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SUMMARY

The Flood Control Work Group finds that flood problems exist in
the Upper Colorado Region and that substantial flood damage can be
expected in the future unless adequate flood damage reduction programs
are implemented. It is estimated that the total average annual flood
damage in 1965 was $2.8 million, and in the absence of additional damage
reduction measures the flood damage will increase to $4.2 million by
1980, $6.8 million by 2000, and $10.6 million by 2020.

The future flood damage reduction program consists of non-structural
flood plain management measures, utilization of proposed multiple-purpose
reservoirs for flood control storage, and construction of other structural
flood control works where required. Flood control storage in future
multiple-purpose reservoirs and small flood retarding structures would
amount to 2,300,000 acre-feet. Other structural measures would include
construction of 9 miles of levees and improvement in the flow capacities
of 11 miles of channels. Non-structural measures would include improved
flood forecasting, dissemination of flood hazard information, flood plain
zoning, and other measures by local authorities. Flood damages would also
be reduced by land treatment on 7,112,000 acres under watershed management
programs,

It is estimated the program presented would reduce the projected
average annual flood damage to $3.3 million by 1980, $3.4 million by
2000, and $3.8 million by 2020. The damage projections are based on
a modification of the OBERS baseline projections referred to as the
Regional Interpretation of OBERS (RI-OBERS). OBERS baseline projections,
three State Alternative development levels, and their effect on the flood
control program are discussed in Supplement A.

The incremental installation costs of the program are estimated
at $14.8 million, $29.9 million, and $15.1 million in the 1966-1980,
1981-2000, and 2001-2020 time frames, respectively. Except for the
small detention type reservoirs and levee and channel improvements,
these costs do not include the portion of total costs of watershed land
treatment and water control facilities related to flood control in water=-
shed projects. Such costs are included in the overall watershed program
costs in Appendix VIII - Watershed Management.

The future flood control plan contained in this appendix is a
preliminary or reconnaissance level plan which indicates the seriousness
of the flood problem and furnishes possible solutions to these problems,
These problems and solutions should be studied in detail followed by
timely implementation of appropriate flood damage reduction measures.
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UPPER COLORADO REGION
COMPREHENSTVE FRAMEWORK STUDY
APPENDIX IX -~ FLOOD CONTROI

PART T

INTRODUCTION

Purpose and Scope

The purpose of this appendix is to present an assessment of the
present and future flood problems in the Upper Colorado Regpion, deter=-
mine future flood control needs, and outline a comprehensive program
to satisfy these needs. The material includes a description of the
repion, a history of floods, a description of existing flood control
measures and their accomplishments, an evaluation of remaining flood
problems and future needs, and a descrintion of a possible future
flood control program required in 1980, 2000, and 2020 to meet these
needs. The studies are limited to the Colorado River Basin upstream
from Lee Ferry, Arizona, and the Great Divide Closed Basin in Wyoming.

The principal source of data used herein are prior studies and
reports made by Federal and State agencies. These data were updated
to base year (1965) prices and conditions of development., Where data
were incomplete or missing, basic data were derived by comparison with
data known on similar stream basins. Values of flood damage derived
for the base year were projected to target years by use of development
factors based on economic growth expected in the flood plains in the
absence of future flood damage reduction measures,

Future conditions were based upon a field adjustment of the Depart-
ment of Commerce Office of Business Economics' (OBE) projections of popu-
lation, personal income, and employment, and the Department of Agriculture
Economic Research Service's (ERS) projections of agricultural production.
Based on these estimates flood damages were projected to the target years
of 1980, 2000, and 2020, This modification of the OBE-ERS baseline pro-
jections is referred to as the Regional Interpretation of OBERS (RI-OBERS).
Both sets of projections are presented in detail in Appendix IV - Economic

Base and Projections. Alternative levels of economic development projections

based upon the use of 6.5 and 8.16 million acre-feet of water use have been
developed as well as a third alternative based on water supply available

at the site of use. These alternatives and the effect on the flood damage
reduction program are discussed in Supplement A attached to this report.
Estimates of future damages were considered to be a measure of the needs
for future flood damage reduction programs, In the development of a plan
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to reduce future flood damages, consideration was given to controlled
land use in flood plains and other non-structural flood plain management
practices; to construction of reseivoirs and levees, and channel improve-
ments where necessary to protect existing facilities and those projected

to be developed in flood plains in the future; and to watershed management

practices where appropriate. Alternatives were selected for the plan
on the basis of projected land use needs, feasibility of non=-structural

measures, necessity of structural improvements, and economy of alternatives.

The results of the studies are presented in the remainder of the appendix
and are summarized in the subregional tablas at the end of this report.

Objectives

The planning objectives for framework studies are to give consid-
eration to the timely development and management of water and related
land resources, and to the preservation of resources in appropriate
instances to insure they will be available for their best use as
needed, with the well-being of all the people as the overriding
consideration. Flood damage reduction is an essential part of this
planning process, since it contributes to the well-being of people by
preventing loss of life, human suffering, damage to property, and loss
of goods and services. Complete flood protection is an unrealistic
goal because the cost of protection in comparison to the reduction in
damages and other uses of land and water resources may preclude flood
protection; however, flood protection, to reduce excessive damages and
be consistent with envirommental considerations and other resource uses,
should be provided.

In consonance with these general guidelines, the objectives of the
flood damage reduction program in this report are to provide flood pro-
tection from at least a once-in-10-year flood for agricultural areas,
and protection from the once-in~100-year flood up to the Standard
Project Flood for urban areas.

