEl0>0 Creek 

Cuunty(Jc~) 

Suminlt 

Boulder 

Eagle 

Larimer 

l.er1nier 

Montrose, 
Gunnlaon 

Jefferson, 
Clear Creek 

Gunnison 

Huer!ano 

Eagle 

Garfield 

He5a 

Mesa, 
Gorfleld 

Oolorea 

El Pua 

Eagle' 

Custer, 
Fremont 

Gunnison 

Hinsdale 

La Plata 

Conejo• 

Boulder 

Lari10er 

Montezuma 

Montezuru. 

Cornmunlty(l••l Affected 

Breckenridge 

Boulder and Vicinity 

Eagle 

Haaonville 

Ted'• Place. Poudre Park, 
Eggers, Ruatic 

Cimarron and new subdivision• 

Golden, Blackhawk, Idaho 
Springs, Empire, Georgetown, 
Silver Plume, Central City 

Harb le 

Walsenberg, La Veta, Three 
Bridgea 

tlinturn, Redell!! 

New Caatle 

Crand Junction, Fruita, 
Mack, Cameo 

Rulison, Grand Valley, 
De Beque 

Rico 

Colorado Springe, 
Monument 

Vail 

Canon City, \.lestcllffe 

Created Butte, Almont 

Lake City 

Hermoaa 

Jamestown 

No town - cabin• in upper 
reach 

Han co• 

Corte& 

A-2 

Dr3inoge Area 

tuchigan River 

North Fork Gunnison 
River 

Plateau Cruk 

Purgatoire Creek 

Rifle Creek 

Rio Craode River 

Roaring Fork River 

Roaring Fork River 

St. Charles River 

St. Vrain Creek 

San Juan River 

San tuguel River 

South Boulder Cr .. ek 

South Platte River 
and North Fork 

Ten101le Creek 

Uncompahgre River 

Vallecito Creek 

Weot Plull Creek 

l.lhite River (Meeker 
are•) 

Yamp·a River, Soda 
Creek, Butcher Knife 
Creek, Fiah Creek 

Ya10pa River, 
Fortification Creek 

Yampa IUvn 

County(lea) 

Jackoon 

Delta, 
Gunn hon 

Heaa 

Las Animao 

Garfield 

Hiner al 

Pitkin 

Garfield 

Pueblo 

Boulder 

Archuleta 

San Higuel 

Boulder, 
Gil pin, 
Jefferson 

Dou~law 

JeHeuon 
Park 

Suadt 

Oura7 

La Plata 

Douglaa 

Rio Blanco 

Routt 

Hoff at 

Moffat 

Co1M1unlty(le1) Affected 

Could, Lind land 

Oli v er, Someraet , Bovie, 
Paonia 

Colbr•n, Plat~•u City, 
Halina, Hrea 

Trinidad, Jansen, Sopria, 
Cokedale , Tijeras, Va ldu, 
Segundo, \.leston, Vigil, 
Stonewall 

Rifle 

Creede 

Aspen and aubuTbl 

Glenwood Spring• ~nd 
suburb a 

Beulah Valley Viov, 
Fairview, Colorado City, 
Rye 

Lyons , Raymond 

Pagosa Springe 

Telluride, Saw Pit, 
Placerville 

Coal CTeek, Plneclif f e, 
Eldorado Springs, EAat 
Bould•r 

KA•elrr, Dcck, r1 1 Buffalo 
Creek, Bail•y, Grant, 
Webster 

Frisco , Copper Kountain 

Ouray 

Subdiviaiona of Reservoir 

Heeker 

Steamboat Springe 

Craig 

Dinosaur National Monument 
Campgrounda 



COUNTY 

ADAMS 

HA!:!QSA 

ARAPAHOE 

'\ 

I 

\ 
' 

NAME 
OF DAI-I 
Sadd mg 
(Croke) 
Ba rr Lake 

Ka l cev ic 

L.ower 
Latham 

1<1ver l.ree~ 

Oct. 
Niver Creek 

Det . . 
Eas t Lake 

12 
East Lake 

" Nort hglenn 
Terminal 

Ottio Lake 

Todd 

Webs tet 
Lake East 

Cope land 

I 

I 

Croke ·Lake I 
Dewey 11 I 

I 

Boot Leg i 

NONE I 
I 

Chei:ry I ___c;~··\ 

EnglewOO<I I 
Hol l y I· 
Mc Cle! Ian j 
Patric~ I ~Cake·· · 
Quincy l 

I 

Windsor I 
. i 

I 

Tule Lake i Uooer 
Ward •S I 
Echo I 

Canyon I 

Spence I 
1e~nter I 
Pa rgin I 
St evens l 
Sul I enburger 

COLORJ\DO 'S llIGll, MODERATE ( RD AND UNSAFE DAMS - 1983 
. 

HAZARD EMBANK- HAZARD EMBANK -H-lligh .. 
II- High . MENT · MENT NORMAL DIVISION/ NAME M-Moder-· COUNT'i M- Moder- · 

:..t~ 
HEI GHT 

°":.~"', 
DISTRICT OF DAI-I . . ~ .. .,. - HEIGHT 

I 
24.0 I 1/7 I ARCHULETA Hatcher H 55.5 II 

H 47.0 32150. 1/2 
. 

H 42.0 112. 1/7 
. . 

BACA .. t'l.o Buttes H 106. 0 

I I I -~- I H 23.0 6212. 1/2 I 

I Adobe Creelc I H I 35 . 0 
H 42.0 5811. 1/2 BENT 

I . John: Martin j H I 120. 0 
H 42 . 0 ~80. 1/2 

M 12. 0 198 I 1/1 

I BOULDER saner I M 12 . 0 800. 111 Meadow H 177 . 0 
Baseline " H 40; 0 

M 17.0 120. 1/1 
' M 16.0 112. 1/1 I seaver .. I - . I ·- Parle H 33.0 

M 16.0 46. 1/1 - Boulder H 44.0 

M 14.0 I 54. I 1/1 Button Rock I H 205.0 

M 12. 0 i 133. l 1/6 Clover Basinj H 34.0 

M 22 . 0 I 43. 1/6 I Foothills H 52. 0 

M 15.0 54. 1/6 Gr oss H 330 . 0 

M 49.0 6190. 1/1 Hayden H 21.0 

Lagennan l H 22. 0 

Lettnana 
50. 0 Park H 

I Leggett ' I 67.0 Hillcrest H 

HO . O . I. 2406~4. - 1/8 Marshall I " - .... " Rn n 
H !> !> . u I .iH!>U. l/ s 

Pl easant 
19.0 Val l ey H 

H 40.0 I 230. 1/8 
Silver Lake I H 71.0 

I 

H 111.0 I 6000. 1/8 l Six Mile H 35.0 

Valmont "A'.' f H 67.0 
H 

10 . 0 1284. 1/8 
H 68 . 0 i 2800. 1/2 

Waneka •• I H 30. 0 t , 
H I 20.0 

i 
200. l/ ~ - . 

I 

42. 0 Ish n . I M I I 
i : Allen Lake M 17.0 

I 84. I 1/7 ! M I 55.0 M 11. 0 I Bluebi rd I 
~1 6. f/H I M 

i 
IU. U ! I 

Clark I M 6 . 0 

M 68.0 i 2149. 6/S8 
I Crysta l M 11.0 

M 44.0 I 441. I 6/58 

I 15.0 Gaynor M 

M 34.5 700. 6/S8 

I 27.0 Gold Lake M 
35.5 450. 7/71 M 

llighland '2 l M 37.0 
635 . 7/71 

M :rn.o 
Left Hand M 13.0 

M 30.0 1491. 7/71 

ANN J. 

NORMAL DIVISIO 
CAPACITY DISTRI __ 

1735 . 7/78 

40918. 2/67 

85000. 2/17 

631000. 2/67 

11500. 1/6 
5300 l/fJ 

2161 1/5 
17400. 1/6 

20100 . 1/5 

596. I 1/5 

I 4346. I 1/5 

40987 . 1/6 

S02 . 1/6 

923. 1/5 

1528. 1/5 

I 11100. 1/6 

10462 1/6 

3076. 1/5 
3987 . 1/6 

i 1100 . 1/6 

I 11163 . 1 /b 

! 

I 710 . i 1/6 

I 7344 . 1/3 
I 

l 589. I 1/4 

! 966. 1/4 I 

i g4. 1/4 

I 140. I 1/4 

614 . 1/4 

1343. 1 /~ 

3713 1/4 

25 . .1/4 
-

B- 1 
** UNSAFE DAM 



\ Hl\i.l\l{U EMBANK-
11-lligh 

COUNTY 
.. NiE M-Moder.:_. MENT NORMAL DIVISION/ 

OF DAM .. ~"d - HEIGHT CAPACITY DISTRICT 

Le{thand 
M 51.0 3783. 1/4 

( 

BOULDER Valley 
Mar&arot M 32.0 254. 1/4 
c-.. -- - - 11 
Mc Call ~-20.0 506. I 1/4 I 
Mc Jntosn 17.0 2460. I 1/4 

011igalc~r I M I 18.0 1737. 1/4 

Sand Beach I -M 

I 25.0 297. 1/4 
I I 

Albion Lake M I 44.0 1111 •• 1/5 ! I 
Davis 11 I M 11.0 137. l/ 5 le 

Erie M I 12.0 269. 1/5 i 

I 

~ 
....... ,,,, .... 

