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EXECUTIVE SUMMARY 

Authorization, Purpose and Scope 

The St. Charles Mesa Drainage Basins Outfall Systems Planning Study was authorized 

by the Pueblo County Department of Public Works. The specific tasks were performed in 

accordance with the terms of agreement between Pueblo County and Kiowa Engineering, dated 

December 27, 1993. 

The purpose of the study was to analyze the existing and future drainage conditions for 

the drainage basins on the St Charles Mesa, to develop alternative outfall planning concepts, to 

prepare a preliminary design of the preferred outfall alternatives, and to prepare a plan for 

implementation of the improvements identified when conducting this study. The planning for 

drainage facilities within the St. Charles Mesa drainage basins was initiated in November. 1992. 

The preparation of topographic mapping, hydrology, drainage facility inventory and 

development of outfall alternatives within the study area initially staned under a contract 

between the County and Abel Engineering Professionals. Inc., dated October 3, 1991. The 

information prepared under the initial contract has been incorporated into this report to the 

greatest extent practical. The St. Charles Mesa Outfall Systems Implementation Plan, 

Alternative Design Report and St. Charles Mesa Final Report Drainage Implementation 

Plan, was delivered to the County in September of 1993. 

Basin Description 

The St Charles Mesa Drainage Basin is a rural area in unincorporated Pueblo County 

and is located near the confluence of the Arkansas and St. Charles Rivers. The basin contributes 

runoff to both the Arkansas and St. Charles Rivers. Tht! basin is largely developed with large 

lot, single family and agricultural uses. The basin is bisected by the business route of US 

Highway 50 which runs in an east-west direction. The County anticipates that the basin will 

continue to be developed with increasing land use densities in the future. The existing drainage 

system(s) which are inadequate for the majority of the basin will be ovenopped on a more 

frequent basis as the basin develops. 

The St Charles basin covers a total of 16 square miles in unincorporated Pueblo County, 

Colorado. The basin drains genern.lly to the nonh, towards the Arkansas River. A portion of the 

study area flows directly to the St. Charles River. or lies within the Sc. Charles River floodplain. 

The Bessemer Ditch traverses the basin from west to east The Ditch enters the basin in the 

vicinity of County Farm Road and Aspen Road. and exits the basin at the siphon under the St. 

Charles River. This Ditch has the capability of diverting all of the existing runoff which 

originates in the southern most areas of the St. Charles Mesa drainage basin. 

Development in the basin consists of agricultural and open space. rural residential, low to 

medium density single family residential. institutional, industrial and commercial uses. The 

predominant existing uses are agricultural and rural residential which make up over 80 percent of 

the drainage basin. The existing single family areas have developed in a random manner and 

have provided little or no storm drainage infrastructure. In some areas. the single-family 

developments have blocked historic flow paths. Because the basin was historically used for 

agricultural purposes, there are numerous locations where existing (or remnants of) irrigated 

fields are very flat and cause excess runoff to pond. Urbanization has increased this tendency to 

the point where habitable structures are impacted by shallow flooding, mud and debris damages. 

This area of Pueblo County can be described. in general as high plains, with total 

precipitation amounts typical of a semi-arid region. Winters are generally cool and dry. 

Precipitation ranges from 10 to 12 inches per year. with the majority of this precipitation 

occurring in spring and summer in the form of rainfall. 

Soils within the St. Charles basin vary between soil types A through D, as identified by 

the U.S. Depanment of Agriculture. Soil Conservation Service. The predominant soil groupings 

are in Hydrologic Soils Group B. which cover approximately 90 percent of the basin. These 

soils are highly permeable and generally result in low rates of excess runoff until they become 

saturated. The soils have high to moderate infiltration rates, and are extremely susceptible to 

wind and water erosion where poor vegetation cover exists. 

Land use information for the existing and future conditions was reviewed as pan of the 

planning effon. The existing land use information was compiled through field review and 

examination of the topographic maps prepared for this study. The future land use information 

was developed using planning maps. zoning information and through consultation with the 

Pueblo County Planning and Development Deparunent. This information is used in the 

hydrologic analysis to predict runoff rates and volumes for the purposes of facility evaluation. 

