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PREFACE

This study presents flood plain Information for Mail Creek and McClellands 
Basins in Fort Collins and Larimer County, Colorado, and includes a preliminary 
design of drainage improvement facilities to eliminate or alleviate flow hazards 
along these channels. This is a drainageway planning study to be used by the 
City of Fort Collins and Larimer County to guide flood plain development and 
design of drainage facilities in these drainageways. All proposed drainage 
improvements within the basin should be checked for consistency with those 
facilities presented herein, and will be subject to the approval of the City 
or County. The hydrology used for design of all future facilities in this 
study reach should be obtained from this report.

This study was authorized and jointly sponsored by the City of Fort Collins 
and the Colorado Water Conservation Board. The study was completed by Cornell 
Consulting Company of Fort Collins, Colorado under an agreement with the City 
of Fort Collins dated June 23, 1980.

A Technical Committe was established for this project to review the progress of 
the study and to provide technical input from the sponsoring agencies. The 
Technical Committee included the following individuals:

Mr. Robert Smith, City of Fort Collins

Mr. Marc Engemoen, City of Fort Collins

Mr. D. Randolph Seaholm, Colorado Water Conservation Board

The assistance and cooperation of this committee during the course of this study 
is acknowledged and is greatly appreciated.

We wish to extend appreciation to all individuals, agencies, firms and organi
zations who provided assistance and cooperation during the course of this study. 
In particular, appreciation is expressed to the following irrigation companies 
who met with us and shared their views regarding storm water runoff conditions 
affecting their irrigation policies:

Pleasant Valley and Lake Canal

New Mercer Canal

Larimer County Canal No. 2

we also wish to acknowledge the assistance of the following individuals whose 
guidance and cooperation was particularly helpful:

Mr. Rex Burns - Larimer County;

Mr. D. Randolph Seaholm - Colorado Water Conservation Board;

Mr. Bob Smith - City of Fort Collins, Engineering; and

Mr. Marc Engemoen - City of Fort Collins, Engineering.



Through the progress of the study, previously prepared reports and documents were 
used to determine existing flow routing patterns and general characteristics of 
basins in the area. This information, highlighted below, proved very helpful 
due to the high degree of new development in the area:

Spring Creek Drainage Basin Study, prepared by Gingery 
Associates, Inc.

Foothills Basin Study, prepared by Resource Consultants Inc.

Fossil Creek Drainage Basin, prepared by the US Army Corps 
of Engineers.

The Landings - Master Drainage Plan, prepared by Cornell Con
sulting Company.

The Woodlands - Master Drainage Plan, prepared by Cornell 
Consulting Company.

Storm Drainage Study for Larkborough Subdivision, prepared by
M&I Consulting Engineers.

Storm Drainage Study for Four Seasons PUD, prepared by M & I 
Consulting Engineers.

Storm. Drainage, Plan for Park South PUD and South Glen PUD, pre- 
pared by James H. Stewart & Associates, Inc

Initial Drainage Study for Harmony Farms, prepared by James H. 
Stewart & Associates, Inc.

Drainage Report for a Portion of Imperial Estates, prepared by 
ProfessionalSurveyors and Engineers, Inc.

Copies of this report are available for public distribution at the below listed 
offices. A Technical Addendum to this report is also available for review at 
the same offices; however, it has not been published in sufficient quantities 
for public distribution. The Technical Addendum includes all pertinent data 
and calculations used in the floodplain analysis.

Engineering Department
City of Fort Collins
300 LaPorte Avenue
Fort Collins, Colorado
80521

Larimer County Planning Department
Flood Management Section
200 West Oak Street
Fort Collins, Colorado
80521

Colorado Water Conservation Board
823 State Centennial Building 
1313 Sherman Street
Denver, Colorado
80203



This study was prepared under the supervision and direction of the following 
professional engineers.

Donald M. Parsons, P.E.

Robert L. Lenz, P.E.

vii

J.S. Griffith, P. E.



SECTION I

INTRODUCTION

Purpose

The City of Fort Collins and surrounding portions of Larimer County have 
experienced rapid growth in recent years resulting in increased drainage and 
flooding problems. Local government officials are under pressure to manage this 
urban development in a way which will accomodate this growth while at the same 
time protecting the health, safety and welfare of the area's citizens. Such a 
situation now exists in the McClellands and Mail Creek Drainages of Fort Collins.

The Purpose of this study is to provide a means for making decisions re
garding development and floodplain regulation in McClellands and Mail Creek 
Drainageways. This purpose was accomplished by determining the flooded areas 
associated with various frequency storms. Once this was done, an economically 
feasible and practical plan was formulated for mitigating the drainage and flood
ing problems. The information in this report is intended for the use of state, 
county and local governments involved in planning and land use regulations. It 
is also intended for use by developers within the basin so that they will under
stand the problems and solutions and thus be able to design and construct their 
developments in a manner which will utilize the plan and facilities fully to the 
benefit of all.

Scope of Work

The scope of work defined for the study of McClellands and Mail Creek 
Drainageways follows the guidelines and specifications for basin studies prepared 
by the City of Fort Collins. In general, the study consists of the following:

1. Research and collection of base data and information pertaining 
to the study area. This includes contact with the local govern
ment bodies, ditch company representatives and other public and 
private agencies along with comments from property owners within 
the basin limits,

2. Define the basins' characteristics by means of available topo
graphical mapping as well as in-field investigation.

3. Prepare a flood history for the area.

4. Conduct a hydrologic analysis for determining runoff charac
teristics and flow quantities associated with the 2-, 5-, 10-, 
25-, 50- and 100-year storm events under both existing and fully 
developed conditions. Also a brief comparison to historic con
ditions will be made.

5. Hydraulic routing of peak flows developed in item 4 above to 
determine flooded areas by water surface profiles. Once deter
mined. delineate the 100-year floodplain on available mapping.
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6. Evaluate potential flooding hazard areas and associated damages 
within each of these floodplains.

7. Develop alternative improvement plans and preliminary designs 
to accomodate the 100-year storm runoff.

8. Evaluate the economic consequences of the alternatives and develop 
a cost-benefit analysis for use in selecting an improvement plan.

9. Prepare a final report documenting the results of the study.

Summary of Study Findings

There is no way of predicting when a flood will occur in the Mail Creek 
and McClellands Drainageways. Should a flood of even minor magnitude occur under 
existing channel conditions, considerable damage to homes, businesses, railroads 
and streets could result. Implementation of the recommended improvement plan 
would prevent potential damage caused by floods greater than a 2-year event.

In selecting the recommended plan, a systems approach was used as well 
as evaluating isolated improvements. We initially evaluated the cost (including 
maintenance and operation) of a wide variety of improvements, and combinations 
of these improvements, in order to find the most effective plan. We then added 
to this, those major drainage improvements which are likely to be built when un
improved ground is developed. Therefore, economically beneficial improvements 
in conjunction with improvements likely to occur as a direct result of develop
ment are part of the final plan. Continuity of the plan from reach-to-reach 
was a major consideration, as were the environmental and aesthetic aspects of 
the alternatives.

the
Flooding problems in Reach 1 occur only during intense storms because of 

well-defined channel. With peak flow reductions affected by detention in 
Reach 28, an improved spillway at Fairway Dam is all that is necessary to elimi
nate flood damage. Reach 2A and 28 exhibit extensive flood damage potential due 
to the lack of a well-defined channel for even the 2-year storm flows. Because 
of the limited amount of development in this area, a grass-lined channel with 
box culvert crossings of Harmony Road, Crest Road and Nordic access road will 
effectively pass the 100-year storm event. The proposed upstream detention sys
tem will allow a reduction in the size and construction costs of downstream im
provements. Also, since the recommended detention is in an undeveloped area, 
final location and configuration can be coordinated at the time ( if convenient) 
of development and possibly be utilized as a multi-use facility. Grass-lined 
channels between improvements are likely to occur at time of development with 
final locations established in conjunction with the developer's plan.

Reach 3, the New Mercer Canal, has the capacity to carry approximately the 
25-year storm in addition to the ditch's irrigation flows. Peak flow reductions 
due to detention in Reach 4 enables the canal to carry the 100-year storm event 
within its existing banks. An improved overflow spillway section in the existing 
Larkborough detention pond safely passes the 100-year storm flows.



Reaches 4 and 5 are primarily agricultural land with isolated development. 
A multi-use detention facility with an overflow section can effectively detain 
and transmit flows through the Larkborough Subdivision at the lower end of these 
reaches. Drainage crossing at Shields Street and at Pleasant Valley and Lake 
Canal as well as a grass-lined channel throughout Reaches 4 and 5 will be a re
sult of future development. Benefits of uninterrupted traffic flows, water qua
lity and aesthetics will be realized by these improvements.

Reach 6 is at the present all agricultural except for Reach 6C which is 
being developed for residential and multi-family uses. The drainage improvements 
which are proposed as a part of this development can adequately pass the 100-year 
design flows. A box culvert under Timberline Road at the lower limit of Reach 6A 
effectively passes the 100-year storm event. A pipe culvert jacked under the 
Union Pacific Railroad is highly beneficial improvement because of the inadequacy 
of the existing pipe to pass flows equal to the 10-year storm and greater. Major 
interruptions to railway service could occur if the existing culvert is not en
larged. A grass-lined channel with varying capacity will be constructed from 
Timberline Road to Harmony Road once development occurs in this area. Floodplain 
management will be an effective means to control the layout and scheduling of 
improvements to provide continuity in this reach.

