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EXECUTIVE SUMMARY

This report presents a plan to reduce flood damage in the City of 

Montrose water service area. This area is affected by the flood flows 

from Cedar Creek, Montrose Arroyo, and Dry Cedar Creek. At the present 

time, the culvert crossings on Montrose Arroyo are insufficient to pass 

the 100-year flow; consequently, during such an event, a considerable 

amount of flow would be lost from the channel to flow overland. This 

shallow flooding would flow away from Montrose Arroyo west, and north

west toward the Uncompahgre River, resulting in average annual damages 

to residential and commercial areas in the amount of $198,000. There 

is also some overflow from Cedar Creek in Montrose due to insufficient 

culvert capacity, which causes $24,000 in average annual damages. The 

flood damages caused by Dry Cedar Creek are estimated to be minimal. The 

recommended Flood Control Plan consists of improving ten culverts on Mont

rose Arroyo, and one on Cedar Creek. This plan would eliminate structural 

damage from floods up to the 100-year event. The economic evaluation was 

completed based on the following criteria: 7 3/8% interest rate; project 

life of 50-years; and 1980 dollar base. This economic analysis yields 

benefit-cost ratios of 1.20 and 2.49 for Montrose Arroyo and Cedar Creek 

respectively.
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INTRODUCTION

The City of Montrose, through its Community Development and Planning 

Departments, is engaged in a cooperative program with the Colorado Water 

Conservation Board and the Department of Local Affairs to collect and 

analyze storm runoff and floodplain information for intelligent and orderly 

planning of future storm drainage facilities.

This effort is being conducted in a two-phased approach. The pre

viously completed first phase was directed to gathering the basic facts 

(Reference 1). Hydrologic and hydraulic analyses were conducted to deter

mine water surface elevations and to delineate the flooded area boundaries 

to reduce potential flood damages. This second phase is directed toward 

formulating alternate flood control and drainage plans for wise management 

of the floodplain and rapidly developing urban drainage area in and around 

the City of Montrose.

Authorization

This report was authorized by the Colorado Water Conservation Board 

in joint sponsorship with the City of Montrose, Colorado, and Montrose 

County, and the Colorado Department of Local Affairs. Specific tasks were 

performed according to the terms of a contract between the Colorado Water 

Conservation Board and Gingery Associates, Inc. dated March I, 1980. The 

Board's power and duty is:

"...to devise and formulate methods, means and plans for bringing 

about the greater utilization of the waters of the state and the pre

vention of flood damages therefrom and to designate and approve 

storm or floodway runoff channels or basins, and to make such desig

nations available to legislative bodies of cities and incorporated 

towns; to county planning commissions; and to boards of adjustment

- 4 



of cities; incorporated towns; and counties of this state..."

as stated in Section 37-60-106 (1)(c) of the Colorado Revised Statutes 1973. 

The cities, incorporated towns, and counties within the study area 

may provide zoning regulations. . .

. .to establish, regulate, restrict, and limit such uses on or 

along any storm or floodwater runoff channel or basin, as such 

storm or floodwater runoff channel or basin has been designated 

and approved by the Colorado Water Conservation Board, in order to 

lessen or avoid the hazards to persons and damage to property re

sulting from the accumulation of storm or floodwaters. .

as stated in Section 30-28-111 for county governments and Section 31-23-301 

for municipal governments of the Colorado Revised Statutes 1973.

Objectives

The specific objectives of the flood control and drainage plan pre

sented in this study are listed below:

A. To reduce the threat to human life, personal injury, or related 

health hazards due to floods.

B. To reduce or prevent flood damage and maintenance requirements 

to public and private property and facilities.

C. To reduce traffic hazards and public inconvenience from flood 

waters and enhance emergency vehicle movement during floods.

D. To preserve the ecological and environmental values of natural 

floodplain areas and enhance recreational opportunities.

E. To improve the quality of water resources by reducing sediment, 

salt, and other materials carried by storm and floodwaters. 

To make effective use of public funds and enhance the value of 

land and other property in the community.



G. To provide technically accurate and manageable floodplain infor

mation based on detailed mapping for early conversion to the re

gular flood insurance program.

H. To formulate and evaluate alternative flood control and drainage 

concepts and determine the most economically feasible and 

practical plan.

Scope of Work

The scope of work for this study includes the following study tasks;

A. Reconnaissance and field survey to determine flow paths and di

rections of overland flow escaping from stream channels under 

existing conditions.

B. Hydrologic investigation to determine the effect of local urban 

runoff on the proposed flood control alternatives.

C. Floodplain determination from 10-year, 50-year and 100-year events 

under existing conditions.

D. Assessment of damages for the 10-year, 50-year and 100-year floods 

and calculations of average annual damages.

E. Conceptual design of flood control alternatives that would alleviate 

the flood damages in Montrose.

F. Preliminary design of the selected alternative.

G. Economic analysis to determine the benefit/cost ratio for the 

selected plan.

Mapping and Surveying

Topographic mapping, aerial photography and digitized cross-sections 

for this study were provided by the City of Montrose and the Colorado Water 

Conservation Board in cooperation with the U.S. Bureau of Reclamation. The 

maps were prepared by Aerial Photo Service, Inc., of Tulsa, Oklahoma, in 

December 1977, from aerial photographs taken in June 1977.
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The original map scale is 1" = 200' and the contour interval is two 

feet. The maps presented in this report have been reduced to 1" = 

400' to facilitate printing.

The City of Montrose and the Colorado Water Conservation Board 

also furnished contour mapping of the City prepared by Merrick 

and Company, dated November 1965.

A reference monument system has been established in the City of 

Montrose to maintain consistency in surveying operations. Using 

this system to supplement the topography available from 

the above mapping, field surveys were conducted by Gingery 

Associates, Inc. This additional information was used to deter

mine flow paths of overland flooding.

Related Studies

A review of existing information and data was completed for the 

Montrose study area. Existing information included the following flood 

related studies listed in chronological order:

1. "City of Montrose, Colorado, Drainage Study Master Plan and Cost 

Estimates” revised January 4, 1966 by Merrick and Company.

2. "Montrose Arroyo Watershed - Colorado River Basin" by U.S. Soil 

Conservation Service, June 1973.

3. "Master Plan Report” City of Montrose, 1978.

4. "Floodplain Information and Urban Drainage Report, Cedar Creek, 

Montrose Arroyo, Dry Cedar Creek, Montrose, Colorado" by Hydro

-Triad, Ltd., April 1979 including Hydrologic and Hydraulic 

Technical Addendums.

5. "Flood Hazard Information, Uncompahgre River, Montrose and Olathe,

Montrose County, Colorado," prepared by U.S. Army Corps of En

gineers, February 1980.
- 7 -



6. A "Flood Insurance Study" for the City of Montrose is currently 

being prepared by MSM Consultants, Inc. of Denver, Colorado un

der contract with the Federal Insurance Administration, Federal 

Emergency Management Agency.
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STUDY AREA

The study area has been defined as the City of Montrose, Colorado and its 

water service area east of the Uncompahgre River. This area is confined by 

Otter Road on the south, approximately Lincoln Road on the north, and extends 

east to about road 6700. This is an area of about ten square miles and in

cludes a small urbanized area west of the railroad which drains to the Uncom

pahgre River. The lower reach of Cedar Creek north of the water service area, 

to its confluence with the Uncompahgre River, is also included, in the study.

