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This report of the Upper Colorado Region State—Federal Interagency Group
was prepared at field level and presents a framework program for the
development and u~ nagement of the water and related land resources of
the Upper Colorado Region. This report is subj ect to review by the
interested federal agencies at the departmental level, by the Governors
of the affec ted states , and by the Water Resources Council prior to its
tra nsmittal to the Congress for its consideration. 
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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 additiona l 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—struc tural
flood plain management measures, utilization of proposed multiple—purpose
reservoirs for flood control storage, and construction of other structura l
flood control works where required . Flood control storage in future
multiple—purpos e reservoirs and small flood retarding structures wotild
amount to 2,300,000 acre—feet. Other struc tural 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 ma nagemen t

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 Alterna tive 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 watersh ed 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 CO LORA DO REG IO N
(OMPR F.}~FN~ ~JF FRAMF~ RK .STUT)Y

AP P FN! ) TX IX —

PART I

INTRODT’CTION

P~~pose and Scope

The purpose of this appendix is to present an assessment c’f the
present  and f u t u r e  f lood probl em s in tL e  Uprer Co1or~ido Region , d at e r —
mine  f u t u r e  f lood  cont ro l  needs , and o u t l i n e  a comprehensiv e r roc’r~ ”
to s a t i s fy  these needs . The m a t e r i a l  i n c l u d e s  n d e s c r i p t - 1 c~n of tI~~
region , a h i s t o ry  of f lood s , a d e s c r ip t io n  of ex i st in c ’  fl ood cont ,~~1
measures and thei r  accompl ishments , an evaluat ion of remain ing  f lood
problem s and f u t u r e  needs , and a desc rin t ion  of a possible f u t u re
flood cont ro l program requi red  in 1980 , 2000 , and 2020 to meet  these
needs . The s tud ies  are l imited to the Colorado River Basin ups t ream
from Lee Ferry , Ar izona , and the Great Div ide  Closed B asin  in Wy oming .

The p r inc ipa l  source of data used herein are prior s tud ies  and
reports  made by Federal and S t a t e  agencies . These data  wer e updated
to base year ( 1965) prices and conditions of development . Wher e data
were incomplete or missing , basic data were derived by comparison with
data  known on s imilar  stream basins . Values of f lood damage deriv ed
for  the base year were projected to target years by use of development
fac to r s  based on economic growth expected in the flood pla ins  in the
absence of fu tu re  flood dam ag e reduct ion  measures .

Future conditions were based upon a field adjustmen t of the Depart-
ment of Comme rce O f f i c e  of Business Economics ’ (OBF.) project ions of popu-
l a tio n , personal income , and employm ent , and the Depar tment  of A gr icu l ture
Economic Research Service ’s (ERS) projections of agricultural production.
Based on these estimates f lood damages were projected to the ta rge t  years
of 1980 , 2000 , and 2020. This modificat ion of the OBE—ER S baseline pr o-
jections is referred to as the Regional Interpretation of OBERS (RI—OBFRS).
Both sets of projections are presented in detail in Append ix TV — 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 alternativ e based on water supp ly 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

a



PART I INTRODUCTION

to reduce f u t u re f l o o d  damages , consid erat ion was given to cont ro l led
land use in f lood p la ins  and other non—struc tural f lood p l a i n  management
practices; to construction of rese~.~oirs and levees, and channel improve-
ments where necessary to protect existing facilities and those projected
to he developed in flood pla ins  in the f u t u r e ;  and to watershed management
p r a c t i c e s  where a p p r o p r i a t e .  Alterna t ives wer e selected for  the  p lan
on the  basis  of pro jec ted  land use needs , feasibility of non—structural
measures , n e c e s s i ty  of s t r u c tural  improvements , and economy of a l terna t ives .
The r e su l t s  of the  studies are presented in the remainder of the appendix
and are summarized in the subregional tabl~ c at the end of this  report .

Objectives

The p l ann ing  objec t ives  for  framework studies are to give consid-
eration to the timel y 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 , w i t h  the  wel l—being of all the people as the overrid ing
cons idera t ion. Flood damage reduct ion is an essential part  of this
planning process, since it contributes to the well—being of people by
prevent ing  loss of l i f e , human suffering , damage to proper ty, 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
protec t ion;  however , f lood pro tection , to reduce excessive d amages and
be consistent with environmental considerations and other resource uses,
should be provided .

In consonance w i t h  these general guidelines, the objec t ives  of the
f lood damage reduction program in this report are to provide f lood pro-
tect ion f rom at least a once—in—1O—year flood for agricultural areas,
and protection from the once—in—lOO—year flood up to the Standard
Project Flood for urban areas.

Relat ionship to Other Parts of Report

The Upper Colorado Region Framework Study report is composed of
a main repor t and 16 appendixes. Appendixes I, II , and III , “Histo ry
of Study,” “The Region ,” and “Legal and Inst i tut ional Envir onments ,”
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

2
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PART I INTRODUCTI ON

the other appendixes. Appendixes VIII—XV , “Watershed Management,”
“Flood Control,” “Irrigation and Drainage,” “Municipal and Industrial
Wate r ,” “Recreation ,” “Fish and Wi l d l i f e , ” “Elec tric Power ,” and “Water
Quality , Pol lu t ion Control , and Health Factors ,” are the functional
appendixes of the report, each dealing w i t h  a par t icular  recognized
phase of water  and related land development, use , or management .
Appendixes XVI and XVII , “Shore l ine  Pro tec t ion  and Development ” and
“Nav igat io n ,” are not app licable to this reg ion . Append ix 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 m e t .  The main  report  is a
condensation of the support ing appendixes and wi l l  include the framework
plan, conclusions, and recommendations.

Solutions to f lood pr oblems have an impact on other water and land
resources problems . For examp le , f u t u r e  reservoirs used fo r  f lood control ,
except for  small detention reservoirs in watershed areas , will also be
used for  one or mor e of the fo llowing purposes : irr igation, municipal
and industrial water supply, hydroelectric power production , outdoor
r ecr eation , fish and wildl ife conservation , wate r qual i ty  control , and
possibly other purposes . Non—structural  flood plain management programs
are primarily for prevention of flood damage, yet they provide excellent
opportunities to restore and enhance natural beauty and to develop
r ecreational faci lities, includi ng pa rks , golf courses , playgrounds ,
and picnic areas. Facilities provided under watershed treatment
practices reduce rates of flood runoff , increase t imber 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 .

Descr iption of the Region

The Upper Colorado Region, as shown on Plate 1, is that area
drained by the Colorad o Riv er upstr eam f rom Lee Fer ry , 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, Colorad o, 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
rugg ed 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 Perry.

3
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PART I INTRODUCTION

The Colorido  River  r ises  on the  west side of the  Con t inen ta l  Divide
in west - -centra l  Colorado , meanders  southwest 640 mi les  through Color ad o
and U tah 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 southeaster n
U tah , a t  a locat ion 220 mi les  above Lee Ferry. Other large t r i bu t a rie s
of t he  Colorado River are the Gunnison , Dolores, and San Juan Rivers.
The pr incipal  stream s and their tr ibutaries are in some locat ions deep ly
entrenched in the rugged plateau country which comprises most of the
r eg I on.

The c l ima te  is arid to semiarid excep t in the high a l t i t u d e s  in
the headwater  areas , where precip i t a t ion  is modera te ly heavy . Wide ranges
in the c l i m a t e  are caused by d i f fe rences  in a l ti tude s la t i tude , and topog-
raphy. Tn general , the climate is associated with Pacific Ocean air
misses which move inland from the west, bringing most of the region ’s
prec ip i ta t ion . Seasona l influences include cyc lonic thunderstorm s that
enter  into the southern portion of the region f rom the Gulf of Mexico ,
and Canadian arc t ic  air occasionally extend s into the northern portion
of the reg ion dur ing  the winter months .

Temperatures vary widely due to seasonal and diurnal effects and
differences in elevation. Extremes of temperatures range from —60° F.
at  Tay lor Park , Colorado , to 115° F. at Lee Ferry, Arizona . ~ t most
cl imatological s tatIons , mean monthly temperatures are lovest in January
and highes t 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 0 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 th e 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 t en  occu rs 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

4
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PART I INTRODUCTION

of the total is returned to the atmosphere by evapotranspiration.
The remaining 15 million acre—feet is the source 01 streamflow . Some
of the total supply, possibly 100,000 to 200 ,000 acre—feet annually,
recharges the ground water and is later withdrawn p r i m a r i l y  fo r  muni-
ci pal  and industrial use. Str eams originate in the forested watersI~ J
areas and are fed primarily by melting snow in late spring and early
summer. Normally, high rates of runof f subside by late July to near
base or minimum flow, which includes spring—fed headwater contribution ,
re turn flow f rom irrigation , and streainbank storage. A small amount
of runoff ori ginates at the lower alti tudes 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 po~ulation of the region in 1965 was 337,000. The annual
rate of incre.~se in population since 1940 was about 1 percent. For
the same period , the national rate of increase was l.t~7 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
(2 1,000) , 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 empl oyment ar e the services ,
agriculture, forest products , mining, and the manufac tu r in g  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
f ramework s tudy purposes , as indicated on the frontispiece map and
Plate 1. The subregions and their areas are listed in the following
tabulation.

5



PART I INTRODUCTION

Area in
Subregion sq. mi .

Green River 48,660
Upper Main Stem 26,192
San Juan—Colorad o 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).

I
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Projected Population Growth
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PART II

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 flt~ d 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 destr oyed S 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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PA RT II HISTORY OF FLOODING

Table A
HISTORICAL FLOODS

Flood demage
Date of at tim e

Stream : flood of flood
in $1,000

( ;r een P iver  Price River Jun 1917 380
Bit ter  Creek Jul 1937 258
For tif ication Creek Mar 1947 37
Duchesne River Jun 1952 103
Yampa River Jun 1952 178
Green River Jun 1957 155
Sheep Creek Jun 1965 802
White River Mar 1966 88

T ’ pper Main
Stem Mill & Pack Creeks Aug 1935 62

Colorado River Jun 1952 69
Colorad o River Jun 1957 192
N. Fork Gunnison R. Jun 1957 87
Gunnison River Jun 1957 239
Dolor es River Apr 1958 229
tlncomp ahgre R iver J un 1958 65
Corne t Creek Jul 1969 150

San Juan—
Coloado San Juan River Oct 1911 360

Animas River Jun 1927 166j Ani~aa River May 1941 43
Aztec Arroyos Aug 1965 92
Animas River Sep 1970 717

Detailed information concerning som e of the above listed floods and
several other floods of record Is given in Table 1.
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PAR T II  HI ST O RY OF FLOODIN G

Flooding of Residential area in Gran d Junct ion , ~o1or~-ido
from Indian Wash during flood of 6 June i9~~~.
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Flood damage at  Te l lur ide , Colo rado from 31 Jul y 19~~cloudbu rst storm on Cornet Creek , a San Mi guel Rive r
t r ib utary .
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PART III

PRESENT STATUS OF FLOOD CONTROL MFA SURES

Flood dama ge 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. Emergency
measures may include evacuation of persons, livestock, movable property,
and preparation of temporary protective structures.

‘I’ypes of river and flood forecasts that have proven necessary are
stinmarized as follows:

a. Snovmelt 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 stmmier cloudburst Storm s 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 wa ter 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)9
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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 h ave access to precipitation , snow course, and river stage data .
Agencies with operational responsibilities for dam s 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. Lake Powell is located at the downstream end of the region
and has no measurable effec t on flood problems in the region. If Lake
Powell is excluded from the regional total there would remain about 9,000,00(
acre—f eet 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
tabula t ion  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 Cunnison River.)

10
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Subregion : :Max . f lood c o nt r o l :D r al n ag e  area
and : Reservoir Stream : storage capacity : controlled

State : : (1,000 ac.— ft.) :(square miles)

I~~~er Main Paon ia Mudd y Cr eek 17 .0 2 50
Stem Indian Wash Indian Wash 1.0
(Colorado) Roatcap Roatcap Wash 1.0 17

Subregion totals 19.0 25?

San Juan— Val lecito 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 l~O36.O 3,230

Subregion totals 1,201.0 3,581

Region totals 1,220.0 3,863

Roatcap Wash Reservoir is show-n 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.