EMBANK- ( ·. 
NAME II-High .. MENT NORMAL DIVISION/ 

COUNTY OF DAM . ~-~~~er-. HEIGHT CAPACITY DISTRICT 

CONEJOS Platoro H 165.0 60000 . . 3/22 

Platoro H 165.0 60000. 3/22 
-~ 

I I Terrac·e ..a H 182.0 17416 • 3/21 .. 

La Jara I M I 40.0 14052. 3/20 

lruJlllO I I i I Meadows I M 36.0 913. 3/21 

! l -
COSTILLO· 

Mount.a1n ... I ,,,~ Home H 125.0 18595. --- Sanchez H I 130. 0 103155. 3/24 
I 

Goose Lake M 35.0 1036. 1/S 

-· Green Lake 1/S 12 M 52.D 423 
-· Salazar H M 25 . 0 133. 3/22 

..iasper 
M 22 .0 .>Lt>. l/ ':>. Smith M 48.0 58D8 • 3/24 

LouiHille I -
M 20. 0 187. 1/5 ( 

Mesa Park i M .;u.O 14U. l/ ':> 

Panama 11 I M 40 . 0 4989. I 1/5 

St. Joe I M 37. 0 I 36. I 1/5 ( 

CROWLEY Lake Henry I M 18.0 11914. 2/16 

Laite Mercdi tt M 30.0 26028. I 2/16 

CUSTER De Weese M 58.0 1772. 2/12 

OW'FEE Clear Creek H 70.0 11444. 2/11 r DELTA Carl Smith "'j H 55.0 864. 4/40 

; Twin Laltes H 60.0 I 141000. 2/11 Cedar Mesa H 10.0· 89.7 . 4/40 

Boss Laite M 4':> .u ivc. •I •u Crawford H 162.0 . 14250. 4/40 

North Fork I M 36.0 I 595 L/lU 

I 
CHEYENNE NONE I 

I 
CLEAR CRECl1·CI ear Lake ••;• H 35.0 I 700. 1/7 

Fall River I II 85.0 i 890. 1/7 

Lower Cabin j l 
Ck. Hvdele H I 66.0 ! 1827. 1/7 
Upper Cao in I I Ck. H>!!el ~ H 174.0 14D2. 1/7 

I 
OCdVC• .uu-i I 
13A I H 56.0 I 357. 1/6 
(;eorgetown 

I 
H I 24.0 

1 
292. 1/6 

Green Lake. l M 20 . 0 I 170 1/6 

Eggleston I H 31.0 I 2560. 4/40 

Fruit Grower, H 55.0 5073. 4/40 

ruarnet Mesa I H 39.0 1333. 4/41 

~rn~~~ott I H 36 . 0 I 490. 4/40 
Marcot Park I H 39 .0 i 448. 4/40 

1onwnent I H I 72.0 l 501. 4/40 
I ' 

Overland 11 j H 60.0 I 5490. 4/40 I 
Park ! H 46.0 3400 . 4/40 

! I 
I 

Barren I M I 16. 0 i 759. 4/28 

Deep Slough l M 21.0 I 497 4/28 I 
I Good tnovgh j I I 12 M 38.0 762 . 4/?M 

I 

Idaho Spring[> M 33.0 215. I 1/6 

Loch Lomond ! H i 42.0 ! 875. 1/6 I 
I 

Lower Urad I M 80.D i 252. 1/6 
I 

Upper Chinnsj M 28.0 I 110. I 1/6 

Upper Urad I M 111.0 700. 1/6 

I 
I ' I 

Grand by I 12 ! 
M 

I 
27 . o I 664 . 4/28 I I 

. Island Lake I M 16.S i 1550 4/28 
I -

. 
Kiser Sloughl M 33.0 I 490. I 4/28 

. Military Par M 20 .0 232 • 4/28 

- Wa rd Lake M 27.0 1710. 4/28 ** UNSA E UM 
- w5~f.n~on .. M 21.0 631. 4/28 

~ -- 4/28 ~ - West 11 M 35 . 0 454 . 



( 
COUNTY 
-- -- . _.__ 

- - ~-- - - ----

DELTA Ydunf 'c;eekt; , g 12 M 15.0 486. 4/28 
Youngs Creek 

( ( HAZARD EMBANK-

L - -~TY 
NAME H-High . MENT NORMAL DIVISION/ M-Moder- · OF D!\li • ,. .. A - HEIGHT CAPACITY DISTRICT - Ramah Det. •* EL PASO _ _fu:r H 48.0 5388. 2/67 

Rampart H 230.0 387fl:--- 2/10 

" " · n n IA~ A •~a 

I I 
DENVER Barnum Park I I Lake M 20.0 51. 1/7 

Sieel I R I 35.0 220. 1/7 I 
I I j I 

DOLORES Groundho11. H 125.0 21711_. 7/69 

South I I Suburban H 47.0 231. 2/10 
Woodmoor I • 690. I 2/10 I Jake li 57.5 

I I I I 
Woodland I I i ... __ ... I M 60 n 60. 1/7 
Chm~ne M I 12.0 205: I 1/80 -

I I 
uove l..ree~ I fl M I 24.0 95. 7/31 

Bf ~~eiir M 37.0 7/34 i a e , 467. 
.. I 

OOUGLAS 
Cheesman H 221 . 0 ·. 79064. 1/80 I 

I 
~ootn111s I 

25.0 Holding Pond H 62. 1/8 

I ! 
I 

Allis M 45.0 24. I 1/7 I 
! 

Aurora 
1/7 ! Rampart M 48.0 1200. 

J.O. Hrll M 29. 0 154. 1/7 

Curr I M 31.0 310. 1/80 

rUWILtalO 

i Valley fl M 30·.0 700. 1/80 
Kettle r-Creek M 80.0 2700. 1/80 

.. Monument I Lake M 54.0 310 • 1/80 
. Nichols M • . 57.0 509. 1/80 I 

I 
Northfield I M 30.0 L. /O. l/!SU .. 

Paaer Lake j 
' M 35.0 116. 1/80 

Pros~ect I La e M 11.0 368. 1/80 
R. D. Nixon I M .l!S.!J I 

is.a • l/!SU I 
Sf~ing Run . 

M 39.0 311. 1/80 I 
Waucondah M 42.0 336. 1/7 

Valley No. 
2 M 55.0 185. 1/80 

West Creek i M 18.0 68. 1/7 \ i 
FREMONT Cannon 

Wtrsd. C-4 H 38.0 207. 2/12. 

EAGLE 
·t.J uuax- I 5/37 Mdly 14 H 143.0 2430 

H0mmr I H 245.0 I 45600. 5/37 

Robinson I H 103.0 I 3136. 5/37 

Sprin11. Park I H 2S.O 2823. 5/38 

Henctunark I i Lake M 17.0 109. 5/36 
L.E.D.E. I M 49.0 I 473. 5/36 

I 

0-7 l M 30.0 .. I 452 5/36 .·.· I 
!Alicia Lake ! M 13.0 600. 5/37 

! I 
I 

'LBERT NONE I I i 
' I I 

- -- I f 
Big Tooth •i I . I :L PASO Reservoir H 100 . 0 I 650. 2/10 

::=icml ·.! H 
. 

90.0 ! 5330. 2/10 l I 
1 ~ountain I 

H 54.0 i 3950. 
0

2/10 Va lley 12 1 
!Gold Camp ' II 105.0 I 380. I 

2/10 
I 

Lake Moraine I H 37.0 800. 2/10 

•t:initou It 123.0 700. .2/10 

l'almcr Lake t 
•? H 44.0 ~ ZJlQ..__ 1/1n ~ 

E 

E 

' 

Cannon L 
Wtrsd Det C- H 70.0 1141. 2/12 

I I 
Brush I 4125 2/11 Hollow M 85.0 . 
Fn;~kContro~ M 33.0 157. 2/11 

Florence I 2/11 I] ' 12 M 30.0 100. 
.. ~ud Gulch I 2/11 et. M6-l M 61.0 432. 

j I 
GAP.FIELD Gr~si I I 5/39 a ley H I 46.0 5058. 

Hughes ._ I H 25.0 I 573. 5/38 . I 
Rifle Gap ! It lUU.U l•uvv. "' "" 
Stjpwatcr ! H 75.0 I 6088. 6/58 

YB:iolo H I 97.0 9080. 6/58 

. i I 
I 

Consol idat4 H .l!>.U ISISJ • I "' "' 
Hopkins M ' 25.0 120. S/37 

I 
Harris I M so.o 200. 5/38 

~ I 

Meada.. Cree"l M 01.!> I »D~. 