Basin Characteristics

The City of Montrose and its water service area west of the Uncompahgre 

River lie in the lower portions of the basins of three well defined water 

courses. These streams are Cedar Creek, Montrose Arroyo, and Dry Cedar Creek. 

Montrose Arroyo flows through the center of Montrose, and is tributary to 

Cedar Creek. Both Cedar Creek and Dry Cedar Creek are tributary to the Uncom

pahgre River. Cedar Creek flows through and along the northern boundary of 

the city, while Dry Cedar Creek passes the city near its southern boundary.

The headwaters of Cedar Creek originate in the Cimmarron Ridge area at 

an elevation of approximately 9,400 feet. The creek flows in a generally westerly 

direction, through the northeastern portion of the City of Montrose to the 

Uncompahgre River, at a point approximately three miles northwest of Montrose. 

The Cedar Creek drainage basin is approximately 56.3. square miles, (see Figure 1).

The upper reaches of Montrose Arroyo lie approximately seven miles east of 

Montrose at an elevation of approximately 7,500 feet. The stream flows in a 

northwesterly direction through the City of Montrose to its confluence with 

Cedar Creek, immediately northwest of the City. The drainage area tributary 

to Montrose Arroyo is approximately 17.8 square miles. The Montrose Arroyo 

drainage basin also contains most of the urbanized area of the city itself. 

This highly developed area is flatter than the rest of the basin, and lies 

below 6,000 feet elevation.



LEGEND
Montrose Water Service Area

BASIN MAP



FIGURE 1



The headwaters of Dry Cedar Creek lie approximately ten miles southeast 

of Montrose at an elevation of approximately 9.400 feet. The stream flows 

in a generally northwesterly direction to its confluence with the Uncompahgre 

River one mile south of the City. Dry Cedar Creek has a catchment area of 

approximately 21.9 square miles.

TABLE 1

DRAINAGE BASIN CHARACTERISTICS

discharges up to the 5-year frequency storm. As a result, large portions 

of the City of Montrose are susceptible to significant flooding during the 

less frequent storms, particularly if blockage of the crossings occur. 

Stream crossing capacities are listed in Table 2.

Urban drainage in the City of Montrose relies primarily on the exist

ing street system for conveyance of localized runoff. The existing storm 

sewer system is not extensive and was not the result of long-range, area

wide planning and is, therefore, not totally consistent throughout with 

regard to hydrologic considerations.

Where storm sewering is provided in Montrose, the inlets are fre

quently located so as to be incapable of intercepting the drainage. In 

addition, many of the inlet drain lines are 8" diameter pipes which easily 

clog with debris carried by the storm runoff. Numerous sections of the
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storm sewer system are too small to carry significant flow. Virtually none 

of the existing storm sewers provided within the City are adequate to in

tercept and convey the runoff generated by the 5-year frequency storm. A 

summary of the existing storm sewer systems and limiting capacities are 

listed in Table 3.

The street curb and gutter system functions as the primary drainage 

system for the urbanized part of Montrose. The streets have various con

veyance capacities due to varying cross-sections, crown slope, and presence 

(or lack) of curb and gutter. Additionally, successive asphalt overlays 

over the years have further limited street carrying capacity. These fac

tors contribute to the need for a larger storm sewer system than otherwise 

would be necessary were the street section reasonably uniform and houses 

placed well above the top of the curb.

The street system is generally inadequate to contain the 5-year storm 

runoff at a flow depth less than the curb height (6"), which is the standard 

basis for design (Reference 1).

A map of the existing storm sewer is shown in Figure 3.
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TABLE 3

Existing Storm Sewer Capacities



FLOOD HISTORY

Little definitive data is available on past flooding in the Montrose 

area. There are no stream gaging stations or crest gages on any of the 

study streams. Knowledge of past flooding in Montrose is primarily 

based on precipitation records, accounts published in previous floodplain 

reports, old newspaper articles, local histories, and the personal memories 

of a few long-time residents.

Rainfall records have been maintained by the Uncompahgre Valley Water 

Users Association at North 6th Street and Park Avenue for over 57 years 

and by the National Weather Service at the Montrose airport for over 27 

years. These precipitation records were studied to determine the dates 

of the major recorded storms in the Montrose area. These dates, shown in 

Table 4, were then used to search local newspapers for descriptions of 

flood events, if any. Four flood events which occurred in the years 1938, 

1963, 1964 and 1967 were found and are described below;

Flood of September 4, 1938

Heavy rain on two consecutive days in September, 1938 caused flooding 

from Dry Creek, as well as Montrose Arroyo. Available information indi

cates that "a portion of the City became a vast lake", and that runoff 

flowed down several streets at one to four foot depths. Road and bridge 

damage was sustained, as well as considerable damage to private homes and 

property. (Reference 2)
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MAJOR STORMS OF RECORD*



Figure 4 - Flooding in Main Street, Montrose, Colorado, during flood

of September 3-4, 1938. (From Montrose Daily Press, courtesy of Hydro-Triad

Ltd.)
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Flood of February, 1963

In February, 1963, Chinook winds caused snowmelt which resulted in flood

ing when the Main Street crossing of Montrose Arroyo became blocked with 

debris. This flood event, however, was not the direct result of precipitation. 

(Reference 2)

Flood of August 13, 1964

Heavy rain (1.15 inches in 3.5 hours) on saturated soils in the Montrose 

area on Wednesday, August 13, 1964, caused minor damage to agriculture and was 

beyond the capacity of the City storm sewers existing at the time as described 

in the following article from the Montrose Daily Press.

AREA HARD HIT BY
TOO MUCH RAIN

While the rest of the 
southwest suffers in the 
grip of a drought that 
has cost millions of 
dollars, the Montrose area 
is trying to dry out from 
one of the wettest seasons 
in years.

Torrents of rain Wednes
day that added more moisture 
to already rain-soaked areas 
had farmers speculating 
losses.

Storm sewers became 
clogged creating several 
"lakes" throughout the 
town.

Official rainfall for 
Wednesday measured at the 
Uncompahgre Valley Water 
Users Association was 1.15 
inches--a near record fall.

8-13-64

Flood of June 21, 1967

A localized thunderstorm on June 21, 1967, dumped over an inch of rain 

and hail on the city causing flooding on many streets, notably Uncompahgre 

Avenue and Main Street. Runoff carried by the streets overtopped curbs and 

debris clogged storm sewer inlets. The Loutsenhizer Canal breached causing 

flooding of a field and some crop damage. The following articles appeared 

in the Montrose Daily Press:

- 14



GREENHOUSE HIT HARD BY RUN-OFF 
WATERS DURING HAIL STORM

About eight inches of 
water was running through 
the main office of the 
greenhouse...