Relationship to Other Parts of Report

The Upper Colorado Region Framework Study report is composed of
a main report and 16 appendixes. Appendixes I, II, and III, "History
of Study," "The Region," and "Legal and Institutional Enviromments,"
furnishes background material. Appendixes IV, V, VI, and VII, "Economic
Base and Projections," "Water Resources," "Land Resources and Use,"
and "Mineral Resources," include basic information that is utilized in
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the other appendixes. Appendixes VIII-XV, "Watershed Management,"
"Flood Control," "Irrigation and Drainage,' "Municipal and Industrial
Water," "Recreation," "Fish and Wildlife," "Electric Power," and "Water
Quality, Pollution Control, and Health Factors,'" are the functional
appendixes of the report, each dealing with a particular recognized
phase of water and related land development, use, or management.
Appendixes XVI and XVII, "Shoreline Protection and Development" and
"Navigation," are not applicable to this region. Appendix XVIII,
“"General Program and Alternatives,'" analyzes the resources, demands,

or goals of the region and presents a framework plan and alternative
plans of how demands or goals can best be met. The main report is a
condensation of the supporting appendixes and will include the framework
plan, conclusions, and recommendations.

Solutions to flood problems have an impact on other water and land
resources problems. For example, future reservoirs used for flood control,
except for small detention reservoirs in watershed areas, will also be
used for one or more of the following purposes: irrigation, municipal
and industrial water supply, hydroelectric power production, outdoor
recreation, fish and wildlife conservation, water quality control, and
possibly other purposes. Non-structural flood plain management programs
are primarily for prevention of flood damage, vet they provide excellent
opportunities to restore and enhance natural beauty and to develop
recreational facilities, including parks, golf courses, playgrounds,
and picnic areas. Facilities provided under watershed treatment
practices reduce rates of flood runoff, increase timber and range
production, provide fire and sediment control, provide opportunities
for outdoor recreation, and increase water yield for better crop produc-
tion. Thus, solutions of flood problems in this appendix are closely
related to solutions of other water and land resource problems covered
in other appendixes.

Description of the Region

The Upper Colorado Region, as shown on Plate 1, is that area
drained by the Colorado River upstream from Lee Ferry, Arizona, and
the Great Divide Closed Basin in south-central Wyoming. The region
is located between the Continental Divide and the Wasatch Mountain
Range with land areas in Arizona, Colorado, New Mexico, Utah, and
Wyoming totalling 113,496 square miles, including 3,916 square miles
in the Great Divide Closed Basin. The region is characterized by
rugged mountains and narrow valleys cut by the Colorado River and
its tributaries. Elevations range from about 14,000 feet on the
highest mountain peaks to about 3,100 feet at the level of the
Colorado River at Lee Ferry.




SRR e e

PART I INTRODUCTION

The Colorado River rises on the west side of the Continental Divide
in west-central Colorado, meanders southwest 640 miles through Colorado
and Utah to Lee Ferry in Arizona. The Green River, its principal tribu-
tary, rises in the mountains of western Wyoming and flows in a southerly
direction 730 miles to its junction with the Colorado River in southeastern
Utah, at a location 220 miles above Lee Ferry. Other large tributaries
of the Colorado River are the Gunnison, Dolores, and San Juan Rivers,
The principal streams and their tributaries are in some locations deeply
entrenched in the rugged plateau country which comprises most of the
region.

The climate is arid to semiarid except in the high altitudes in
the headwater areas, where precipitation is moderately heavy. Wide ranges
in the climate are caused by differences in altitudey; latitude, and topog-
raphv. In general, the climate 1s assoclated with Pacific Ocean air
masses which move inland from the west, bringing most of the region's
precipitation., Seasonal influences include cyclonic thunderstorms that
enter into the southern portion of the region from the Gulf of Mexico,
and Canadian arctic alr occasionally extends into the northern portion
of the region during the winter months.

Temperatures vary widely due to seasonal and diurnal effects and
differences in elevation. Extremes of temperatures range from -60° F,
at Tavlor Park, Colorado, to 115° F, at Lee Ferry, Arizona., At most
climatological stations, mean monthly temperatures are lowest in January
and highest in July and have about a 50° P, difference. Average annual
temperatures vary from below freezing at elevations above 10,000 feet
to about 50° F., in the river valleys below elevation 5,000 feet. In
general, the northern portion of the region is characterized by short,
warm summers and long, cold winters, and the southern portion by relatively
longer summers and more moderate winters.

The Upper Colorado Region is somewhat isolated from major sources
of moisture and air masses have to cross numerous high mountain ranges
and travel great distances on their way to the region. Thus, preci-
pitation is low except in the high mountain areas. The average annual
precipitation ranges from less than 6 inches in the lowest valleys to
50 inches or more in the highest elevations. For most of the region
the greatest amount of precipitation occurs as snow during winter and
spring. However, in the southern portion, maximum monthly precipitation
of ten occurs in July, August, and September as the result of summer
thunderstorms,

An average of about 95 million acre-feet of water annually is
provided by precipitation in the region. About 80 million acre-feet

B
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of the total is returned to the atmosphere by evapotrauspiration.

The remaining 15 million acre-feet is the source of streamflow. Some
of the total supply, possibly 100,000 to 200,000 acre-feet annually,
recharges the ground water and is later withdrawn primarily for muni-
cipal and industrial use. Streams originate in the forested watershed
areas and are fed primarily by melting snow in late spring and early
summer. Normally, high rates of runoff subside by late July to near
base or minimum flow, which includes spring-fed headwater contribution,
return flow from irrigation, and streambank storage. A small amount
of runoff originates at the lower altitudes from infrequent storms.
Approximately 75 percent of the runoff in the region is produced on
about 14,200 square miles or 13 percent of the total drainage area.
Runoff in the Great Divide Basin portion of the region is small and
intermittent, and is used locally.