Hydroloi:y 
A hydrologic analysis was conducted in order to detennine peak discharges and runoff 

volumes for various storm types, and basin development conditions. This data was used in the 

evaluation of existing flood problems, and in the evaluation of alternative outfall plans. 

Discharges for the 2· . 5-, 10- and 100-year frequencies were analyzed for the existing and future 

development conditions. 
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The runoff model used to determine the peak flows and volumes within the study area 

was the Colorado Urban Hydrograph Procedure (CUHP), in combination with the Stormwater 

Management Model (SWMM). The sub-basin hydrographs were routed through the major flow 

paths using the UDSWM2-PC computer model. 

The study area subject to the hydrologic evaluation is the St. Charles Mesa Drainage 

Basin. The basin was divided into four regional basins. The St. Charles and Arkansas River 

basins are direct flow areas to these rivers. Many of the direct flow basins lie within the 

floodplains of the these Rivers, or are relatively small sub-basins which lie at the northern and 

eastern edges of the Mesa. The Bessemer Ditch regional sub-basin represents those areas which 

lie south of the Ditch as it traverses the St Charles Mesa basin. The existing flow which 

originates in these basins has been assumed to be intercepted by the Ditch. The Santa Fe Avenue 

regional sub-basins collect runoff originating north of the Bessemer Ditch and south of Santa Fe 

Avenue. 

For the most part, the sub-basins lying on the St. Charles Mesa are bounded by roadways. 

The sub-basins are linked together by roadside ditches and culvens. At many of the intersections 

ponding is possible because the roadways are physically higher than the adjacent ground. 

Driveway culvens which cross over the roadside ditches also cause runoff to pond in low spots, 

away from the main flow path. 

The amount of impervious area within each sub-basin was estimated for two conditions, 

namely; ( 1) Existing development, and (2) future development. Existing development within the 

St. Charles Mesa basin is predominantly open space, agricultural and rural residential (lots 

exceeding 1 acre in size). The future condition development will consist mainly of single family 

residential with lots greater than 1 acre in size. Commercial uses now and in the future occur 

along Santa Fe Avenue. The projected land use data was obtained using zoning and 

comprehensive planning infonnation provided by the Pueblo County Planning and Development 

Department. 

Presented on Tables 3-5 and 3-6 in Section Ill are the peak discharges for the sub-basins 

defined for the St. Charles Mesa drainage basin. Complete CUHP output for the 100-year 

existing and future development conditions are contained within he Technical Addendum to this 

repon. The Hydrologic Sub· basin Map which illusrrates the basin boundary, channel routing 

elements. design points and sub· basin locations is contained within the map pocket at the rear of 

the report (Exhibit l ). A summary of flow rates for key design points is presented on Tables 3-

7 and 3-8. 

The results show several impacts upon the hydrology for the Mesa because of 

urbani zation. Firstly, there are significant increase-; in peak discharge and volume for the 

individual sub· basins which will develop from agricultural use and open space into single-family 

residential. The impact upon the peak flows along the receiving drainage paths (i.e., the Santa 

Fe Drive flow path and along the north south roadways), is not as significant in the developed 

scenario. This is because the channels as modeled assumed the existing cross-section. At many 

locations along the nonh-south roadways and at intersections, the adjacent land uses lie below 

the roadway crown and/or the top of channel bank. A significant amount of floodplain storage 

results which attenuate the peak discharges from tributary sub-basins as they move through the 

system. 

Secondly, the impact of the Bessemer Ditch relative to interception and diversion of 

runoff away from the Mesa is not great. During the hydrology analysis, two cases were 

investigated. These were, (1) interception of all runoff from sub-basin south of the Bessemer 

Ditch and no connection to the downstream flow paths, and (2) no diversion, or a pass through of 

the runoff over the Bessemer Ditch and into the downstream flow paths. Increases in peak flow, 

usually less than 10 percent were noted between cases 1 and 2, with case 2 producing the higher 

flows for all frequencies. 

Hydraulic Analysis and Flood History 

A hydraulic strucrure inventory was conducted and the subsequent information was 

presented on I-inch to 200-foot scale aerial mapping and entered in an index created to catalogue 

the information. For the most part, culvens exist under major roadways although at some 

intersections only a concrete pan has been installed. The inventory data has also been tabulated 

in a spreadsheet format. Size, type, condition and capacity is summarized in the database. The 

spreadsheets and mapping have been turned over to the Pueblo County Department of Public 

Works. 