About three hours after 
the storm hit, 6:50 p.m. 
there was still about four 
inches of runoff water 
going down the curb in 
front of the greenhouse, 

"Two conditions made it 
bad where we are located. 
All the surface water from 
upper South Townsend Ave. 
naturally runs in this 
direction."
"Another condition prevents 

the runoff surface water 
from traveling its normal 
course is the fact that much 
land or. the south of the 
road at the river bridge, 
outside the city limits, has 
been filled in. And this 
makes the water back up."

6-21-67
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RAIN STORM SLASHES 
MONTROSE AREA

Downtown Montrose was 
virtually turned into a 
river Tuesday at 3:30 
p.m. when a heavy rain 
and hail storm struck 
without warning...water 
was running down the 
streets, overflowing 
curbs and rushing down 
the lower part of Main 
Street.

South Townsend Avenue 
looked like the Uncompah
gre River for a time as 
runoff water rushed down 
the full length of the 
street and then rushed 
west down Main Street...

Catchbasins at the east 
side of the intersection 
of Main and Uncompahgre 
wore clogged with trash., 
causing a lake to form 
across the entire street 
after the storm.

The Uncompahgre Valley 
Water Users Association 
reported precipitation as 
1.06 inches. This appeared 
to be the heaviest amount 
of moisture in one day in 
June for over 46 years...

The storm seemed to come 
in from the west or south
west and head east and 
circle around to the north.

The Loutsenhizer Canal 
which runs in back of Flat 
Top had broken, and water 
carried about a foot of silt 
over one 12 acre plot of 
sugar beets and ruined the 
whole field.

6-21-67



HYDROLOGY

Peak Discharges

Flood discharges for the major drainageways in this report were obtained 

from a report completed in April, 1979 by Hydro-Triad, Ltd., (Reference 1). 

As a part of that previous study, runoff hydrographs were developed using 

the Soil Conservation Service procedure for the sub-basins. The hydrographs 

were then combined using Muskingum routing to yield discharges for Montrose

Arroyo, Cedar Creek and Dry Cedar Creek.

Ditch crossings in the study basin, with the exception of the South 

Canal, were analyzed by assuming them to be flowing full at times of flood 

such that tributary runoff would flow across unimpeded. The South Canal, 

because of its large capacity and safe operating record was assumed to 

collect runoff draining directly into it and convey it out of the basin.

The impact of snowmelt runoff was evaluated and determined to be 

significant only for the higher frequency events. The discharges in Table 

5 include the effects of rainfall and snowmelt runoff.

As part of the previous study, peak discharges were determined for 

each of the local urban sub-basins. These discharges were calculated 

using the rational formula and rainfall data kept by the National Weather 

Service, (Reference 3) and the Uncompahgre Valley Water Users Association, 

(Reference 4).

The peak discharges calculated for the local urban areas were routed 

and combined by Gingery Associates to determine the effect of urban drain

age on the study streams. The individual urban sub-basins were combined 

by lagging the hydro graphs of upper basins to account for travel time to 

the lower areas, then adding the hydrographs. The results are summarized 

in Table 6. It should be noted that the urban runoff is of short duration 

and will have subsided before the upstream peak flows reach the city.
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The sub-peak due to urban drainage is illustrated in Figure 5. The 

effect of urban drainage is most significant on Montrose Arroyo and 

negligable on Cedar Creek and Dry Cedar Creek. For this reason the hydro 

graphs for Cedar and Dry Cedar Creeks remain the same as calculated by 

Hydro-Triad, Ltd., in Phase I, and are included only in the technical 

addendum.
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TABLE 5



100 YR. FLOOD HYDROGRAPH
MONTROSE ARROYO

CONFLUENCE WITH CEDER CREEK



HYDRAULIC ANALYSIS

A hydraulic analysis was completed by Hydro-Triad Ltd. in April, 1979, 

(Reference 1) to determine water surface profiles for the 10-year, 50-year, 

100-year, and 500-year floods on Montrose Arroyo, Cedar Creek and Dry Cedar 

Creek. These water surface elevations were computed using the HEC-II com

puter model for backwater analysis. The culvert crossings on Montrose 

Arroyo are insufficient to pass the 100-year flow; consequently, during 

such an event a considerable amount of flow would be lost from the channel 

to flow overland. This shallow flooding would flow away from Montrose 

Arroyo west and northwest to the Uncompahgre River. Some of this flow 

would pond along the east side of the D&RGW Railroad embankment between 

South 1st and North 2nd Streets. The previous hydraulic computations were 

carried out based on the premise that immediately downstream of each cross

ing all spilled flow is considered to be back in the channel, and any ex

cess is again shown as spilling at the next inadequate crossing. This 

procedure was used by Hydro-Triad Ltd. to prevent the analysis from becom

ing superseeded each time an upstream culvert is improved, and to illustrate 

a conservative situation.

In order to evaluate existing damages, it is necessary to have the 

floodplain and flood profiles defined for the existing conditions. Therefore, 

Gingery Associates conducted hydraulic analyses to determine flood elevations 

and delineate flooding limits that reflect the actual situation that exists 

in Montrose. The analyses were performed in the following manner: Proceed

ing in a downstream direction, at the first inadequate crossing (South 12th 

Street), calculations were made based on culvert ratinq curves and existing 

topography to determine the amount of flow lost from the channel. Downstream 

of the crossing the discharge in the channel was reduced by this amount. This 
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procedure was repeated at each inadequate crossing until the flow left in 

the channel had been reduced to the point where it could be handled by the 

remaining crossings. Then, using these reduced channel flows, flood eleva

tions were determined from the rating curves at each crossing structure. 

Between crossings the elevations were interpolated based on channel rating 

data. This procedure yields flood profiles that reflect existing condi

tions within an accuracy of about 0.5 feet. This level of accuracy is 

within the tolerances allowable for damage calculations.

The area inundated by the flows leaving the channel were determined 

in the field utilizing street flow capacities, field surveys and existing 

topographic maps, (Reference 5).

The resulting floodplains and flood profiles are presented on Sheets 1 

through 10.
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DAMAGE ASSESSMENT

Due to the present capacity and condition of the major drainageways in 

Montrose, considerable damage would result during a severe flood. The 

various types of damages which could occur are:

Damage to structures

Damage to contents of structures

Damage to utilities

Damage to streets and roads

Damage to bridges and culverts

Agricultural damage

Disruption of normal services

Through construction of channel improvements, damages can be eliminated 

or greatly reduced and are the major benefit resulting from the drainageway 

improvements.

Potential flood damages for structures within the study area were es

timated using the information developed in the hydraulic analysis and depth

-damage curves.

These curves tabulate damage as a percent of total structure value 

based on flood depth above the structure’s first floor elevation. A 

separate curve was used for each type of structure. For residential 

structures curves developed by the Federal Insurance Administration in 

1974 showing damage to the structure and its contents were used. For 

industrial and commercial structures, damages were estimated with curves 

presented in a thesis prepared at Colorado State University, (Reference 6).

Structures within the floodplain are summarized in Table 1.

Direct damages are those damages which occur to the structure and 

its contents, and are calculated based on flood depths. Also included 

are the costs of utility and road clean up and utility replacement. Clean 

up costs are assumed to average 20 percent of the damage to structures and con-
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tents in any given reach. Utility replacement costs are assumed to average 

50 percent of the clean up costs. These percentages are based on data from 

actual floods and are presented in Reference 7.