Benefit/cost calculations for the recommended plan are listed in Table 1-1. 
In addition to reducing flood damage, benefits of the overall plan are that of 
providing park and recreation opportunities in the floodplain, enhanced land 
values and improved visual impact of the floodplain, improvement of water quality, 
preservation of the floodplain ecology, and reduced potential for public incon
venience. Also, several improvement schemes have a benefit/cost ratio greater than 
one, thus effectively utilizing public funds.

Mapping and Surveys

Topographic mapping for this study was furnished by the City of Fort Collins 
and Larimer County. The scale is 1" = 100', and the contour interval is 2-feet. 
All mapping north of Harmony Road is orthophotography of quarter sections. South 
of Harmony Road, the topography was taken from the manuscript prepared for the 
Corps of Engineers' Fossil Creek flood study, verified by field surveys.

Floodplain information prepared for this report is presented on this topographic 
mapping at a scale of 1” = 100‘, and copies of these flood plain maps are avail
able from the City of Fort Collins or from Larimer County. The floodplain maps 
printed in this report are reduced to a scale of 1" = 200' for easy presentation.

Field surveys were completed by Intermill Land Surveying to supplement the 
topographic mapping as required. These cross-sections were taken at stream cros
sing structures, at locations where the channel was obscured by trees or foliage, 
and at other locations where elevations were critical to the hydraulic computations. 
In general, field information was consistent with the topographic mapping.
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Interpretation and Use

The 2-, 5-, 10-, 25-, 50-, and 100-Year flood events were used as the flood 
frequencies for this floodplain analysis. These various flood events have an 
average occurrence of one in the number of years as indicated. For example, the 
100-year flood occurs, on the average, once a 100- year period, and has a one (1%) 
percent chance of being equaled or exceeded in any given year.

The particular uses for the various flood events in addition to those 
stated above are as follows:

2-Year through 50-Year Flood Events -

Information regarding these lower frequency floods is especially useful for 
future engineering studies and land use planning purposes related to minor road 
systems, minor channel improvements, the location of parks and recreational faci
lities, agricultural lands, and appurtenant structures. For structures and use 
of this type of the smaller tributaries and in areas where the high risk of struc
tural failure is economically feasible and the hazard to life and property non
existent, the use of the lower frequency floods may be considered.

100-Year Flood Event -

The 100-Year flood event may also be used for engineering design purposes 
where a lower risk of failure than the 10- or 50-year flood is desired. However, 
the most important use of the 100-year flood event lies in floodplain designation 
and land use regulation as set forth in the state statutes. The State of Colorado 
considers the 100-year frequency flood as the flood event to be used in designing 
and protecting structures and dwellings for human occupation. Therefore, all flood
plain regulations are based upon the 100-year flood.
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TABLE I-1 - BENEFIT/COST ANALYSIS DATA LOR ALTERNATIVE FLAN COMPARISON

RECOMMENDED IMPROVEMENTS

Sheet 2 of 2

mcClellands and mail creek

■+

1 2 3 4 5

ROW
Acquisition

6 7 8 9 10 11 12 13 14
Reach/

Improvement 
Description

Construction Costs
Pond Outlet Utility

Construction Works Relocation
Contingency

50%

Total 
Const,
Costs

Annual
Const.
Costs

Annual
O & M

Total Annual
Improvements

Costs

Residual
Flood
Damage

Annual
Benefit

Net 
Annual 
Benefit

Total
Annual
Costs

8/C
Rat it

REACH 6

4,270

A Existing 35,430
Combination 20,500 10,300 30,800 2,170 2,100 6,190 29,240 24,970 10,460 6.85
Improvemt, 3

Total Acres 1,117.2
860.1 (approx)

Improvement Cost/Total Acres = $30,800/1,117.2 = $29.60
Improvement Cost/Total Undeveloped Acres = $30,800/ 860.1 - $35.80Total Undeveloped Acres
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SECTION II

STUDY AREA DESCRIPTION

On the southern boundary of Fort Collins, Colorado, the adjacent Mail 
Creek and McClellands Drainage Basins originate in Section 34, 35, and 36, Town
ship 7 North, Range 69 West, and drain to the southeast through Section 1, Town
ship 6 North, Range 69 West and Section 6, Township 6 North, Range 68 West. 
Mail Creek is a tributary to Fossil Creek; McClellands is also a tributary to 
Fossil Creek, but this study does not include tributary areas of the McClellands 
Basin east of Timberline Road. Development in the uplands of the basins has 
changed the drainage patterns in the basins in recent years. To assess the im
pacts of these changes, three (3) basin conditions have been examined. These 
are described in the following paragraphs and illustrated on Figures II-l, II-2 
and II-3 (located in the rear pocket).

MAIL CREEK BASIN

The historic Mail Creek Basin is long and narrow in shape. It is appro
ximately 3.57 miles in length and 7,200 feet wide at its broadest point; it 
drains 2.47 square miles more or less. Originating at an elevation of 5,185 
feet above mean sea level (MSL), Mail Creek falls 291 feet to an elevation of 
4,894 feet above MSL at the confluence with Fossil Creek. The historic Mail 
Creek Basin and subbasins are shown on Figure II-l (located in the rear pocket).

Mail Creek has long been used to transport irrigation waters. The Plea
sant Valley and Lake Canal traverses the upper area of the Mail Creek Basin and 
Mail Creek receives waste irrigation water from the laterals in this area. Fur
ther downstream, the New Mercer Canal and Larimer County Canal No. 2 Waste Ditch 
discharge directly into Mail Creek. Irrigation water flows in Mail Creek and 
is either diverted out of the creek at the Mail Creek ditch headgate or continues 
to flow downstream to Fossil Creek and eventually to Fossil Creek reservoir.

Other manmade features directly affecting the drainage characteristics of 
Mail Creek are the Colorado & Southern Railroad, College Avenue, Harmony Road, 
and two (2) private on-stream lakes in Larimer County.

Approximately 1,195 acres of the existing Mail Creek Basin are in the City 
of Fort Collins, north of Harmony Road. Drainage patterns in the basin have been 
affected in recent years principally by development occurring in the City. Essen
tially, development of previously agricultural land in Section 35 has diverted 
runoff from the uplands of the McClellands Basin to Mail Creek via the New Mercer 
Canal, and new storm sewer.

The lower portions of the Mail Creek Basin in Larimer County are also 
being developed. Land use patterns are low density residential and agricultural. 
The increased area of the Mail Creek Basin and existing and future drainage pat
terns are shown in Figures II-2 and II-3(located in the back pocket).
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McClellands basin
Bordering the Mail Creek Basin on the north, the McClellands Basin shares 

with Mail Creek similarities of land use, topography, soils and manmade features 
which affect drainage. Upstream of Timberline Road, the basin is long and narrow 
in shape. It is 2.37 miles in length and 6,400 feet wide at its broadest point. 
It drains 1.75 square miles more or less. The basin originates at an elevation 
of 5,025 feet above MSL and falls 89 feet to an elevation of 4,936 feet above MSL 
at Timberline Road.

The historic McClellands Basin (see Figure II-l, in back pocket) drained 
approximately 1,117 acres west of Timerline Road. Land uses were predominately 
agricultural. West of College Avenue, there are few places where there is a dis
tinct drainage channel. The basin is intersected by the Pleasant Vai ley and Lake 
and the New Mercer Irrigation Canals, which were built in the late 1800's and 
carry approximately 30 cfs and 80 cfs respectively in the vicinity of Harmony 
Road. There are no wasteways or spill structures in McClellands, so it is highly 
probable that most storm runoff originating upstream of these canals was diverted 
to Mail Creek since the construction of the canals.

The McClellands Drainage Basin has been experiencing steady development in 
recent years in the subbasins north of Harmony Road in the City of Fort Collins. 
Most of the development has been done in accordance with the drainage criteria of 
Fort Collins, and considerable on-site detention is being created. Development 
is forthcoming in the section south of Harmony Road, portions of which have been 
annexed into the City, however, existing land uses in the lower reaches are still 
agricultural.

Manmade features affecting drainage patterns in the McClellands Basin are 
the Union Pacific and Colorado & Southern Railroads, College Avenue, Harmony 
Road and the Larimer County No. 2 and New Mercer Canals. The existing and future 
McClellands Basin are illustrated in Figures II-2 and II-3 (back pocket).

MAIL CREEK STUDY REACHES

Mail Creek reaches included in this study begin at the confluence with 
Fossil Creek and extend approximately 3.3 miles upstream to the center of Sec
tion 34. For analysis, study reaches (Figure II-4) were broken out into the 
following homogeneous segments:

Reach 1A - Mail Creek from confluence with Fossil Creek to Mail 
Creek Lane.