11
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PART III PRESENT STATUS OF FLOOD CONTROL MEASURES

Two existing multiple—purpose reservoir s, Navajo and Vallecito , with
s torage operated fo r  f lood control  on a forecas t  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. E~nergency work had been accomp li~ ied
under Federal authorities at several locations in anticfpatior of
floodflows and to restore channels destroyed by floods . Such work
consisted of bank protection , snagging and clearing , and realignment
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 ProgTams

Under authority of the Congress, the Federal Government 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
soi l 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 is 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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These s t r u c t u r e s  In  cam!’ i n a t i on  w i t h  t i d  tm~-n t S o-h as F r ish and W I - r d
con t ro l , f i r e  control , watersh ed tillage , and rr - .’r’retation reduce peal-
r u n o f f , f res tOn , and se d i m e n t  y i e l d .  Abou t  9.0 nfl lion acres of l and
~~~~t t  trea t ed for reduction of e r csi c ii , sedim ent , and storr~ r ’in o~ f

i ~h l h5. Selected exis tin g and fut t r e  wat ersi ed trea t r-,-nt areas
are shown on Plate 1. The e xi st i n g  treated acreac~es arc- shown by
s u b r eg ion and s t a t e  in the following tahula ’-lor .

Exis t ing  Watershed T r e i t r r ’n t
Subregion : State : - Private Federal

1~~OO0 acres 1 , H f l  ac res

Green R ive r  Colora o 1 , 887 80
J Tt a ~ 2 , 152 1 SE
Wyoming 127

S u b t o t a l  5 , 339 3 ( 3

Fpper  Main Stem Colorado 1,257 381
Utah  90 89

Subtotal 1,347 470

San juan—Colorado Arizona 97 4
Colorado ((7 2’
New Mexico 473 138
Utah  243 125

Subtotal 1 ,480 293

Reg ion tota l 8,166 1,121

Typical examples of watershed practices are shown in the four photos
following page 14. Additional discussion and t ab u l a t i o n s  of ex1~- t in g
w a t e r sh e d  p r o t e c t i o n  measures a re  given in Appendix VIII , Watershed Manage—
ment .

Accomplishments of Existing Flood Control Program

The accomplishments of existing flood control programs , which have
reduced f lood peaks and damages on the  p a r t i c u l a r  s t rea m s  t h e y  protect
are discussed in the following paragraphs .

13
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PART III PRESENT STATUS OF FLOOD CONTROL MEASURES

The p r e sen t  sy stem of river forecas ts  provide Federal , s t a t e , and
local  a u t h o r i t i e s  w i t h  i n f o r m a t i o n  concerning runof f volumes and peal’
f low s frm snowmelt  and general  r a in  f loods .  This i n fo rm a t ion  is used
in the operat ion of ex i s t i ng  reservoirs wi th  desi gnated flood space to
reduce peak o u t f l o w  and to cont ro l  flood s to downstream capac i tie s ,
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 l i f e .  Through the
use of r adar , c o n d i t i o n s  favorable  to the summer cloudburst type storm
are observed and the  i n f o r m a t i o n  disseminated . Due to incomplete radar
coverage in th i s  sparsely se t t led  area the predict ic-na of c loudburst
type  storms are given for  general areas rather than specific locations.
Accordingl y , at th i s  time , f lash  f lood ing  on any p a r t i c u l a r  stream
cannot he forecast sufficiently in advance to allow for corrective or
prevent ive  ac t ions  to avoid damage.

About  1, 217 , 900 a c r e — f e e t  of reservoir capacIty has been designated
for  f lood control  use on a f lood forecas t  basis in ex is t ing  m u l t i ple—
purpose reservoirs and a total of about 2,100 acre—feet of flood storage
exis t s  in th ree  watershed reservoirs in the region. Most of the multiple—
use capaci ty  (1 ,036 , 000 ac re—fee t )  Is in Navajo Reservoir on San Juan
River . Several of the major reservoirs in this category are identif ied
in the tabula t ion  on page 11. In addit ion 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
tes ted  by large floods, and specific data are not available concerning
the i r  fu l l  e f fec t iveness  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 fo l lows :

14
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Estimated r e d u c t i o n
Subrceion : Date : in flood damage

and : Reservoir : of : credited to reservoir
State : : flood : (1965 prices)_

Upper Main
Stem Paonia 4 Jun 1957 $ 17,000
(Colorado) Indian Wash E Jun 1958 22,000

San Juan—
Colorado Vallecito
(Colorado) Lemon 5 Oct 1911 1,550 ,000
(New Mexico) Navajo 

2

Studies  ind ica te  the exis t ing mul t ip le—purpose  reservoirs w i l l
reduce floodf lows on the streams they protect to bankful capacity for

• floods expec ted 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  damag e 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 he
tamporary and no evaluations of their effects on floods were considered .

Watershed treatment has been app lied 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, hut due to the
mnall 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

k desirable. Scenic areas will be retained In their natura l 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 f lood 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 developmen t 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 VT ,
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 mad e 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 eno’imtelt 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 Decemb er 1968 is shown in the upper
photo following page 18. This particular condition resulted in consid-
erable damage to ausrier hcsnes 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 systems. The lower photo following page 18
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PART IV f- ’J o(p PROBLEMS

shows an  a l f a l f a  f i e l d  covered with d € l r i s  r e s u lt in T ’  f rot:- a c l ou d h u r s t
t lood occurrin g Au rti s t l~ (-O on Roatcap Wash , Upp er Main St’-r- ~tiT- rep ion.
Fl ood s a lso <1a n~i~~e campgrouods and r o c r r . i t i o n  ond wiId1i ~~o ~nciIi t ies
in a d d i t i o n  t o t f : , r  t v ; ~es of ~‘ r u p o r t y  ;!r. , , v e  t ’o n t i o r . o d  above .

The i n t e n s e  summer s t o r m s  are  of s h o r t  du r a t i o n  and produce h i g h
peak tloui :, low volumes of runoff , anc~ i.:r~ e local damage. The size
of the peak h o w , vol ume of r un o f f , and •lmount of sed iment produced by
a given storm Is affected by total precipitation , intensit-,’ of prec ipi-
tation, topography , type of soil , and typ e and condi t ion of ground cover
upon which  the ra in falls .

The following sketches indicate the percent of runoff and soil loss
on an exper imenta l plot with all factors constant excep t ground cover.
Altho ugh the results may not have general application , they do indica te
that runoff and erosion increase when vegetation is removed from watersh eds
and where natural ground cover in built—over areas is replaced with pavement
and roof surfaces .

- 
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The c loudburs t  type flood is difficult to control. Methods that have
been used include a combination of land managemen t and treatment and
small water control structures .

Urban centers in the reg ion tha t have experienced flood damage and
are expected to experienc e damage in the f u t u r e  are l isted in the tabu—
lation on page 19.
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PART IV FLOOD PROBLEMS

Urban centers
Subregion wi th  flood problems Stream

Green River Rock Springs, Wyoming Bitter Creek
Craig, Colorado Fortification Creek
Steamboat Springs,

Colorado Yampa River
Duchesne, Utah Duchesne River
Vernal—Jensen , U tah Ashl ey Cr eek
Price—Helper, Utah Price River

Upper Main Stem Grand Junction , Colo ra do &
Colorado Gunnison Rivers

Del ta , Colorado Gunnison & Uncom—
pah gre Rivers

Montrose , Colorado Uncompahgre River
Moa b , Uta h ?lill & PacT- Creeks
Dolores , Colorado Dolores River

San Juan—Colorado Farmington, New Mexico Washes B&C
Farmington, New Mexico Animas River
Shiprock, New Mexico San Juan River
Aztec New Mexico Aztec Arroyos
Durango, Colorado Junction Creek &

Animas River

Lands subject to flooding are for  the mos t part  i r r iga ted  pasture,
na tura l  hay meadows, and range. In many areas , spring floodwater
provides early irrigation and thus is a benefit to the economy . How-
ever, on a region—wide basis, floods generally cause damage to agri-
cultural areas.

Streambank erosion is widespread on most, if not al l  streams . Land
lost through erosion produces silt that deposits in downstream channels
and reservoirs, and thus reduces their capacity and economic life. Based
on very preliminary data, it appears tha t 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 prob lems
in the watershed areas are discussed in Appendix VIII — Watershed Management.

Estimates of future average annual flood damages were based on
the RI— O BERS projections using 1965 prices and conditions of development
as a base. Estimates of average annual flood damages in 1965 were made

19
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PART IV FLOOD PROBLFh~S

by t & ’  s t a n d a r d — d a r a g o — f l o w  f requency  ana lys i s  fo r  n ine  classifications
of h r o p l ’r t - ;  and land uso defined below . Average annual flood damages
wer est imated ‘o he $2,792,000 in 1965. Pro jections of 1965 damages
to tarret year 1980, 2000 , and 2020 are d iscussed und er “Future Needs .”

Fores t and range resources. — Losses or reduced yields from timber-
lands , br ushlands , rangeland , creek bo ttom meadows , and wildlife and
fishery habita t in f o r e s t e d  areas.

fores t and range facilities. — Damages to campgrounds , recreation
facilities (family uni ts, water systems, picnic facilities), fen ces and
i-orrals , wildlife facilities , roads, trails , and bridges .

Crop and pasture. — Damages to farmland such as crop loss or reduced
y ield or quality , increased production costs resulting from flooding and
spreading of diseases and weed infestation, the inability to grow crops
bes t adap ted 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 l ivestock, damage
to machinery  and fences , farm buildings and facil i t ies, farm bridges
and roads , and damage to fa rm levees , irrigation and dra inage  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
to g u l l i e s , streainbank cu t t i ng,  channel changes , flood p lain scour , and
landslides caused by f looding . It also inc ludes la nd rendered unpro—
du l  t i v e  or less productive due to sediment deposition.

Residential damage. — Damage to sing le and m u l t i ple residences,
houses , and apa r tments , including st ructures , contents , and property
improvements .

Commercial damage. — Damage to businesses, hotels and motels,
stores , and service es tablishments, including s t ruc tu res, fu rn i sh ings,
inventories, and property improvements and loss of business and wages - 

-

resulting from this damage.

Industrial and utility damage. — Damage to manufacturing, processing,
and f a b r i c a t i n g  p lants  and f ac i l i t i e s, communicat ion and u t i l i t y  lines
and facilities , railroad lines, equipment and facilities ; and losses
resulting from the impact of these damages on the local and regional
economy .
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PART TV FLOOD PROBLF~TS

Pub l i c  f a c i l i t i e s  damage. — Damage to h L ’ i w~ ys and hr t rI ge~ ,
systems, i r r i ga ti on  diversions and canals , Improved stream ~-hanne l s ,
mu n i c i p a l  f a c i l i ti e s , and p u b l i c  schools , a l l  of which propertY is

- wned or adm ini ’-t ered by publ ic  agencies or non—profit polPlcal and
s.- I—p olitical crranizatlnns . Included in this classi flrstion ~ r ç
expenditures by Federal , state , and local agencies for f 1 ”  f i ~~ t i ng ,
repair ing f lood  control works , and caring fo r  evacuated n~ - c - ~~~ - ; cncts

~nr ad judicating suits for flood damages; and losses to the travelind
p~iblic resulting f r om dama ged hi ghway s and br id ges.
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PART V

FUTUR E 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 yields 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
wi thin the flood plain areas. Future indices of crop yield s 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 land s and the projected future developments in watershed areas.
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Sn~~: if Ic i t em s w h i  ~-h w e r *~ c on s ide r ed  in p r oj e c t i n g  the  fn t ~i re damagea ’ l  e
va lu .~s In c  1u ~~ - th’~ .~xr~ r t  ~~ “ le i d s  f r o m  timber and range - lands and the
f u t ~~r ‘~r o g r a m  fpr the develo’~~ of camN’rounds, rocreation and wild—
li’ e tr’cil it ~~~~, roads , tr ails , ~nd b r i dg e s .

c. In prol l-(- t I n c  t~~-~~ f~~t ’ir e  t r e n d s  in the  v a l u e  of d a m a g eab l e
residential and con~~ercLal pr~~ - c c  t v  in the  f lood  p la in  areas , pr oj e c t e~
changes in real pp r  capita persona l income and population density were
used as r he relevnrt indicators . Proj~ cted changes in real per c a p i t a
inc~~ ’ sorv e as a good ~vnrn 1l meac ire of the changing value of resi-
dential i n~I -~~-‘rorr~ al prr”errv in the f lood pla In areas on a per
cap ita basis. Future flood d-~nnwec to resi~~ent1al and cr~ninercinl
p r n p e rt v  were r - — “ l at e ~ ‘ ir b  r r ~ - 

~ecred chmoes in the patterns of p c n , i—
lation dcn~ i t v . Some d w ~~~-ird adlustment wis  mad e to the future d e n s i ty
factors in p-~p n r ~~f n~ ar~ aS to of ~~ot an e~ pec ted percentage increase
In multip le str. rI ,d s t ~~i r t t ~r~~c which tend tr reduce the quantit y of flood
d a n i ap e ih i e  items sus op t fhl e to damage . The same indices of change were
asstm~ed to app ly for both the residential anti commercial values hec~ ti~

p
of thei r mutual interties and a r’ai c ” v of data to  indicate any sipniHcant
d iff erence i n  their change on a sr’all reg ional basis . Data , rel ated
to rh~ fu t -~~- - -~~-1onal trend s in real per cap ita personal Incom e and
f u t u re  r e c i o n a l  pnpularton characteristics presented in the Economics
Base and Prolect-Jon s Aprend ix , were utilized in making the above prolections.

d.  Fu tu r e  in ’k is nlal and u t i l i ty  values were p r o j e c t e d  on the
as~~t m r t 1 on  tha t t I~~r - r r n 1 e c t o - ~ t r end s  in indus t r i a l  and u t i l i ty  emp loy—
rnent and n roduc ti v itv nre~ e r t ed in the Economics Base and Projections
A rnend ix , will closely ir ;rnxirna te the future investments in damageable
p l a n t  and equ1pme~ t ~v the Industr ial and utilit y sectors in the region ’s
varioun flond nialos . The tenability of t h is  assumpt ion  see~ss val id
when cons ider ing  the  types of I n d n nt r i e s  and u t i l i t i e s  opera t ing  w i t h i n

reg ion and the plant locations they re~ tiire .

e. The ~rnjccted changes in public facilit y values in the  var ious
f l o od p lains were assumed to he a function of the changes in population
and the projected increases in real per cap ita personal income for the
different target vests. Because a more Intense use of the existing
ptil - ll c facilities r.-in he expected to occur in the future as population
in creases , the  p er ce n ta r e  changes in p u b l i c  facility values were made
to  lag t h e  exp ec ted  f u t u re c h a ng e s  In values for the residential and
co-niercial prrtpertv In the various flood pla in areas.

By u sing  these basic pa ramete r s , development f ac to r s  were derived
t or each of the  f lood  p la ins  in the region. These development factors
were used as indices for the prolected changes in the averact e annual
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flood dars -u~’pc f or  t h e  t a i c e t  ye - ir s  l~ Il0 , 2000 , and 202fl . Tb~ f r ~~~l~~ w~~np
t - ~ -tulatio n presents t i e  1965 base y o u r  and p r o j e c t e d  av e r ag e  an n u a l
I lo xl 1 i r r . u . ’es f n r  one r e a c h  of the  1 e n o l  son River and is inc lu,di to
illust rate the projection p r o  eduu re and t e m a g n i t u d e  of som e of ‘- t e
derived d , v e  I ‘ p roc  t factor s . (Jutes 3 , 5, and 7 of the tahuul at f - s n  show
t 1 e est ir,at, a v e r - ’ge . i n n i u l  dar’-~ pe for t h e  target ‘;c ar c 1U~ i), 2°’ t ,
and ‘02 0 i f  no -id ’4 1 lona l fi nod j ar r a t’ e ~~uction ~n e n s nr o . c  are ~

- l o p t  od
1,1 B , °, and I ‘ sl ow t he p st i ”~at e d  r e ’ t - h u n l  av ’rnp e an~”’ -fl damages
in  the  t a r g e t  years wi t~ 

p r’’} ai - l t futur e f lool d i - -t1 p e - h s c u  Inn
n e asu r e s  Imp l p r ” utit psi

c r :  I p p e r  RI , -  - V . -.-

5 re , . - - - : i n r 1 ~~~n P l y ”
- ( - . 1 t  t c -  - l v - ,

C sns ’i  t p-re Ave rtge Anni*1 Deu~~~~’ 1nJ~
~~l t F ~~ T ‘Lawi : Reild. c,~r. ~~~~ & - -

: 1*utt ur~__
A~~~t~~. :  

______ 

.
~~~~ --— 