Indirect damages are those damages which include the cost of lost 

business and services during the time of clean up and repair. Some of 

these indirect damages include: The loss of sales, loss of tax revenues, 

loss due to interest payments on disaster loans, loss of transportation 

routes, the cost of flood fighting and policing, along with relief acti

vities and health services. Indirect damages are difficult to quantify

and for the purposes of this study were based on percentages of direct 

damages. These percentages are thirty-five percent (35%) in commercial 

or light industrial areas and fifteen percent (15%) in residential areas, 

(Reference 7).

TABLE 7

SUMMARY OF FLOODED STRUCTURES IN MONTROSE
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Outlined in Table 8 is damage curve information for each stream with 

commercial and residential properties calculated separately. There is no 

structural damage caused by 100-year flooding on Dry Cedar Creek, there

fore, no tables are presented.

Property value information was provided by the City of Montrose. 

This information was in the form of 1978 assessed values, which are 30% 

of market value. To obtain 1980 market values the 1978 assessed value 

was multiplied by 100/30 to obtain the 1978 market price which was in

creased by 38% to account for inflation of housing values, (Reference 8).

A graphical display of average annual damages for Montrose Arroyo 

and Cedar Creek is presented in Figures 6 and 7. The area under the 

curve represents the average annual damage potential in dollars per year.
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TABLE 8

DAMAGE CURVE DATA SUMMARY

CEDAR CREEK



CEDAR CREEK
AVERAGE ANNUAL DAMAGE CURVE

( I960 DOLLARS)



FLOOD CONTROL AND DRAINAGE. PLAN

For this study, eight improvement alternatives were evaluated; four 

for Montrose Arroyo, three on Cedar Creek and one for Dry Cedar Creek. 

Improvement alternatives were examined for each stream only in developed 

areas where damages occur. In undeveloped areas, a floodplain management 

program should govern future development and would limit damages due to 

flooding.

Montrose Arroyo

Plan 1 - This plan consists of floodplain management for the entire 

length of Montrose Arroyo. Such a plan would guide and regulate 

future floodplain development and encourage measures that reduce 

monetary loss. This alternative prevents an increase in average 

annual damages that might be expected from future development. The 

plan has the advantage of very low initial cost, but provides little 

protection for existing property in the floodplain.

Plan 2 - The main feature of this plan is that of diverting flood 

flows from Montrose Arroyo near South 7th Street to the Uncompahgre 

River. By locating the diversion in the city itself, both upstream 

and local drainage flows are reduced below the diversion. The pro

posed structure is a 10.5' x 10' concrete box culvert from Montrose 

Arroyo, under the alley between South 7th and South 8th Streets to 

the west side of Townsend Avenue. A special inlet structure would 

allow low flows to continue down the arroyo, but would divert that 

part of the discharge in excess of 100 cfs, up to a maximum of 1,000 cfs.
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This 1,600 foot-long diversion would outlet into a 6' x 51' grass- 

lined trapezoidal channel to the Uncompahgre River. Upstream of the 

diversion, at South 9th and South 12th Streets, concrete bridges would 

be required to replace the existing undersized culverts. A bridge 

is also necessary where the diversion channel crosses the Denver 

and Rio Grande Western Railroad. All present crossing structures 

from South 7th Street downstream would be adequate with this plan.

The advantages of this plan are slightly lower cost, a minimal amount 

of construction in the downtown area and the fact that much of 

the local urban drainage into Montrose Arroyo is diverted away from 

the channel in the developed area. The major disadvantage is that 88 

percent of the total construction cost is for the diversion. This 

means that virtually the entire project would be constructed at one 

time and would require immediate financing of the total project.

Plan 3 - This plan calls for increasing the capacity of the crossing

structures to convey the 100-year discharge (1,100 cfs) throughout 

the city. The overall capacity of Montrose Arroyo is limited by the 

undersized culverts that exist at road crossings. The natural channel 

between crossings has sufficient capacity to pass a 100-year flood; 

therefore, no channel dredging or improvement is necessary. A total 

of 10 road crossings from South 12th Street to North 7th Street are 

currently undersized and would have to be improved or replaced. The 

location of these crossings and the proposed improvements follow:
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These proposed structures would replace the existing culverts and 

follow the existing alignment everywhere, except for the Main Street 

crossing. Because of the location of the Yellow Front Store, the new 

box culvert would have to be constructed along the southwest side of 

the building.

The proposed structures are all new; this plan avoids adding addi

tional culverts to existing ones for two reasons. Because many of 

the existing culverts are quite old, they would not last the 50-year 

life of the project. This would require two construction projects - 

one to add a second culvert;and another, some years later, to replace 

the existing one. In addition, the proposed structures are less 

susceptible to debris blockage because of their larger openings.

This plan provides excellent flood protection with the added benefit 

of being able to contain up to a 100 percent increase in local urban 

runoff. Additionally, this alternative can be constructed incrementally, 

as the city can afford. Its disadvantages are slightly higher cost and



construction in the downtown area.

Plan 4 - This plan is based on a 5,500 foot-long open channel diver

sion upstream of Niagra Street. A 6' x 56' trapezoidal channel would 

divert 1,000 cfs from Montrose Arroyo to Dry Cedar Creek just above 

its confluence with the Uncompahgre River. This would drastically re

duce the flood flows coming into the city from upstream, but because 

of local drainage flows, seven road crossings would also have to be 

replaced. The location of the proposed structures follow:

A bridge would also be required where the diversion channel crosses 

Odell Street. This plan has a slightly lower cost, but severe dis

advantages. A considerable amount of construction would be required, 

some of it near downtown; but the greatest drawback is that there 

would be no capacity to accept any increase in local flows.

In June 1973, the Soil Conservation Service proposed a flood control 

dan for the City of Montrose (Reference 9). This dam provides little 

protection for Montrose because it is located so far upstream. It is 
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also prohibitively expensive. An estimated cost of over three million 

dollars, plus the fact that the actual reduction of the flood peak 

within the city will be only a few hundred cfs, makes the scheme in

feasible.

Cedar Creek

Plan 1 - This plan consists of floodplain management along the entire

reach of Cedar Creek, as described in Montrose Arroyo - Plan 1.

Plan 2 - This plan calls for increasing the capacity of the channel 

to convey the 100-year discharge (1,200 cfs) along the entire reach. 

The following crossing structures are proposed:

Hillcrest Drive - 8' x 20'  Box Culvert

North 3rd Street - 7' x 20'  Box Culvert

Road 6530 - 10’ x 12'  Box Culvert

This alternative would provide excellent flood protection for the 

City of Montrose, but would involve replacing two culverts where 

there is little existing damage potential.

Plan 3 - This plan calls for the replacement of only the crossing 

at Hillcrest Drive. A 8' x 20' box culvert is proposed which would 

eliminate overflow flooding of the Gibson's Shopping Center. With 

this plan, flood flows would be confined to the channel along Cedar 

Creek everywhere except in the vicinity of North 3rd Street and

Road 6530, At these two locations, however, there are no structures 

in the existing floodplain. This alternative provides good flood 

protection with minimal structural improvements.
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PLAN COST SUMMARY

Table 9
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Dry Cedar Creek

Plan 1 - Flood flows in Dry Cedar Creek are contained in the channel 

nearly everywhere along the entire length through the study area. 