Reach 1B - Mail Creek Lane to Palmer Drive-
Reach 1C - Palmer Drive to U.S. 287 (College Avenue).
Reach 1D - U.S. 287 to C & S Railroad.
Reach 2A - C & S Railroad to Shields Street,
Reach 2B - Shields Street to upstream study limits.
Reach 3 - New Mercer Canal between Mail Creek and McClellands

tributary.
Reach 4A - McClellands tributary from; New Mercer Canal to center 

of Section 34.
Reach 4B - McClellands tributary from center of Section 34 to Shields 

Street.
Reach 5 - McClellands tributary from Shields Street to upstream

study limits.



Reach 6A - McClellands from Timberline Road to Union Pacific Railroad 
Reach 6B - McClellands from Union Pacific Railroad to Harmony Road. 
Reach 6C ■■ McClellands from Harmony Road to center Section 35. 
Reach 6D - McClellands from center of Section 35 to upstream study 

limits,

Reach 1 of Mail Creek is a well-defined channel with steep, sometimes ver
tical banks, and an abundance of vegetation, it is a natural section in generally 
good condition. The channel section in Reach 1A is 30 to 50 feet wide at the bot
tom with an 8-foot to 20~foot wide low flow channel which meanders across it. The 
channel is 10-feet deep and contains native grasses, willows, and occasional 
cottonwood trees. The overbanks are cultivated for alphalfa and hay. The channel 
section in Reach 1B is similar to that in Reach 1A except that two (2) culverts 
have been placed in the stream and the overbank areas are now residential rather 
than agricultural. Upstream from Passway Drive, the channel is steep with 15-foot 
banks which show evidence of sloughing in some areas.

A small dam has been placed across the Mail Creek channel at Palmer Drive, 
Reach 1C, and a reservoir has formed behind it for a private lake. Further up
stream, another dam has been constructed forming another small lake. However, the 
purpose of the structure is for the inlet works for the Mail Creek Irrigation 
ditch. At the upstream end of this second lake, the Larimer County Canal No. 2 
waste ditch discharges excess irrigation flows into Mail Creek.

Likewise, in Reach 1D, irrigation water flows into Mail Creek from the New 
Mercer Canal at a point just downstream from the C & S Railroad. The channel 
section in this reach is in a natural condition with heavy growths of vegetation 
which are fed by the constant flow of irrigation water.

Reach 2A, for example, does carry a small trickle flow, but is more open 
and flatter than the lower reaches. The channel runs parallel to Harmony Road 
and has been obliterated to no more than swales by the shoulder of the road west 
of Crest Road. The small trickle flow originates from irrigation runoff and 
domestic sources, since many contributing subbasins have recently been developed. 
Culverts have been placed in the channel at several locations, but are all too 
small to carry significant runoff. In one location, small dams have been con
structed in part of the channel on private property for landscaping purposes, and 
these represent a potential flood threat to that individual property.

Reach 2B upstream from Shields Street contains no well-defined drainage 
channel. It is more a swale which is cultivated.. About 1,000-feet west of Shields 
the Pleasant Volley and Lake Canal intersects the drainageway and intercepts run 
off originating above it.

Reach 1 and 2 constitute historic Mail Creek. Runoff in Mail Creek now 
includes storm flows from the McClellands Basin west of the Larimer Canal No. 2 
waste ditch because manmade Features including College Avenue and the New Mercer 
Canal, cutoff the natural drainageway and redirect, storm flows to the south. 
Because of this, the Mail Creek Basin now envelopes all of the historic McClellands 
Basin west Of the Larimer County Canal No. 2 and therefore three (3) additional 
reaches are included in the Mail Creek Basin study area.
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Reach 3, the New Mercer Canal, is one link between historic McClellands and 
Mail Creek. The Canal has recently been relocated and the channel section enlarged. 
Storm flows from Reaches 4 and 5 are now discharged directly into the canal. A 
54-inch diameter RCP conveys irrigation and storm flows under the C & S Railroad 
and Harmony Road into Mail Creek. The maximum irrigation flow possible in the 
ditch is 125 cfs, but the average irrigation flow is estimated to be 80 cfs. For 
analysis purposes, 80 cfs was assumed to be flowing in the canal during all storm 
events.

Reaches 4 and 5 extend along the historic McClellands drainageway from the 
New Mercer Canal to the upstream study limits west of Shields Street. The basin 
topography is relatively flat and historic land use is primarily agricultural. 
The channel is shallow and wide, and is now flanked by new residential areas in 
Reach 4. In Reach 4A, the channel has been replaced with a 24-inch diameter RCP 
storm sewer.

Upstream from Shields Street, Reach 5, there is no well-defined drainage 
channel and the floodplain area is cultivated. The Pleasant Valley and Lake Canal 
intersects the drainage near the upper study limit and storm runoff from areas 
above the canal are intercepted and transported out of the basin toward Fossil 
Creek.

McClelland study reaches

Study Reach 6 begins at Timberline Road and extends 2.3 miles upstream to 
the present McClellands Basin Boundary. Reach 6A and 6B, which are south of Har
mony Road, traverse agricultural lands and are fairly shallow and wide ....Because 
Of the Flatness of the terrain, a large pool can develop behind the railroad em
bankment and downstream areas.

Reaches 6C. and 6D, which are north of Harmony Road, have been developed into 
a series of detention ponds interconnected with open channels and an underground 
storm sewer. Most of the basin within these reaches has been urbanized except for 
a small area just west of the center of Section 36.
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SECTION III: SUMMARY OF HYDROLOGIC ANALYSIS

A detailed hydrologic analysis was performed to define the runoff quan
tities for historic, existing and future basin conditions. This analysis was 
done as a basis for delineating floodplains for the study reaches and for de- 
riving and evaluating alternative solutions to flooding problems. For hydraulic 
design purposes, flood flows derived from future basin conditions are used be
cause future development increases potential runoff.

Derivation of Hydrographs

There is little recorded information regarding past floods for either Mail 
Creek or McClellands Basins; however, reliable rainfall, soils and land use data 
are available for these basins, and these data have been applied to the deriva
tion of synthetic flood hydrographs for this study area. Hydrologic analysis was 
performed to determine flood hydrographs based on runoff from the 2-, 5-, 10-, 
25-, 50-, and 100-year storms, for historic, existing and future fully developed 
conditions. Because the present drainage patterns on Mail Creek and McClellands 
are diverse and resulting routing procedures numerous, a version of the runoff 
block of the Environmental Protection Agency's Stormwater Management Model, (SWIM), 
as modified by the Corps Missouri River Division, was selected to model the drainage 
basin runoff characteristics. The input data was calibrated against SWMM runs 
for Fossil Creek performed by the U.S. Army Corps of Engineers, for areas common 
to both basins.

The SWMM program is a kinematic wave hydrologic model which synthesizes 
flood hydrographs by routing precipitation through a system of subcatchments 
and stream channels. Input requirements for the SWMM model are rainfall hyeto
graphs, watershed parameters, and channel segment characteristics. The drainage 
basins, sub-area and channel configurations developed in this study for applica
tion in the SWMM program are shown on Figures II-1, II-2 and II-3 of the drawings 
(located in back pocket). Final calibrated values for the Mail Creek and McClel
lands Basin parameters used in the SWMM analysis are listed in the Technical Adden
dum. Channel segment parameters used in the analysis have been determined to 
approximate the existing channel, culvert, and detention ponds which carry the flow.

Design storm hydrographs have been derived by routing runoff from design 
rainfall through the channel and pipe system of Mail Creek and McClellands drain
age ways .

Rainfall Data

Design rainfall values for the 2-, 5-, 10-, 25-, 50-. and 100-year return 
periods have been determined from the "Precipitation Frequency Atlas of the Wes
tern United States, Volume III-Colorado," published by the National Weather Ser
vice (Reference #1). Rainfall values are listed in Table III-1. A 2-hour de
sign storm hyetograph developed according to Weather Bureau procedures, was used 
for this study.
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Land Use

A percent impervious area was estimated for each subbasin for use in the 
SWMM program by calculating a weighted average of the different types of land uses 
within each subbasin. Types of land use for the City of Fort Collins were taken 
from the aerial mapping, current City and County zoning maps and land use plans. 
Typical percents of impervious area for each type of land use were taken from the 
Fort Collins Drainage Criteria Manual (Reference 42) and verified against real mea
surements taken from the 100-foot scale mapping. Percents impervious for existing 
basin conditions includes all subdivision proposed and approved although not neces
sarily constructed at the time of this analysis. Future basin values are derived 
primarily from zoning maps and land use plans for the City and Larimer County, and 
assume all development in the basin is complete according to the zoning.

Subareas were determined from USGS 7-1/2 minute quadrangle maps, 100-scale 
orthophotographic mapping from the City of Fort Collins, the Fossil Creek Basin 
study, and the location of major basin features such as railroads, arterial streets 
and irrigation canals. Land uses and subareas are shown for historic, existing, 
and future basin conditions on Figures II-1, II-2 and II-3, respectively (included 
in the rear pocket).

Losses

Losses due to infiltration were estimated from USDA Soil Conservation Ser
vice Soils Survey. A variable infiltration rate using Horton's equation is avail
able in the SWMM program, and this option was utilized in the derivation of hydro
graphs. Initial and final infiltration rates were estimated by taking weighted 
averages of the maximum and minimum permeabilities of the different types of soils 
within each subbasin. Outliners were not included. A decay rate of 0.0018/sec. 
was adopted from the Fossil Creek Study. Values of infiltration coefficients for 
the subbasins range from 0.40 to 3.00.