Util. - lii
~ y~~~~

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1. l~- Ecc n ”l - r:nd i~  1Q 3 ( if ‘I 7?
2. L.ve 1opr~ rrt F f t c t s , r , 1 --I ’-*~1- 1.51 1.~~1 1 6 1  2 .13 . 1 4  1.75

4 . 11~ - Eeonomi c c. . n d lt t . n ,  ?9 5 -
~ 

31t 19 114 s8 165
v~-1o1JIrfl~ F~~-tc~r , ~~‘ 

U s  2. . 2.00 7 .~~ 3 .
~- 7 . Q~ 3.13

5. ~~~‘ i - s s~~’c ic - n 2 l t l c n ,  38 (~ 17 ~ ~6 26 110 280

~ ~~~~~~~ 
ç r~ ’ F~ ctnr , 1- ? .~~~ 2.514 - ‘~ 8.~ R 8 .18 p . 76

,.  ?(1’ I ~~ i s-i -- o n - i t t  1 . n ~ O 8 l~ 131 714 614 213 cI~~

~~~
-
: . !!

8. ~ U Economir & Pru~ .s-~
Contlltlona 1 s 2 3 13 7 5 21 60 

-
4 .- ‘~~~ ~-- ,-n..q~~s- & 1 R  s r

4 214 13 q 1 4 C1

10. ‘~~ W Econou,ic & Pr - .-t
Cc,rp j ttt  ne 3 1~ 9 7 20 70

11. ~“c’o F.conoeuir & ‘- v t —  Pr- - ‘ø ’t
Condition. 114 It c t~ 20 15 St 1 L ~~

12. 2C~?0 Econounie & Pr- -
,

Condit t cn i  
~/ 

114 It 5 19 Ii 31

P’xt ’u re !lood C,,ntrts l 4eeur . t
1-  Riup ~le ea Re .t.rvoir

Flooti Plain I~ nage1,~ nt , ran t J u n - t 1 , - n , C .1s ra 1 :-
Flood PlAin ~~ r*geunent , Delta , I ra-i

Development factors similar to the factors in the tabulation were
est imated for  each p r inc ipa l  st ream and watershed area in the region.
These factors reflect the different types of economic developmen t
expected and the degree of s u s c ep t i b i l i t y  of the developments to floo d
damage. Past trend s in development and availability of undeveloped
and p a r t i a l ly developed lands  in the  f lood  p l a i n s  were taken into
consideration in the der iva t ion  of the fac tors.  A part  of the anti-
ci pated future growth would result from replacement of existing building s
and furnishings , structures , and equipment as they become obsolete .
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PART V FUTURE NEEDS

Future Need s

Flood damage reduction measures are needed to reduce the potential
fo r  loss of l i f e , human suf fe r ing, and property damage caused by f lood-
water . The estimated magnitud e of present (1965), and f u t u r e  f lood damage
t h a t  mus t  be reduced to meet the needs of the reg ion ar e summarized as
fo l lows :

Estimated average annual
Subregion : flood danuag~ s in $1,000 1/

1965 1980 : 2000 : 2020

Green River 998 1,469 2 ,306 3 ,558
U pper Main Stem 1,076 1,591 2 ,512 3,983
San Juan—Colorad o 718 1,131 1~956 3~0l0

Region totals 2,792 4,191 6,774 10,551

1/ Table 8 in the Watershed Management Append ix includes a portion of
the abov e d amage data as well as other damage which occur in the
wate rshed areas.

Estimates of f u t u r e  damage in the abov e tabulation are based on
RI—OBERS projections and no further implementation of flood damage
reduction programs af ter  1965. The increase in fu tu re  damage would occur
as a result of “normal ” population growth and increased economic activity ,
and wou ld not be “ induced ” as a result of fu tu re  flood control developments .
In addi t ion to the nearly fou rfold increase in flood damages projected
by 2020, the percent of total flood damages classified as residential
awl commercia l , industrial , and utility and public facilities will increase

• significantly as shown in the figure following this page.
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PART VI

MEASURES R E O PIPET )  TO SATTSFY FUTURE NEED S

Flood damage reduct ion programs can be categorized under two general
headings——correct ive and preventive measures. Corrective measures reduce
damages th rough  con t ro l  of water  and preventive measures reduce damages
through control of u~e of the floo d p lains . P r i n c i p a l  fea tures  of these
measures are indica ted  in the fol lowing diag ram .

[FLOOD DAMAGE PREVENTION ]
I - -- U

L ~ MfASURFS f PREVFNT Vt MEAS UR[S 1

: 5 - 5 5  ~AUI - s( I tAp:U:  L :OSr . S~ UP-: * f l e~ J L . UfU UUI~1~P~~~ 1

- r } - - I
_

_ I  - ‘~‘s~ “ V

- 4 . ,  . . - . : . : U . . J  L~~~.. - . - * s : . s ~: - {  

5— , . . ’  ~~~~~~~~~~~~~ - f eS ~ v :q .. ~~~~~ :pq~ ) - ~~.:-~~- - i  -

5’. ‘ L ! !~~I1 t ~~ s .~
[ -

~~ } -, -~~~ ost,,, ] [ :‘ s.c 
- - 

• - ., 

-j ~.ooo ’.~t~~~~~~~J

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - s -.

Each of the two general concepts of flood damage prevention offers
advantages and disadvantages .

The initia l coat of corrective measures is often higher than for
preventive measures due to the cost of structures such as dams and
reservoirs or levee and channel works ; cost of flood proofing existing
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structures ; rvs -ts ,v.i l 01 : nge • ah  ii- p r u p i - :  t ie?  fr o nt  I b e d  p !air;s ; or o~~ c-~
similar measurt~ • 

( : r r , ’ c t i v &  flIr ~ i Su r e S  So m et  ir ’ . s  in v e l v i  t~~~ - u s t  of t a s ,~
r e s ot ir ct ~~ v j S j C j I  a re  n -n  ded or  de s i red  f t r  o t i - .  r purposes  and nay en~ ( : 1

(i (-; iop tnt of f lood plain areas  w h i c h  should - s . -  reserved c’r restrict - 1 ’-
: t t v e I J p r n e f l t

The cos t O f  p r e v e n t  i v i -  I t - - i s ur t s  n • i y be l i pher in areas- wI ere exis tiny 
. ts  w o u l d  net  d to be removed to p r e v e n t  f l ood  damager  .

e a s u rt s  n,-iv t o t  provide adequate protection and may be costly in r Lr i~’tin
t h e  1181 or inds  n eeded t o acc oum~iodate  an expand ing  p o p u l a t i o n  or to p r o v i d e
needed f a c i u i  t i e s  and services , l a n d s  h r - s t  s in  ted f o r  i c ’r i e u n l  tu ra l ~ e v # i —

- p . r f , t r a r o c v r t d t i o n  f a c i l i t i e s  and , in some cases , in du s t r i a l  a id  or !  a ’
s l i - I l t  r.~~’. l i  l o c a t e d  ~- ;i t h i n  f lood  p l a i n s . Res t r i c t i o n s  in f i t  us ’

of f l o o d  p l a i n  l ands  may cause  needed communi ty  f a c i l i t i e s  or d e v e i o l — n t n t 5
~~

. 
~
j . p r o s i t - i t i v e l y c o s t l y  and may not resul t in th b est  l and  u su  f o r  t : e

g r t - a t  est . f l i i m l - i - r  of people .

A p l a n  f u r  t lood damage r e d u c t i o n  s~iou 1d encompass bo th  co r r ec t i ve
• l I I d  )T  r v e n t i v e  m€~~sures , each used to t h e  bes t  advantage  to preserve  or
u t i l i ze  lands  f o r  t h e  bes t  or most des ir a l l~ use.  In a d d i t i o n  to ecenc ~~s

cons i ra t i o c s , deve lopmen t  of t i le f lood  damage r e d u c t i o n  program must
a l so  i n c l u d e  c o n s i d e r a t i o n  of i n t a n g i b l e  advantages  and d i sadvan tages
such .is op en  space , r i - c r e a t i o n , and a e s t h e t i c  values of f lood p lains and
p o t  e n t  ial  i mp r ov e n en t s  in use of t i l e  environment  resources by the
i n !  l i c  which - i n  he p r o v i d e d  by s t ruc t u r a l  improvements .

T u e  f u t t i t  I lood dat. .a~’e r e d u c t i o n  program presented here in  is a
c e n l i t t i t i o n  of corrective dnd pr even tive meas ures , both structura l and
non—structura l, ale! includes flood control reservoirs and retarding
st r u c t u r e s , levet s and channels , watershed treatment , flood forecasting,
fluod plain r* t’uI ,itions , and o t h e r  n o n — s t r u c t u r a l flood plain management
r.easures . Singly, or itt combination, these measures will not eliminate
all flood damag&s , and in many areas in the reg ion flood protection will
not he  I t-asih le under the cond i t i ons  expected to prevail within the 55—
yea r t i n e  span considered in this study .

Pro~’ratrs cons idered  necessary to reduc e the  p ro jec ted  f lood damages
ire discuss~-& f in the following paragraphs .
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PART VI MEASURES REQUIRED TI) SATISFY F ’ f i ’ R E N EET ) —

Improved Flood Forecasting

The p r r s t nt  svc Ser .  c -f f lood f o r e c as i fu g  and w a r n l n ~ i i i  SO l l I e  ar~- -~.~
- 1  ~~i I e  reg~ (’lI is inadeauate to provide sufficient time for evacuation
of peop le and u n t e nt s  of b u i l dic~~, f rom f lood p la in 8  and r or  lmp l&sn er i—
tat too of emergency measures f o r  p r o t e c t i o n  of pr o p e r ty . í5~ t i i t ional
data collection units are also needed . Future improv ements in the syntem
wou ld provide fo r :

a.  Expansion of the data col lec t ion and r e p o r t in g  network ,
p r i n c ip a l ly  in the area of te lemetry f r om remote area locations.

b. Satel l i te  ins t rumenta t ion  and communication capabi l i ty  to provide :

( 1) Sur face  temperature f ield .

( 2 )  ‘l empera tu re—mois tu re  p r o f i l e  of the atmosp here .

(3) Snow area and depth determ ination.

c. Increased and 4mproved radar coverage for determining precipitation
rates and amounts .

d. Establishing more connnunitv flash flood warning programs.

e. Upgrading computer facilities for more rapid processing of data
and increased research capabilities.

f . Increased research to improve hydrologic models .

An early objective of flood forecasting is to implement ccwnplete coordi-
nation between Fed eral , state , and local government agencies in the
co llection of basic flood data and dissemination of forecasts. In those
areas where f lood control projects , wate rshed ma nagement pract ices , and/or
a formal flood forecasting service are not feasible, a degree of protection
for life and property can be provided through quantitative precipitation
forecast and heavy rain warnings utilizing radar .

Costs of the improved f lood forecasting progrem are based on records
of costs for installations sim ilar to the installations needed for the
proposed flood control program. These cos’s are all Federal costs and
are summarized incrementally by time frames in the following tabulation .
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PART VI MEASURES REQUIRED TO SATISFY FUTURE NEEDS

In s t a l l a t i on  : ~!i&R costs
costs in $i,0fl0 : in $1,000

Subregion : 1966— 1981— 2001— : 1966— 198 1— 2001—
1980 : 2000 : 2020 : 1980 : 2000 : 2020

Green River 190 30 10 45 22 4
Upper Main Stem 100 120 0 39 30 0
San Juan—Colorado 0 90 0 0 23 0

Region totals 290 240 10 84 75 4

Flood Control Reservoirs

Reservoirs are considered to be an effective measure for the control
of floods in many of the problem areas where existing and projec ted agri-
cultural and urban areas need protection. The function of a reservoir
is to store excessive floodflows and thus reduce flood heights in downstream
areas. Reservoirs for flood control alone do not appear to be practical
in the region, except for the small detention type reservoirs in the water-
shed areas. In this connection, the possible solution of flood problems
in the region by reservoir storage has been under consideration for the
past 3( years, and no single—purpose flood control reservoir has been
found feasible. Accordingly, reservoirs for flood control on the main
streams presented in this appendix are limited to joint use space available
on a flood forecast basis in possible future multiple—purpose reservoirs.
Flood control space would be evacuated in these reservoirs during the
snowmelt runoff season only to the extent that the vacated space would
be filled by the remaining runoff as determined by current snow surveys.
Storage space necessary for the control of rain floods, except perhaps
in very infrequent instances, would be available as a result of use of
stored water for irrigation and other conservation uses. Table B,
subregional Tables 6, and the figure following this page indicate the
possible future multiple—purpose reservoirs to be operated for flood control.
Reservoirs identified by name in Table B are shown on Plate 1, and those
identified by number would be located within the watershed treatment areas
shown on Plate 1. Five future multiple—purpose reservoirs, as footnoted
in Table B, are completed or scheduled to be completed by 1972.
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FUTURE RESERVOIRS FOR FLOOD CONTROL 
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n - i  l l Or ; j ; ;  C v ~~ r ‘ o r - r d - . -~~‘ 7 . 5 0 0-
- - ,  C r y -  ‘ ii ~ m - - r  ;;l~~’ ;l - i 1_

- n’j c - , 
-

- , -
, -v ’ - o i 300

• C O - ’ ~ 
P ~~~~~~~~~ C I  - 1(10

- - 0 - I  4 1 3

2001—2020- 7 • )  - ‘ ; - . 1  r - o o m m —

S ’ - - ;  urn ‘~~-

Sa n J u a n — C o l o r a d o  
1966— 1980

1 — - - -1 r 1 2C
I . y r r )  ‘0 - I ! , C - - ‘-‘ - CO ~~-

1981- 200 0
- 

- 
— 

° S C m !  I - rr - -j ’oh
2 001—2020

- - 1 - - - -- p p 7 ‘. iC ‘c I - .- C
Ten ) e m  - 1 1  r u . . I t -  - I-

-0 c - I l  - ~~~~~~~~~ 3 2 5

-~ ‘ - - i r on 7 - 1  m l  - - - -

Pr’q ; ; n m  ‘ ;- -. I . 2 3 . - - -

1! N aaed r ese rv or r o Cr . m u l t m p l . — p u r p o s .  w r t t  flood con t ro l a clu d i d a. a purpose .
Ot ire r rsss~~vo ,r a ,nd ,cat, d Cr. d i t i n t r o n  type r a s e r n o i r s  p r m m s r i l y f or  f l o o d
~o ,t rol

2 R.,.rno rs . m I I  ba o p i r a t m o n a l  by 1972. Fon t .naIl• R .ssr oo ,r eat comp ls t.d in
1968 . b u t was not p l a c i d i n op a r a t ion for floo d c o n t r o l  u n t i l  1969. DI,. Ma ..
Raa. rmo,r  can cowp ).t.d in 1967.
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C ns~ d ,at 4.on ‘:as Clven to r ~~; , d  ~~- ) 1 I I  - - . 1  S’ c - 1 2 W t On l o i S - j r  stream s
~~ a ’ldi ~~ion t ’-  ~ -ose T isted 1 n ‘n~ l e  ~~~. ‘- S  -~~~ l flfl , 00fl a c r c - — f e e t  of flumi j

- ‘ n~~’1l 
~~~~~~~~~~~~~~~~ - - ‘ ‘ id  1 e t t s~~-l ~ i’ 1 ’ .C ~~~i~~~15 ~- or 1’ , 

~ n ~~~~~~~~~~~~~~ 
- 

w i t h i n

- - e  S;i n h:.-u i - - ( ’ - l ’o- i -j o  -s uhr~ 
. - ‘i(’~, PO~~~f h’ ’- t 1- .- nest C~ f~~ ’ t I \  0 lOCiCtfon

S t o l  ~~~~& c-’: the stream is at t i n - T m - f t  s i t e  l o c a te d  u p st r e~~r I or Durarw c- ,
( :n1 ( ’r ,-l;h ; . l~ t n  te c.~tensive S t ; l d i  1-~ m a - i n  in Lii - pas t  In  c o n n e c t i o n  w i t S
p c t e r i t l i i  w i t e r  c o n s e r \ ’ a t i , ’n  ;l t -v ( ’ l~~-pI ~ c ’1I tS h o 1 tcate t h a t  t 1 -e cost of s to rage
at  t h e  s i t e  is in the  o rde r  ~f Y~OO per a c r e — f o o t  for  reservoirs  in t h e
‘~fl ,000 ~icre—foot capacity range and a~ o’lt ~ L~ { I I 3  per ac re—foo t for  capac it ie ’-
in the °S ,000 acre—foo t range. Such costs greatly exceed the combination
of flood damage reduction and addit ion— i l benefits from other foreseeable
purposes; therefore , no devel- ’nnient at the site is proposed . Flood control
s t er ;O ’e  ( I f  100,000 acre—feet or more could he used on several other streir’ ’i
in a d d i t i o n  t o  thm ’ storage or other measures proposed , inc luding the Dolores ,
Cunnison , Whi te , Yampa , and Pr ice Rivers; however , as in the case of storage
on the Animas River , the reduction In f lood  damages and other  b e n e f i c i a l
uses would he small In comparison to the costs of so h pr ojec ts.

The estima ted installation , operation , maintenance , and rep lacemen t
costs by t ime f rames for the future reservoir program are shown in Table
C and Tables  10, iOn , and lob . Est imates of costs and division of costs
between Federal and non—Federal interests were available from prior allo-
cations of costs for eight of the main stem reservoirs in the program .
These costs were used as a guide in the apportionment of costs to the
f l ood con trol f un c t ion for  other main stem reservoirs. The costs of the
det ~— n t i o n  type r e s e r v o i r s  in the watershed s were es t imated  on an a c r °— f o o t
basis , using u n i t  costs for similar reservoirs that have been const ructed
and those in advance  s tudy  s tage in the region .
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i ; T1T \~~ MfAS l ’ P FS P 1 ( ’ l T ” i f  TO 3~~T J  r - ’ Y  In Tr o

TA F F E  C
FSTP-IATF.D COSTS OF FI’T !’PV Rr~~r P v o rv  C (3(OAM

A PPORTIONFI’ TO FT OOT) CONTROl.

: : Installation cost An ai .~.n-~~co o t s  TIme
SuhreE’ion ~ ta te  : in $l,(ICn : in $l,00~ : f’rai’ie 

—-
Federal Non— : Federal : Non-

Federal : : Federal

Green River I tal ; 3,73C 1170 2 (1 l n , ) - 1 y C
Cal - rarO 140( 5 0
Wym - ri ’in ,~ 5(X) 0 Ii C --

Utah 1,1100 2UIC 3 8 1~~~1 _2 I C
Colorado l ,7~ C ~—~i)  2 7
Wyr-rnin i~ 3 ,~~m - 7(~1 0 16

Utah 1,); 201) 0 ~; ~~~~~

Colo rado 2 ,~~ 5- 0 111 0 --

WyomIn~-~ 2 .120 ~7(~ -

~uF-r e~ ion totals 16, 590 2 , 320 30

Uppe r Main :) tp~r- Utah 1,200 1120 0 0 1 • i j - -
Colorado 2 ,050 0 5 0 --
Utah 0 0 0 0 l . - 1 _ 2 I 0 0~
Colorado 14 ,~ 1~0 701) 7 1L

Utah 0 0 0 0 - - - l - - °Y -

Colorado 1,22-n 220 0 1

. ,l lCreCii ;fl totals 10 ,050 1,1100 12 20

~j r Juan- Utah 2 1  70 0 2 ~ -J Omi 0

Colorado Colo rado 0 0 (1 - -

New Mexico 0~ ~0o 1) - .
Arizona C) 0 0 0

Uta h 2 ,21( 0 ~i ’,( ’ 0 11 ~~
- -~1- ” C

Colorado 0 0 0 0
New Mexico 0 0° 0° 0
Arizona 0 0 0 0

Utah 1,170 -
~I° ~

- - I 2 -  - -

Colorado 1,1°’ - 210° (3  (C, - -

New Mexico 0 0 1) 0
Arizona C 0

Gub region totals 5 ,720 1,17!- 1, 27

Rr ’r i - n totals 32 , 360 I i , t~~~ 5;; 1!)
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PART VI MEASURES REQUIRED TO SATISFY FUTUR E NEEDS

Levees and Channels

Levees protect local areas from flood losses by restrict ing the
area of overflow. Usually they are located rear the banks of channels ,
hut may be located further away depending upon the local situation and
the specific purpose they will serve. Channel improvements generally
consist of widening , deepening , straighten ing , and c lea r ing  to remov e
major obstructions . Channel improvements and levees may be used
together or separately to solve a given flood problem , or they may
be used as a part of a systems solution to a problem which may include
other structural or non—structural measures.