Only a small area near the confluence with the Uncompahgre River 

is inundated. A sound policy of floodplain management would be 

adopted to prevent an increase in flooding problems in the future. 

Any existing structures in the floodplain could be protected by 

flood-proofing, or could be acquired.

Plan Selection

The previously described alternatives were presented to the Technical 

Committee, consisting of representatives of the City of Montrose, and the 

Colorado Water Conservation Board, at a meeting held in Montrose on 

August 11. 1980- The details of the various alternatives, along with the 

advantages and disadvantages, were discussed. The Technical Committee 

referred the matter to the Montrose City Council, who decided which plan 

best suited the needs of the city. Plan 3 was chosen for Montrose Arroyo 

and Cedar Creek, while Plan 1 was decided upon for Dry Cedar Creek. These 

plans would eliminate damage to structures caused by floods up to the 

100-year event. The City favored a plan that could be used as a planning 

tool and allow a staged construction. There will be no 100-year "residual 

damages" after the plans are implemented. Clean-up and debris removal is 

assumed to be part of the normal maintenance program.

Preliminary Design

Preliminary design and cost estimating were completed by Gingery 

Associates for the selected flood control alternatives.

for Montrose Arroyo, Plan 3 was chosen which proposes improvements 

to crossing structures to increase the channel capacity to the 100-year 
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discharge. The location of each improvement and the residual floodplain are 

shown on Sheets 11 and 12. Typical details of the structures are shown on 

Sheet 14. Water surface profiles of the 100-year flood with proposed im

provements are shown on Sheets 8 through 10. These flood profiles are based 

on rating curves and are accurate to about 0.5 feet (as described in the 

Hydraulics section of this report).

Plan 3 was selected to minimize flood damages along Cedar Creek. This 

plan recommends replacement of only the Hillcrest Drive crossing. The loca

tion of the improvement and the residual floodplain after construction are 

shown on Sheet 13. The details of the 8' x 20' box culvert are shown on 

Sheet 14.

Since 100-year flooding on Dry Cedar Creek is confined to its channel 

along most of the study reach, the plan of floodplain management is the 

obvious choice.

Plan Benefits
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Benefits resulting from the implementation of these Flood Control

Plans to the City of Montrose are:

• Elimination of potential damage to structures and con

tents caused by flooding from Montrose Arroyo, Cedar 

Creek and Dry Cedar Creek up to the 100-year flood event.

• Reduction in cost of utility and road clean-up and 

replacement. Reduction in potential indirect damages in

cluding: loss of business and services, loss of sales, 

and transportation inconvenience.
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Cost Estimates

The estimated costs of the Flood Control Plans are based on 1980 con

tractor construction prices, including overhead and profit.

Unit prices are based on data from the Colorado Department of High

ways (Reference 10), and increased 10% to account for regionally higher 

prices in Montrose.

TABLE 10

UNIT COSTS

Structural Excavation and Backfill $ 11/cubic yard

Structural Concrete 275/cubic yard

Rock Riprap 22/cubic yard

Bridge - 2-Lane 40/square foot

Bridge - 4-Lane 44/square foot

Asphalt 110/cubic yard

Culvert Removal 55/foot

Final construction costs were calculated using these unit prices and 

the detailed material quantities calculated for each study reach. Unit 

costs were estimated using common materials and construction techniques 

to produce the drainage facilities described on the preliminary plan 

drawings. The use of alternate materials and construction methods could 

result in a savings over what is presented here. A detailed study to 

evaluate all possible design alternatives will be left for final design.
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A summary of estimated quantities taken from the preliminary design 

is provided in the Technical Addendum.

The project cost shown in Table 11 is estimated from the normal pro

ject cost items listed below:

1. Construction

2. Utility costs: 6% of Item 1

3. Contingency costs: 15% of Items 1 and 2

4. Engineering costs: 10% of Items 1, 2 and 3

5. Legal, Fiscal and Administrative costs: 12% of Items 1, 2, 3 and 4.

A cost contingency of 15% of the estimated construction cost is in

cluded to cover incidental costs. Engineering costs include final engi

neering design, surveying, soils testing and normal construction services. 

Fiscal, legal and administrative costs are included to cover costs of 

financing, appraisal, land acquisition processes and other miscellaneous 

project implementation costs.



Plan Implementation

Operation and maintenance is an important part of any flood control 

plan. Structures must be repaired as necessary and be kept free of debris 

to insure that facilities function properly when flood events do occur. 

The selected Flood Control Plan should require less maintenance than the 

existing system because the proposed structures are less likely to block 

with debris.

One of the advantages of the selected Plan is that it can be con

structed in stages. In order to provide the greatest degree of flood 

protection in the least time, the following construction schedule should 

be followed:

1) Hillcrest Street - Cedar Creek

2) North 7th Street - Montrose Arroyo

3) Main Street - Montrose Arroyo

4) South 1st Street - Montrose Arroyo

5) South 4th Street Montrose Arroyo

6) South  5th  Street - Montrose Arroyo

7) South  6th  Street - Montrose Arroyo

8) South  7th  Street - Montrose Arroyo

9) South  9th  Street - Montrose Arroyo

10) South 12th Street - Montrose Arroyo

11) South Sth Street - Montrose Arroyo

This schedule calls for the culvert on Cedar Creek to be constructed 

first. When this one crossing is completed, 100-year flood damage along 

Cedar Creek will be eliminated, including the Gibson's Shopping Center.
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improvements on Montrose Arroyo should be started in the downstream 

areas first, then proceed upstream. The only exception to this downstream 

to upstream schedule is the culvert at South Sth Street which requires 

only an improved inlet and, therefore, has a lower replacement priority. 

Of course, it may be necessary to deviate slightly from this schedule 

because of the deteriorated condition of some of the existing culverts.

This construction schedule is recommended because it will not change 

the overflow flooding delineations as presented in Hydraulic Analysis 

section of this report. If a construction schedule was followed of re- 

placing the culverts with lowest capacities first, it is likely that the 

existing overland flow patterns would change due to water escaping from 

the channel at locations different than presently exist. The change in 

flood pattern would affect some residents who are presently not affected, and 

may result in higher overall damages than before the improvements.

The floodplain management program recommended for Dry Cedar Creek 

should be started as soon as possible to prevent a future increase in 

flood damage.
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ECONOMIC ANALYSIS

General

A benefit/cost analysis was completed for the selected Flood Control 

Plan on Montrose Arroyo and Cedar Creek.

The benefit/cost (b/c) ratio is used to compare the benefits provided 

by the project against the costs of building it. If the benefits exceed 

the costs (b/c>l), then the project is economically feasible. If the

b/c ratio is equal to or slightly less than one, the project may also be 

justified if the nuisance and inconvenience of repeated flooding make the 

project desirable to the community.