Maximum depression storage values were obtained from the Urban Storm Drain
age Criteria Manual. Uniform depression storage coefficients oh’ 0.3 for pervious 
and 0.1 for impervious areas were used in this study.

Flood Hydrographs

Selected flood hydrographs are illustrated in Figures III-2, III-3, III-4, 
III-5, III-6, III-7, III-8 and III-9. Peak flood flows for the various design 
frequencies have been plotted in Table III-2. Complete hydrologic data and.com- 
puter output is contained in the Technical Addendum, available through the City 
of Fort Collins.

Flood History
Information concerning the historic flooding occurrences in Mail Creek and 

McClellands Basin is sparce. Because of the lack of development within the boun
daries of the floodplain, few reports were filed that indicated (due to lack of) 
significant flood damage
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Within a 24-hour period on September 20-21, 1902, 6.84-inches of rainfall 
was recorded. Flooding of streets up to one-foot deep and cellars was reported 
in the Fort Collins area. Also, there were reports of some agricultural crop 
damage in the Bellvue area. However, no particular damage was reported in McClel
lands and Mail Creek Basins.

The flooding on May 2, 1904 was a result of 3.0-inches of rain falling in 
the Fort Collins area within a 24-hour period. A 7-year-old boy drowned 6-miles 
east of Fort Collins as a result of a bank failure in the Larimer and Weld Canal. 
Also, substantial damage was caused by excessive rainfall in the upper Boxelder 
area. Again, no particular damage was reported in the basin study area.

On September 4, 1938, 3.5-inches of rain fell within a 24-hour period, 
causing flooding and damage in scattered areas around Fort Collins. An additional 
1.5-inches of rain fell in the following 39-hour period. Most of the damage 
occurred in the Bellvue area northwest of Fort Collins. Damage to roadways and 
bridges was substantial in the Spring Canyon area. No noted reports of damage 
were found for the Mail Creek and McClellands Basins.

A total of 6.1-inches of rain fell on the Fort Collins area on August 3 
and 4, 1951, causing flooding deemed responsible for the death of seven (7) people 
A 24-hour precipitation of 2 .,95-inches followed by another 24-hour precipitation 
of 3.11-inches created flooding in several areas of the City. Damage to the county 
hospital, post office and numerous basements was reported. However, no particular 
damage was reported in the area of this study.

During a 4-day period from July 13-17, 1965, heavy rainfall was reported 
with a maximum of 2.5-inches within a 24-hour period. The great amount of rain
fall coupled with high flows in the irrigation ditches which flow into Mail Creek 
caused extensive damage to the pond spillway and drop structure in the Fairway 
Estates subdivision. The spillway at. that time consisted of a low water bridge 
and grouted rip-rap chute approximately 290 feet west of the present structures. 
This spillway was replaced with a double box culvert and concrete chute with 
energy dissipator blocks in the fall of 1965 for approximately $12,000.00.The da
maged drop structure was rebuilt in the spring of 1966 for approximately $3,000.00. 
It was the opinion of the owner of Fairway Estates that the damage to the struc
tures could have been minimal had it not been for the substantial contributing 
flows from the New Mercer Canal; all of which routed through Mail Creek Instead 
of into Mail Creek Ditch.

On August 15, 1975, nearly 4-inches of rain fell on the central western 
area of Fort Collins. Minor flash flooding was reported and many basements were 
flooded requiring assistance from the local fire department.
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The headline, "Can It Rain Here" - You Bet It Can" was seen in the Fort 
Collins Coloradoan on July 26, 1977, as rainfall from 2.5 to 5.1 inches fell on 
'Fort'" Collins" within a 24-hour period. In the area south of Horsetooth Reservoir, 
5.1-inches fell, causing widespread flooding of basements and crawl spaces. re- 
quiring assistance from the Fire Department. Harmony Road between Shields Street 
and U.S. 287 was hard-hit by this storm and was closed due to poor conditions As 
reported by the New Mercer Ditch Company, close to 4-feet of water was flowing 
over the drop structure at the Mail Creek ditch headgate. No significant damage 
was reported elsewhere in the basin study area.



TABLE III-1

PRECIPITATION INTENSITY (in/hr)

Notes: 1. Information was obtained from the NOAA Atlas Isopluvial Maps for 
precipitation values.

2. Tables 11 and 12 of the NOAA atlas were used to determine n-minute 
precipitation values.

3. No area adjustments were made from Figure 14 of the NOAA Atlas due 
to the size of basin.
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TABLE III-2

PROBABLE PEAK FLOWS AT SELECTED POINTS WITHIN MAIL CREEK BASIN 

(EXISTING CONDITIONS)
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Figure
III-2

10 & 100 YR. FLOOD HYDROGRAPH point i



Figure
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Figure
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10 & 100 YR. FLOOD HYDROGRAPH
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SECTION IV

Hydraulic Determinations

Analyses of the hydraulic characteristics of Mail Creek and McClellands 
Basins were performed to provide estimates of the water surface elevations to each 
of the design floods for the existing channel conditions . A total of approximately 
5.9 miles of channel was included in the analysis, With 3.6 miles in Mail Creek and 
2.3 miles in McClellands Basin. All floodplains were delineated by routing the peak 
flood flow through the channel and calculating the depth of flow in the channel and 
adjacent floodplain. The depth of a flood, or water surface elevation, is directly 
related to the conveyance characteristics of the channel and floodplains: channel 
geometry, roughness, longitudinal slope, and presence of obstructions such as bridges, 
houses and large trees.

Water surface profiles and floodplains were computed using the most recent 
version of the U.S. Army Corps of Engineers HEC-2 computer program (Reference "3). 
Cross-sections were digitized from available topographic maps and have been augmented 
by field surveys at regularly spaced intervals and at channel obstructions (culverts, 
roads, etc.). Locations of the cross-sections are depicted on the existing flood
plain plates with a more detailed description contained within the Technical Addendum. 
Cross-sections that were field surveyed are noted with an asterick (*) on the flooded 
area plates.

Channel roughness coefficients (Manning's "n" values) for these computations 
were assigned on the basis of field inspection of the floodplain areas (tabulated in 
the Technical Addendum). Hydraulic losses through culverts have been determined with 
the use of nomographs published by the Bureau of Reclamation and input into HEC-2 
program. In developing rating curves for the culverts in the study reaches, zero 
blockage was assumed for culverts greater than 2-feet in diameter. The normal bridge 
routing of the HEC-2 program was used to calculate losses through non-standard cul
verts. The structural integrity of existing culverts, bridges, detention dams and 
Other channel features has not been evaluated in this analysis, except Fairway Dam.

Fairway Dam has been re-evaluated by the State Engineer's office. The ori
ginal design of Fairway Dam was based on a significantly smaller drainage area and a 
lower intensity of development which indicated the dam, spillway and culverts- under 
Palmer Drive were sufficient to handle the flood flows. However, present re-evalua- 
tion indicates a need for further study and probably structural improvements to acco
modate larger flood flows which have resulted from new development in the contributing 
drainage area. The enlarged basin is the result of the diversion of flows in the 
upper portion of the historic McClellands Basin at the C & S Railroad into and 
through the New Mercer Ditch to Mail Creek.

Computed water surface profiles and the floodplain delineation for the 100* 
year existing and future discharges are shown on the existing floodplain plates for 
designated reaches at 1" = 200' scale. These plates are at the end of this section. 
Floodplains For the 2-. 10-, 25-, and 50-year events have been plotted on working 
drawings and are included tri the Technical Addendum. Water surface elevations for 
these storms have also been tabulated on Tables IV-1 and IV-2,
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Flood Hazard Areas

The Mail Creek and McClellands Basins are presently in different stages of 
use and development varying from existing agricultural to fully developed condi
tions. With the exception of Larimer County Voc-Tech Center and portions of the 
basins adjacent to College Avenue, the developed reaches are in residential use. 
Those portions of the basins which are most subject to the hazards of flooding are:

Reach No, 1 (Plates 2, 3 and 4)

Mail Creek drainageway within Fairway Estates Subdivision, although deep 
and subject to some erosion, does not pose a significant flooding hazard. For the 
most part, the runoff from the 100-year storm is contained within the existing 
channel and sufficient right-of-way for flood flows was provided at the time of 
development. There are two (2) exceptions to the containment of the 100-year run
off in this reach. One is at the Passway Drive crossing of Mail Creek. The insuf
ficient culvert capacity under Passway Drive causes a backwater condition which 
results in water overtopping the road and some flooding of adjacent residential 
properties. The other exception is at Palmer Drive, where the box culverts which 
are part of the Fairway Dam spillway do not have enough capacity for more than the 
25-year storm.

Reach No. 2 (Plates 4, 5 and 6)

Both the access road to Nordic Construction Company and Crest Road in the 
lower end of Reach No. 2 are overtopped during even small storms causing erosion 
and the potential for loss of access. In addition, the existing house in between 
these two roads is threatened by the 100-year flood. Even though the 100-year 
flow is below the first flood elevation, backwater behind the Nordic Construction 
Company access road and the C & S Railroad may cause structural damages to the 
building.