The future program of levee and channel improvements in the region
is listed in the following t abula t ion , sub r eg ional Tables 7, and the
figure following this page. The locations of the improvements are
shown on P la t e  1.

:Length in miles:  Time 
—

Subregion : Stream : State :Levees:Channels: frame 
—

Green River Duchesne River Utah 1.0 0 1981—2000
Fortification

Creek Colorado 2,4 1.6
Bitter Creek Wyoming 2.0 2.0

Subregion totals 5.4 3.6

Upper Main Stem Mill & Pack
Creeks Utah 0 3.0 1966—1980
Dolores River Colorado 2,0 0 1981—2000

Subregion totals 2.0 3.0

San Juan—Colorado Junction Creek Colorado 0 1.6 1981—2000
Animas River Colorado 0 0.2 “

Wash “B” & “C” New Mexico 0 2.2
Animas River New Mexico 2,0 0 2001—2020

Subregion totals 2.0 4.0

Region totals 9.4 10.6

Estimate s of costs of these impr ovam ent s were based on updating
costs f rom prior studies and reports, taking into consideration chan ged
conditions . The Federal and non—Federal costs of the future levee and

- - - - — - n j - 
- - :  
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PART VI MEASURES REQUIRED TO SATI SFY F I I T TI P F N FED ~

channel program are shown by subreg ions, s t a t e s , and t ime  f rames  in
the following tabulation and Tables 10, lIla , and 10°F’. The assignment
of program costs to Federal and non—Federal interests is based on the
Federal Government paying for levee and channel work , and the local
interests paying for necessary lands , easements , and rights—of—way ,
relocations and modifications to utilities including bridges and roads ,
and all annual operation, maintenance, and replacemen t costs.

:Installation cost: Annual OM&R
in $1,000 : costs (S1 ,000) : Time

Subregion : State : : Non— : : Non— frrn’e
:Federal:Federal :Federal:Federa1~

Green River Utah 300 100 (2 3 19Rl-T’O0~
Colorado 300 100 (2 3
Wyoming 1,000 400 (2 7

Subreg ion total  1 ,600 600 0 11

tipper Main Stem Utah 3 ,000 250 (2 5 1966- 198 0
Colorado 400 100 () 4 1981—?000

Subregion totals 3,400 350 0 9

San Juan—Colorado Colorado 3,050 250 0 6 l°R]—2000
New Mexico 2 ,000 250 0 4
New Mexico 1,100 400 () 6 200 1— 2 02 0 °

Subregion totals 6,150 900 (2 16

Region totals 11,150 1,850 0 38

Watershed Management and Land Treatment

The flood control objective of watershed management and land treat-
ment is to reduce flood peaks, prevent excessive erosion with its damaging
sedimentation—debris effect, and improve the hydrologic function of water-
sheds. These objectives are accomplished by structural and non—structural
measures to restore and preserve soil stability and productivity, and
the proper soil—water plant relationship. Structural measures for flood
control and their estimated costs are included in the Flood ~ic’ntro l Reser-
voir  Program in Tables B and C, and in the Levee and Channel Program tabula-
t ions on pages 34 and this page. Non—structura l measures consis t  of contour
t renching,  terracing , f u rrowing , p i t t i ng , gully p lugs , revegetation, tree
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1i ~~T Vi ME~ SURES REQUIRED TO SATISFY FUTUR E NEI - :r ) s

~md ~h r - d  p i~i u t i n g ,  a~~d o the r  soil s t a b i l i z a t i o n  p r ac t i c e s . Th ese meaSur~ :~ ,
in  - - ~~u n c t i o n  ~~i th  ca re f u l la nd USE ’ mana gement , reduce f lood  peaks and
~ e-’d ~~~~~ pt ~d,,c- ion. A vital role of watershed management and land treat

1 0  i~~ t o  ~r ’ t e c t  areas above main s t ream s t r u c t u r e s .

Th~ p 1( . p ’ s e d  watershed land trea tment on 7.1 m i l l i o n  acres and the
tns ta 11~~t i ’ °n  of 74 , 000 small wat er  con t ro l  f a c i l i t i e s  re la ted  to f l o o d
( u l i t r o l ar~ shown in the tabula t ion on page 37. The f ig u r e  f o l l o w i ng
t J i ;  ~~~~~~~ shows ex i s t ing  and f u t u r e  acreage r equ i r i ng  f u t u r e  land t r e a t --

- .- is i~r ’s . This program is from Appendix VI I I , “Watershed  Management , ”
-~~~~~ is a ç ’ar t  of a comprehensive watershed plan for the reg ion. Costs
-~t~~citically for flood control canno t be separated from the comprehensive

~ - ‘e r ~1cd program cos ts in appendix VIII and are not included herein.
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-r V MT ~AS UPES REfI T PED T(’ %K 12vv  ‘ - - ‘‘ ‘Ps

Land t r e a t m e n t  W a t e r  r ,~ r ? ~~ - f r • r L f ~~~~’~~ 
-

it reg (- -~ : (1,000 acre~j 1/ : (n,ir’hc.r 2/
and : 1 ~66— : 1981— : 7 l 1 ] _  ~ ‘I -  . - — ?‘ “ 

-

state 
- 

198 0 20C ’O -2 1’W( 0° ‘ ‘
. 

-

(~r e e n  P iv e r

339 319 211 1 , 075 1, ’1, ’
C o l nr a d o  157 255 115 8?~ 2 5 2

478 728 201 191 ‘2’ 
— ~~

-‘ i ’-region total 74 1,302 52? 3,77 6 4 ,f.4t 4,0’i

l 1~’rt’r Ma in ~ t m ~

Utah 29 41 32 105 3’~
Colorad o 612 832 276 l2~~ 1° 19~ S1(

Suhre c ’lon  t o t a l  64 1 873 308 1 2 , fl~ - . i Y , 8~’J

San Juan—Colorado

U tah 212 277 194 S QM 2,347 1 ,097

Colorad o 235 169 62 2 , 736 1, 694 481
‘:~~~ Mexico  327 446 384 3 , 006 2 ,711
Arizona 23 32 126 860 756

Subregion total 797 924 766 7,500 7,508 7,°~4

Region total 2,412 3,099 1 ,601 24,320 32,002 ]7,r,~~~

TT Includes vegetation management, contour furrowing and trenching , 
—

• ripping, pitting , terracing , revegetation, and stabilization of
road s , trails , dunes, and mined areas.

2/ Inc ludes small detention dams , check and drop structures , diversion
dam s , and dikes and debris basins .

Non—structural Flood Plain Management

• Although flood plain management can be considered as embodying all
the actions which can be taken to achieve desired objectives in flood
plain land use, the following discussion is limited to non—structural
preventative measures. Sane of the non—struc tural flood p1ain management

37
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PART VI ~FASU RF S REQUIR E D TO SATISFY FUTURE NEEDS

t ”c h ni q ue s  are descr ibed  in the  fo l lowing  paragraphs  and in the  f igu r e
fo 11o~~ing t h i s  page i 1 l w t r - ~ t c .  t I i ~ a p p l i c a t i o n  1) ? these t e ( -h n i q u e s
A d i scuss ion  of t he  s p e c i f i c  n o n — s t r u c t u ra l  measures of the program
f o l l o w s  t h e  ge n e r a l  d i s c u s s i o n  below .

a . Zoning . — Zoning is a legal measure that state , county , and
local agencies could implement and enforce to effectively reduce the
f l ood  damage potential of an area in accordance with a planned nrogram
of development  and land use. Zoning nay requi re  d e s ign a t i o n  of the
channe l  and p o r t i o n s  of the  a d j o i n i nE  f lood n l a i n  as a p r imary  f loodw ay
~or passac’ e of 1loodwat er .  Other  a reas  of t h e  f lood p l a i n , or secondary
f l o o 1 wov , cou ld  he deve lop ed , provided  t h a t  ad equa te  measures were t ak en
to reduce th~ damage potential consistent with the risk inv~~ ved . Zoning
m e a s u r e s  in s ur e  the safekeepinn of property for the  h e a l t h , w e l f a r e , and
s a fe t y  of the genera l  p u b l i c .  Floodways may be zoned for different tvnes
of development , such as r e s iden t i a l, coimnercial , a g r i c u l t u r a l , and recre-
ational , or for retention as open spaces. Limiting elevations could he
established , belnt which certain types of development would not be
pe r iT l i t t ec ’ .

h . Subdiv is ion  regula t ions .  — Subdivision r egu la t ions  could be
adop ted that would state requirements for s t reet  widths  and minimum
e leva t ions , d ra inage  s t ruc tu res, and minimum b u i l d i n g  elevations.
This t-rn e of measure could also specify the manner in which land
adloining streams could be subd ivided and could require subdividers
t o  provide  a d equ a t e  waterways  fo r  passage of floodflows .

c. Buildiqg c o d e s .  — Local governmental agencies could adopt
“ii ildirt ’ code that would assist i.n preventing future flood damages.
These codes could prescribe types of materials that would not be
damaged by water , and establish basement and first floor elevations.

d. Floodproofing. — Floodproofing , a combination of changes
and adlustments to properties and structures , could be employed for
the reduction or elimination of flood damages. Floodproofing includes
hut is not limited to:

(1) Prov iding permanent or temporary water—tight covers for
building openings.

(2) Raising existing buildings.

(3) Providing ind ividual dikes around existing or future
structures.
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PART VI MEASURES REQUIRED TO SATISFY FUTUR E NEEDS

(4) Protecting roads and utilities.

(5) An:horing floatable struc tures and facilities.

e. Evacuation. — Permanent evacuation of flood plain areas could
b e  used to reduce the flood damage potential. Such a measure would
involve removal of all buildings and property in the flood plain.
Temporary evacuation of persons, livestock, and personal property
from flood prone areas could be accomplished when a flood threat
exists , and is effective when combined with a reliable flood forecasting
system .

f . Open space development. — Areas in the flood pla in  could be
set aside for development as parks, recreation areas, playgrounds,
or golf courses where such development would not interfere with , or
be seriously damaged by floodwaters, or could be left as natural
scenic areas. A number of locations in flood plain areas throughout
the Upper Colorado Region can be developed for such purposes.

g. Other measures. — Other measures could be provided in the
flood plain, such as warning signs, tax adjustments, building financing ,
flood insurance , and reconstruction of bridges and culverts, which
could also reduce or eliminate future damage in the flood plain.

An important element in the application of non—structural flood
plain management techniques is the Federal Flood Plain Management
Program . This program was established to provide Federal, state,
and local governmental agencies flood hazard information that would
serve as a guide for future development of land , provide a basis for
regulation of land use to avoid future flood damage, and assure that
Federal agencies will take proper cognizance of the flood hazards asso-
ciated with the development and management of flood plain areas. As
it is presently constituted , the program includes the following services.

a. Flood plain information reports are prepared at the request
of state and local governmental agencies to delineate flood problems
in communities throughout the nation. These reports contain illus—
trative and narrative material on past floods, and similar data on
floods that may reasonably be expected to occur within a community area
in the future.

b. Technical services and guidance are provided to Federal, state,
and local governmental agencies for the following: interpretation and
app lication of data in flood plain information reports; preparation
of flood plain regulations ; suggestions for floodway areas and evalu-
ations on the effect of floodways; information on flood damage reduction
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by ‘~a r i n i ,s  s t r u c t u ra l  and n o n — s t r u c t u r a l  measures; ai,.’ evaluation and
use of ‘lood hazat d data to pc-rn~ t wise decisions on the locat ’ u s  of
nublic buildings and other publicl y owned facilities , and on su ed ivision
Ievelopmpnt or other land uses v!-erP there is a Fed eral interest.

c. R e s e a r c h  e f f o r t s  ar e  ‘—eing conducted to improv e methods  and
- i - -cedures of f l o o d  damage prevention and abatement. The research
effort includes studies of and t h e  means for illustrating alternat ive

~‘-r• s of reducing flood damages. ~remared guides and pamphlets are
available for the use of Federal , state , and local government s and private
cirtz ens ~n p lanning and ~mr’lernenting program s to reduce the flood dnv~age
p ote n lial of an area .

d. H pre~-ensive plann ing efforts at all appropriate governmental
levels are considering flood control works, flood proof ing , flood fore-
casting , zoninp , subd ivision repulations , building codes and policies
that will work in combinations or separately to provide the best solu-
tion to the flood problem associated with the community . Engineering
serv ices and technical assistance and gu idance are provided throughout
tt e course of planning and implementing measures needed to reduce the
flood damage potent ial .