Average Annual Benefits

The benefits in this anlaysis include those realized directly from 

the reduction in damages dire to the implementation of ths proposed improve

ments. The proposed improvements are designed for a specific frequency 

flood. Any floods with a higher peak flow than the design flood frequency 

will cause residual damages that the drainage improvements cannot protect. 

From the maps of residual flooded areas for floods equal to or greater 

than the design flood, these damages can be assessed and plotted against 

frequency as on Figures 6 and 7. The difference in this area under the 

two damages versus frequency curves is equal to the average annual reduc

tion in damages.

In determining the total annual benefits of a project, it is customary 

to add to this amount an employment benefit of one percent of the construc

tion cost.

Advanced replacement benefits are derived because some of the existing 

culverts are old and would need to be replaced in a few years. The Flood
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Control Plan would provide all new structure which would have a lifespan 

of 50 years. The cost of upgrading the existing system in order to last 

50 years would not be encountered if the proposed Flood Control Plan was 

constructed. This savings is the advanced replacement benefit.

For Montrose Arroyo, the total average annual damages (area under 

the damage - frequency curve) are $198,000 and the residual damages are 

$15,000. This yields a difference, or reduction in damages for the pro

ject of $183,000. Adding approximately one percent of the estimated con

struction cost for employment benefits, or $23,000, and $4,670 for annual 

advanced replacement benefits, the total average annual benefit is $210,670.

For Cedar Creek, the average annual damages are $24,000 end the re

sidual damages are $3,500. The reduction in damages is a difference of 

$20,500. Adding employment benefits of approximately one percent of pro

ject construction costs, or $880, and $220 for annual advanced replacement 

benefits, the total average annual benefit amounts to $21,600.

Average Annual Project Costs

Average annual costs include amortization of construction costs for 

construction of the project plus applicable operation and maintenance 

costs. Amortization of capital costs for construction on an equal in

stallment basis is a function of two variables: project life and the 

interest rate. The useful life for flood control projects is typically 

50 years.

The interest rate is a function of the source of money. In the private 

sector, the interest rate can vary considerably and will probably not be 

below ten percent. A loan from the Federal Government, such as Farmers Home 

Administration, may be as low as five percent.
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The total project cost of the recommended alternative for Montrose 

Arroyo is $2,289,000, and for Cedar Creek is $88,000. Using an interest 

rate of 7-3/8%, as set by the United States Water Resources Council for 

the formulation and evaluation of federal water resource projects during 

the period of October 1, 1980 through September 30, 1981, and a project 

life of 50-years, the average annual cost of the improvements for Montrose 

Arroyo and Cedar Creek are $173,770 and $6,680 respectively. Assuming 

$2,000 for annual operation and maintenance costs for each flooding source, 

the average annual cost of improvements for Montrose Arroyo and Cedar Creek 

are $175,790 and $8,680 respectively.

Benefit/Cost Ratio

The benefit/cost ratio for the selected plan for Montrose Arroyo is 

1.20 or ($210,670 in average annual benefits ÷ $175,790 in average annual 

costs).

On Cedar Creek, the benefit/cost ratio is 2.49 or $21,600 in average 

annual benefits ÷ $8,680 in average annual costs).

for both Montrose Arroyo and Cedar Creek, the benefits exceed the 

costs. It would, therefore, be in the interest of the City of Montrose 

to proceed with the selected Flood Control Plans as soon as possible.
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Financing

There are many ways of financing the drainage and flood control im

provements proposed in this plan. One means is to generate the necessary 

funds using community resources. This approach would include:

- Property taxes

- Sales taxes

- Special assessments

- Drainage utility charges

- Revenue or general obligation bonds

The community may also choose to assess local developers for portions 

of off-site drainage facility costs which might not otherwise be required 

without further development. This assessment could be in the form of a 

drainage development fee which would represent a proportionate share of 

the cost for downstream facilities. The fee could be set by ordinance or 

negotiated with the developer. The community may then escrow until the 

time that the improvements are made.

A third source of financing the improvements would be state or federal 

programs for community assistance as well as funds for impacted communities. 

Examples of possible governmental grant or loan programs are listed below:

1. State Department of Local Affairs through the

A. Oil Shale Trust Funds

B. Energy Impact Funds

2. Farmers Home Administration, U.S.D.A.

A. Public Law 83-566; Section 8, 16 USC 1006a

"Watershed Protection & Flood Prevention Act"

Types of Assistance: Project Grants and Guaranteed/Insured

Loans

Time Frame: Varies

Objectives: To provide loan assistance to local sponsors for
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share of cost for works of improvement in approved watersheds.

3. Soil Conservation Service, U.S.D.A.

A. Public Law 83-566 plus additional laws "Watershed Protection

& Flood Prevention Act"

Types of Assistance: Project grants; advisory services and

 counseling

Time Frame: Approximately five years

Objectives; To provide technical and financial assistance 

in planning and carrying out works of improvement to protect, 

develop, and utilize the land and water resources in small 

watersheds.

4. Community Planning and Development, HUD

A. Public Law 93-383, 42 USC 5301-5317

"Title 1 of the Housing and Community Development Act of 1974" 

Types of Assistance- Formula grants and project grants 

Time Frame: Varies

Objectives: To develop viable urban communities including

decent housing and a suitable living environment and expand 

economic opportunities, principally for persons of low and 

moderate income.

5. Bureau of Reclamation, Department of Interior

A. Public Law 84-984 (as amended); 43 USC 422a-k

"Small Reclamation Projects Act:

Types of Assistance: Project Grants; direct loans

Time Frame: Minimum of three years

Objective: Io provide fully reimbursable Federal loans and 

possible grants to public non-Federal organizations for re

habilitation and betterment or construction of water resource 

development projects.
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Knowing that there is a long lead time for some programs, it would be 

in the best interest of the community to make early application for funds. 

A staged funding arrangement would be consistent with the staged approach 

to plan implementation.
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FUTURE COMMUNITY DEVELOPMENT

Hazardous Floodplain Areas

Two concerns with future community development in the basin are its poten

tial to cause flood damage by an increase in 100-year water surface elevations 

and/or creation of hazardous flood velocities.

An increase in flood depth over the existing profile will generally inun

date additional areas and cause the flood boundaries to expand. Also, flow 

velocity of seven feet per second, or greater will cause severe erosion of 

streambanks and is capable of transporting large rocks. Fill around bridge 

abutment and some streambanks may be eroded and large amounts of gravel, sand, 

and silt may be transported by water flowing at a rate of five to seven feet 

per second. Water flowing at about two feet per second, or less may deposit 

sand, silt, and other debris.

An increase in flood depth and/or velocity can be due to an increase in 

100-year runoff by creation of more impervious areas and, more significantly, 

encroachment into the floodplain itself. When encroachments onto the natural 

floodplain are allowed, such as with artificial fill, the flood carrying 

capacity is reduced. The depth of water or the flow velocity in the remaining 

floodplain area must normally increase in order to convey the same magnitude 

of flood, and thus, the flood hazard to areas near the encroachment may be 

increased. The impact of encroachment and increased runoff due to development 

can be mitigated by use of sound floodplain management regulations.

Floodplain Management Regulations

While the need to minimize property damage due to flooding has been re

cognized by city and county planners, the city's current zoning regulations 

(Reference 13) do not address or provide any guidance regarding the flood 

hazard.