In the areas where a large number of reponed drainage problems occur there is a high 

incidence of urban development upstream. Frequently, a local stonn sewer system has been 

installed to handle a minor stonn; but, the outfall is inadequate or is non-existent. Urban 

development tends to channelize runoff and concentrate it at a single location. This along with 

increased imperviousness results in the type of flooding noted on the Mesa. 

Another typical drainage problem on the Mesa stems from stormwater ditches 

ovenopping due to restrictions (undersized driveway c ulvens, blockage in the ditches , etc.) 

whereby the runoff does not return to the roadside ditch. Instead, the runoff follows the existing 

low point which may be across a roadway or down a driveway into private propeny and away 

from the pubic road right-of-way. 

Much of the flooding of residences occurs because several subdivisions have been 

consrructed along the historic low points and have finish floor elevations below the grade of the 

i i 
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adjacent roadways and ditch banks. The residential structures are mostly at or near flow line 

elevations of the adjacent streets. Reconstruction of curb cuts and berming on the upstream side 

of structures to prevent shallow flooding is being used extensively in many areas of the Mesa. 

Research into the existence of any documented floodplains on the St. Charles Mesa 

established that none are defined. The primary resource for this research was the "Flood 

Insurance Studies for Pueblo County, Colorado", prepared by the Federal Emergency 

Management Agency (FEMA), revised 1986. A portion of the basin studied does lie within the 

St. Charles River 100-year floodplain and the Arkansas River 100-year floodplain. There are no 

regulated floodplain areas along the major flow paths which drain the Mesa. Areas of overflow 

flooding have been presented on the Preliminary Design drawings. These floodplains represent 

areas where runoff which exceeds the design capacity of the proposed system(s) would move out 

of the road right-of-way and into low lying areas adjacent to the roadways. The overflow 

floodplains have been presented for information purposes only and are not intended to establish 

regulatory floodplains subject to more stringent floodplain development standards. 

Alternative Development 

Alternative outfall plans have been examined that address the existing and future 

stonnwater management needs of the basin. Quantitative and qualitative comparisons are 

presented in both narr.itive and tabular format, and a recommendation made as to which plan is 

most feasible to advance to preliminary design and eventual implementation. 

During the alternative analysis it became evident that the basin had one general 

characteristic which influenced the existing drainageways form and function. The Mesa was 

originally settled as an irrigated agricultural area. Roads were developed between fields, along 

irrigation headwater, and along tailwater ditches. Consistent with an agricultural use the slopes 

across the Mesa are typically less than a half percent. Development which has occurred has in 

most cases blocked the natur.il or historic outfall path. Roadways are both gravel and paved. 

neither of which have much capacity to convey runoff before ovenopping the adjacent roadside 

ditches and curb and gutter. At roadway intersections, flow splits can occur whereby a low 

runoff event would pass through the existing roadside ditch and/or culvens, while larger volume 

flow events would be split. or <livened. to low lying areas or a different direction down the 

intersecting street away from the existing systems. 

General planning goals followed during the alternative plan development phase were: 

(1) Identify '>tonn water facilities which will reduce existing flooding problems within 

urbanized .i.rea(~); 

(2) Provide stonnwater management within developing areas of the basin in order to reduce 

the detrimental effects of runoff from urbanized areas; 

(3) Provide stormwater facilities which preserve and/or enhance the existing drainageways 

and areas adjacent to the drainageways which provide an environmental resource in the 

area; 

(4) Provide for separation of stonnwater runoff from existing or abandoned irrigation 

laterals; 

(5) Identify facilities which will minimize future operation and maintenance costs: 

(6) Provide stonnwater management facilities which will at least maintain and/or enhance 

the water quality characteristics of the basin; 

(7) Provide for a system which has cost feasibility; 

(8) Provide for a system which is within the capability of being installed by County forces: 

and, 

(9) Provide for a system which will be adequate to serve future development 

The alternative planning process began with the evaluation of general outfall planning 

alternatives. Alternatives which are generally available in the majority of urban drainage basins 

include: 

( 1) Do nothing, and/or floodplain regulation. 