Prior to the construction of the improvements for The Woodlands PUD and at 
the time of initiation of this study, Harmony Road from about 500-feet west of 
Crest Road to Shields Street was subject to inundation during the 100-year runoff. 
Three of Larimer County Voc-Tech Center’s buildings and their contents have asso
ciated damages from this major storm as well. The drainage swale parallel to 
Harmony Road which has been constructed by Woodlands PUD was designed to contain 
the 100-year flows', but the structures for crossings over this swale and the 
crossing at Harmony Road were designed for the 2-year historic runoff.

All four (4) legs of the intersection of Shields Street and Harmony Road 
are overtopped during even the minor storm causing the potential for serious in
terruption to traffic in this part of Fort Collins. Upstream of Shields Street, 
there is a wide floodplain resulting from the damming effect of this intersection. 
A little further west, the Pleasant Valley and Lake Canal is overtopped causing 
damage to ditch banks and the potential introduction of silt and excess water into 
the irrigation system.
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Reach No. 3 (Plate 7)

The New Mercer Canal carries the runoff from the upper portions of McClel
lands Basin to Mail Creek. During periods of high runoff, the depth of flow in the 
canal becomes greater than originally designed for. This results in the inundation 
of the ditch service road on the east and some associated erosion damage. At the 
confluence with Mail Creek, excessive discharge velocities could cause some additional 
erosion and/or deposition of silt. Finally, overtopping of the Larkborough Subdi
vision detention pond along its east bank will also contribute to the flooding and 
erosion problem in this reach.

Reach No. 4 (Plates 8 and 9)

There is a substantial amount of overland flow through the streets and yards 
in Larkborough Subdivision during the 100-year storm. Although the flows are not 
above the first floor elevation for any of these units, there is the potential to 
have structure and content damage to seventeen (17) homes. Between Larkborough and 
Shields Street, the floodplain consumes a considerable amount of ground which is 
presently in agricultural use. During floods here, there exists the potential for 
crop and/or flood damage.

Reach No. 5 (Plate 9)

The Shields Street crossing consists of one 15-inch corrugated metal pipe. 
As a result, Shields Street is overtopped during even minor storm events causing 
traffic interruption and some erosion problems. Upstream of Shields Street, con
siderable agricultural ground is consumed by floodplain. Finally, during flooding, 
the Pleasant Valley and Lake Canal would probably breach and thus require repairing 
and probable removal of some silt deposits.

Reach No. 6 (Plates 10 through 13)

The lower portions of the McClellands drainageway have extremely wide flood
plains as a result of backwater behind culverts at both Timberline Road and the Union 
Pacific Railroad. Both of these crossings would be overtopped by 10-year storms or 
greater, and would be in danger of washing out. Because of the tall and steep em
bankment of the railroad, extensive damage to the railroad as well as adjacent pro
perty could result during a storm of 25-year frequency or greater,

Upstream from Harmony Road, the McClellands drainageway has been improved as 
part of the residential development which has taken place, and all improvements are 
adequate for the 100-year design flows. No flood hazards are apparent in either of 
these reaches.
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TABLE lV-1

creek floodplain data table for future conditions
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TABLE IV-2

MAIL CREEK NORTHERN REACH FLOODPLAIN DATA TABLE FOR FUTURE CONDITIONS

TABLE IV-3

McCLELLAND LOWER REACH FLOODPLAIN DATA TABLE FOR FUTURE CONDITIONS



SECTION V

Flood Damage

The proposed improvements for the McClellands and Mail Creek Basins have been 
evaluated by comparing amortized improvement costs with the average annual flood 
damage costs. The magnitude of flood damages and costs for flood control improve
ments are directly dependent upon estimates of flood flows and limits of the res
pective floodplains. Given the flood hydrographs for floods in a range of recur
rence intervals, dollar amounts for flood damage and costs for implementing pre
ventative measures are estimated based on an analysis of the existing hydraulic 
conditions.

The annual potential flood damage to public and private property within the 
floodplain is a function of the development within the floodplain. Unregulated, 
future development could spread to the floodplain areas and increase annual flood 
damage. With regulation, future flood damage potential should tend to decrease 
because of the limitations placed on construction in the floodplain. To analyze 
the effectiveness of proposed improvements, a baseline condition is used based on 
the existing channel conditions subject to floods generated by the estimated future 
drainage basin conditions. This approach is conservative, but because the drainage 
basin is urbanizing rapidly, it is reasonable.

Flood damage to property is estimated by catagorizing land use activities 
within the floodplain. For each design flood, the floodplain was delineated and 
damage calculated according to land use category and flow depth. Structural 
damage was determined by estimating replacement costs for utilities, roads, culverts, 
and so forth. For residential and commercial structures, flood damage was estimated 
using property valuations obtained from local real estate listings and from indi
vidual property owner's information and then applying a damage factor according to 
the difference in the flood depth and the first flood elevation of the structure, 
The damage factors were obtained from curves published by the Federal Insurance 
Administration, (reference #4). Content damage for residential structures was es
timated by applying similar depth-related damage factors to forty (40%) percent of 
the estimated structural value. Forty (40%) percent of structure value for contents 
was used based on past inflation rates and appreciation rates in the housing Industry. 
This procedure was used because updating content cost figures from the mid-1970^s 
County tax records divided by 0.3 proved to be unrealistic in evaluating structure 
costs. Because of the isolated and sporadic nature of floodplain, a content data 
for commercial and industrial properties was obtained by interviewing individual 
management personnel on a casy-by-case basis.

Flood damage estimated for each category and reach are listed in Table IV-1. 
These figures represent direct flood damages. Other "damages" occur during a flood 
which are not so easily quantified. Probably the most significant hazards asso
ciated with the occurrence of a flood are the threats to the both physical and 
emotional health, and safety of people. Additionally, there are flood "damages" 
which result from inconvenience: interruption of traffic flows, obstruction of 
emergency vehicle movement, loss of sales by businesses dependent upon flood- 
damaged establishments for goods and services, and interruption of domestic services.
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Further there is destruction of floodplain ecology, and a loss of recreational 
opportunities. A value of thirty (30%) percent of total damage was used to quan
tify these "intangible’1 damages.

The dollar amounts listed in Table V-1 have been plotted against the excee
dence probability (Inverse of the return period) by reach to illustrate where the 
bulk of flood damages occur. Where heavy flood damages result from the more fre
quent floods, inadequate channel capacity is indicated. Where flood damages rise 
only in the less frequent floods, good channel capacity exists.

The area beneath the flood damage curves represents the average annual flood 
damage. This is the average yearly cost of leaving the existing conditions as they 
are. Listed in Table V-1 are the average annual flood damages summarized by reach. 
These are the "baseline" conditions against which the alternative plans are judged.
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SECTION VI

ALTERNATIVES

Expenditure of public funds by the City of Fort Collins for flood control requires 
that the most feasible potential flood control plans be identified and compared. 
Alternative flood control plans considered for implementation on McClellands and 
Mail Creek include:

A. Maintaining existing channel configuration.

B. Improving the drainageway in a naturally landscaped confi
guration following the general historic channel alignment 
and maintaining a minimum flow channel.

C. Installing major underground conduits along the general 
course of the historic stream channel, using local right- 
of-way wherever possible.

D. Lining channels to reduce right-of-way requirements.

E. Relocating channels to routes other than the historic 
channel alignment.

F. Diverting all or part of the peak flows at points up
stream from potential hazard areas.

G. Construct detention and/or retention ponds.

H. Construct levees.

I. Installing, removing, or replacing structural improve
ments at specific problem areas.

J. Floodproofing individual structures.

K. Implementing floodplain management regulations and making 
flood insurance available.

L. Implementing flood warning and informational systems, and 
developing evacuation plans.

M. Acquiring flood prone properties and relocating residents 
out of floodplain.

N. Other plans.

O. Combinations of the preceeding.



Traditionally, flood control projects are undertaken with the basic ob
jective of reducing or preventing damage to property. In screening alternative 
for implementation in the McClellands and Mail Creek Basins, these complementary 
objectives addressing the general public welfare have been considered.

- Enhancement of land and property values in areas adjacent 
to the floodplain.

Improvement of the aesthetic quality of the urban landscape.

- Improvement of water quality.

- To preserve the ecological and environmental values of 
natural floodplain areas.

- To reduce the threat to life from floods.

- To reduce drainage and flood related health hazards.

- Enhancement or provision of recreational opportunities.

- Reduction of public inconvenience.

- To reduce potential traffic hazards due to flood water.

- Accomodation of emergency vehicle movement.

- To utilize public funds effectively.

In order to compare alternatives for The McClellands and Mail Creek Basins, 
the study channels have been divided into these reaches:

Reach 1A - Mail Creek from Confluence with Fossil Creek to Mail
Creek Lane.

Reach IB - Mail Creek Lane to Palmer Drive.

Reach 1C - Palmer Drive to U.S. 287 (College Avenue)

Reach ID - U.S. 287 to C & S Railroad.

Reach 2A - C & S Railroad to Shields Street,

Reach 2B - Shields Street to Upstream Study Limits.

Reach 3 ■ New Mercer Canal between Mail Creek and McClellands
tributary.