I 
O>f :>O 

'"' UNSi FE DA 
Park I M 34.0 164. 5/38 B-3 
.... ,. . ,.. _ .. -·" ... .,,_ n I I.Rn I S/38 I 

AM 



n n . /\hU 
l.:MUANK -

NAME 
H-High 

· M£NT NORMAL DIVISION/ COUNTY' I M-Modcr- · 
OF DAM . ,.. .. ~ - HEIGHT CAPACITY. DISTRICT 

------·- ·- EMBANK-
NAME H-High . MLNT NORMAL DIVISION/ COUNTY M-Moder- · 

OF DAM • • ~~A - HE IGHT CJ\PJ\CITll' DISTRICT 

Gil.PIH NONE HUERFANO . ~~charas I 5 H 135.0 40960. 2/16 

Honf.,shoe H 30.0 2760 . 2/16 

GRANO Granby H 65. 0 543758. I . 5/51 

Matheson II S8. 0 1074. I 5750 

Martin Lake H 27.0 4880 . I 2/16 
I ..,...-Waiscnbut I Flood Con. H 29.0 104 . 2/16 

Meadow Creek j H I 86.0 S7SO. I S/51 Waratoya I I 1.alte H 24.0 274 . 2/16 
I I H 40.0 18369. I . 5/51 

H 224.0 93637: 5/51 

I I i I 
Daigre H 32 .0 13!1: 4/ l':> 

H I 125.0 10553. 5/51 

I 
Wal:Enburg -.. 
_w';t;••,,. r- " ?? n 4~0 7/t~ 

JACKSON Butte N 6 . 0 849 . 6/44 
on .. Lake John N I 25.0 11232 • 6/44 

Whitely 
I I I Peak M .49.0 773. S/39 

East Ranch I H 120.0 2000. 5/5~ 

. Lake Roslyn H 35.0 290. 6/44 I 

I 
--~•• uli; 

M 9.0 Creek 1434 • 6/44 

MoEmh · I M 23.0 950. S/SO 
.. .,. .... _. Ck j M1ch1gan • M 62.0 1730. 6/44 

Musgr ave i M 40. 500. I 5/5( P°J1!8W1tain M 45.0 I 1905 6/44 

Jones I M 34.0 69. I S/61 Walden M 22. 0 I 791 b/44 

Gr~~g~ks I - - M J __ 30. 0 I 426. I 5/52 . 
Jones 11-

---1-
Sylvan 

I L 

L 
JEFFERSON Bear Creek H 179.5 55290. 1/9 

Bergen East \ H 40.0 587. 1/9 

\ 81Wln ' I H 72.0 5800. 1/7 

GUNNISON I Beaver I H 122.0 1610 4/40 

Blue Mesa I H 340.0 940800. 4/62 

Crystal I H 218. 0 I 27240. 4/62 

Chatfield 
J ' H 132.0 I 215000. 1/8 

- --
East I H 17.5 175. 1/8 

Evergreen I H 34.0 . 669. 1/9 

Paonia I H 180.0 I 20900. 4/40 

Paonia I H 180.0 20900. 4/40 

Silver J ack j H 138.0 13520. 4/62 

Spring Creek I* H 50.0 I 1631. 4/59 

Taylor Park 1 H I 200. 0 i 106230. 

---

Grw~hern I ff 70.0 i 3253. 1/2 
Main I H 45.0 I 840. 1/8 

Maple I H 56.0 I 406. 1/7 I Grove: 

Marston ! I 
I •~~ H '' ·" ( 1<l7Q<; 119 

Ralston I 
•tt I 180.0 : 12750. 1/7 

I 

Fi sh Creek 
I 24. ·o I No. 2 M 300. 4/61 

Lake ! 4/61 Arrowhead M 27.0 334. 

I I 
I 

. !Continental I H I 92.0 : 22679 . 3 20 
HINSOAl.E 

Rio Grande . " 1 H I 100.0 
I 

i 

Smith . i H 22.0 I 466 . 1/8 
I ' Standley i H ,.,~ n I 4?•An I t/? i.~e 

st~~nAgs ! H ' 299.0 ! 7800. 1/8 . I ! 
Tucker ' i -__lokr 1 .. ?A n 1nn" 117 
Ward I 1. I H I 520. I 1/9 

Wei lington I H 56.0 I 4399. 1/80 

Road Canyon S 
' I I 1 I M 

i 
20.0 1367. 2/67 

Trout Vale I 
12 I M 13.0 435. 2/67 

- Ketner M 29. 0 212. 1/1 

. 
Tr out Vale I I I I) M 

I 
10.Q 297, 2[§.7 

Wi ll.~~~s __ _ J_ M 84.0 I 10084. I 7/71 ** UNSAFE DAM B-4 



. I Hl\Zl\RD (. 
EMBANK-

../IE H-High .. MENT NORMAL DIVISION/ c COUNT'/ OF DAM . ~-~~~er-. HEIGHT CAPACITY DISTRICT --
Ob..-i''i 

( 
HAZARD EMBANK-

NAME H-High 
. MENT NORMAL DIVISION/ M-Moder-

OF DAM . _ ....... _ HEIGHT CAPACITY DISTRICT 

g~g~~h Lakes M 23.2 226. 1/5 
LA JEFFERSON --

PLATA Pastorius M 26.0 295. 7/29 

lt:ro""' Hi 11 
Cemetery M 9 .0 291. 1/6 - -I Hyatt M 29 . 0 1095. I 1/6 I_ 

Wommer 11 M 34.S 178. 7/30 

Red Mesa I I M, 59.0 1100. 7132 
Leyden M I 40.0 1152. I 1/6 I_ 
Lower Long I I I 1/6 

1.AR Lake M 8.0 257. --Magic Mtn. I I i_ fl I M 30.0 87. 116 

LARIMER 

Oberon 
I a~~ 11 M •n n CA 

1 '" -
Pomona 12 6 M 22.0 116. 1/6 

13 -1Upper Long I 
111.0. 700 . 1/6 1.ake M I -I.Johnson M 16.0 821. 1/7 

-. • Kendrick M I 20.0 332 • 1/7 

~~S~~cLa . H 
. 

43.0 9900". 1/3 

Sl6~er Lak H I 214.0 112000. 1/4 

arter a e 
No. 2 H 

Carter Lake! 
tic 3 

Chambers i Lake H 55.0 8854 . 1/3 
. IPinery M 60.0 315. 1/7 I _ 

Bergen West I M 25.0 890. 1/8 l 
I _ 

Cobb Lake I H 58.0 I 22300. 1 3 

Comanche • 'f H I 40.0 I 2629. I l/l 
---

Bowles fl i M 15.0 2475. 1/8 

' -
~armody M 11.S 22. I 1/8 ' -
Harriman M 15.0 756. I 1/8 -

Dt~8n;n H 240.0 152000. 1/3 
Dougl as: H 39. 0 9364. 1/3 

Elder \ H 25.0 I 2296. 1 3 

ing Fisher I l~ ~a M ,.., n 1 ..,. 1 /R -
Poo~ti~· M 25. 0 512 1/8 -

l -~ee Noshc M 25.0 · 60618 2/19 I :IOWA l 

Fossil • 
I Creek H 47.0 I 11508 

Halligan I H 78.0 6428. 

Handy l H 31.0 4548. 1/4 

Horsetooth I H · 155:0 I 152000 . 1/3 ,- I 
2/19 I -Queen M 25 . 0 23040. 

I 

I I ! -

I I -
IT CAASON NONE 

I -
I I -

AKE ; 

-Sugar Loaf I ••• n I .. "P'll'\r'.".1 .., ". - u -
Evans ~ulch I 2/10 No. M 21.S 123. -!Mountain j I Lake M 37.S 184. 2/10 -

! I 
f -

LA PLATA IUurango 
I I i , ' Regulatory H 40.0 227. 7/30 -

K 

LAKE 

Hour&lass · l H 45.0 I 1694. l/l 

Indian Cree~ H I 34.0 i 1906. 1/3 

Joe Wright· i H 120.0 I 7200. . l/l 
I . 

Kl over i H 25.0 I 1147. I l/l 
I 

Lake l 
i ! I Loveland ·· · ·. · H 46.0 12736 . 1/4 

Lily Lake I H 18.0 i 30. 
I 

Lon Hagler I H 61.0 I 5032. • 1/4 
I 

Long Draw I H 84 . 0 11000. l/l 

Long Pond I H 35.0 4040. 1/3 

Harland I H 30.0 5570 1/4 

Lemon . i H 215.0 I 48700. 7/30 
I . 