(2) Channelization, 

(3) Piped systems, 

(4) Detention, on-site or off-site, 

(5) Combinations of the above. 

These concepts were evaluated for each major outfall path and regional sub-basin on the 

Mesa. Each of the above alternatives was evaluated for different recurrence intervals. At this 

time, there are no 100-year capacity facilities within the Mesa, except for the Bessemer Ditch 

which has the capacity to convey the 100-year discharge from areas upstream of the Ditch, 

assuming that the Ditch is only carrying the adjudicated flow at the time of a runoff event. 

The handling of stonnwater can be accomplished by the use of pipes, channels, detention 

basins, bridges. culverts and various other physical improvements. The use of any one or a 

combination of the above improvements is dependent upon the level of flow, topography, right

of-way and the character of the areas adjacent to the outfall paths. A qualitative discussion of 

the feasibility of the general drainuge alternatives is summarized below: 
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Curb and Gutter: In some cases use of a standard street section including 6" vertical curb 

will provide adequate capacity and channelization to prevent localized flooding during the 5-

year storm event or reduce required storm sewer sizes when used in combination. 

Storm Sewers: Use of storm sewers is feasible within all proposed outfall systems as 

independent structures or in combination with curb and gutter or existing ditches. This 

conveyance alternative is somewhat limited by areas of extremely mild slopes (less than .3 

percent), which causes the sizes of storm sewers to become very large, and in turn cost 

prohibitive. In general, storm sewers greater than 60-inches in diameter do not have a high 

degree of feasibility due to their cost and their impact upon utility relocations and street 

repaving. 

Channels: Channels, including roadside ditches are the predominant existing drainage 

facility on the Mesa along all flow paths. Enlarging the existing roadside ditch sections to 

convey future development condition runoff will usually require enlarging numerous private 

drives. In some areas of the Mesa. undeveloped land still exists to construct a lined channel, 

however right-of-way acquisition can become a major deciding factor when implementing a 

channel system on the Mesa. Riprap lined and grasslined ditch sections are most commonly 

used, however concrete lining does have feasibility wherever the need to keep the acquisition of 

right-of-way to a minimum is desirable. 

Detention: The type of detention basin will be dependent upon the volume and rate of 

flow; however, right-of-way and the characteristics of the area adjacent to a proposed detention 

basin plays a large role in this alternative's feasibility. Water quality is an important concern in 

light of the storm water discharge regulations, and a detention scheme has distinct advantages in 

this regard. There are three existing onsite detention basins on the Mesa. 

Combined Systems: Combining storm sewers with roadside ditches and improved street 

sections is usually a feasible alternative in basins where development has blocked the historic 

outfall paths. For the St. Charles Mesa, storm sewers with a five year capacity in combination 

with the existing roadside ditch or street capacity can bring the total capacity to at least a 10-year 

level, and in some cases a 1 OO· year level. 

The conceptual alternatives developed were each modeled hydrologically to assess the 

impact on peak flow rates. In general, the historic peak flow condition at Santa Fe Drive (U.S. 

Highway 50, Business Route), was a primary factor in the alternative planning. Various 

detention and diversion schemes were evaluated in order to optimize the flow to downstream 

drainageways. As a staning point the 5-year existing condition flows were used in the 

alternative evaluation. A 5~year system is a typical design standard for minor or local storm 

drainage system design within urban areas. The 5-year system is capable of t:onveying, without 

surcharging. over 90 percent of all runoff events. 

Coordination meetings were held throughout the study to address overall goals and 

specific concerns of those agencies and individuals asked to participate in the study. A public 

input meeting was held and specific concerns of the residents were discussed. Complaint forms 

were collected. 

It has been determined that a system of outfall storm sewers is the most practical 

conveyance alternative for those major flow paths where existing development has already 

occurred. A piped system will require the least amount of new right·of-way acquisition and 

minimize disturbances to existing driveways and road intersections. This system will require 

that existing roadside ditches be connected to the storm sewer outfalls by means of intercepting 

inlets mostly sited at roadway intersections. The existing ditches serve to collect local flows 

generated within private propeny and from the County roadway right-of-way. Where existing 

s011ctures lie below street grade, there is no option but to leave the existing roadside ditch in 

service. 