Because of the present sparse population and lack of extensive
d evelopments in the flood plains of the region , there is good opportunity
and need for implementation of non—structural flood damage reduction
measures. Because the existing and future multiple—purpose reservoirs
cir provi d e onl y a rela t ively low degree of flood protection to downstream
areas, it Is particul arly important to provide for non—structural flood
p r e v e n t i o n  practices to supplement structural measures .

Initial steps have been taken to implement non—structural flood
plain management practices where feasible and applicable. Flood plain
information studies have been requested for all urban areas with potential
flood problems in Utah and for Crand Junction and vicinity in Colorado.
It is expected that requests for studies of other communities will be
mad e in the near future. These initial studies will he undertaken and
‘— snpleted within an initial time frame of the framework studies (1965—
1980). Studies of additional areas and upda ting of the ini tial stud ies
w i l l  be accomplished in the later time frames. In consonance with
• u r r en t  p r ac t i c e s , pro jec tions  of flood p l a in  in fo rma t ion  studies and
implementation of non—struc tural preventive measures was limited to
urban areas; however , extension of the study areas and implementation
of non—structural flood control measures for agricultural areas may
p r ” v e  of value In t he  f u t u r e .
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roesideration of n o n — s t r u c t u r a l  g ood prevention t P~~bfli!1%,PR and the
in t i c i r a t e d  urban  g rowth  p a t t e r n s  In d i c a t e d  t h a t  the probable “~~}od~ t ’
he employed , ot h e r  t han  d i s s e m i n a t i o n  of t l n o d  d a t a  b’? ‘~‘av of  t b  f 1 ,~e