Reach 4A - McClellands tributary from New Mercer Canal to center of 
Section 34.

Reach 48 - McClellands tributary from center of Section 3.4 to
Shields Street.

Reach 5 - McClellands tributary from Shields Street to up
stream study limits.

Reach 6A - McClellands from Timberline Road to U.P Railroad.

Reach 6B - McClellands from U.P. Railroad to Harmony Road.

Reach 6C McClellands from Harmony Road to center Section 35.

Reach 6D - McClellands from center of Section 35 to upstream
study limits.
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Because each reach presents unique problems, alternative flood control 
plans have been considered on a reach by reach basis.

The alternative flood control plans, identified by reach in the alternative 
matrix, (in the Technical Addendum) can be separated into two (2) basic categories; 
structural and non-structural. Alternative A, J, K, L and M would fall into the 
non-structural category. Preliminary screening of each, alternative plan-reach 
leads to the elimination of those shown in shaded sectors as being unfeasible for 
practical application for economic, technical, or political reasons, Discussion 
of the feasibility of each of the alternatives follows.

Non-Structural Alternatives

Alternative A: Maintain Existing Configuration

This is the simplest and most basic of all alternatives and all other al
ternatives are evaluated by comparison with it. By proposing to maintain the flood
plain as it exists at the present, future flood damage can be reasonably predicted. 
Additional flood damage potential to future development would be controlled under 
this alternative by floodplain zoning, however, no improvement to existing struc
tures of channel section would occur.

Although no flood damage reductions are attributable to this alternative, 
future flood damages would gradually decline with the enforcement of floodplain 
regulations. The enforcement of floodplain regulations is required for local par
ticipation in the federally subsidized flood insurance program and is considered 
part of this alternative. Continuing channel maintenance would be required to re
move flood debris from culverts, irrigation ditches, and streets and to repair ero
sion damage; but because this is the baseline condition, the benefit/cost metho
dology assumes that there are no damage reduction benefits associated with this 
alternative.

Alternative J: Flood Proofing Individual Structures

Flood proofing involves additions or improvements to an existing structure 
which would prevent or decrease flood damage. Such improvements can be grouped in 
four (4) categories:

- Temporary and/or permanent closures oi openings in existing 
structures.

- Raising existing structures.

- Constructing small walls or levees around structures.
- Rearranging or protecting damageable property within a 

structure.

Flood proofing is accomplished on a structure by structure basis since the 
type and extent of flood proofing required depends upon the specific circumstances. 
A detailed discussion of the several types of flood proofing, the advantages and dis
advantages', and some approximate cost data is contained in Reference #5. In addition, 
both the U.S. Army Corp of Engineers and the Federal Insurance Administration have 
publications on flood proofing. The costs of flood proofing structures in the McClel- 
lands and Mail Creek floodplain would be the responsibility of individual property 
owners. This alternative was examined principally in Reaches 2 and 4, where a single 
residence, and a church are subjected to inundation by the 50- and 100-year floods.
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Alternative K: Floodplain_ Management, and Flood Insurance

Flood insurance is unique among the non-structural measures available to commu- 
nities because it does not reduce flood damages or provide a measure of safety to 
residents. It is, instead, a measure an individual property owner can take to in
demnify himself from losses suffered during a flood.

Flood insurance is available to all persons in all of the communities involved 
in this study since all are participating communities in accordance with the rules 
and regulations of the Federal Insurance Administration. Insurance is available for 
both structure and contents; however, residential property not covered by insurance 
includes:

Fences, retaining walls, seawalls, outdoor swimming pools, bulkheads, 
wharves, piers, bridges, docks; other open structures located on or 
partially over water; or personal property in the open.

Land values; lawns, trees, shrubs or plants, growing crops, or live
stock; underground structures or underground equipment, and those por
tions of walks, driveways and other paved surfaces outside the founda
tion walls of the structure. Accounts, bills, currency, deeds, evi
dences of debt, money, securities, bullion, manuscripts or other val
uable papers of records, numismatic or philatelic property.

Animals, birds, fish, aircraft, motor vehicles (other than motorized 
equipment pertaining to the service of the premises and not licensed 
for highway use), trailers on wheels, watercraft including their fur
nishings and equipment.

Flood insurance is part of every alternative in that the opportunity to pur
chase such insurance is always available. While the capital outlay by local govern
ments would be minimal, the disadvantages of relying solely on flood insurance are 
that none of the potential flood hazards would be mitigated, and none of the other 
objectives of the plan are addressed. This is true to some degree for nearly all 
the non-structural alternatives considered in this analysis as well, and should be 
kept in mind when considering non-structural flood control measure for implemen
tation in the McClelland and Mail Creek Basins.

.Alternative. L: Flash Flood Forecast., Flood Warning and Evacuation Plans

This alternative consists of establishing a procedure and strategies to be 
followed in response to a flood threat.. The U.S. Army Corps of Engineers recommends 
the following, (Reference J):

- A system for early recognition and evaluation of 
potential floods.

- Procedures for issuance and dissemination of a
flood warning.

- Arrangement for temporary evacuation of people 
and property.

Provisions for installation of temporary pro
tective measures.

- Means to maintain vital services.

- A plan for post flood reoccupation and economic 
recovery of the flooded area.
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The interactions between the above components is graphically represented in 
Figure VI-1. Flood forecast, warning and evacuation is more dependant upon hydro
logic and demographic factors than other non-structural strategies which are re
lated to the depth of flooding and the type of structure involved. This system is 
best applied to situations where land use patterns are well established and it is 
not socially or economically feasible to establish restrictive land use planning.

The disadvantages of implementing a flood warning system on Mail Creek and 
McClelland Basins are two (2). First, because the basins are small, the peaks of 
the design floods occur quickly in all reaches, leaving a short evacuation time. 
Secondly, it would require capital expenditures by and cooperation between local 
governments while giving only marginal economic return, since flood damage would 
not be appreciably reduced. The principal advantage of a flood warning system on 
Mail Creek and McClellands Basins would be in organized evacuation of people and 
livestock from the floodplain and in the provision for maintenance of emergency 
vehicle movement. If a flood forecast and evacuation system is considered for im
plementation on Mail Creek and McClellands Basins, it should be done in conjunction 
with other alternative plans which effectively reduce flood damages, and it should 
be set up on an area-wide or City-wide basis.

Alternative M; Acquisition of Flood Prone Properties and Relocation of Occupants

Acquisition of private property located in the floodplain by local or state 
governments is usually accomplished by either outright purchase of the property or 
acquisition of land use easements. Outright purchase of property is usually most 
desirable for undeveloped land or land containing few structures, residences or 
other facilities. Once the flood prone land has been acquired, it can become part 
of land use patterns compatible with the goal of reducing flood hazards to the 
public, such as open space, parks and public golf courses.

In most reaches of Mail Creek and McClellands Basins, acquisition of right- 
of-way will be part of any structural alternative. In Reaches 2A, and 2B, the pur
chase of the entire property inundated by the 100-year flood along with limited 
structural improvement may be economically desirable. These parcels could be left 
as open space or developed as a public park. In other, more densely developed 
areas, acquisition of more property than is necessary to construct flood control 
improvements would be too costly and is therefore, not considered further in this 
analysis.

Structural Alternatives

Alternative B: A Natural Type Waterway Following the General Historic Channel and 
Maintaining a Lowflow Channel

Alternative B is a slight variation of Alternative A. It is possible that 
during periods of land development change and alterations were made on the historic 
channel. It is further possible that these changes and alterations now are counter
productive to the goal of eliminating or reducing flood damage. Additionally, a low 
flow channel would be provided to control erosion and direct the nearly constant 
irrigation flows in Mail Creek.
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Where it is feasible to allow the waterway to revert to its historic channel, 
it is necessary to review old aerial photographs, maps and records in order to com
pare the location of the historic waterway to the location of the present waterway. 
By so doing, it is possible to determine how much right-of-way will have to be pur
chased to allow this reversion to occur.

In the case of Mail Creek and McClellands Basins, this alternative will be 
feasible where there is sufficient open space in developed areas, and where the 
channel and floodplain are not presently developed, and are in a natural state. In 
the latter case, this alternative is the equivalent of Alternative A, except for 
the addition of a low flow channel. In the developed areas of Mail Creek and McClel
lands floodplains, there are few places where it is economically feasible to imple
ment this plan because of the extensive right-of-way requirements. This alternative, 
therefore, has been eliminated from further consideration in these reaches.

Alternative C: The Installation of Major Underground Conduits along the General 
Course of the Historic Stream Channel, Using Local Right-of-Way 
Whenever Possible

Closed conduits are considered as a viable alternative under three (3) 
conditions:

1) When it is acceptable for an open, lined channel to be constructed, 
but the dangers of a large body of fast moving, relatively deep 
water make it necessary to enclose the channel.

2) Where closed conduits already exist that have the capacity to 
transport the design flood.

3) In densely developed areas where the closed conduits are used as 
part of a storm water collection system.