Selected Outfall Systems Desi1:n 

As a result of the alternative planning process, a selected outfall plan was determined for 

each of the major outfall paths within the St. Charles Mesa drainage basin. The outfall plan for 

each flow path has been presented on the preliminary design drawings contained at the rear of 

this repon. The selected outfall plan for the St. Charles Mesa Basin includes the following 

general features: 

I. A combined system of storm sewers and roadside ditches capable of conveying 
the 5-year capacity flow. 
2. Curb and gutter along existing streets where the street section is below the 
adjacent driveway. 
3. Inlets of at least 5-year capacity to intercept street flows and flows within 
roadside ditches at key design points. 
4. Upgrading outfalls to the Bessemer Ditch in order to intercept the 100-year 
existing condition discharge from areas tributary to the Ditch. A spill structure located at 
Salt Creek is recommended in order to clear the Ditch of runoff from south Pueblo prior 
to entering the St. Charles Mesa basin. A spill structure at the headgate of the Bessemer 
Ditch siphon is reconunended in order to separate runoff from ditch irrigation flows. 
This spill structure would outfall to the St. Charles River. 

Presented on Table 6-1 is the summary of peak discharges at all design points for the 

selected outfall plan condition. Sub-basin discharges are the same as shown on Table 3-5 

presented in Section III of this repon. Diversion of the 5-year flow across Santa Fe A venue has 

been accounted for in the selected outfall plan hydrology model. A flow split has been modeled 

at 21st Lane. 23rd Lane. 25th Lane, 27 th Lane and 29th Lane. The five-year flow has been 

i " 



l 

1 

l 
l 
l 
l 
] 

] 

l 
l 
J 

} 

J 

I 
l 
I 
I 
J 

routed north for these outfall paths, and the flow greater than the 5-year flow has been routed 

along Santa Fe A venue. 

The use of onsite or regional detention must be implemented wherever future 

development is proposed. Due to the low feasibility of systems with capacity greater than the 

existing 5-year storm, future developments must maintain existing condition discharges for the 

5- and 100-year frequencies. The existing detention basins in the Lakeside Estates subdivision 

should remain. The main purpose of the detention facilities is to reduce the peak discharges 

from developed land to historic, or existing conditions. Secondary benefits for regional and 

onsite basins come in the form of enhanced water quality. and open space benefits. 

Costs to implement the preliminary design were estimated using the unit costs presented 

on Table 6-2. Utility costs have not been incorporated into the cost estimates. Land acquisition 

for channels or storm sewers have not been estimated. In general, most of the facilities proposed 

for the Mesa can be kept within existing easements or right-of-ways. In general, the land 

required for the storm sewer or channel improvements can be obtained for undeveloped areas via 

the development process. Total estimated cost for the recommended plan is $12,566,894. 

Implementation 

The selected outfall plan has been presented on the preliminary design plans contained 

within the rear of this repon. The planning and the design of these improvements is a key first 

step in implementing a comprehensive program for stonnwater management for the basin on the 

St. Charles Mesa. The implementation of this plan will depend upon various factors. however 

the planning goals associated with the development of this plan should be reviewed whenever a 

portion of the system is proposed for construction. The primary goals are as follows: 

Reduce local flooding problems; 

Provide outfall drainage facilities to sen•e future developments alld property 
owners; 

Provide outfall drainage facilities which will convey runoff in a safe and 
efficient manner through existing developed areas of the Mesa; 

Minimize the acquisition of additional public right-of-way associated with 
storm water conveyance; and, 

Minimize the cost of storm water conveyance facilities funded solely by Pueblo 
County. 

The review of the above goals will be needed in order to best prioritize the improvements 

and to better direct the limited amount of capital improvement funds which will be available for 

stormwater facilities on the Mesa. 

The construction and implementation of the selected outfall systems should be driven by 

the following parameters; 

Existing facility inadequacy within a given outfall basin; 

Level of flooding problems; 

Development pressure within outfall basin; 

Availability of funding; and, 

Number of potential funding sources. 