Terminal i ij 53.0 I 23254 . I 7/30 

Turne r 
.. . ! 7/30 H ! 30.0 472.00 

ivallecito I 
I 

H 162.0 i 129675 . 7/31 -
I I I 

Haviland I 7/29 Lake M 26.0 170. 
Johnson M 41.0 1079. 7/29 

Keeler __ _l 43.0 l 488. 7/29 
- -

... ** B-5 UNSAFE 



ltl\l,J\l\U EMl\llNK- NM-It 
.. , l'l.J·.NT NUl\Ml\L.. 

i 11-lli<;h . . MENT Id·'_ 
M-MoJur- U.l.V .1 OJ.UN( 

COUNTY 
E NOR.MAL DIVISION/ or oi\M ' At- ~\ 

. lll::lGllT C•,.CU"I 015'1'1\ICT .r 

,J\M . M-~~~or-. lll::ICl!T Cl\Pl\CITY DISTRICT 1l rcTin s o·n 1 I 
LARIMER Mi~~~an 

Irrlg ntlon M 21. 0 . 1/19 
II 89.0 5008 1/3 - ,-

N r oudre I 15 H 48.0 5526 1/3 I 
' !MESA lndlan I 

N Poudre 12 II 20.0 3910 1/3 I 
Wash Oet H 65.0 1615. ~In 

Jer ry I I i 
I I ~reek 'I Ii S6 a l l 00 s l22 

N Poudre I 3 h 38.0 3441. 1/3 Jerry I I I I 
N Poudre I 5 I H I 33.0 8398. 1/3 

Ir---•· ., u nn n ,. .. . ·--
. Juniata I 

H I 108.Q 2684. 4/72 i 
I i 

I 
N Poudro f6 I H 38.0 9968. 1/3 I I I 1-Vega H 162.0 338001 5/72 

I Panhandle H 47.0 2349: 1/3 I I 
I 

--"--

Park Creek H 79.0 7343 . 1/3 

-
1 Anaerson 

i 
I 

I 
Pem!°" 

fl M 26.0 467 . 4 /41 
H 62 . 0 1184 1 /~ Anderson 

.. Rawhide H 90.0 15400. Vl 17 M ?• n fifi9 A lAJ 
- - .. Belen M I 25 . 0 818. I 4/41 

Richards H 21.0 726. 1/3 

~OC~Y. l,\id,ge li ~ . Q . 4479, l/~ . Deed Creek I 

rz M ,, n '"' A IA1 I 
Satanka I 

Flowing I· ~-Dike H 30.0 15200'0 , /3 Pnr~ ... ?<. c , ... ....... A IA1 

So(:dier ],/3 
Fruita fl i M 47.0 143 4/41 

. ~nyon " 
226.0 . 152000 . 

Spring Fruita 12 M 40.0 168 I 4/41 
Canvon H 220.n 152000 1/3 

Terry Lake l H 36.0 8145. 1/3 Gobro II M 33.0 227. 4/41 I 
WaM: ~upply H 41.0 4826 . 1/3 

Gobro 15 M 45.0 198. 4/41 I 
1water -Supply I [Grand Mesa 

No. 4 H 28.0 1466. 1/3 is M 1i; n no A/41 

Windsor 18 I H 60.0 I 10291. 1/3 
bla 11 en b eck \ ., M 40.5 910 • 4/41 

I 
l lallenbeck 
11 2 M 36.0 464 . 4/41 . 

"-nnex 18 I M 52.0 3657. 1/2 

-i 
Hogchute I M 53.0 520 . 4/41 

Box Elder I 3 j M 20.0 '298. 1/2 Casto . I M 24 . 0 I 803. 4/62 

tlarks Lake I M 34.0 871. 1/2 raii fl I M 32,.0 525 4/62 .. 
laymore M 20.5 i 1018. 1/2 raig 12 I M 47.0 

I 
544. 4/62 

College '3 M 18.0 I 711. 1/2 1g Creek I 11 M 22 .9 788 <;/<;'I. 

Curtis Lake M 20.0 I 1259. 1/2 I Jig Creek I I n M AC n 1C01 . c , ,, 

Dixon Canyo1 M 14.0 448. 1/2 Bonham- I Wells M 32 . 0 1220 . . 5/53 

Dowdy Lake M 25.0 I 900. 1/2 
Uul 1 Creek I I 4 M 29.C: ,, ' -c; / c;11. 

Floogw~ter I I 5i; n i 1 /'J 
'Bui 1 Creek I I I Ret. : M i;41n "' M ?O n ?U 

c "' r-1 ooawa ter • I 
Ret. 8- 3 

. I M 50.0 I 3839. 1/2 Coon Creek I I I 1 M 13.0 769. 5 / 511. 
Floodwater i I Cot tonwood ! I 
Ret . 8-4 M 28.0 1270 . 112 . , ... ,, n I " '. C /C T 

Floodwater i l Cottonwood I o.. ~ - ' M on n '~70 
, ,, i , , , 11 n '' C / CT 

Fl o odwater I i 112 Cottonwood. j I 
Ret. B- 6 1 M 73.S 1496 M 12.0 31 0. 5/ 53 I I 
Gray t 3 I M 17 .0 I 100. I 

1/2 
rgttonwood I I M 11.0 334 . 5/ 53 

Haviland I M 45.0 700. ,1/2 Ga.rdner M i 24.0 32. 5/ 53 

Mi tchcl l 11 M 14.0 580 1/2 Leon Lake I M 26.0 I 2504 . 5/ 53 . 
' North Grey M 20. 0 287. 1/2 Mn• Creel I I M 23.0 497 . 5/53 

!Mesa I.aka I II " 24 n nn ~/<;11, 

Monument *+ ·:=rE ~ -
,, ., n <en Cl< • 

. Monument 
12 ... 1n n 7~4 S/53 - .. 

AM 



H \.11 9 h l l'\UMJ I( 

1 <..I • IJlt>flT 1.0, ,_ :.\L. u,v1~1v:l/ ( I NIVU. - • . . ' • MENT NORHJ\L DIVISION/ 
COUNT'i c.;o - I OF ON1 '.1 -~~ .. l!r-. lll::IGllT CAPAClT'i DIS'l'RlCT 

- r I I 37700. I 1/1 r -
Or 'I . ~-M~~ur- - ll EIGllT CAPACITY DI STRICT 1 

MESA l'li \ a.,. M 19.0 166. 5/53 1-0RL Empin .. t-40.0 H 

~ -J~s~ I 
Creek 11 . M 24 O 1152 <I<• . Lake H 38. 0 35629. 1/1 I 

Rapid I l'lll llaiu- I I 
lrrrrk 17 M n n QR? <I<• McCreery H 50.0 17616. 1/1 , 

Somervi· l 1 e- I I Bijou I I Mc l.Ul all M _ 42.0 862 5/53 12 M 25.0 9183 . 1/1 

Opper I I I~ Pawnee . I 
Highland · M 80. 4340 . 5/53 Raw Water M 38.0 2867 1/1 

Vinci ent '2 l M I 12.p I 164.0 5/53 . . -.t I . l j 

I I OTERO xrooKea . I l 
- I ~ . c.i.:~r0 Det. . M -- 60.0 2468: 2/tF. 

I H l 55.0 l 2436. 3/20 CA- 3 M - , 33.0 . 446. 2/16 

'

Humphreys , · , . 
1 

I 
Dam H I 85.0 842. 3/20 CA-4 M J 36.8 325. 2/16 

ISanta Maria · I . 2 M I I Lake H 102.0 45070. 3/20 • CA- 40.0 6998. 2/16 

81& Meadows 
MINERAL 

l ~~!~t~~ M I 20 .0 804. 2/67 ·• Dye M I 40. 0 7986. 2/16 

--1ILower Homl'- I · I I . stake Traili r g M 90.0 380. 2/67 . Holbrook M · 23.0 4600 2/16 • J . 
-----IR1to Hondo 111 -· J 40.0 I !>bl. l/b/ H C k M I I • 

.1 orse r ee 15. 0 28000 2/16 

M 80.0 235 . I 2/67 
1uuoer nome- • 
steaa 1 rail11g 

__,....--tr-=~ =-=-- I I I -- ,---~~- I . .· I . I I I 
MOFFAT~:i~r Raw ! H I 58.0 547. I 6 / 44 j __ ---:--iRidgeway j H j 233.0 j 125000 . I · 4/68 · 

rai g Holdina I I T j & Evap. I M 40.0 1935 . I 6/43 

IF'~~~~pca~ior! M I 27 . I 605 . I 6/43 I PA RK H 46.0 85564 . 1/23 

£11<La'ke · - f M-- 39.o I 398.-- 6/.47 EievenMue· 

-----IE1 ca • .. - r · anyon *• 1 H 128.0 97800. lh3 
Creek • I M 75. O 13500. 6/44 ontgomery ·I H 108. O' 5088. 1 23 

MONTEZUMA 

MONTROSE 

~~!§ion Gutt H I 180.0 I 9980. I 7/34 

Narri- I I . I Guinepp H . 100.0 19050 . 7/32 

St.mait I . H I 30 . 0 I 5954. 7/34 

Totten H 30.0 3495. 7/32 

.i..M. Puett I M 43.0 2394. .fllf 

ortez 1 1 . M 
37 ·" 

!>~ • 11:.1 

Spinney 
'.fowita1n 

trarpyall 

(fetters on 
Lake 

11.akc George I 
·states 11 

H 
H 

M 

M 

M 

90.0 54500. l/23 
37.0 I 2611. 1/23 

24.0 I 1720. 1/9 

18.0 270. l/9 

30.0 207. 1/65 

Baver Lilke- -1 I I / - · I ., I 11 • ' M 25.0 350. 7 33 PHILLIPS NONE I ~ ~ . 