~‘l - u n  in f o r m a t i o n  r epo r t s , wou ld  he by ~e,i 
~~~~ and ,1 ~~od ‘-~~

‘- -~ ~f I ‘ c v  i t
-~x i s ’ i np and pr j ec ted  u r b a n  ;4 re ~’s .

Selected c o m mun i t i e s  where non—structural flood prevention meac’ res
w ill he needed and the estimated time fram e of the in ipl ement ~~t io n  ~~1 ~ ur ’-
-~e.usures is shown in the tabulation below . Current non—str ’ir-tural ¶ ! op d

“ r r - e p t f o n  ac t ions i nvo lv ing  p r e p a r - ut i o n  of f l o o d  p l a i n  i n f ” - ” ~~t~~or r~~- P n ’ t :
‘~~~ e n’ -

~~ I n c l u d e d  it the  t a h u l a t ~~on .

S t a r e  ( ‘ i t v  : T i m e  f r — i n~e

(~ re e t-  R i ve t T ’ tah Price 1 ~~l— ’((fl

Utah Cas t lec ’ate
Utah }lelper

T ’ pper Main Colorado Montro se  198 1--?f l °0
Stem Colorad o Grand Junction ~c,

vicin~ tv
Colorad o Del ta 7001— ’O’ f l
“tab Moab

‘~an Juan—
Colorado  New Mexico Farmington 1Q P 1 — ? f l f l f l

New Mex ico Shipro ck F. other
communi t i e s  along
San Juan River “

Colorado Durango 2001—2020

Estimates of costs of the flood plain management program are based
on data gathered in the preparation of flood plain information studies
and studies mad e in the past of urban flood problems. These costs are
fo? the non—structural portions of the program and include the costs

• of flood proofing existing buildings and structures within primary flood
• plains (areas flooded by a selected flood , usually the estimated once

i ’ c  1 00—year event), costs of landfills , and other methods of raising
new structures outside the pr imary flood plain but within the flood p 1ainc
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PART VI MEASURES REQUIRED TO SATISFY FUTURE NEEDS

of f lood s larger than the 100—year event, costs of zoning , pr eparat ion
of subdivision r egu la t ions, and other measures that may be used to regu-
late flood plains. Under existing authorities the installation and ~11&R
costs of non—structural portions of flood plain management programs, except
the costs of programs on gaverment—o~nied lands, are a local responsibili ty .
I t  is possible that  in the fu tu re  costs may be shared by Federal and local
inte rests depending on the mer i t s  of the individual case. The Federal
por t ion of ins ta l la t ion cost in the tabula t ion  is the cost of preparing
f lood p lain information reports for  the program and for  furnishing other
technical services and guidance to state  and local agencies . Costs of
current studies , cited previously , are relatively minor and are not
included in the tabulation . Better estimates of the costs of the flood
plain management program can be prepared when more detailed data are available
f rom f u t u r e  flood p lain in fo rma t ion  studies . Estimated costs of the flood
p lain management program are as follows:

:Installation cost:Annual OM&R costs:
in $1,000 : in $1,000 : Time

Subregion : Sta te  : : Non— : : Non— : frame
:Fed eral:Fed eral :Federal: Federal

Green River Utah 30 970 0 9 1981—2000

Upper Main Colorado 40 1,960 0 16 1981—2000
Stem Utah 20 980 0 9 2001—2020

Colorado 30 1~l70 0 10

Subregion totals 90 4,110 0 35

San Juan— New Mexico 70 2,530 0 21 1981—2000
Colorado Colorado 30 1,l70 0 10 200 1—2020

Subr egion tota ls 100 3 ,700 0 31

Region tot als 220 8, 780 0 75

Land Req~ irements

Estimates of land requirements need ed for the fu tu re  floo d control
program are given in the following tabulation . Included in the estimates
are lands for levees and channels and watershed detention reservoirs.
No lands would be required for flood control in the multi ple—purpose
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reservoi r progr ams , improved flood f o r e c a s t i n g ,  and n o n — s t r u c t u r a l  comp onents
of flood plain management. Land s reciuired for the non—structural portions
of watershed p ro jec t s  (which are also used for other compatible programs)
are included in the program in Appendix V I I I , Watersh ed Ma nagement .

Land reciu ir ements in acres
Sub region : State  : 1966—1980 : 1981—2000 : 2001—2020

Green Piver Colorado 290 790 150
Utah 1, 790 1,500 890
Wyoming 320 1~ 350 760

Subr eg ion tot al 2 ,400 3,640 1,800

Upne r Main Stem Colorado 150 1,050 42 0
U tah  550 150 130

Sub region tota l 700 1 , 200 550

San Juan— Colorado 80 100 260
Colorado Utah 57 0 92 0 280

New Mexico 130 110 70

Subreg ion tota l 780 1,13° 610

Region totals 3,880 5 ,970 2,960

Environmenta l Considerations

A primary consideration in the development of flood damage reduction
programs——either structural or non—str uctural, single, or multipurpose——is
the environmental effects of the programs. Early in the detailed investi—
gation stage of such programs, inventories are made of the natural environ-
mental qualities of project areas and plans initiated to preserve and
enhance these qualities . Environmental considerations include but are
not limited to recreational , fish and wildlife , aes’hetic asnects of
project areas, and the protection or preservation of historic or archeo-
logical resources.
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R e c r e at i c r i  deve lopmen t s  p rov ide  fo r  w a t e r — o r i e n t e d  a c ti v i t i e s  such
boating , ‘~w~ r’m~tng, water skiing , and fishing; and land hr,sed ac t Iv itJo ~

such as horseback riding , hiking , hicvcling , picnicking , and rest aren~~.
P’ogram s to preserve , mitigate , and enhance fi sh and wildlife resources
h - ’ 1 ’ e  the maintenance of minimum flows from reservoirs, retention ~‘
1 ,— c - : ‘ T o i  ‘;epi- t~~t ion where possible, plant ing of vepetative c~ r1r’s al’-np
hut o u t s i d e  channel and levee improvements , and maintenance of favora b le
w’tershe 1 c o n d i t ion s .  Aesthetic aspects of the nrnjec t areas invo lve the
pt a n t ’ i~c’ of t r e e s , shrubs and ground cover , the  use of p r o p e r ly  de s t cn e d
sic ’s. s r’ie’t ,lres , and access road s with native plantin gs alonr~ i’~e.

Fnvirr’~srenral planning also include consideration c’f the p r e s c r v a r lo n
n n -~ r i i i - i n c i ’r - . i c t  of existing open space or the establishment of open space

-c used in consonance with zoning and development plans of local an’

~eg~~-na
1 p lanniow agencies. A consideration in a future flood control

nr o ~’ra m is t~~- ’ preservation of s t reams or ce r t a in  reaches  the reo f  in
;iccordance w i t h  the  W i l d  and Scenic Rivers  Act of 1968 whenever  lega l
nd local rcn!~ t i on s  are  a po l i c a h i e .

S~m~marv of Costs

The esti”iated cost of the flood damage reduction program , based
on July 1965 pri ces, is susutarized by subregions , states , and t ime frames
on Table  D. Tables  1~~, l0a , and lOb i n d i c a t e  costs of s t r u c t u r a l  measures
(ch -i nncls , levees , and reservoirs) and non—structural measures (improved
fl ood forecasting and non—structural flood p lain management programs).
The cost of watershed practices for flood control are not included .
These costs are a part of the watershed costs given in the Watershed
Management Appendix .

Accomplishments

The f u t u r e  f lood damage reduct ion program pronosed in t h i s  appendix
would con t r ibu te  to the  wel l—being  of the people by preventing possible
loss of l i f e , s u f f e r i n g ,  damage to property , and loss of goods and services.
F st l m at e s  were made of the  reduc t ion  in damages , in terms of 1965 do l l a r s ,
the  prop osed program would produce for  each t ime  f r ame  considered in
the study . These estimates are shown on Table 8. The es timated  tota l
r e d u c t i o n  in f lood  damages at the end of each time frame is indicated
In  the  f i r s t t a b u l a t i o n  on page 47. A general d iscuss ion of the effec—

fv , ’ i i ec c  of t h e  p rograms  in the  p reven t ion  of flood losses follows .
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TABl E I)
COST OF FLOOD CONTROL PROGRAM PY SI’P’~F ; t  AiF~

($1 , 000)

~u h r e g io n/ S t a t e  : 1966— 1 9R0 : l 9 % l — 2 ’ ) f l ~~~~~: 2 O 0 l — 2 ( ,~
cor t )  : I i i s r a i  1— A n n u a l :  I n s t a l l —  :A n i i n l  : i n s t a l l —  :~‘r Lia l

( ‘~~ n — F ~~l e r a 1  cos t )  : a t i o n  H ’-1&R : a ti on  : °“~~~~
‘ : a t i n~

icpl O t t

Green River
(Federal) S,120 F~2 7 ,800 27 5,530 l~
(non—Federal) 470 66 2,850 53 570 17

Subregion t o t a l  5 , 590 128 10 ,650 80 6 , lñ ( )  15

Upper Main Stem
(Federal )  7 , 030 44 5,400 37 ~~~~~ 0
(non—Federa l )  670 11 2 , 820 34

Subregion tota l 7,700 55 8,22 0 71 ~ , 7fl °

San Juan—Colorado
(Federal )  1 , 120 0 7 , 450 23 3 , 4 °M ii i
(non—Federal)  370 6 ~ , 590 47 

- 
1 , 810 2~

Subregion to t a l  1,490 6 l1 ,04fl 65 5 , 300 36

Reg ion total 14,780 189 29,910 216 15 ,100 98

State

Arizona 0 0 0 0 1 0

Colorado
(Feder a l )  3 , 150 49 10,440 39 4 , 840 14
(non—Federal )  0 0 3 ,490 49 2 ,760 37

S ta te  tota l 3 , 150 4 .  l3 , Q3O 88 7 , 600 51

New Mexico
(Federal )  890 0 2 , 160 23 1, 1°fl 0

(non—Fed ~ ra 1) 300 4 2, 780 25 
— 

400 6
State  tota l 1,190 4 4 ,940 48 1,500 6

Pt ah
(Federal)  8 ,430 47 4 ,010 25 2,290 14
(non—Federal)  1, 210 79 1,830 11 1,210 18

State total 9,640 126 5,840 56 3,500 32

Wyoming
(Federal) 800 10 4,040 0 2,120 0
(non—Federal) 0 0 1,16(1 23 380 9 -

State total 800 10 5,200 23 2,500 9

Region tota l 14,780 189 29,~ i0 216 15 ,100 98
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Flood forecast services for t~ e per iod  1~4 5 l — 1 O ~~5 show a n a t i o n a l
average annual .vings of dho,,t 10 percent o’ Ho averagE annual flood

es ~ n ti rms of i~ 65 d o l l a r s. That pcrcenta~-e is considered to t 0
r .-p~~ - ’ entat ‘“, H’r d , -,r~a~~e in t u e urban a r e a s  i n  the  l ’~~r-er C o l o r a d o  R e v l o n ,
“U t  would le less c f f e ctj ~o- fo r  the farm and watershed ar€o1 :s.

The effect ivene ss of reservoirs to control floods and reduce damage
depends on the location of th e reservoir site wi th respect to flood
danaco areas , the amount of storage provided , and how the storage is
operated . “a~ or reservoirs in the program would he multiple—nurpose
o p e r a t e d  on a f l o o d  f o r e c a s t  b a s i s  and w o u l d  not  p rov ide  a high degree
of protecti on . ~eneral1v , these reservoirs would prevent bank overflow

~or floods in the 25— to 50—yea r frequency ram’~- - . The snaIl reservoirs
in watershed areas would be operated primari’ v for flood control and
would provide protection in the 100—year flood freotiency range at the
reservoir site. The protection at damage area s Is often less than at
the  reservoir site due to uncontrolled inf1o~.- downstream from the reser—

~‘o ir. Where reservoirs would not provide the protection needed , particu—
u larly in urban areas , supplemental channel work and non—structural flood
p lain management programs would be used .

The proposed channels and levees wou ld provid e ove r f low pro tec tion
against floodflows having a frequency of occurrence of not less than once
in 100 years on the average and would be for protection of urban areas.
The flood magnitude and degree of protection would be selected on the
basis of detailed studies made subsequent to authorization .

The watershed management and land treatment portions of the future
program would substantially reduce flood damage to forest land s and facil-
ities , isolated farmlands , farm—ranch buildings , campground s, forest—c ounty
road system s, and fish and wildlife habitats. Also , they would prevent
t h e  erosion of s treams and watershed  areas , depos i t i on  of s i l t  and debr i s
on creek bottom meadow—hay lands , and the lowering of water tables due