The porulation of the region ir 1965 was 337,000. The annual
rate of increase in population since 1940 was about 1 percent. For
the same period, the national rate of increase was 1.67 percent and
the rate of increase for the 11 western states was 3.34 percent, The
1965 population density was about 3 persons per square mile of area.
The national average was about 64 persons per square mile. There are
no large metropolitan centers. The largest cities and their populations
in 1965 are Grand Junction, Colorado (22,400), Farmington, New Mexico
(21,000), Durango, Colorado (11,200), and Rock Springs, Wyoming (10,300).
All the other communities had populations of less than 10,000, Only
about 37 percent of the region's population live in urban areas with
more than 2,500 inhabitants,

Industries that provide opportunities for employment are the services,
agriculture, forest products, mining, and the manufacturing of food and
kindred products. Tourism is important to the economy since several
national forests, parks, and monuments in the region attract vacationers
from throughout the nation. The region is served by two transcontinental
railroads and a good highway network.

The Upper Colorado Region is divided into three subregions for
framework study purposes, as indicated on the frontispiece map and
Plate 1. The subregions and their areas are listed in the following
tabulation.
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Area in

Subregion sq. mi.
Green River 48,660
Upper Main Stem 26,192
San Juan-Colorado 38,644
Regional total 113,496

The population projections were based on political (county) boundaries.
The hydrologic (drainage) boundaries seldom conform to the county lines;
however, for the purpose of this study, the projections are considered to
be quite close and representative of the hydrologic area populations. The
1965 and future populations based on the Regional Interpretation of OBERS
projections are shown in the figure following this page (excluding the
portion of the region in Arizona).
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PART 11

HISTORY OF FLOODING

Flooding along the flood plains of major streams in the Upper Colorado
Region is almost always the result of rapid snowmelt in late spring and
early summer. These floods often are augmented by rain., In the southern
portion of the region general rainstorms occasionally produce overbank
flows. Intense summer storms are a frequent occurrence throughout the
region. These storms produce high peaks and small volumes of runoff.

They often cause heavy damage to local areas, and the aggregate damage
from this type of summer storm is a large portion of the total average
annual flood damage in the region.

Many floods have occurred in the region; however, damages caused
by most of these floods were not recorded due primarily to the limited
number of people affected in the sparsely settled areas which were
flooded. On a basin-wide scale the largest recent flood in the region
occurred in June-=July 1957 when most of the major streams overflowed.
Other years in which widespread flooding occurred were 1911, 1917, 1921,
1937, and 1952, Flood damage in Grand Junction, Colorado, from a flood
on Indian Wash in June 1958 is shown in the upper photo following page 8.
Possibly the most disastrous flood of record occurred on Sheep Creek,
a tributary of Green River, in June 1965, as a result of heavy rain on
snow. Seven lives were lost in this fleuod which also destroyed roads,
bridges, campgrounds, and other developments with total damages estimated
at about $800,000., On 31 July 1969 a cloudburst flood (see lower photo
following page 8) on a small tributary to the San Miguel River located
in the Upper Main Stem Subregion, damaged the town of Telluride, Colorado
(1969 population 900). The flood destroyed 5 homes, damaged 20 others,
and inflicted losses to private and public properties, The damage was
estimated at $150,000. Data concerning past floods, for which historical
flood damage data are available from field surveys, are indicated in
Table A, page 8.
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Table A

HISTORICAL FLOODS

HISTORY OF FLOODING

: Flood damage

Date of : at time
Subregion Stream flood s of flood
in $1,000

Green Piver Price River Jun 1917 380

) Bitter Creek Jul 1937 258

Fortification Creek Mar 1947 37

Duchesne River Jun 1952 103

| Yaspa River Jun 1952 178

‘ Green River Jun 1957 55

{ Sheep Creek Jun 1965 802

| White River Mar 1966 88
Upper Main

Stem Mill & Pack Creeks Aug 1935 62

Colorado River Jun 1952 69

Colorado River Jun 1957 192

| N. Fork Gunnison R. Jun 1957 87

Gunnison River Jun 1957 239

Dolores River Apr 1958 229

Uncompahgre River Jun 1958 65

Cornet Creek Jul 1969 150
San Juan-

Coloado San Juan River Oct 1911 360

Animas River Jun 1927 166

Animas River May 1941 43

Aztec Arroyos Aug 1965 92

Animas River Sep 1970 717

R ——————.

several other floods of record is given in Table 1.

Detailed information concerning some of the above listed floods and
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Flooding of Residential area in Grand Junction, Colorado
from Indian Wash during flood of 6 June 1958.

wirh “ 4 e Ly P O "Z,'"d. &i
Fok < CERR Y TR “,‘}:"_‘.' % Qo o A'.n‘;r",.‘f.'z:

Flood damage at Telluride, Colorado from 31 July 1969

cloudburst storm on Cornet Creek, a San Miguel River

tributary.
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PART III

PRESENT STATUS OF FLOOD CONTROL MEASURES

Flood damage reduction and prevention is accomplished by structural
measures such as flood control reservoirs, floodwater retarding structures,
and levees and channels; and non-structural measures such as land treatment,
flood forecasting, and non-structural flood plain management measures such
as zoning and building regulations. Flood control measures in operation
in 1965 are discussed below.