' Baver Lake I · n n ! i<•~ 7 ,,, I I 
I ? I M • ! 

I Big Pine I M j 26.0 j 460 . 7169 PITKIN Ruedi I H 330.0 j 98000. 

i I \ Grizzly I M 56.0 I 600. 

Cerro j H 53.0 I 775. I 4162 Ivanhoe ! M 16.0 I 800. 

IFairvie>< I H . j 45.0 I 350. .l 4/41 I Lake Ann I M I 40. 0 i 212. 

I 117000. _ 4/62 Wildcat . i M · j 86.0 ! · 1250. 

5/38 

5/37 . 

5/37 

5/37 

Morrow Point( 465.0 5/37 H 

H 105.0 

I 
I 9511. i 4

/
4

0 I I i I l 
---i •r,~\ .,. ! " ''-' I "" I ''" "0

"" >°"' ! I I I I I 
Onion Vall e>'\ 

-t'°RGl.N I Empire i H I. 40
· 
0 I :moo. I 171 I PUEBLO I Pueblo I H 1-:Zoo.o- j 357000 . j 2/14 

St ii Charles I H 35.0 I 2700. I 2/15 * * UNSA[E DAM 
St. Charles j I j B 7 . 12 II 35.0 2700. 2/15 -

----·· -:----·-- · · ----~ -· 

St, _Charles I 
- 1 



NME ... . • . , •• . . M.ENT NORM>.L DIVI S ION/ 
COUNTY (I ~ OAK M-t:'~~cr-. llEICllT CAPAC ITY DISTRICT 

PUEBLO • Charlos I I 
.! S'J.0 8638 ~ 

St. Charles I 
Mesa M 16 0 
Toller M I 88.0 900. I 2/13 

K ll-ll1.9h 
-.:-u.~nl" 

UNTY 
N"1'Ut M-Modo~· Ml:NT 

OF DAM ..... A - HEIGH. 

1 

_ .. l+llT 

Groen 
· Pasturo H 64 . 0 

I U~por 
B ue H 75 . 0 

Bech<i th M I 60. 0 763. I 2/14 

Lake Isabol I M I 93. 0 760. I 2/14 

Hardesty l M I 25.0 I 1565. 2/16 

I Reynolds M I 29.0 

l Sawmill I M I 26.0 

i I I I 

l 
RlO BLANCO I Sheriff • •I H I 58. 0 I 987 . I 6/S7 

1 TELLER Mason H I 50.0 

Mc Reynoldt H 33.0 

Big Beavel'
0 

M j 98. 0 I 7658. I S/72 I 
NOrt.11 I 

I CatamoWlt H I 200.0 

D D & E ' I 
Wise M 41 

South ** ro•· --·-· " 1nn n 

Allen I Bas in M 52 . 0 I 2250. I 6/57 
Chapman M 34.0 246. I 6/57 

! 
.. Burgess . fl M I . 32.0 

I 

r ~~~tou I M 27.0 

I JhT<lhorn M 24.0 

RIO GRANDE I Beaver Park i H 96. 0 4 7 39. 3/20 Bison Parlr.j M 27.0 

Fuchs M 20.0 153 . I 2/67 ~~~~~lh I M 50.5 

I 
Fish Creerl H I 58.0 I 1850. I 6/58 

ROlITT . 
-----t-L-a-ke 

Catamount { H 52.0 1422 6/58 

MoWlt. 
Pisgah M 80.0 

Penrose 
Rosemont m 90.0 
Pringtine M 44 . 0 

. 
Lester j 
Creek H 91. 0 565 7 6/58 

Skagway J 
Victor 12 

M 76.8 
M 40. 

ll lOW I 
Creek H 100. 0 23064. 6/58 

Wilson M lU.U 

M 41.0 1718. 6/54 I 
ardner Park! M 33.0 I 1155. 6/57 WASHINGTON Prewitt . 1· M 30.0 

~ 

Lake Creek I M 38.0 261. 6/57 I 
Trull Creek I 
II M 34.0 185. 6/57 WELD 

Blaclc · . I Hollow H 42.0 

Whiteley j 
Nelson M 32 O 4 ~~h I H 47.0 
Grimes I 
Brooks M 30.0 

Eapiro H 40.0 

SANGUACHE fVouga ~ M I 59. 0 : 920. . l . · 3/35 

Horso Creek H 64.0 

~Uon I H 50.0 
tUlton I Lake H 50. 0 
Riverside 

SAN JUAN I NONE 
H 41.0 

Windsor I H 43.0 I 

GUEL I Gurley I H I 66. 0 ' 1003 9- 4/60 W~f ~or ~, 

H 14.0 

j ramonte j H 87. 0 I 6851 . 4/!)0 

Trout Laite i H 43.0 3422. I 4/60 

Carlin I M 20.0 

l Coal Ridge M 28.0 

'\ 
Sullivan M 10.0 

SEDWICH !Julesburg ! M I 65.0 I 28178.0 I 1/49 .. I 

sl*!IT _J cul~Ffi: I H j i 10. o I u20 I s/36 

,- """ I H 231.0 I 252678. S/36 

'

It JSO • 
'I. rasturo I II I 64.0 I 912. I <.Iv. 

,-1 

---- ·-----

912. 

2140. 
l!>/ . 

90. 

2653. 

2050. 

12300. 

'tQU 

268. 

93. 
H. 

1148 

280. 

2471. 

2538. 
300. 

39~~: 
oo,.. 

I 28840. 

I 
8058. 

,. 
4000. 

I 31100. 

I 2935~. 

. I 6970. 

6970 

65000. 

17689. 

I 1464 
86. 

653. 

60. 

I 

I 
I 

I 

- -- - ··-4 

( .. 
S/36 

5/36 
4/b.! 

4/63 

2/12 

2/12 

2/10 

2110 

1/7 

1/7 
l/O~ 

2/11 

2/11 

2/11 

2/11 
2/11 

2'lH 
;.111 

1/49 

1/3 

1/2 

1/1 

.1/1 

1/2 

1/2 

1/1 

1/3 

1/3 
1/1 

1/1/ 

1/1 

** 

I 
I 

i 
. 

I 

I 
I 

I 

I 

I 
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( 
COUNT'i 

WELD 

NNIB 
) f 01\M 

Eaton-law 

11,; ;,\HlJ 1::.MU/\NK-
H-lligh Ml;:NT 
H-Mo<le r-_ HEIGHT 

~t- P 

M 14 . 0 

NORMAL DIVISION/ 
CAPACITY DI STRICT 

s2s. I 1/2 

Gree l ey -
Lake We5t M 22 . 0 69. 1/2 

a e ana 

( 
COUNTY 

•. \RPICR 

NAflE 
or ol\tl 

N PouJ re I I 

N roud r e • l 7 

11 i\"ii\it" EMOl\N K- ------- .( 

11-lliqh . M£NT NOIU-V\L DIV' 
M-Mo<l cr- llEIGllT Cl\P/\C I T Y DI_ 

.. ,, ... r\ ... 

M 16. 0 674. , ----iT2 

H 32. 0 932. 1/2 

I 
T 

- ---i------ -+--M---' 14. 0 250 . 1/2 op7cn;:-:n;-;o::c;;k--fl------lf---- --4-----_!--------- -

I 
'1 " M 18.0 327. 1/2 1 N rouJrc 14 M 24. 0 1669. I 1/2 I I 
Loup Lake J M I 24.0 4 s9.o --112 Cr eel. ~I 20.0 27 8 . I 1/2 I I 

. --- -- Shcn.-ooJ I fl J 13 .S 25 0 . I 1/2 

Wood I M I 31.0 3106. 1/2 'I South GrJy I f l J 29.0 885 . j 1/2 ,. 