to stream c u t t i n g  and scouring . A f u r t h e r  b e n e f i t  would be to prevent
loss of soil fertility essential to the maintenance of adeauate growth
of forage for livestock and wildlife.

A l t h o u g h  s t r u c t u r a l measures are needed to control floodflows to
pro tec t  exis t ing and proj ected economic developments  in the flood plains ,
nea—structural flood plain management measures are an essential element
of the program for flood damage reduction. Non—structural measures will
prevent 20 to 40 percent of f u t u r e  f lood  damage in urban areas . Timely
zoning of the f lood plain before development , adoption of subdivision
regulations that establish realistic standards to prevent damage from
flooding , use of flood proofing on existing and future facilities in
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‘loodways and sound community planning can he effective measures to reduce
flood damages and to prevent adverse ecc-lovi cal effec t~- . i i  :t anv  ur~ ar

~r n -~, n o n — s t r u c t u r a l  measures  w i l l  supp l ement  p r o t e c t i o n  p r o v i d e d  h y
existing or proposed reservoirs and by necessary levee and channe l  w o r k s ;
in other areas, non—structural flood plain management w i l l  be the principal
pr o g r a m  f o r  f lood  c o n t r o l .

A measure  of the accomp li s lunen t s  of the proposed f l o o d  c o n t r o l
program is the  d i f f e r e n c e  in average annua l f lood  damages with the 106 5
t-’rogram and with the future program . This difference is indicated h’
s u b r eg i o n s  in the  f o l l o w ing  t abu la t i on .

Estimated averac’e annual flood
Su~ rec’ion : damage reduction in ~ l ,0Ofl

1~ R O : 2000 : 2070

Green River  302 l,fl51 2 , 115
I’ pr ,er Main Stem 485 1,431 2 , 725
San Juan—Colorado 153 ~7 1 1, 904

Reg ion t o t a l s  940 3 , 155 6,744

The res idua l  damages w i t h  t he  f u t u r e  program in  o p e r a t i o n  are  shown
in the following tabulation.

Estimated average annual flood damages in $1 ,000
Subreg ion : w i t h  f u t u r e  f lood  con t ro l  program in opera tion

as of 1965 : as of 1980 : as of 20( 10 : as of 2020

Green River  998 1, 167 1 , 253 1,463
Upper  ‘~ain  Stem 1, 076 1 , 106 1 ,081 1, 258
San Juan—Colorado  718 Q78 l~ 085 1,106

Region  to ta l s  2 , 797 3 , 25 1 1,419 3,807

The effect on the estimated future damages by the prolected flood
control program is graphically shown in the figure following this page.
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DISCIJSSI (1N , ( ‘  N L I  t’! -~ I N S  , AN!

D i s c u s s ion

The objectives of this appendix are to inventor ’; i~~, f l y -  p r -o iH  ii’ s
as o ’ 19 1-5 , t~~~ e an assessment of f u t u r e  f l o o d  p rob lens  h a si - ] on RI—ORFI S
r~~ ections of population and economic activi t ’; in t hi ’ reg ion , ala

a plan for reduction of flood damage. The at r ’l ix , to ge tui - ’
with 15 other appendixes covering other pertinent resourc - s subje cts ,
re used to formulate a basin—wide plan for tI r- rreserva t - a and ‘hr
im .-ly development and ruamah .-: .i ~~ o f t h e  wate r  Rnd r e l a t e - . ’ l a n d  r . - a u r c .

of ‘ c region.

Th~’ fut,iir - flood damage reduction p r e v r a r u  consists of i - - p r o v e . !
fotec ast ing , 2,300,000 acre—fi’(~ t of flood control S t  r a c e  i n  s i n g l e —  a i d
multi pl e—purpos e reservoirs , 9 miles of levees , 11 niiles of chan n. I i r - p r ov ~ ---
entS , 7,11 ~~, 000 acres of watershed maiiagi ’i”t’nt , l a n d  rrea rn ,nr and  ~a t e r
o n r o l  facilities , flood pla in zoning, and other f l o o d  p .aip manage: . i - t

measures. Non—structura l reasures would be a prirnar’: mea~is ~~c f l o o d
damage r . ’d i i c t i o n  as wefl as a supp let e at  to s t  a :  t u r a l neo ,r . -s .

The (‘S timated ins talla tion cos t of t b ~ p r ogr a n- , lo’~a .  ~1n i irl ,,‘ 1°E 5
conditions and prices , through 20~ fl is “5” .8 million , of w ’ i~
million would be a Federa l cost and $1S .5 million a n o n - H i - or a l cost.
These costs do not include the estima t ed c u n t s  of watershed improvoiu.-n ts
r e l a t ed  to flood control which are a part of the costa of an ov e r a l l  w a t e r -
shed program proposed in Appendix VIII , watershed “anagonent .

The reduction in average ani al t lood damage t o t  the  p r oh r a m  is
estimated at about $6 .7 million lv year 70~ (~

The flood contro l prog rat: present ! herein u-i s dcvi’ loped Sr c c  I—
fically to meet the needs and r e q u l r t ’r r . ’n t s  or r i - d u c t  I on  of flood
damage. Coordination with p la ns d c v e l . ’ 1 i ’d  1 s-i tisfy o t h e r  w a t e r  or
land resource needs will he required to avoid adverse effects on other

• resource plans. The interrelationships and effects of the flood control
program on the  resource  p lans  a r t -  .1 i scussed  in t h e  u - t ’ n t ’ r a l  I r t i g r a n s  and
A l ter n a t i v e s  Append ix .  The program would  not i n v o l v e  any water supply
depletion but , in connec t ion  w i t h 1  t h e  watershed management appendi’ ,
n~ y add to the tota l water supply of the region.
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I DISt1JSSION , ((ih( l USIONS , AND Sl !c(~F~;Tf (ut;~-

‘th a- p r c gr  c . : :  is 1 asod on Rl—O flFl~S proj ec  tiors of  popula tion and econo - 1€
1 t l v i  t It’s n L I t ’  t o  Ion. S h o u l d  future even ts  not follow the proje: t iCr  J~~

t !’~ pr ogrJm -.~ old have to he ct:.nged to meet fu t tie conditions . Petafli
invest~~.at ~ ot:s m ade prior to authoriz~’stion ot future r-rojects may indic:~~t’
t h e  need to mod ify the program. Accordingl y , th e  p r o t r a m  p resen t ed
to h i ’ ‘ c i r s i l e r e d  as one poss ib le  alternativ e to t h e solution of fut ui r i
f l o o d  ~ r c l l  i r s  in the reg ion. O t h e r  possib le  alt er n a  t i ve  levels ol d i v e

H , t ’ O t  , ir e  p r e s e n t e d  itt Supplement A.

A o l  le a u t h o r i t y  exists at the Federal level to investigate f lood
problems in the hpper Colorado Reg ion and to recommend implement ati&’r
ot ro~’rar;- t ound to he needed and f e a s ib l e .  The spec i f i c  a u t h o r i  t ies
of all Federal a .enc i&cs are cited in Append ix III , Legal and Institu-
t i on a l Fn v i r o a r a ~’t : t s . Colorado is the  only s ta te in the reg ion w it h
leg islative author i ty to provide the necessary loca l assurances for
local flood protection works (levees and channels and multiple—rturpose
reservoirs wi t- re a portion of the flood control costs are allocated
to  tie local interests). In states tha t do not have the authority to
provide t h e necessary assurances , the responsibility fall s to the

uir ty or counties in which the works are located or would be benefited .
iH- local share of projec t costs often exceeds the financial ability
of the local interests and may prevent  or delay c o n s t r u c t i o n  of needed
proj cc tS.

A ctions to implement zoning , bui lding regula tions , f lood proofing ,
ani non_ struc r :ra l flood plain m a n a g e m e n t  prac t ices  of the program a re
pres~ rrtl v t I e  responsibility of local governments. Under present policy,
t ! t  installation and annua l operation , main tenance, and replacement
costs of non—structural flood plain management programs are assigned to
the local interests. Due to limited financial ability of local interests ,
th u se programs may not  be implemented or may he delayed . It is possible
t 1 - at , in the future , costs of non—structural flood plain management programs
may he shared  by Federa l and local in te res t s  depending upon the merits
of individua l cases.

A u th orit y exists for Federal land management agencies to implement
water s’ i !  management and land treatment programs. The lack of funds
remains t h e  most severe constraint in the implementation of watershed
proj t’. - tS .

liii programs proposed herein canno t he implemented unless the need s
dev elop as projected and ample funds for investigation and construction
i r e  made ava i lable as needed .
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1A R ~ VI I  DI s( ’ t r ; S r . d . , CONCLUSIONS , AND SUGGESTIONS

(‘onc I us ions

1’l ood problems exis t It) ti e Upper Colorado Region and steps must
- t taken t ü  C L !  r e  t t h ese prob lens. i a:-:agt’~. have and will continue
L u  increase due to t I e  recen t  and expected f u t u r e  popu la t ion  increases
and continued urban development in the flood plains . Also , as a resu l t
c f more intensive use, the agricultural areas in the region are subject
to greater damage from flooding . Average annual flood damages in the
reg~ on, based on 1965 conditions and prices , is about $2.8 million .

~ 1t! .~~ut addi tional  flood damage reduc tion meas ures , th is damage is
estimated to increase to approximately $4.2 million by 1981), ~6.8
r- illion by 2000, and $10.6 million by 2020.

In addi t ion to economic considerations, the  p o t e n t i a l  danger to
life is present from rampaging rivers and streams . Appropriate and
t ir e ly  ac t ion  should be ini tia ted to red uce this  threa t to human l i f e
and excessive losses from floods .

Complete flood pro tec t ion  is an unrealis tic goal due to t h e  cos t
of protection in comparison to losses prevented and other  c o n s t r a i n t s
such as the need or desire to use land and water resources for purposes
oth er than flood control. The only positive way to eliminate all flood
damage is either through the use of struc tural measures to provide
protection from the maximum possible flood on all streams, or the denial
of the USC of all flood plains to the extent of the maximum possible
f l ood  f o r  a l l  purposes. Obviously, neither of these alternatives is
accep table. An appropria te degree of protection or flood damage reduction
should be provided , through s t ruc tu ra l  and non—s t ruc tu ra l  measures ,
consis tent  wi th  other uses of the wa ter and land resources . In general ,
it is sugges ted that flood protection from at least a once—in—10—year
f lood should he given to agricultural areas and protection from the
once—in— lOO—year up to the s tandard projec t  flood should be provided
for urban areas. Implementation of the flood damage reduction program
as presented would reduce the projected flood damages to $3.3 million
by 1980 , to $3.4 million by 2000, and to $3.8 million by 2020.

Suggestions

It is suggested that the future flood damage reduction plan contained
in this appendix be adopted as a general guide for solving the flood
problems of the region. The proposed possible solutions to the  ser ious
flood problems should be studied in detail and followed by timely imple—
mentation of appropriate damage reduction measures . In view of the threat
to life and the increasing l evel of flood damage, which is projected to
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u~~ Soun d ~and use planning to guide develeor ’ent  and use of f l o o d
:‘f ains is an i m p o r tan t  means of m i n i m i z i n g  flood losses . Existing
at , r~~o r i t ies , laws , and regu la t ions  concerning zoning , subdivision
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h. Planning for structural flood control measures to allow prudent
use of the flood pla ins should incl ude inv es tigation of potential enhance—
rn u s f u r recreation uses, improved access, and aes the tic quali ties to
;—ro’ ide r~ c best use of the environmental resources for the greatest
::‘i”rher f p e o p l e .

c. Steps should be taken to encourage greater participation by the