- 42 -



The city's Subdivision Regulations (Reference 14) adopted in 1973, do 

provide that "where a proposed subdivision is traversed by a water course, 

drainageway, or street, appropriate provisions shall be made to accommodate 

storm water and drainage through and from the proposed subdivision. . . An 

adequate drainage system, including necessary open ditches, pipes, culverts, 

storm sewers, intersectional drains, drop inlets, bridges, and other neces

sary appurtenances shall be installed by the subdivider according to plans 

and specifications approved by the City Engineer . . However, no minimum 

design standards, scope, or format of proposed drainage plans are provided 

in the regulations.

The authority to provide zoning regulations to regulate land use in flood 

plain hazard areas is given in the Colorado Revised Statutes, 1973, Section 

30-18-111 for county governments and Section 31-23-201 for municipal govern

ments.

The purpose of floodplain regulations is to promote the public health, 

safety and general welfare by provisions designed to:

1. Permit only such uses within the designated floodplains as will 

not endanger life, health, public safety, or property in times 

of flood.

2. Prohibit the placement of fill, materials and structures which 

would significantly obstruct flood flows to the potential damage 

of others or cause potentially damaging debris to be carried down

stream.

3 Protect the public from the burden of avoidable financial expendi

tures for flood control projects and flood relief measures.

4. Prevent avoidable business and commerce interruptions.

5. Minimize damages to public utilities, streets and bridges.
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6. Minimize victimization of unwary home and land purchases.

7. Minimize the pollution of water by prohibiiting the disposal of 

garbage and other solid waste materials in floodplains.

Model floodplain regulations prepared by the Colorado Water Conservation 

Board (CWCB) offer two options for management of the 100-year floodplain, 

(Reference 15). These are the Hazard Area Concept and the Floodway Concept.

The Hazard Area Concept defines an area of the floodplain based on a depth 

criteria. The model prepared by the CWCB in 1974 recommends that areas where 

waters of the 100-year flood attain a maximum depth greater than one and one- 

half feet be defined as a high hazard area, and areas with depths less than this 

be called low hazard areas. Development is prohibited in high hazard areas 

and new residential structures located within the low hazard area must have 

all habitable living quarters (first floors) constructed with a minimum free

board of one-foot above the 100-year flood water surface elevation. No base

ments are recommended for these structures and if flood velocities are three 

feet per second or greater, flood-proofing is required.

The Floodway Concept defineds an area of the floodplain based on a rise 

criteria. The floodway must be kept free of encroachment such that the 100-year 

flood is conveyed without substantial increases in flood depths above the exist

ing depths. As a minimum standard, the Board's 1980 model regulations suggest 

the depth increase be limited to a 1.0-foot rise, provided hazardous velocities 

are not produced. There are several methods used in floodway computations. The 

most common method is computed on the basis of equal conveyance reduction from 

each side of the floodplain. The area outside of the floodway, where develop

ment is allowed, is called the "fringe" area. New residential construction or 

substantial improvement of existing homes in the fringe area must have the low

est habitable floor be at least 1.0 feet-above the elevation of the 100-year 

flood. Non-residential construction must meet the same standard or be flood-
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proofed to that level. The concept of the floodway has been adopted by the 

National Flood Insurance program.

Drainage Requirements

In order for the proposed Flood Control Plan to function properly for the 

life of the project, the City of Montrose should guide future development so 

that runoff will not be drastically increased and that encroachment into the 

floodplain will not raise the flood profile. This should be done by review 

of drainage plans submitted with applications for building permits and requirem

ents which provide for construction, operation and maintenance of facilities 

for increased drainage to limit increased flows.

As expansion of the Montrose area moves into previously undeveloped basin 

a total drainage plan for each new basin should be determined.

As each new subdivider comes into the area, a drainage study should be 

required of the developer by the City of Montrose, or Montrose County, to 

insure that the developer adequately drains his own property, and that flows 

are conveyed from his property into the outfall system. Each developer should 

also be required to contribute his share of the outfall system, whether by con

struction of a part of the system, or by contributing his fair share of the 

cost of such a system. The legal aspects of subjecting developers to such re

quirements should be thoroughly evaluated. Drainage studies submitted by de

velopers should address the following, at a minimum:

1. A drainage basin map should be prepared, which is a topographic map 

showing all off-site drainage basins that contribute run-off to the 

site and the local basins within the property boundaries. This map 

should also include flow arrows showing the drainage pattern; and 

hydrologic and hydraulic information as described in 2 and 3 below.

- 45 -



2. A detailed hydrology study should be completed for the local drain

age systems, including the calculation of the two-year frequency flow 

at several locations within the development and at all locations where 

flows are released from the site. The Rational Method is the recom

mended procedure for small urban basins.

3. Detailed hydraulic facilities should be provided to collect off-site 

drainage and convey these flows across the property. Street capaci

ties should be calculated and compared with the two-year discharge. 

Storm sewers should be included in locations where street capacity

is exceeded, and should be properly sized. Criteria used for hydraulic 

analyses should be consistent with that recommended in the Urban Storm 

Drainage Criteria Manual, (Reference 12) prepared for the Denver Urban 

Drainage and Flood Control District. At locations of flow release 

from the property, a means of conveying these flows to an outfall sys

tem should be provided. Streets and storm sewers used for this purpose 

should be analyzed to determine that adequate capacity exists. In 

addition, the flow route of discharges exceeding the drainage system 

capacity should be determined. Plans should be adjusted to avoid or 

minimize the damage created by such overflows.

In newly developed areas where a major drainageway crosses through a 

development tract, these drainage channels and facilities for proposed 

roadway crossings of the channels, should be designed for 100-year 

frequency storm.

Flood insurance

The National Flood Insurance Program is a Federal program that enables 

property owners to buy flood insurance at reasonable, subsidized cost. Tn 

return, communities are required to carry out floodplain management measures
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to protect lives and new construction from future flooding.

Flood insurance through the National Flood Insurance Program has been 

available through any licensed insurance agent or broker to all residents of 

Montrose and Montrose County under the emergency phase of the program since 

1974. Increased levels of flood insurance may soon be available under the 

regular program after the Federal Insurance Administration completes their 

flood insurance studies for Montrose and Montrose County. These studies are 

currently in progress and will expand on information developed in this and 

other floodplain information reports. In order for residents to be able to 

buy this additional layer of coverage, the city and county must agree to manage 

floodplain areas. This means regulations will have to be adopted to control con

struction that might lead to flood hazards for the future occupants or present 

citizens and require that other construction in flood hazard areas meet spe

cific minimum standards.

The following chart briefly summarizes the available limits of coverage 

and the appropriate premium rates under the emergency and regular programs.



NATIONAL FLOOD INSURANCE PROGRAM

As an example, under the regular program a homeowner can buy $10,000 in 

flood insurance for just $25 per year. The maximum amount of flood insurance 

available to residents under the emergency program is $35,000 for the structure, 

and $10,000 for its contents. The premium at this level is $125 per year. All 

Montrose property owners in areas subject to flooding should seriously consider 

the purchase of flood insurance.