9 . 0 100 . 0 l/l ----1~;:;;:-;;----T-----:------i------!------1. 
----+.-:~r::---~-----l------ h'J. rrcn I 1 llt e ---. -- Lake ~I 23 .0 2100·. j l/2 J 

Thom son M 35 . 0 452 . 1/3 Worste r j fl ,. 67 0 ·7~l) 1--./, 
Oklahoma · _, · 

1 

- I 
Lake M I 22 . 0 493.0 l/l ' 
Sout 5

1 
c M 

39
•

0 355
• l/3 ~c rthouJ J ~I j 25 .0 516 l /3 I 

er an Cemctary I I 
Tar/ M 38.0 171. 1/4 Lake ~I ; 20.0 378. I/~ 

I ennon l _Chapman M I 20.0 595. j l/3 j 
I Dun;;-a~t;>h:-7w:Ck;;:c:-l1------+-----+------!-----------

Highland 111 M I 15.0 I 1064 . I 1/4 , . . I M 24.0 1148 . 1/.3 I 
- Ea s · I I 

Hiltl:iland I 

1 
~ortal I M 65.0 I l/3' 

I 3 M 20. 0 1670. 1/4 I . ! 
Ide ~ I ~ Fl at iron j ~1 86 . 0 J 1000 . ! 1/3 [ 

1 
Sta rbird I I M 12 . 0 122. 1/4 -----.;.... -----.+------~--------'-'------- -----
Union 1 M J 3 . . --rrTJr.-i 171 . llorscshoc 12j ~I 14.5 j 805 1. I l /3 l 

19.0 330. 175 . I l d lywi ldc ! M I 38.0 j 83. I 1/3 I 
20 I l I 

n~ u• ~ I I • 8 8 725. l / l Lawn M 24. 0 81 7. j · I /3 I 
Owl Creek \ M 16.4 ~ l/l . Lone Tree [ M 26 . 0 9268. 1/3 i I Prospect I M 44.0. I u - 6;00. H - 1/1 -~Lovel and i M 26.0 2150. 1/3 - I 

I Loveland I · 
. _1{:iter Stor.10e M 48.0 sos·. 1/3 

I M 158.0 j 170100 1/ 23 I Pine•ooJ I M · 130.0 I 2000 . I T! 
T\1'1A I ' • 

1 Duck I M 18 . 0 25 . 1/64 . ! Ris t-Benson I M 19.0 I 491 . 1/3 

Wra" Water-1 . · J I $1.ed 1 5 M 
27

.
0 27

. 
1164 

Ri s t, George H 17 . 0 444. 1/3 

I ~~~a nte ri M 31. 9 . 63. 1/64 J RvJn Gu lch : H I 30.0 I 9 15 . I 1/3- --1------

1 Wray Wa ter-1 I ' . shed 13 M :H.0 39 . 1 ; 64 Su nny Slope ! H I 15. 5 j ·180 . I 
~m ~~le'l M 3s.o j 190 . t/64 · I i I I _ _,___ _ 1 - I 

1 j I LAKE i llpishapa j M ! 4 1.0 ! 460 2/17 I i 
I . I ~ I I I I .1 

l I LI ~COLN I 1~~;~~ I _, i H l 27 . 7 i 315 . I 2I19 

j 
1 

I 

1 

~-,~l~su. L-3 : H I 26.5 I 3H. I . 2119 

~ I . ~-t. '.lon u.~cnt [ I '1 I .,. 
! . M·-s" '~• 7 i sadc ' 11 ?n n 7~J _.2l5__> -- ----
1 I t:1l111 fl 50.0 Vi·1. 5/'>3 

:=_~j ______ I J . - - ·- i- - i : -------- -1--

l(oeni& M 

Frederick M 

,. 

Bonny 

1/3 
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:.. 1CH ARD D LAMM 
Gov ernor 

ARMY# 

130 
148 
259 
359 

384 

408 
410 
445 
629 
663 
681 
759 
763 
805 
815 
818 
854 
901 
976 

1015 
1066 
1143 
1146 
1163 
12 00 
1347 

OFFICE OF THE STATE ENGINEER 
DIVISION OF WATER RESOURCES 

1313 Sherman S1reet-Room 818 
Denver, Colorado 80203 

(303) 865-3581 

D e c e mber 9, 1981 

UNSAFE DAMS 

as of 12/1/81 

NAME DfV . & DIST. 

Comanche· 1 - 3 
Spring Creek· 4 - 59 
Y\'aneka l - 6 
Eleven Mile· 1 23 

Canyon 
North Ster! ing 1 - 64 

(Point of Rock) 
S. Catamount 2 10 
Crys tal C!"e ek 2 - 10 
Big Tooth 2 - 10 
Carl Smith• 4 - 40 
Goose Pasture • 5 - 36. 
Hughes· 5 - 38 
Two Buttes· 2 67 
Be a v·er Park · 3 20 
Rio Grande 3 - 20 
Terrace 3 - 21 
Mountain Home 3 35 
Windsor Lake• 1 - 3 
Lake Moraine 2 - 10· 
Elkhead • 6 - 44 
Sheriff• 6 - 57 
Turner· 7 - 30 
Clear Creek• 2 - 11 
Cucharas #5 2 - 16 
Douglas l - 3 
Beaver Park 1 - s 
Ramah Det. 2 - 67 

J ER IS A D AN l(t S ON 
S1 111e E nQrn i.er 

COUNTY 

Larlmer 
Gunn is on 
Bou lder 
Park 

Logan 

Teller 
El Pa so 
El Paso 
Delta 
Summit 
Garfield 
Baca 
Rio Grande 
Hlnsda le 
Conejos 
Costilla 
Weld 
El Pa so 
Rio Blanco 
Routt 
La Plata 
Cl e ar Creek 
Huerfano 
Larimer 
Boulder 
El Paso 

B- 10 
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-

DATE 

Jul 1896 
Oct 1911 
Jul 1912 
Jun 1921 
May 1935 
May 1935 
May 1955 
Jun 1965 
Jun 1965 
May 1969 
Sep 1970 
May 1973 
Jul 1976 
Jul 1982 

FOURTEEN MOST DAMAGING FLOODS 
IN 

COLORADO'S RECORDED HISTORY 

LOSS OF 
MAJOR STREAM AND LOCATION LIFE DAMAGES 

Bear Creek at Morrison 27 
San Juan River near Pagosa Springs 2 
Cherry Creek at Denver 2 
Arkansas River at Pueblo 78 
Monument Creek at Colo. Springs 18 
Kiowa Creek near Kiowa 9 
Purgatore River at Trinidad 2 
South Platte River at Denver 8 
Arkansas River 16 
Bear Creek in Boulder 0 
Southwest Colorado 0 
South Platte River at Denver 10 
Big Thompson River in Canyon 139 
Fall River at Estes Park 3 

(in $ of date 
s hown) 

$ 
100,000 

1,000,000 
19,000,000 
1,760,000 

4,000,000 
500,000,000 

46,700,000 
5,000,000 
4,000,000 

121,500,000 
35,500,000 
30,680,000 

~ $769,240,000 

Extracted From: "Flood Hazard Mitigation Plan For Colorado 

ANNEX C 

10a20 

C-1 





A { D 

t..ARCEST K.NOWN FLOODS AT VARIOUS COLORADO FRONT RANCE LOCATIONS 
Study by Wayne E, Graham, P . E. 

StreA.lll and Location of 
Discharge Heasuremen~ 

CACHE LJ. POUDRE RIVER 
.1t bot.tom of canyon, 
.; ps ~re4m from 
n:. CollLna 

l IC THOMPSON RIVER 
1etween Ocake ' 
,o t tom of canyon 

IC THOMPSON RIVER 
~ove Olympus Dam 

!G THOMPSON RIVER 
\:dC Loveland 

r. VRAIN CREt:J( 
: Lyona 

(extract) 

Date 

Jun 9, 1981 

H.&y 21, 1901 

11Ay 20, 1904 

Jun 15, 1923 

M.ay 31, 1930 

Jul 31, 1919 

Jul 31, 1976 

Apr 30, 1980 

Jul 15, 1982 

Aug 3, 1951 

Aug 31, 1894 

Jul 30, 1919 

Jun 2 2, 1941 

Cause Death• 

Fa1lur• of 
Chu1bera 
L4lte Dam 

Hot i:nown 

Heavy Raina 
of cloudburet 
intensity 

Mountain cloud
bure ta ' heavy 
rain 

Heavy rains 

Cloudburst 

Intense 
rainfall 

Heavy rain• 

Failure of 
Lawn Lake 
Dam 

Failure of 
d4m on 
Buc khorn 
Creek 

General 
at.orm 

Seriea of 
cloudbura t 

Clctre••ly 
locahzed 
cl.oudbur1t. 

139 

3 

4 

eta P•alt 
Diecharqe 

21,000 

12,000 

more than 
21,000 

8,500 

10,200 

8,000 

31,200 

6,150 

22,000 

9,800 

9,400 

10 , 500 

COl\llent• 

Death occurred 
throughout the 
length of the 
Big Thompson 
Canyon 

Stream and Location of 
Di1charge Hea1ure:ment 

SOUTH PLATTE RIVER 
at Deaver 

MONUMENT CREEK 
at Colorado 
Springs 

FOUNTAIN CREEK 
at Pueblo 

ARKANSAS RIVER 
at Pueblo 

Deaths occurred 
in Rocky Htn. 