‘ c :t’ral public in the initial investiga tion and p lanning of f lood damage
r u dic tion programs in order to obtain a better evaluation of the tangibh
i r . d  intang ible effects of proposed programs .

d. Ad equate planning for flood damage reduction is hampered in
many areas by lack of hyd rolog ical da ta. Addi tional data are needed
fo r the study and definition of frequency , area , and duration of localized
cI ’ui hlurst—type floods. Implementation of non—structural flood plain
::,-u1ua ~n ’ r : : i m t  practices and the flood insurance program requires additiona l
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J 
e. C ’itrt-nt studies and research in flood forecas ting and weather

r,u)ditjcation fields should be expanded , together with appropriate
train iig of “users ,” so that more effective use may he mad e of the
forecas ts .
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SUPPLEMENT A

Alternative Levels of Development

The proj ections of future  flood damages and the associa ted flood
control program for this study were formulated using the RI—OBERS level
of future development. As alternatives to this level of development.
average annual flood damage projections based upon baseline OBERS (1968)
and the consumptive use of 6.5 and 8.16 million acre—feet of water per
annum in the Upper Colorado Region were developed. These alternatives
to the RI—OBERS level of development are briefly described in the
following paragraphs. Population projections associated with these
al terna tive levels of development are graphically depicted in the
figure following page A—2 .

Baseline OBERS (1968)

The Off ice of Business Economics, Department of Commerce and the
Economic Research Service, Department of Agriculture (OBERS) projection
series comprise a national—regional set of projections which equates
national demand with supply and provides a first approach to consistent
regional projections based on historic trends in interregional production
relationships. The OBERS series provided projections of population,
employment, and personal income at the regional and subregional levels
for the target years 1980, 2000, and 2020, based upon the Series C
population assumption. In addition, highly aggregated regional projections
of such items as production and acreages for the agricultural and fores try
sectors of the economy were also provided. Generally, baseline OBERS
constitutes a somewhat lower projection series than RI—OBERS. Significant
reductions in the level of Output associated with agriculture, mining,
manufacturing, and electric energy were projected under baseline OBERS
as compared to the RI—OBERS level of development.

States’ Alternative at 6.5 Million Acre -feet

The consumpt ive use of 6.5 million acre—feet of water per annum
approximates the upper limit on land and water development in the Upper
Colorado Region under terms of the Colorado River Compac t, without an
augmented water supply . The projected state distribution of water for
consumptive use coincides with the percentage allotments under the
Compact with adjustments in types of uses expressed by the respective
states . The principal differences from the RI—OBERS projections are:

A-i
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( 1)  t u e  l ncr ,~ia~ J use of coal at1d W a t e r  r esources  lu the p r o d u c t i o n  of
t i e cU i c  energy in Colorado , New Mexico , Utah , and Wyoming;  (2 )  the
dd d i t ~~~n of an ~ .i l shale  in ’ !u s try  in i’ tah and Colorado;  and (3) the

of ‘l*t . j  i~s~ f o r  i rr ~~~a t e d  a g r i 6 ’ u i L o t r e .

S tat c s ’  A l t e r i d l i v e  a t  8.145 I-ull ion Acre—f e et

The consumptive use of 8 .16 m i l l i o n  a c r e — f e e t  of water  per annum
in the t ipper Colorado Reg ion was determined to be the reasonable limit
w i t hi i ,  which the s ta tes  could a f f o r d  the cost of water augmentation
that would be required to develop related land resources. This plan
of development assumes the Colorado River water supply would be firmed
to meet the division of water by the Colorado River Compact. Generally ,
the changes from the RI—OBERS projected level of development included
increases in the outputs projected for oil shale, coal by—products,
potash , trona, electric energy , fish and wildlife, irrigated land, and
exports of water outside the region.

Effect of Alternative Projections on RI—OBERS
Flood Control Program

A comparison of the average annual flood damages under the various
levels of fu tu re  development is set for th  in the f igure following this
page. Average annual flood damages for all the various levels of future
development under present (1965) project conditions are estimated to
reach or exceed $10 million by 20204 Residual average annual flood
damages under the various levels of future development with the RI—OBERS
flood control program are also presented in the figure. It can be seen
from this figure that the differences in flood damages due to the different
projections are small and no major adjustment would have to be made to the
RI—OBERS flood control program to provide a reasonable degree of flood
protection under the alterna t ive levels of development. No specific
analysis was made for the OBERS (1969) and Water Supply Available at
Site alternatives but preliminary indications ar e tha t they would have
little effect on the magnitude of future flood damages and the future
flood control program in the region.
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BL BASE LINE - OBERS (1968)

R I  REG IO N A L  I N T E R P R E T A T I O N  OF OBERS
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SUP PLI ~1ENT B

Glossary of Terms

Acre—foot. — A unit of volume of water equal to the volume of a
prism one foot high with a base one acre in area.

Annual OM&R cos t. — The value of goods and services needed to
operate  a construc ted prc -~ ect  and make repairs and replacements
nccessary to ma in t a in  the proj ec t in sound ope ra t i ng  condition
during  its economic 1-fe .

An teceden t ~ icC i2it..tloL . — P r e c ip i t a t i o n  tha t occurred pr ior  to
the particular eve-i t, ~.‘ --d it~ cn , or time under consideration. Usually
i t  appl ies  to t h a L  p r J~~r pr c~~:’)itation whic~ s ti ll e f f ec tive lii
o-~ifying irfiltratlon or i

Average annual iiood dar . — The weic.h tcd average ~± all flood

~ai.ages tha t would ~~ exp ~~~~~~~ o~~~ -Jr yea:-l; incer ~pcc~ L_ ed ~-: no:ic

~or J ~tions and deve1op~ e~~t .  ~-ucl-. I~~~~-~~~ F - . are cc -nputed :r. t~ ~: basis .fth expec ta ncy in any o:te year t l t ~ aI~c u rLt s  c: c’ ma~~e tha ~-‘~ uld
r e s u l t  f rom events th roughout  tF .e f y i  t~.nge 01 pOter . l~ I m agn it uu e .

Bypass. — A c~ anne 1 ca rr  ng ~t & ~ro - ad a par t  ~ and ~ - c k  t~
he main stream.

Ch.~unel. — A -at  j~~aJ. or ~ : - ~~~~_~~~al —~ter ~o~~r~~e .‘~ith Je: i~~~ e
bed and banks to confine  and n~~’~~~~ (on t in u o u si”  ~r r er iodica l’v
f o ~~4 ng water .

Detention struc tu’- - ( : :  - ,r ; :c - r~ oo nc~t r -  -~~~d for  ..h~
~~:~porary storage of floodtlows where the opening ~t,r re 1e~~se is of
i f ’ xed capacity and not manually operated.

Development factors. — Development factora are USPC in the project ion
of economic growth parameters (such as residential, commercia ! , agri-
cu l ture , public facilities, e tc .)  to the various time frames . Thes e
factors are based on populati -In projections, em~. loyr~ent , per capita
income, recreation demand , etc .

Flood control nap~cit.~~ — T a t  par  of the gross i o -.r’.’olr c~~-acity
.hich , at the time under consid~~a tioL - is resirved for tu temporarya storage of floodwaterq. ~ t can a~y fr’m zero to the entire capacity
(exclusive of in~~tive storage) according to a predeter’-ined schedule
based upon such parameters as antecedeift precipitation, reservoir
inflow , potential snownelt, or d ownstrea m channel caT’arities .

8—1
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Flood forecas t ing.  — Flood forecasts  are pr imar I ly  the responsi—
bilitv of the National Weather Service , Nat ional Oceanic Atmospheric
Administration and are used to predict flood stages and indi’ates
area s subject to flooding.

Flood plain. — The relatively flat area adjacent to rivers or
streams subjec t to overflow .

Flood plain, primary . — The streambed and that portion of the
adjacent flood plain through which the main water flow is channelized
during ~iood cond itions .

Flood plain, secondary. — The fringe area of the flood plai a
with in the boundaries of th€ selected flood which is subject to a
less sever e and less f r e q u e n t  inundat ion tha n found ii-. the primary
r lood plain in times of flooding .

Flood plain in format ion  reports. — A factual repor t descrlbin~
h i s to r i ca l  f loods and the extent and depth of f loods , velocities, and
obstruct1on associated with two large future floods. These reports
are prepared at the request of local public entities and indorsed by
the appropriate state.

Flood frequency. — The average interval of tim e between floods
ecual to or greater than a specified discharge or stage. It is
generally expressed in years.

Inactive stora&e. — That capac ity below which a reservoir is not
normally drawn, and which is provided for sedimentation, recreation,
f i s h and w i l d l i f e, for  purely aes the t ic  reasons, or for creation of
a minimum control led operat ional  or power head in comp liance with
opera t ing  agreements  or restr ict ions.

Ins ta l la t ion  costs. — The value of goods and services necessary
for the establishment of the projec t , inc luding initial project con-
struction; land, easemen ts, right—of—way , and wa ter rights; capital
out lays  to relocate fac i l i t i es  or prevent damages ; and aLi, o ther
expenditures for investigations and surveys, and designing, planning ,
and constructing a project  a f t e r  its authorizat ion (excludes interest
during construction). Also called project first costs.

Land treatment measures. — A tillage practice, a pattern of
tillage or land use, or land or management facility improvements to
alter runoff , reduce sediment production, improve use of drainage
and Irrigation facilities , or improve plant or animal production.

Levees. — A small continuous dike or ridge of earth for confining
floodf lows.
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Peak f low.  — The maximum instantaneous discharge of a stream or
river at a given location. It usually occurs at or near the time of
maximum stage.

Residual average annual flood damages. — Those flood damages
which are not prevented by a flood control project. They may or
may not be preventible by other flood control measures (including
both struc tural and non—s tructural means).

Standard project flood. — A hypothetical flood representing the
most critical flood runoff volume and peak discharge that may be
expected from the mos t severe combination of meteorolog ic and hydro-
logic conditions tha t are considered reasonably characteristic for
the hydrolog ic reg ion involved , excluding extremely rare combinations .

Watershed. — All lands enclosed by a continuous hydrolog ic
dra ina ge divide and ly ing upslope from a .~pecified point on a stream.

Watershed projects .  — St ruc tu ra l  a~. u non—st ruc tu ra l  measures to

~reserve or restore watersheds to good hydro’~ gic conditions. These
T~ea3ures may Include de tent ion  teservoirs, dikes , channels , contour
trenches, terraces, furro ’s , gul ly  plugs , revegeta tlon , and possibly
other practices to redcce flood peaks and sediment production.

I
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