Flood Forecasting

Peak flow and flood forecasts are issued to alert urban and agri-
cultural areas of impending flood situations and provide them the oppor-
tunity for instituting emergency measures to minimize damages. Fmergency
measures may include evacuation of persons, livestock, movable property,
and preparation of temporary protective structures.

Types of river and flood forecasts that have proven necessary are
summarized as follows:

a. Snowmelt runoff from an above normal snowpack. The greatest
runoff potential is from heavy snow cover at intermediate elevations
during periods of unseasonally high temperatures followed by rain,

b. Runoff from heavy rain on a melting snowpack, usually late in
spring. The flood potential increases as the rain becomes warmer at
upper levels,

c. Runoff from winter rain, usually on frozen ground and with an
existing snow cover on lower and intermediate elevation valley floors.
This is an infrequent event in the region.

d. Forecasts of flash floods due to summer cloudburst storms are
based primarily on quantitative precipitation forecasts from radar
echoes and precipitation reports.

Long-range runoff volume forecasts, from which approximate snowmelt
peaks and high water flows can be projected, are prepared and published
in the "Water Supply Outlook for the Western United States" by the
National Weather Service (National Oceanic and Atmospheric Administration)
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and for each state in the "Water Supply Outlook" by the Soil Conservation
Service. These publications are issued as of the first of January and

are updated monthly through the first of May., Information used in making
forecasts are furnished by Federal, State, local, and private organizations
who have access to precipitation, snow course, and river stage data.
Agencies with operational responsibilities for dams and reservoirs use
runoff and flood forecasts, together with information developed in their
respective agencies, to determine flood routings through reservoirs so

that downstream damages are held to a minimum,

Flood Control Reservoirs

There are 110 reservoirs with 1,000 acre-feet or more of storage
capacity in operation in the Upper Colorado Region. There are also
numerous smaller reservoirs and stock watering ponds which provide
sediment storage and erosion control and may retard peak flows in small
local areas. Some of the small reservoirs, constructed by private
interests several decades ago, may be inadequate during large floods
causing additional damage in small localized areas if overtopped; however,
the dams are on small stream courses in thinly populated areas and do not
pose a serious threat under present or foreseeable conditions. The combined
total storage capacity of the larger reservoirs is about 36,000,000 acre-
feet, including Lake Powell (Glen Canyon Dam) with a capacity of 27,000,000
acre-feet. lLake Powell 1is located at the downstream end of the region
and has no measurable effect on flood problems in the region. If Lake
Powell is excluded from the regional total there would remain about 9,000,000
acre-feet of storage that reduces flood peaks and flood damage, most
of which is not operated specifically for flood control. This total storage
capacity also includes dead or inactive storage., Flaming Gorge Reservoir
(capacity 3,789,000 acre-feet) on Green River, Lake Granby (capacity
540,000 acre-feet) on Colorado River, Strawberry Reservoir (capacity
258,000 acre-feet) on Strawberry River, and Taylor Park Reservoir (capacity
106,000 acre-feet) on Taylor River are examples of large storage units
in the region that are not operated for flood control, yet they reduce
the peaks of most floods by substantial amounts. Data concerning current
(1965) major multiple-purpose reservoirs in the region that are specifically
operated for flood control on a flood forecast basis and watershed reser-
voirs operated primarily for flood control are listed in the following
tabulation and shown on Plate 1. (Blue Mesa Reservoir which began filling
in 1965 and Morrow Point Reservoir completed in 1967 currently provide
flood control on Gunnison River,)

10
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Subregion :

:Max, flood control:Drainage area

and s Reservoir : Stream : storage capacity : controlled
State $ : (1,000 ac.-ft,) :(square miles)
Upper Main Paonia Muddy Creek 17 .0 250
Stem Indian Wash Indian Wash 1.0 15
(Colorado) Roatcap Roatcap Wash 1.0 17
Subregion totals 19,0 282
San Juan- Vallecito Los Pinos River 125.9 270
Colorado Lemon Florida River 39,0 78
(Colorado) Pine River Pine River 0,1 3
(New Mexico) Navajo San Juan River 1,036.0 3,230
Subregion totals 1,201.0 3,581
Region totals 1,220.0 3,863

Roatcap Wash Reservoir is shown in the photo below.

The reservoir was

partially filled with water and floating debris during a cloudburst
flood on 20 July 1969.

Roatcap-—a flood detention
reservoir on Roatcap Wash, Colorado,
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Two existing multiple-purpose reservoirs, Navajo and Vallecito, with
storage operated for flood control on a forecast basis, are shown in
the photos following this page.

Levees and Channels

There were no permanent type levee and channel projects in the
Upper Colorado Region in 1965. Emergency work had been accomplighed
under Federal authorities at several locations in anticipatior of
floodflows and to restore channels destroved by floods. Such work
consisted of bank protection, snagging and clearing, and realigmment
of channels. The total cost of emergency work under Federal authority
in the region through 1965 was $275,000, Locations where most of the
work was accomplished are White River near Bonanza, Utah; Duchesne and
Strawberry Rivers at Duchesne, Utah; Ashley Creek near Vernal, Utah;
Dolores River at Dolores and Rico, Colorado; and San Juan River at
Bluff, Utah. Local interests have expended considerable time and
funds to rebuild damaged irrigation facilities, local roads, and other
improvements damaged by flood, but specific data on such repairs are
not available,

Watershed Management Programs

Under authority of the Congress, the Federal Govermment cooperates
with states and local agencies in the planning and implementation of
works of improvement, including structural and land treatment measures,
for watershed protection and flood prevention. Under this authority,
Roatcap, Indian Wash, and Pine River Reservoirs listed in the tabulation
on page 11 were constructed and placed in operation prior to 1965.