Additional informution on the Flood Insurance Program is available from 

local insurance agents or brokers and the:

- 48 -



GLOSSARY

Aspect The general basin orientation from a higher to a lower point 
in relation to east, west, north and south directions.

Backwater
Effect

The rise in surface elevation of flowing water upstream from 
and as a result of an obstruction of flow.

Channel A natural or artificial water course of perceptible extent 
with definite bed and banks to confine and conduct continuously 
or periodically flowing water.

Cloudburst A sudden and extremely heavy downpour of rain that is small 
in areal extent; of short duration; and may be accompanied 
by lightning, thunder, and strong gusts of wind.

Correlation The process of establishing a relation between a variable 
and one or more related variables.

Confluence A point where two or more streams meet.

Conveyance 
Capacity

a. Channel conveyance capacity is the rate of discharge, in 
cubic feet per second, which can flow in a water course 
with the water surface not greater than the height of 
the channel banks.

h. Floodway conveyance capacity is the race of discharge in 
the overflow portion of the floodway which can pass through 
a specified area at depths and velocities governed by the 
hydraulic dimensions of the floodway.

Designated
Floodplain

The area designated as a floodplain by official action of the 
board of county commissioners, or the city council, with the 
prior concurrence of the Colorado Water Conservation Board.

Detention The slowing, dampening, or attenuating of flows by temporarily 
holding the water on a surface area, in a storage basin, or 
within the storm or combined sewer itself.

Dike An embankment to confine or control water, especially one 
built along the banks of a river to prevent overflow of low
lands.

Discharge The quantity of water passing a given stream cross-section 
per unit of time. Rate of flow in a stream is usually expressed 
in cubic feet per second.

Drainage
Basin

A part of the surface of the earth that is occupied by a drain
age system, which consists of a surface stream or a body of 
impounded surface water together with all tributary surface 
streams and bodies of impounded surface water.
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Flood An overflow on lands not normally covered by water which are 
used or usable by man. Floods have two essential characteris
tics: (1) the inundation of land is temporary; (2) the land 
is adjacent to and inundated by overflow from a river or 
stream or an ocean, lake or other body of standing water.

Normally, a flood is considered as any temporary rise in 
streamflow or stage, but not the ponding of surface water 
which results in significant adverse effects in the vicinity. 
Adverse effects may include damages from overflow of land 
areas, temporary backwater effects in sewers and local drain
age channels, creation of unsanitary conditions or other un
favorable situations by deposition of materials in stream 
channels during flood recessions, use of ground water coinci
dent with increased streamflow and other problems.

Flood
1% Chance

A type of flood, including the water surface elevation and 
territorial occupation thereof, which can be expected to occur 
at any time in a given area based upon recorded historical pre
cipitation and other valid data, but with an average statisti
cal one percent chance of being equalled or exceeded during 
any one year. The term is used interchangeably with 100-year 
flood or intermediate regional flood.

Floodway The floodway is the channel of a stream, plus any adjacent 
floodplain areas, that must be kept free of encroachment in 
order that the 100-year flood may be carried without sub
stantial increases in flood heights.

Flood
Frequency

(See Probability) The average recurrence interval of specific 
discharges or water stages which case flooding.

Flood Peak The maxiumum instantaneous discharge of a flood at a given lo
cation. It usually occurs at or near the time of the flood 
crest.

Floodplain An area in and adjacent to a stream which is subject to flooding 
as a result of the occurrence of a 1% Chance Flood. Thus, it 
is so adverse to past, current, or foreseeable construction 
or land use as to constitute a significant hazard to public 
health and safety or to property.

Flood
Profile

A graph showing the relationship of water surface elevation 
to location, the latter generally expressed as a distance 
above the mouth for a stream of water flowing in an open channel. 
It is generally drawn to show the surface elevation for the 
crest of a specific flood, but may be prepared for the condi
tions at a given time or stage.

Flood
Stage

The stage or elevation at which overflow of the natural banks 
of a stream or body of water begins in the reach of area in 
which the elevation is measured.
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Freeboard The distance between the normal or design water level and 
the top of a dike or conduit which is left to allow for 
wave action and floating debris.

Left Bank The bank on the left side of a river, stream, or water course 
as the observer looks downstream.

Log-Pearson 
Type III 
Di stribution

A statistical distribution used in flood frequency analysis; 
which is described by three parameters: (1) the mean, (2) the 
standard deviation, (3) the coefficient of skewness of the 
logarithms; of the sample observations.

Meander The winding of a stream channel.

Obstruction Any natural or manmade object existing in, along, across, or 
projecting into any channel, water course, or regulatory 
flood hazard area which may impede, retard, or change the 
depth or the direction of flow of water either by itself, or 
by catching or collecting debris carried by such water, or that 
is placed where the flow of the water might carry the same 
downstream to the damage of life or property.

Peak
Discharge

The largest value of streamflow attained by a flood, usually 
reported in units of cubic feet per second (cfs).

Precipitation The discharge of water, in liquid or solid state, out of the 
atmosphere, generally upon a land or water surface. Precipi
tation includes rainfall, snow, hail, and sleet, and is, there
fore. a more general term than rainfall.

Probability The annual chance of occurrence of specific hydrologic events, 
such as rainfall over a specified area or peak discharge at 
a specified location. It is expressed in percent, e.g., 5% 
representing one chance in 20 of the event occurring in any 
year or an average recurrence of once in twenty years.

Reach A segment of the river defined between two specified points.

Recurrence 
Interval

The average interval of time, in years, within which a given 
flood can be expected to be equalled or exceeded.

Reference
Point

A numbered point identifying a specific location for correlating 
the data shown in various forms throughout the report.

Residual
Damages

Damages resulting from peak flows which are greater than the 
design flows, and for which the drainage improvements designed 
to handle specific magnitude flows cannot protect.

Retention The prevention of runoff from entering the storm or combined 
sewer system by storing it on a surface area or in a storage 
basin.

Riprap Broken rocks placed on earth surfaces to prevent erosion from 
the action of flowing water.

Right Bank The bank on the right side of a river, stream, or water course, 
looking downstream.
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Runoff The quantity of rainfall which flows over the surface to enter 
the stream as discharge volume. The difference in quantity 
between rainfall and runoff represents losses to infiltration 
and interception.

Side Slope The slope of the banks of a channel, dam, or embankment. The 
steepness of the bank is usually specified using a ratio of 
the length of horizontal run per one-foot of vertical rise.

Skewness A numerical measure or index of asymmetry of a frequency dis
tribution. From a practical standpoint, the term indicates 
the positive or negative curvature of a flood/frequency re
lation.

Stream Any natural channel or depression through which water flows 
either continuously, intermittently or periodically, including 
any artificial modification of the natural channel or depres
sion .

Watershed The drainage area situated above a specified point on a stream 
including the area drained by tributary streams which enter 
the main stream above this point.

13. Zoning Regulations, City of Montrose, Montrose, Colorado

14. Subdivision Regulations, City of Montrose, Montrose, Colorado

15. Model Floodplain Regulations, Colorado Water Conservation Board, 
Denver, Colorado, 1974 and 19180
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