National Park 

'JlKANSAS RIVER BASIN 

Date 

Sep 10, 1933 

J un 1.7 , 1965 

Hay 7. 1969 

Hay 7, 1973 

Kay 30, 1935 

Jun 4, 1921 

Hay 30, 1935 

Jun 17, 1965 

Hay 30, 1894 

Aug 5, 1902 

jun 3, 1921 

Jun 16- 19, 
1965 

Cauoe Dc•tha 

llcavy rain 

Heavy rain 

Heavy rain 

Steady rain of 
long duration 
below elevation 
7 ,000 ft. Rain 
above this level 
retarded runoff, 

8 

Cloudbursts 4* 

General Storm 

loudbursta 

Torrential o 
tremendous 
ra i nfall 

All-day 5 
rain 

Not knowu 

Cloudburata 78 
between 
Canon City 
& Pueblo 

Torrential 16 
& tremendoua 
rain!all 

c1.. Peak 
Diachuge 

22 ,000 

40. 300 

21,000 

17,600 

50,000 

34,000 

35,000 

47,000 

Not kno\ltl 

30,000 

103 ,000 

D-1 

Co1D11>ent 

Du~h• arc : 

1 
entire Sout 
Pl atte Rive 
au in 

*Deaths in 
Colorado S1''11 
area -- l~ 

deat hs OCCUt 

' other partsc 
at ate · 

78 bodice 
recovered 
iu ny were 
dovnatro:am i , 
oeve r rec ov c i 

td 

Death• are : 
the entire 
Arkan au 
i.i.ver s.,in 



Stre.u> and Location ot 
015char9e Mea s ure &n e n t. 

BOULO£R CREEK 

near Orodel l ' 
Boulder 

SOUTH BOULDER CREEK 

CLEAR CREEK 
near Golden 

CLEAR CREEX 
at &nout.h near 
Derby 

P. E>.R CREEX 
.1t. Horr1aon 

~ 

Jun 1, 1B94 

Jun 2, 1914 

Jun 6, 1921 

May 7 , 1969 

Sep 2, 193B 

J.uq 1, 1 BBB 

Jul 24, 1896 

Sep 9, 1933 

Jun 4, 1956 

Jul 24, 1965 

May 6, 1973 

Jul 24, 1B96 

Caue e Dea the 

Heavy rain 

Rainhll 
hastened the 
a1elt.ln9 of 
enow 

Heavy rains 

Heavy rai.na 

Cloudburau 

No t kno>1n 

Cl oudburs t.s 

Ra i n 

Failure of 
Geor9etown 
QaOI 

Heavy rain 

Steady rain o! 
long duration 
below elevation 
7,000 ft, Heavy 

3 

snow above this level 
retarded runoff, 

Cloudburst on 27 
CUb Creek , 
waohed-out dam 
dam on that 
st.ream 

ch Pe&lc 
Dlschuqe 

11,000 

5,000 

2, 500 

1,220 

7,390 

B, 100 

5,B90 

5,250 

5 ,070 

4,700 

B,600 

Collllllent1 

Death occurred 
on Boulder Ck . 

Death s 
occurred on 

'U••• •nd 1'oc:at 1on ot 
Li1ach•r_9• "eaau rtl'lent 

Bf.AA CR££J: at 

• o uth at Sheri dan 

CHD<l<Y CR£ 0: 
at [)ltnve r 

Golden Gate Gu lch LITTLE DRY CR££~ 

Death • occurred 
on Bear Creek ' 
trlbutariea 
upet.ream from 
Bear Ck , Daa1 

TOLL CA TE CRD:K 

at !>t.h Ave. 

s>.>ro c1u:.u 

Doto 

Ny 7, 1969 

Kay 19 " 20, 
l&b• 

Ny 22, 1878 

Ji.: l 26, 1885 

Ju! 124. l912 

J": 28, 1922 

"~ J , 1933 

Jur. 16, 196S 

J\;1". 12, 1927 

NY 9, 19S7 

Jun 16, 196S 

NY 30, 1948 

Ny 9, 19S7 

Jun 16, 196S 

Ca u a• C...a t.h1 

Hitavy rt..1na 

.... vy fo ll 19 
ot altern.at1n9 

h.a1l ' rain 
over upper 
bAai.n 

Heavy ra i ns 
of cloudburst 
1.ntens1 t)' 

Heavy rA1n• 

tie&vy U1ln& 

Keavy r a1n1 

Hieavy rains 
c•u•ed fai l ure 
of Cutl<vood 
o ... 

Intense Ra i n 

Not. known 

lntenae 
Rain 

lle&vy t.o 

t.orrenti•l 
rainf•ll 

Louli&ed 
t.hund • r a t..o rw 

lntenae 
rain• 

Heavy to 
torrential 
rainfal l 

ch 
tn • char qf' 

8, 1 ~0 

co.. .. e nl• 

not knovn Lie-a t.h1 occur red 
a l o n9 t.ne Sou t h 
P l .tlt..e RlvtH " 

Oie r ry Cree-k at 
Llenver 

not. know-n 

20 ,000 

11,000 

6,000 

I ~, 000 

l ess 
than 

1,000 

1 de.tth l.n 

Lienv•r , lht 
ot.he r netr 
f'arke r 

K4JClll\JC'I i nf l ow 
to Che rr y Creek 
Reservo.1. r w• s 
~~ . ~00 

Not Jtnovn I:ta9 l e""ood 0.11 
con1t.r ucte d in 
t.he r.1d ?O• a 

10,SOO 

17,000 

10, ~00 

2s. ~oo 

18.900 

Deat)".a o c curred 
in Toll Cate 
Creek ba1 1n 

011ochar9 e 
...e•sured a t 
.outh 

Dl achar9e 
l'eA1ured a t 
Yo•e•l t e S t 

01acha19e 
a..c•aur • d do"'f\• 
at.re•• tram 
~11 C.t.e Cree k 
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RECENT PRESIDENTIAL MAJOR DISASTER DECLARATIONS 

NOTE: Six disasters have received Presidential Declarations 
in Colorado over the period 1965 - 1982 . Most of these 
di s asters were caused by precipitation but two were caused 
by dam failure. A summary of t he se presidentially declared 
disaster$ is shown in the following table. On the next page 
is a summary of the 15 state declared disasters that hav e 
occured over the period 1979 - 19 82. Again, precipitation 
(flooding and snowstorms ) is a dominant cause. 

YEAR 

1965 

1969 

1970 

1973 

1976 

1982 

10a2 1 

LOCATION 

Front Range 
33 counties 

Front Range 
15 counties 

Southwest 

(1) Kersey 

(2) Front Range 
13 counties 

(3) Southwest 
13 counties 

Big Thompson 
Front Range 
2 counties 

Lawn Lake 
Front Range 
1 county 

CAUSE 

Sustained Rainfall 

Sustained Rainfall 

Sustained Rainfall 

Dam Failure 

Sustained Rainfall 

Sustained Rainfall 

Flash Flooding, 
Heavy Rainfall 
over short duration 

Dam Failure 

ANNEX E 

E- 1 



RECENT STATE DECLARED DISASTER EMERGENCIES 

YEAR 

1979 

1979 

1979 

1980 

1980 

1980 

1980 

1980 

1981 

1981 

1981 

1982 

1982 

1982 

1982 

LOCATION 

Southeast Colorado (Baca, 
Las Animas, Bent and 
Prowers counties) 

Northeast Colorado 
(Logan County) 

Northeast Colorado 
(Weld County) 

Northeast Colorado 
(Weld County) 

Eastern Colorado (Yuma, 
Kit Carson, Cheyenne 
counties) 

Eastern Colorado (Larimer~ 
Boulder, Weld, Logan, Morgan 
Sedgwick and Washington 
counties) 

Northeastern Colorado 
(Larimer County) 

City of Trinidad 

Statewide counties as 
designated by Colorado 
Departme nt of Agriculture 

Metro Area (Adams, Denver, 
Jefferson, Weld count ies) 

Adams-Weld Counties 

Statewide 

Montrose County 

City/County of Ouray 

Front Range (Denver, Arapa
hoe, Adams, Jefferson, 
Boulder, El Paso and Weld 
counties) 

E-2 

CAUSE 

Snowstorm 

Snowstorm 

Snowsto rm 

Dam Failure 
Prospect Darn) 

Snowstorms 

Flooding 

Wildfire 
(Bear Trap) 

Flooding -
water supply 
system 

Grasshopper 
Infestation 

Tornadoes 
(Thornton) 

Heavy rains 
weaken dam 
struc ture (Horse 
Creek Dam) 

Cattle Scabies 

Flooding 

Flooding 

Snowstorm 



A METHOD FOR THE 
RAPID APPROXIMATION 

OF 
DAM FAILURE FLOODPLAINS 

IN COLORADO 

Ju ly 198 3 

By 
Wi l liam P. St a n ton, P . E. 