The principal disadvantages of utilizing closed conduits is that they are 
generally substantially more expensive to construct than equivalent open channels, 
which sometimes results in a box culvert or pipe being designed for a smaller design 
flood. Runoff interception of closed conduits is not as effective as with an open 
channel, and the problems are aggravated by debris that tends to collect and effec
tively block the entrances to closed conduits, further reducing the capacity of the 
structure. Since the conduit is underground, little, if any, residual flood carry
ing capacity above the design flood is achieved. Larger floods can and do occur. 
When an unusual event does occur, the lack of an adequate surface flood route can 
be disastrous. For these reasons, underground conduits have not been considered 
for implementation or. Mail Creek and McClellands Basins, because there are no space 
or right-of-way restrictions which preclude the construction of adequate open channel 
facilities

Alternative D: The Use of Lined Flood Channels in Order to Reduce Right-of-Way
Requirements

The linings for channel alternative considered in this study consist of 
either concrete or grass. All channel sections considered are trapezoidal and have 
been sized according to the design flood. Cost estimates provide for a maintenance 
road to be constructed adjacent to the channel.
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The primary reason for using lined channels is to confine the design flood in 
as small an area as possible. This reduces the area of the floodplain and conse
quently, the right-of-way requirements. Besides the obvious benefits or reduced 
floodplain area, there are many secondary benefits associated with the use of lined 
channels, such as increased property values and decreased insurance requirements 
for property adjacent to the floodplain.

The choice between a grass-lined and a concrete channel is a matter of aesthe
tics and economics. Concrete channels transport stormwater more efficiently and 
generally have smaller operation and maintenance requirements, but have higher 
initial construction costs and are less pleasing aesthetically than grass-lined 
channels.

Greater right-of-way areas are required by grass-lined channels due to low 
velocity requirements, flattened side slopes, aid relatively high side and bottom 
friction. While concrete channels require less right-of-way than grass channels, 
the higher velocities associated with lower friction factors and increased gra
dients pose problems to public safety, and also have a tendency to increase capacity 
requirements of the downstream, channel reaches by decreasing the time of concen
tration and channel storage.

Alternative E: Relocating Channel to Routes Other than Historic Channel 

and
Alternative F: Diverting all or Part of _Peak__Flows at Polnt(s) Upstream from 

Potential Hazard Areas

These channel relocation alternatives refer to structural methods of rerou
ting the flood channel, possibly even out of the drainage basin, in order to re
duce construction, operation and maintenance costs. It entails the use of lined 
flood channels and possibly the renovation or alteration of road or ditch crossings.

There are only two (2) places on Mail Creek and McClelland Basins where re
locating the channel is possible. This alternative was considered in Reaches 2 
and 5 for conveying storm flows in the Pleasant Valley and Lake Canal, either to 
Harmony Road or completely out of the basin to Fossil Creek. Because relocating 
drainage flow patterns in this manner may have legal pitfalls for the City, this 
alternative was virtually eliminated from further consideration in this study.

Alternative G: _ Detention and/or Retention Facilities

Reservoirs for the control of floods are a means of supplying flood pro
tection when the natural reservoir storage potential of a watershed may not pro
vide the storage capacity needed. The amount of storage required depends upon 
the degree of protection needed and the non-damaging capacity of downstream 
reaches. The effect of storage is to decrease the peak of the flood in the 
reaches of channel immediately below the dam. Stored water is then released 
at a rate compatible with downstream conditions.
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Flood detention is already widespread in Mail Creek and McClellands Basins, 
both directly and indirectly. Further containment of stormwaters may be accomplished 
by providing additional ponds in Reaches 2B, 4, 5 and 6. The primary benefits would 
be realized in Reaches 1, 2, 3 and 4, in the form of reduced flow peaks, as is 
shown in the peak flow diagram, Figure V-3. Because some structures are greatly 
inadequate in the lower reaches, additional flood control measures may need to be 
implemented in conjunction with construction of additional detention facilities to 
significantly reduce flood damage.

Alternative _H: Construct Levees

A levee is an embankment constructed to confine water to a defined area. 
They are used commonly for flood control and irrigation purposes where topography 
is relatively flat and natural or artificial channel sections are not adequate. Levees 
can be used to confine flood or irrigation water in cases where channel gradients 
limit the depth to which a channel can be excavated.

Use of levees in Mail Creek and McClellands Basins was not considered neces
sary nor desirable, because of the well defined natural channel sections in the lower 
reaches, and because existing channel gradients in all reaches would allow excavation 
of an adequate channel section. For drainage and flood control purposes, an excava
ted channel section is preferable to a levee because it allows runoff to enter the 
channel. Furthermore, should the channel experience some erosion or an embankment 
failure, an excavated channel .would be more likely to contain floodwaters whereas 
failure of a levee would release floodwaters out over a much larger area of the flood
plain.

Alternative I : Selected, or Limited Structure and Channel improvements

Limited structure of channel Improvements are considered for those cases 
where flood damages are localized or where damage occurs as the result of an indi
vidual structure or segment of channel that is not capable of transporting the de
sign flood.

Consideration to the improvement of structures will be focused on road and 
irrigation canal crossings. In many cases, structures under roads on Mail Creek and 
McClellands Basins are sized to handle only low flows. As a result of development 
in the drainage basinsT the volume of runoff has increased beyond the capacities of 
many of the structures resulting in backwater flooding at most road intersections . 
Where the natural channel or floodplain in general is capable of transporting the 
design flood except for short, limited reaches, without excessive property damage, 
minor improvements to the deficient reaches can result in a significant reduction 
in damages. Improvements can he culverts or bridges, drop structures, diversion 
structures, etc.
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Water Quality

Because of the intermingling of storm water and irrigation water in Mail 
Creek and McClellands Basins, water quality is a point of concern by area residents 
and local officials. The nationwide significance of pollution caused by storm-gene
rated discharges was first identified in the 1964 U.S. Public Health Service's pu
blication on the "Pollutional Effects of Stormwater and Overflows from Combined 
Sewer Systems." Congress, in recognizing this problem, authorized funds under the 
Federal Water Pollution Control Act of 1965 and following legislation for the re
search, development, and demonstration of techniques for controlling this source 
of pollution. The 1972 Amendments place new and stronger emphasis on urban runoff 
as a source of pollution. "An accelerated effort ..." is stressed" ... to develop, 
refine, and achieve practical application of waste management methods applicable to 
non-point sources of pollutants to eliminate the discharge of pollutants including, 
but not limited to, elimination of runoff of pollutants ..."

There is no doubt that pollutants are entering Mail Creek and McClellands 
in stormwater, but there is presently limited data with which to assess the seve
rity of the problem. Some stormwater pollution data has been collected as part of 
a study being carried out in the Denver Metropolitan Area by the U.S.G.S. under 
the joint sponsorship of the Urban Drainage and Flood Control District, the Denver 
Regional Council of Governments and the Denver Water Board. Runoff quantity and 
quality measurements were taken on three (3) local drainageways during 1976 and 1977. 
Initial sampling result indicate that the major components of local stormwater 
pollution are organic compounds, heavy metals, oils and greases. Concentrations of 
these pollutants vary, but preliminary indications are that organics are approx
imately equivalent to secondary sewage treatment effluent and the heavy metals, oils 
and greases are predominately in the form of suspended solids. It is likely that 
a comparable situation exists in Fort Collins.

Some removal of these pollutants will occur naturally on Mail Creek and Mc
Clellands Basins. The natural forces of purification are many and varied, but are 
never rapid. The presence of aquatic plants and animals (such as would be present 
in open grass-lined channels) and drop structures all help to aerate the water and 
maintain the dissolved oxygen concentrations necessary for the elimination of or
ganic compounds, while drop structures and channel linings help to reduce erosion 
and consequently the suspended solids settle out of stormwater. The general effect 
that each of the alternative plans will have on the water quality of Mail Creek and 
McClellands Basins can be judged by the provisions for the natural purification pro
cesses present in each plan. These are listed in Table VI-1. In no case will con
structing any of the alternatives have a detrimental impact on the water quality of 
Mail Creek and McClellands Basins.

Control of pollution beyond the capacity of the natural purification processes 
present in Mail Creek and McClellands Basins will require supplemental study and is 
beyond the scope of this report. The City of Fort Collins and Larimer County should 
be involved in setting objectives and strategies for embarking on a water quality 
management program. The tools for reducing stormwater pollution, from enforcement of 
litter laws to installation of complex water treatment facilities, do exist and are 
constantly being increased in number and improved upon.
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Summary of Feasible Alternative Plans

Because of the number of possible alternatives for each reach, an initial 
screening was necessary to eliminate those which were comparatively impractical 
before proceeding into the benefit/cost analysis (Refer to Technical Addendum for 
Matrix Evaluation form used). The alternative flood control plans which appear 
to be most promising are listed by reach in Table VI-2. Further analysis of 
these alternatives for the 100-year design storm is described in the next section.
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SECTION VII

ECONOMIC ANALYSIS

The alternative plans listed in Table VI-2 are all considered feasible for 
further investigation. Using 100-year design flows based on fully developed basin 
conditions with existing detention and channel conditions, structural improvements 
were sized and construction and operation and maintenance costs were estimated from 
the Unit Cost Data Table, Table VII-1 Since flood damage calculations were done by 
reaches, flood control plans were considered by reaches. Flood damages which could 
be expected to occur after an improvement is constructed were also estimated, and 
the difference between flood damage figures for a given reach before and after a 
specific improvement is made are the "benefits" which accrue to the reach where the 
improvement is made. Because Mail Creek and McClellands Basins are "major" drain
ageways, alternative plans should satisfy multiple objectives. Additional project 
benefits, considered "intangible" in this analysis, are the degree to which each of 
the project objectives listed in Section V are met by the alternative plans.