The Federal land managing agencies have the responsibility under
authorized watershed management programs to provide protection for the
soil and vegetal cover on over 43 million acres of land in the region.
This area is about 60 percent of the region's total land area. The
remaining land in state, Indian trust, many individual, and corporate
holdings has a coordinated program for watershed management with multiple
objectives and benefits. Technical assistance 1is provided to private
owners by several federal agency programs to meet watershed treatment
needs., Watershed management programs, which are designed to benefit
other functions as well as flood control, contribute to increasing
local water intake and to reducing peak flows and sediment yield to
downstream reaches., Detention, check and drop structures, diversion
dams, and dikes are structural components of watershed management program.

12
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Navajo - A multipurpose reservoir on San Juan River

. be

Vallecito - A multipurpose reservoir on Los Pinos (Pine)
River in Colorado.
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FART TIX PRESENT STATUS OF FLOOD CONTROL MEASURES

These structures in combination with treatment such as brush and weed
control, fire control, watershed tillage, and revegetation reduce peak
runoff, erosion, and sediment yield. About 9.0 million acres of land
were treated for reduction of erosion, sediment, and storm runoff
through 1965. Selected existing and future watershed treatment areas
are shown on Plate 1. The existing treated acreages are shown by
subregion and state in the following tabulation.

Existing Watershed Treatment

Subregion s State Private : Federal
1,000 acres 1,000 acres

Green River Colorado 1,887 80
Utah 25:352 156

Wyoming 1,100 127

Subtotal Sy o3 363
Upper Main Stem Colorado 1257 381
Utah _ 90 89

Subtotal 14347 470
San Juan-Colorado Arizona 97 4
Colorado 667 26

New Mexico 473 138

Utah 243 125

Subtotal 1,480 293
Region total 8,166 1,126

Typical examples of watershed practices are shown in the four photos
following page 14. Additional discussion and tabulations of existing
watershed protection measures are given in Appendix VIII, Watershed Manage-
ment.

Accomplishments of Existing Flood Control Program

The accomplishments of existing flood control programs, which have
reduced flood peaks and damages on the particular streams they protect
are discussed in the following paragraphs.

13
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The present system of river forecasts provide Federal, state, and
local authorities with information concerning runoff volumes and peak
flows from snowmelt and general rain floods. This information is used
in the operation of existing reservoirs with designated flood space to
reduce peak outflow and to control floods to downstream capacities,
insofar as possible. Utilization of forecasts for operation of reser-
voirs with flood control space has been effective in reducing flood
peaks and damages and perhaps prevented the loss of life. Through the
use of radar, conditions favorable to the summer cloudburst type storm
are observed and the information disseminated. Due to incomplete radar
coverage in this sparsely settled area the predicticns of cloudburst
type storms are given for general areas rather than specific locations.
Accordingly, at this time, flash flooding on any particular stream
cannot be forecast sufficiently in advance to allow for corrective or
preventive actions to avoid damage.

About 1,217,900 acre~feet of reservoir capacity has been designated
for flood control use on a flood forecast basis in existing multiple-
purpose reservoirs and a total of about 2,100 acre-feet of {lood storage
exists in three watershed reservoirs in the region. Most of the multiple-
use capacity (1,036,000 acre-feet) is in Navajo Reservoir on San Juan
River. Several of the major reservoirs in this category are identified
in the tabulation on page 11. In addition to the dedicated flood control
storage, there is nearly 8,000,000 acre-feet of storage in the region
which is not operated for flood control, but does provide incidental
flood damage reduction.

It has been noted from past experience that the existing reservoirs
have helped to reduce flood peaks and damage; however, they have not been
tested by large floods, and specific data are not available concerning
their full effectiveness to reduce peak flows, areas subject to flooding,
and flood damage. Estimates were made of the amount of damage that would
have been prevented by several of the reservoirs had they been in oper-
ation during selected historical floods. These estimates are indicated
as follows:

14
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Rock check dam for control of gully erosion in watershed
areas.

o

! e
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Prestressed concrete check dam for control of gully
erosion in watershed areas.
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lerracing to reduce sediment yield and runoff on steep
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Trenching and furrowing on the National Forest to control
sediment movement and runoff.



PART 111 PRESENT STATUS OF FLOOD CONTROL MEASURES
8 2 - Estimated reduction
Subregion : s Date : in flood damage
and : Reservoir g of - credited to reservoir
State . s flood : (1965 prices)
Upper Main
Stem Paonia 4 Jun 1957 $ 17,000
(Colorado) Indian Wash 6 Jun 1958 22,000
San Juan-
Colorado Vallecito
(Colorado) Lemon 5 Oct 1911} 1,550,000

(New Mexico) Navajo

/

s

SRS P SN kg

Studies indicate the existing multiple-purpose reservoirs will
reduce floodflows on the streams they protect to bankful capacity for
floods expected to occur more often than once in about 20 years on the
average and will have some effect on flows expected in the once in
50-75 year frequency range. Flood damage prevented by these reservoirs
ranges from about 30 to 50 percent of the average annual damage expected
without the reservoirs. The small watershed reservoirs were designed
to reduce the 100-year floodflow to bankful capacities at the reservoir
sites and prevent about 80 percent of the downstream damage on the
individual streams. An exception is the Pine River Reservoir which
was designed to control the 25-year flood.