Supervisi ng Wate r Resou r ce Spec i a li st 
Flood Con tro l a nd Floodpl ain Ma nageme nt Sect ion 

Co l o r ado Wat e r Con servat ion Boar d 
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Pref ace 

Since 1890 there have been at least 13 0 known dam fa i lures 
in Co lorado. Following the failure of Lawn Lake dam and 
subsequent flood ing through the town of Estes Park , Colorado on 
Jul y 15, 1982, considerable attention has been focused o n 
reduc ing damages from potential dam failure f l oods . 

In January 1983, state agenices prepared a Flood Haz a rd 
Mitigat ion Plan for Colorado which included recommendat i o ns to 
improve state programs in dam safety , f l oodplain management a nd 
emergency p r epa r edness . One of the id eas was a r ecommendation 
that th e Col orado Water Conservati o n Board (CWCB) develop a 
technique for mapping approximate dam failure floodplai ns below 
all dams in Colorado. Because no s tate agency had a prog ram to 
map dam failure inundation zones, the idea was to develop a 
man ua l which would outline a simpl e, cost effective procedure 
which would allow dam owners a nd local o fficials to determine an 
approximate inundation zone themselves. 

On June 1, 19 83 , Governor Lamm signed House Bill 1416 which, 
among other things, d irected the Division of Water Resources 
(State Eng ineer) to p r epare a report on approximately 238 dams i n 
the state formerly classified as " high hazard. " The haza r d 
rating is determined by the potential for loss of human life or 
property damage in the area downstream fo r a dam and does not 
perta i n to the safty of the structure . 

Each report included a map i nd icating the poss i ble 
extent of flooding in the event of failure to a point where such 
floodwa ters would no longer e xceed the bou nda r i es o f the 100-year 
tloodpl ain . The dam failure f l oodp lain fo r approx i mately 337 
"moderate hazard ", 1, 680 "low hazard " dams, and thousand s of 
highway embankments and stock ponds which were not included in 
H.B. 1416 remain to be mapped. 

Knowing where the water might go from a darn failure flood 
may help to reduce development in areas which effect the hazard 
rating of the darn. It may also help local officials plan for 
emergency response activ i t i es which could reduce flood damages 
and save lives. 
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1 .0 Purpose 

The purpose of this document i s to provide darn owners , 
f loodplain managers , emergency p lanners 
and simple method to find out where the 
might be r easonably be expected to go . 

a nd citizens with a qu ick 
water from a dam failure 
The suggested l eve l of 

deta il is intended to be consistent with readily availab le base 
map information. The approximate flood bound aries developed with 
this method are fo r p lanning purposes only and should be 
conservative , that i s, the flooded area should be slightly 
overestimated. 

2.b Tools You Will Need 

A. Best available topograph i c base map(s) for the 
stream be l ow the dam. The 7 .5 minute, 1: 24 , 000 scale 
(1 inch= 2,000 feet) quadrangle ma ps publ i shed for sale 
by the U.S. Geo l ogical Survey cover approximately 95 
percent o f the state and are recommended. Contour 
interva ls for these maps are typically 10, 20 , or 40 
feet. I ndi v idual structur es in the floodplain are 
of ten shown on these maps. They may be purchased for 
$2.00 each f rom the Denver Dis tribution Sect i on, U.S. 
Geological Survey, Denver Federal Center , Building 41, 
Denver, Colorado 80 225 . A free ind ex map is also 
available. 

B. Engineer's scale ( b ut you don' t have to be an engineer) . 

c. Colored pencils and a he a vy black felt tip pen . 

D. I nformat i on about t he dam including: 

a . Location 
b. He i ght or Drainage Area 
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3.0 Dam Failur~ Floodplain Boundary 

PROCEDURE TO DELINEATE APPROIMATE 
DAM FAILURE FLOODPLAIN BOUNDARIES 

1. Start ing at the top of the dam and working downstream to the 
end of the study reach, draw a reference line down the 
center of the channel and mark each mile post. 
Making this center line and marking reg~lar intervals i s 
called "stationing." 

2. Find where the topographic map contours cross the ri ver and 
mark each point on the reference line. 

3. ~ind the height of the dam in feet measured from the top of 
the spi llway to the lowest point in the channel just below 
the dam. 

~--- TOP OF D~~ 

r TOP OF SPILLWAY 

~ = HE\&+11 o~ DAM 

_l 
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4. From the height of the dam, estimate the depth of the darn 
failure floodplain at intervals below the dam based on the 
assumed rate of attenuation given below. 

Miles downstream 
f rorn dam 

0 -

- 2 

2 - 10 

10 - 20 

20 - 30 

30 - 40 

40 - 80 

80 + 

Assumed Flood depth as 
a percent of darn height 

100 

70 

60 

50 

40 

30 

20 

10 

5 . Using the contour interval on the topographic base map 
(typically 10, 20, 40, or 80 feet), compute the horizontal 
scaling ratios for each s tream interval to be applied in the 
downstream direction from where the topographic map contours 
cross the river. 

6. Locate the flood contours on the channel and extend them 
perp~ndicular to the ~irection of flow until they meet the 
corresponding ground contour. 

7. Connect the endpoints of the flood contours, looking out 
for islands and an even spac ing of flood contours. Flood 
boundaries should cross ground contours on a tangent. 

8. At major obstructions, such as highway or railroad bridges, 
an adjustment in the flood depths may be appropriate to 
reflect water backed hup just upstream of the obstruction and 
shallower depths just downstream of the obstruction. By 
advancing or bending flood contours s lightly downstream, a 
greater depth will be apparent, and vice versa. 
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The procedure to estimate flood boundaries may be conservative 
for the following reasons: 

1. The topographic map contours show top of the water and not 
the true thalweg (lowest point in the channel). The depth 
of flow that was in the river at the time of mapping wi ll be 
added to the assumed depth. 

2. A conservative stair step approximation of the assumed 
attenuation curve was used to interpret flood depths. 

3. The flood boundary is shown as a heavy line which, on a 
scale of 1 inch equals 2,000 feet , may be as much as 200 
feet wide. 
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EXAMPLE 

Given: 

Find: 

Consider a hypothetical 25 foot high dam on the Yampa River 
in Routt County. A U.S.G.S. topographic base map with 40 
foot contour intervals and 20 foot supplemental contours in 
the vicinity of the channel is available. 

Approximate flood depths and draw the darn failure flood 
boundaries for the interval from 2 to 8 miles below the dam. 

So,lution: 

Step 1: Draw a Reference line down the middle of the channel 
and mark each mile post starting at the crest of the 
darn. 

Note that channel stat ioning considers bends in th e 
river and is different than straight line distances. 
For example, channel mile post 4 is actually about 3 
air miles below the darn. 
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Step 2: Mark where the ground contours cross the stream 
centerline. Note that while the contour interval for 
the map is 40 feet, supplementa l contours have been 
shown in the vicinity of the river as dashed lines so 
the actual available continterval is 20 feet for this 
reach. 

Note the average streambed slope may be computed as 
follows: 

Slope= rise = (6960 - 6860) = 110 = 19 feet 
run- ( 7.3 - 1.4 ) 5.9 mile 

St e p 3: The height of the dam was given as 25 feet. 

Ste p 4 and Step 5: 

(Step 4) (Step 5) 
Interval Approximate Horizontal Scaling Ratio, 
Below Flood {Approximate Flood Depth/ 
Dam , Depth, Contour Interval) 
miles feet 

0- 1 25 25/ 20 = 1 1/ 4 
1-2 18 18/ 20 = 9/ 10 .,.... 2-10 15 15/ 20 = 3/ 4 ... 

10-20 1 3 13/ 20 = 7/ 10 
20-30 10 10/ 20 = 1/ 2 
30-40 8 8 / 20 = 1/ 3 
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Step 6: For the desired depth (15 feet in this example), inter
polate horizontally between points where the ground 
contours cross the stream (horizontal scaling ratio = 
15/ 20 = 3/ 4 of horizontal distance between ground 
contours) and mark the location of flood contours in 
the channel. In this example, if "x" is the distance 
between points where ground contours cross the channel 
then the flood contours shall cross the channel at 
about 3/4 of the distance "x" from the upstream point. 

Flood contour s should be extended as wiggly lines from 
the channel perpendicular to the direction of flow 
until they meet the corresponding ground contour. 

Label flo o d co ntours with the appropriate elevation as 
a check and for documentation. 
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Step 7: 

Step 8: 

Draw flood boundaries with a pencil line by connecting 
the end points of the flood contours. Flood boundaries 
should approach ground contours at a tangent and can 
only cross them at the ends of a flood contour. 

Since there are no major obstructions, no adustments 
are necessary. 
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