A detailed estimate of construction costs and flood damage estimates for 
each of these alternative plans is listed by reach in Tables VII-2 thru 5. Construc
tion costs are broken down into five (5) basic components (Columns 1 through 5): 
channel improvements, street improvements, utility relocations, and engineering and 
contingency factor, and right-of-way acquisition costs. The summation of these costs 
(Column 6) is the total capital improvement cost of the alternative. This has been 
amortized over a 50-year project life at the 6-7/8* interest rate to produce the 
annual construction cost (Column 7). To this is added the estimated annual operation 
and maintenance cost (Column 8) to determine the total annual improvement cost 
(Column 9).

For each reach, the first alternative listed is the baseline condition. The 
average annual flood damage for the existing condition and the residual annual flood 
damage for the existing condition and the residual annual flood damage for the other 
alternatives appear in Column 10. The annual benefit (Column 11) is the difference 
between the flood damage for the baseline condition and the residual flood damage 
for the particular alternative. The net annual benefit (Column 12) is the annual 
benefit less the annual improvement costs (Column 11 - Column 9). This figure is 
the actual dollars in savings (or losses) which would result after implementing the 
alternative. The total annual cost (Column 13) is the sum of the annual improve
ment cost and the residual annual flood damages (Column 9 + Column 10).

The benefit/cost ratio (Column 14) is the annual benefit divided by the 
annual improvement cost (Column 11 + Column 9) of each alternative. It can also 
be viewed as the dollar return in mitigated flood damages for each improvement 
dollar spent. The benefit/cost ratio must be greater than one for the plan to be 
economically viable on the basis for flood control. The larger the ratio, the more 
efficiently funds are being utilized for flood control purposes.
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Selection of the Recommended Plan

Examination of the floodplains and benefit/cost data while keeping in mind 
the goals of the study leads to the selection of one alternative plan for each reach 
as the overall most beneficial, A review of the flood plain conditions reveals that 
flood damage in both the Mail Creek and McClellands study reaches is localized, due 
primarily to specific structures or channel segments which are inadequate for the 
design flows. Several reaches are located in undeveloped areas and design flows are 
contained within the existing natural channel resulting in minimal flood damages. 
Where existing natural channels are adequate, it is because of the basin topography 
and the fact that upstream development has been orderly and considerate of storm 
drainage; detention is widespread.

Because of the nature of the flood hazards and potential damages in Mail 
Creek and McClellands Basins, it is not surprising the alternatives which have the 
highest benefit/cost ratios are those which address specific problem areas. The 
selected structural improvements in Reaches 1B, 1C and McClellands, which consist 
of Improvements to culverts and street crossings are the most effective. Similarly 
in Reaches 2, 3, 4 and 5, those selected structural alternatives have the highest 
benefit/cost ratios because of the localized nature of the flood damages.

Because of the City's policy requiring detention with development and be
cause detention enhances the B/C ratios in downstream reaches by reducing construc
tion costs, detention alternatives were considered separately and in combination with 
local structural improvements. Starting with a total of 14 detention ponds in Mail 
Creek and 3 in McClellands, the number and size of the ponds were systematically 
reduced until estimated construction costs became reasonable in comparison with 
potential benefits. We used the SWMM program to model the downstream effects of the 
proposed detention ponds. After modeling several arrangements and discharges, 
three (3) detention ponds in Mail Creek and none in McClellands appeared cost- 
effective.

It is Important to note that the cost effectiveness of the detention ponds 
used strictly for flood control is not that good. In considering implementation of 
detention alternatives, therefore, multiple use facilities should be envisioned. By 
using the sites for parks and recreation opportunities, water quality control points, 
and other activities, and ROW acquisition and construction costs attributable to 
flood control would be reduced, and "intangible" benefits would increase, raising 
the B/C ratios.

Consideration of these factors has lead us to recommend a combination of im
provements for Mail Creek and McClellands Basins, consisting of selected structural 
improvements, detention, and continued floodplain management with flood insurance. 
the recommendation is to Improve the Palmer Drive Spillway, Reach 1C, construct new 
street crossings and a trapezoidal channel in Reach 2A, and two (2) detention ponds 
in Reach 2B, possibly conbining a flow separation structure with the pond embankment 
at the Pleasant Valley and Lake Canal.
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Because of the significant storage capacity existing in the New Mercer Canal, 
the improvements recommended in Reaches 3, 4 and 5 are considered separately from 
Mail Creek. These recommendations are to improve the spillway at the Larkborough 
detention pond and to provide a multi-use detention facility at the head of the 24- 
inch RCP storm sewer in Reach 4A. This facility is recommended despite the B/C 
ratio of 0.8 because of the possibility of reducing same construction costs if a 
multi-use facility is designed. In Reach 4B, continued floodplain management and 
flood insurance for the church, and continued floodplain management in Reach 5 are 
recommended.

In the McClellands Basin, development has taken place mostly north of Harmony 
Road and sound storm drainage practices have been observed. In the lower reaches, 
flood damages are concentrated at Timberline Road and the Union Pacific Railroad. 
Our recommendations for McClellands are simply to provide improved culverts at these 
locations and to continue the program of floodplain management. The improved cul
vert at the railroad is particularly important due to the high probability of an 
embankment failure during even a minor (10-year) event.

Finally, a summary of the benefits and costs for these recommendations are 
listed in Table 1-1. For Mail Creek and McClellands, the combined estimated con
struction is $ 805,210.00. These costs have been broken down per improvement and 
on a per acre basis as noted in Table VII-7.
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TABLE VII-1
UNIT COST DATA WITH O & M
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TABLE VII-2 - BENEFIT/COST ANALYSIS DATA FOR ALTERNATIVE PLAN COMPARISON

STRUCTURAL IMPROVEMENTS - FULLY DEVELOPED FLOW'S

MAIL CREEK - FOSSIL CREEK CONFLUENCE TO C&S RAILROAD



TABLE VII-3 - BENEFIT/COST ANALYSIS DATA FOR ALTERNATIVE PLAN COMPARISON

STRUCTURAL IMPROVEMENTS - ACCOMMODATING FULLY DEVELOPED FLOWS

MAIL CREEK - U.S, HIGHWAY 287 TO UPSTREAM LIMITS
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TABLE VII -5 - BENEFIT/COST ANALYSIS DATA FOR ALTERNATIVE PLAN COMPARISON

McClellands basin - timberline road to upstream study limits
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TABLE VII-6
COMPUTED PEAK FLOWS AT SELECTED POINTS WITHIN MAIL CREEK BASIN

(IMPROVED CONDITIONS)

TAELE VII-7

MAIL CREEK AND McCLELLANDS DRAINAGE BASINS

IMPROVEMENT COST SUMMARY
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SECTION VIII

PRELIMINARY DESIGN CONSIDERATIONS AND CRITERIA

lmplementation

Because of the total cost of improvements is extensive and the coordination 
for implementation of such a plan is complicated and time-consuming, the recommended 
improvements could only be built on a phased basis over an extended period of time. 
We have recommended a priority order for implementation of our best alternative 
based upon benefit/cost ratio, jurisdictional responsibility, and availability of 
right-of-way. A separate listing is indicated for those improvements which are 
outside the city limits.

Improvements within the City are:

1. Floodplain Management: Floodplain management, through the development 
process, is already a- part of the Citys control process for dealing with potential 
flood hazards. It is important that the floodplains indicated in this report, both 
existing and future, be utilized when considering future development within these 
basins. In the case of Larkborough Subdivision, the existing floodplain indicates 
that there is the potential for damage to future homes. The proposed detention 
pond upstream of Larkborough Subdivision reduces the impact of flooding through this 
subdivision substantially. However, if this pond is not expected to be built in 
the near future, it is recommended that measures be taken to control the elevations 
of future construction within the floodplain.

2. Get Help From Others:- Explore the possibility of funding sources, 
such as Larimer County for improvements to be built in Larimer County or the Union 
Pacific Railroad for an enlarged culvert under their tracks. Try to get Nordic 
Construction Company to dedicate the right-of-way for enlarging the culvert under 
their access road. Keep in contact with the State Engineer so that no time will 
be lost deciding what improvements are necessary for Fairway Dam.

3. Enlarge Culvert Under Harmony Road: The existing 42-inch culvert under 
Harmony Road at the east boundary of the Woodlands PUD does not have sufficient 
capability to handle the future 100-year flows based upon our recommended plan. 
Enlarging this culvert would prevent the overtopping of this road and eliminate 
the resultant damage during a major storm.

4■ Improve Spillway to Existing.Larkborough Pond: This spillway presently 
has the potential for overtopping and failure during the 25 -year storm. Enlarging 
this spillway to handle the design flows would reduce the possibility of extensive 
downstream damage. The detention pond above Larkborough should be built at appro
ximately the same time to protect the investment in this spillway.
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