There were no permanent type levee and channel works in the region
in 1965, The limited number of emergency type channel improvements
provided by Federal agencies and local interests are considered to be
temporary and no evaluations of their effects on floods were considered.

Watershed treatment has been applied to about 9.3 million acres,
which is 12.9 percent of the total land area in the region. This work
is effective in reducing flood threats to local areas, but due to the
small area treated, the overall effect on the region's flood problems
is minor. Much additional watershed treatment work is needed. There
are many watershed locations where land treatment is not feasible or
desirable. Scenic areas will be retained in their natural untreated
condition.

15
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PART IV
FLOOD PROBLEMS

The area subject to flood damage in the Upper Colorado Region is
only a small percentage of the total area. Many streams are incised in
some reaches with narrow flood plains where economic development is not
practical and where flood corrective or preventive measures are not
needed. In other stream reaches the flood plains are broader, encompassing
all or a portion of wide mountain valleys where agricultural or urban
development has occurred. In these flood plains, and in others where
new economic development is expected, reduction of future flood damage
is needed either by structural improvements such as reservoirs, levees,
or channel works or by non-structural measures as discussed in Part VI,
Measures Required to Satisfy Future Needs.

Due to the sparse population and lack of extensive economic devel-
opments in the flood plains, flood losses have not been extensive or
retarded economic growth a significant amount., In recent years there
has been substantial growth in several of the urban areas and more inten-
sive use is being made of agricultural areas. This accelerated growth
has increased land values and developments so that flood damage is becoming
more serious than it was in the past. Based on projections of population
increase and economic growth the trend is expected to continue in the
future.

There are about 100,000, 50,000, and 70,000 acres, respectively,
in the flood plains of the principal rivers and streams in the Green
River, Upper Main Stem, and San Juan-Colorado Subregions., Streambank
overflow and damage along these larger rivers and streams are caused
primarily by rapid snowmelt in the spring and early summer and by an
occasional winter rain. Floods on the small watershed streams result
from snowmelt, winter rain, and intense summer storms. Also, ice
conditions often block flow in many of the streams in the region and
causes water to spread over adjacent areas. An example of ice condi-
tions on the Gunnison River in December 1968 is shown in the upper
photo following page 18, This particular condition resulted in consid=-
erable damage to summer homes and recreation areas along the stream.
Other types of damage, including damage to irrigation facilities, bridges,
roads, harvested hay, and farm buildings, are also caused by ice. Snow=-
melt and rain floods produce damage by inundating property, eroding lands,
depositing silt on crops and by destroying irrigation, communication,
utility, and transportation systemse, The lower photo following page 18

17
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PART IV FLOOD PROBLEMS

shows an alfalfa field covered with debris resulting from a cloudburst
flood occurring August 1960 on Roatcap Wash, Upper Main Stem Subregion.
Floods also damage campgrounds and recreation and wildlife facilities
in addition to other types of property damage mentioned above.

The intense summer storms are of short duration and produce high
peak flows, low volumes of runoff, and large local damage. The size
of the peak flow, volume of runoff, and amount of sediment produced by
a given storm is affected by total precipitation, intensity of precipi-
tation, topography, type of soil, and type and condition of ground cover
upon which the rain falls,

The following sketches indicate the percent of runoff and soil loss
on an experimental plot with all factors constant except ground cover.
Although the results may not have general application, they do indicate
that runoff and erosion increase when vegetation is removed from watersheds

and where natural ground cover in built-over areas is replaced with pavement
and roof surfaces.

‘ 2 44 INCHES OF RAIN IN ONE HOUR

GROUND COVER
10% of ground
L covered with plonts
and lnter

SROUNE IVER

w3
- “
5% of ground

SURFACE

weored with plonts

nd e

The cloudburst type flood is difficult to control, Methods that have
been used include a combination of land management and treatment and
small water control structures.

Urban centers in the region that have experienced flood damage and

are expected to experience damage in the future are listed in the tabu-
lation on page 19.
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Ice conditions on Gunnison River

in December 1968. Typical

streams in the region.
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PART 1V

FLOOD PROBLEMS

: Urban centers
Subregion : with flood problems

Stream

Green River Rock Springs, Wyoming

Craig, Colorado

Steamboat Springs,
Colorado

Duchesne, Utah

Vernal-Jensen, Utah

Price-Helper, Utah

Grand Junction,
Colorado

Delta, Colorado

Upper Main Stem

Montrose, Colorado
Moab, Utah

Dolores, Colorado
Farmington, New Mexico
Farmington, New Mexico
Shiprock, New Mexico
Aztec, New Mexico
Durango, Colorado

San Juan-Colorado

Bitter Creek
Fortification Creek

Yampa River
Duchesne River
Ashley Creek
Price River
Colorado &
Gunnison Rivers
Gunnison & Uncom=
pahgre Rivers
Uncompahgre River
Mill & Pack Creeks
Dolores River
Washes B&C
Animas River
San Juan River
Aztec Arroyos
Junction Creek &
Animas River

Lands subject to flooding are for the most part irrigated pasture,
natural hay meadows, and range. In many areas, spring floodwater
provides early irrigation and thus is a benefit to the economy. How=~

? cultural areas,

ever, on a region-wide basis, floods generally cause damage to agri-

Streambank erosion is widespread on most, if not all streams. Land

lost through erosion produces silt that deposits in downstream channels
and reservoirs, and thus reduces their capacity and economic 1ife., Based
on very preliminary data, it appears that in 1965 there were about 180
miles of serious streambank erosion along the main streams and tributaries
in the region. The annual loss of land is in the order of 300 to 400
acres and the monetary loss about $100,000. Additional erosion problems

in the watershed areas are discussed in Appendix VIII - Watershed Management.

Estimates of future average annual flood damages were based on
the RI-OBERS projections using 1965 prices and conditions of development
as a base., FEstimates of average annual flood damages in 1965 were made
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PART IV FLOOD PROBLEMS

by the standard-damage-flow frequency analysis for nine classifications
of property and land use defined below. Average annual flood damages
were estimated to be $2,792,000 in 1965. Projections of 1965 damages
to tarpet year 1980, 2000, and 2020 are discussed under "Future Needs,"

Forest and range resources. — Losses or reduced yields from timber-
lands, brushlands, rangeland, creek bottom meadows, and wildlife and
fishery habitat in forested areas.

Forest and range facilities. - Damages to campgrounds, recreation
facilities (family units, water systems, picnic facilities), fences and
corrals, wildlife facilities, roads, trails, and bridges.

Crop and pasture. - Damages to farmland such as crop loss or reduced
yield or quality, increased production costs resulting from flooding and
spreading of diseases and weed infestation, the inability to grow crops
best adapted to the area, and crop losses due to suspension of irrigation
water delivery or other loss of water.

Other agricultural. - Losses of stored crops and livestock, damage
to machinery and fences, farm buildings and facilities, farm bridges
and roads, and damage to farm levees, irrigation and drainage systems,

Land. - Damages caused by erosion and sediment deposition. These
damages may be occurring on forest land, rangeland, intensively culti-
vated farmland, urban land, etc. It includes land lost during flooding
toc gullies, streambank cutting, channel changes, flood plain scour, and
landslides caused by flooding. It also includes land rendered unpro-
ductive or less productive due to sediment deposition.

Residential damage. - Damage to single and multiple residences,
houses, and apartments, including structures, contents, and property
improvements.

Commercial damage. - Damage to businesses, hotels and motels,
stores, and service establishments, including structures, furnishings,
inventories, and property improvements and loss of business and wages
resulting from this damage.

Industrial and utility damage. - Damage to manufacturing, processing,
and fabricating plants and facilities, communication and utility lines
and facilities, railroad lines, equipment and facilities; and losses
resulting from the impact of these damages on the local and regional
economy ,

20
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Public facilities damage. - Damage to highwayvs and bridges, levee
svstems, irrigation diversions and canals, improved stream channels,
municipal facilities, and public schools, all of which property is
owned or administered by public agencies or non-profit political and
semi-political organizations. Included in this classification are
expenditures by Federal, state, and local agencles for flood fighting,
repairing flood control works, and caring for evacuated people; costs
for adjudicating suits for flood damages; and losses to the travellin;
public resulting from damaged highways and bridges.
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FUTURE NEEDS

Projection Methodology

To adequately appraise the future needs for flood damage reduction,
an evaluation of the expected future trends in average annual flood damages
was undertaken., These projections of flood damages were used to identify
potential problem areas where future structural and non-structural damage
reduction measures will be needed.

The average annual flood damages, calculated for the base year 1965
by the standard damage-frequency relationship, were projected to the
target years of 1980, 2000, and 2020. Future changes from the base year
(1965) average annual damages bear a direct relationship to the changing
value of flood damageable items within various flood plains. The basic
parameters that were used in evaluating the anticipated changing value
of the different flood plains were:

a. The projected agricultural acreage utilized within each flood
plain and the expected changes in ylelds per acre were used to appraise
the future changes in agricultural values. Future acreage of cropland
and pasture in the flood plains for the various target years were
projected by an examination of historical trends and an evaluation
of foreseeable future developments. Since much of the Upper Colorado
Region has semiarid or arid characteristics, future acreage projections
were closely correlated with potential sources of irrigation water.
Improvements in agricultural production technology (crop yields) will
significantly increase the per acre value of the agricultural acreage
within the flood plain areas. Future indices of crop yields were
developed in the Economic Base and Projections Appendix. The increased
use of commercial fertilizer, improved crop varieties, and more effi-
cient farm irrigation and drainage practices were the major factors
considered in projecting the growth in the crop yield indices. The
future agricultural values were computed by applying the projected
crop yield indices (in relation to the estimated future crop patterns)
to the projected acreage in the various flood plains for the target
years.

b. Future trends in the value of damageable forest and range
resources and facilities were based on information from Appendix VI -
Land Resources and Use and Appendix VIII - Watershed Management.
Information included the projected future patterns of forest and
range lands and the projected future developments in watershed areas.

23
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PART V FUTURE NEEDS

Specific {tems which were considered in projecting the future damageable
values include the expected vields from timber and range lands and the
future program for the development of campgrounds, recreation and wild-
life facilities, roads, trails, and bridges.

c. In projecting the future trends in the value of damageable
residential and commercial property in the flood plain areas, projected
changes in real per capita personal income and population density were
used as the relevant indicators. Projected changes in real per capita
income serve as a good overall measure of the changing value of resi-
dential and commercial property in the flood plain areas on a per

capita basis. Future flood damages to residential and commercial
property were correlated with projected changes in the patterns of popu-
lation density. Some downward adjustment was made to the future density

factors in expanding areas to offset an expected percentage increase

in multiple storied structures which tend to reduce the quantity of flood
damageable items susceptible to damage. The same indices of change were
assumed to apply for both the residential and commercial values because

of their mutual interties and a paucity of data to indicate any significant
dif ference in their change on a small regional basis. Data, related

to the future regional trends in real per capita personal income and

future regional population characteristics presented in the Economics

Base and Projections Appendix, were utilized in making the above projections.

d. Future industrial and utility values were projected on the
assumption that the proifected trends in industrial and utility employ-
ment and productivity presented in the Economics Base and Projections
Appendix, will closely approximate the future investments in damageable
plant and equipment by the industrial and utility sectors in the repion's
various flood plains, The tenability of this assumption seems vaiid
when considering the types of industries and utilities operating within
the region and the plant locations they require.

e. The projected changes in public facility values in the various
flood plains were assumed to be a function of the changes in population
and the projected increases in real per capita personal income for the
different target vears, Because a more intense use of the existing
public facilities can be expected to occur in the future as population
increases, the percentage changes in public facility values were made
to lag the expected future changes in values for the residential and
commercial property in the various flood plain areas.

By using these basic parameters, development factors were derived

for each of the flood plains in the repion. These development factors
were used as indices for the projected changes in the average annual
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PART V FUTURE NEEDS

flood damages for the target years 1980, 2000, and 2020, The following
tabulation presents the 1965 base year and projected average annual
flood damages for one reach of the GCunnison River and is included to
illustrate the projection procedure and the magnitude of some of the
derived development factors., ILines 3, 5, and 7 of the tabulation show
the estimated average annual damage for the target vears 1980, 2000,
and 2020 if no additional flood damage reduction measures are adopted.
Lines 8, 10, and 12 show the estimated residual average annual damages
in the target years with the probable future flood damage reduction
measures implemented.

ubregion: Upper Main Stem
Stream: Cunnison River
Reach* Curecanti{ !'nit to Colorade River

Conditions : Average Annusl Dameges in 31,000 S
:Crop & : Other : 1IAnd : Resld. : Comm. :Ind., & : Public : Total
:Pasture : Agric. : : t :Util. :Facility:
i 195 Project Conditions and Prices SR
1. 1965 Economic Conditions 19 3 £ 16 ¢} 8 ¥ q7
2. Development Factor, 1965-1980 1.51 1,51 P51 2.13 2.13 1.75 1.62
3. 1980 Economic Conditions 29 5 9 E 19 1k 58 168
4. Development Factor, 1965-2000 2.00 2.00 2.00 3.93 3.93 3.13 3.06
5. 2000 Economic Conditions 38 6 12 63 35 25 110 289
6. Development Factor, 1965-2020 2.5k 2.5k 2.5k 8.18 8.18 6.75 5.%
7. 2020 Fconomic Conditions L8 8 15 131 Th 5k 213 53
lfés Prices

B, 1980 Economic & Project

Conditions 1/ q 2 3 13 7 5 21 60
9, 2000 Economic & 1980 Project

Conditions 1 3 b 24 13 9 Lo 104
10, 2000 Economic & FProject ‘

Conditions 2/ 1 3 L 16 9 7 29 79
11. 2020 Economic & 2000 Project :

Conditions 14 b ] 33 20 15 56 1.7
12. 2020 Economic & Project

Conditions 3/ 1k N 5 19 11 8 E3l 7]

Furture Flood Control Measures:
1/ Blue Mesa Regervoir

Flood Plain Management, Grand Junction, Colorsado
3/ Flood Plain Management, Delta, Colorado

Development factors similar to the factors in the tabulation were
estimated for each principal stream and watershed area in the region,
These factors reflect the different types of economic development
expected and the degree of susceptibility of the developments to flood
damage. Past trends in development and availability of undeveloped
and partially developed lands in the flood plains were taken into
consideration in the derivation of the factors. A part of the anti-
cipated future growth would result from replacement of existing buildings
and furnishings, structures, and equipment as they become obsolete.
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Future Needs

Flood damage reduction measures are needed to reduce the potential
for loss of life, human suffering, and property damage caused by flood~
water. The estimated magnitude of present (1965), and future flood damage
that must be reduced to meet the needs of the region are summarized as
follows:

5 Estimated average annual
Subregion 2 flood damages in $1,000 1/
s 1965 . 1980 : 2000 : 2020
Green River 998 1,469 2,306 3,558
Upper Main Stem 1,076 1,591 2,512 3,983
San Juan-Colorado 718 1,131 1,956 3,010
Region totals 2,792 4,191 6,774 10,551

1/ Table 8 in the Watershed Management Appendix includes a portion of
the above damage data as well as other damage which occur in the
watershed areas.

Estimates of future damage in the above tabulation are based on
RI-OBERS projections and no further implementation of flood damage
reduction programs after 1965. The increase in future damage would occur
as a result of "normal" population growth and increased economic activity,
and would not be "induced" as a result of future flood control developments.
In addition to the nearly fourfold increase in flood damages projected
by 2020, the percent of total flood damages classified as residential
and commercial, industrial, and utility and public facilities will increase
significantly as shown in the figure following this page.
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PART VI

MEASURES REQUIRED TO SATISFY FUTURE NEEDS

Flood damage reduction programs can be categorized under two general
headings--corrective and preventive measures., Corrective measures reduce
damages through control of water and preventive measures reduce damages
through contrnl of use ‘of the flood plains. Principal features of these
, measures are indicated in the following diagram,
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Fach of the two general concepts of flood damage prevention offers
advantages and disadvantages.

The initial cost of corrective measures is often higher than for

preventive measures due to the cost of structures such as dams an<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>