The selected outfall systems presented on the preliminary design plans should not be 

considered as final in their form. Each system should be reviewed in terms of system capacity. 

hydrologic response, right-of-way availability and routing options at the time the system(s) are 

proposed for final design and construction. Future development should be required to convey 

the five-year existing condition runoff to the dedicated outfall system by means of local streets 

and storm sewers. 

The following steps are suggested prior to funher design and construction of the systems 

identified in this plan. 
1. Adoption of Drainage Criteria Manual: The City/County Drainage Criteria 

Manual referenced in this srudy should be reviewed, revised, and updated as necessary to allow 
for the eventual adoption by the County. This criteria is needed in order to help in the review 
and approval of future drainage plans to be prepared for future developments. The adoption of 
the drainage criteria will lead to more consistent design and construction of local stormwater 
systems. 

2. Detention Basin Criteria Development: A criteria for the planning and design 
of onsite detention basins should be developed. There are several simplified methods which 
could be adopted and insened into the Drainage Criteria Manual. 

3. Adoption of Erosion Control Criteria: The future level of maintenance for the 
selected outfall systems will be heavily dependent upon the amount of sediment available to be 
washed into the stormwater systems. Currently, there are extensive amounts of agricultural 
ground which lies uncultivated. These areas need to prevent the erosion of unprotected soils into 
the streets, roadside ditch sections and storm sewer sytems. New development can also cause 
significant land disturbance which can result in soil erosion. 

4. Agreements with Ditch Company: The dependence upon the availability flow 
capacity within the Bessemer Ditch affects each of the selected outfall systems. Discussions 
with the Bessemer Ditch Company should be considered by the County prior to extensive 
amounts of new development proceeding within the Bessemer Ditch Basin. An initial project 
which needs to be considered jointly is the stormwater separation structure for the Bessemer 
Ditch at Salt Creek. Construction of this structure will ensure that the Ditch will only be 
carrying irrigation flows into the St. Charles Mesa. 
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The prioritization of improvements has been accomplished by reviewing the planning 

goals for each flow path. In general, the outfall storm sewers have the highest priority since they 

are needed now to address local drainage problems and will be needed upon development of land 

on the Mesa. In some instances development pressure may change the priority of an outfall 

storm sewer. The priority of systems has been categorized into three levels; (1) Inunediate 

need; (2) Needed upon development of land within the basin; and (3) as required by correlated 

projects. Examples of these categories is presented in Section VU. 
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I .. INTRODUCTION 

Authorization, Purpose and Scope 

The St. Charles Mesa Drainage Basins Outfall Systems Planning Study was authorized 

by the Pueblo County Department of Public Works. The specific tasks were performed in 

accordance with the terms of agreement between Pueblo County and Kiowa Engineering, dated 

December 27, 1993. 

The purpose of the study was to analyze the existing and future drainage conditions for 

the drainage basins on the St. Charles Mesa, to develop alternative outfall planning concepts, to 

prepare a preliminary design of the preferred outfall alternatives, and to prepare a plan for 

implementation of the improvements identified when conducting this study. The planning for 

drainage facilities within the St. Charles Mesa drainage basins was initiated in November, 1992. 

The preparation of topographic mapping, hydrology, drainage facility inventory and 

development of outfall alternatives within the study area initially started under a contract 

becween the County and Abel Engineering Professionals, Inc., dated October 3, 1991. The 

information prepared under the initial contract has been incorporated into this repon to the 

greatest extent practical. The St. Charles Mesa Outfall Systems Implementation Plan, 

Alternative Design Report and St. Charles Mesa Final Report Drainage Implementation 

Plan, was delivered to the County in September of 1993. Upon review of the final repon, the 

County found that additional effon was needed to f unher identify and develop the most feasible 

preliminary outfall designs and to develop the final implementation plan. 

The scope of the entire study, inclusive of the scope authorized by the County wilh 

Kiowa Engineering contained the following tasks: 

Alternative Outfall Planning Phase: 

1. Meet periodically with the sponsors to obtain information, present study findings, and 
discuss results of the planning tasks. 

2. Contact agencies and/or individuals who have knowledge or specific interest in the study 
area. 

3. 

4. 

Prepare hydrologic analysis for the existing and future development basin conditions 
without any proposed facilities in place (i.e. base line condition hydrology). 

Prepare topographic mapping for using in the development of alternative outfall systems. 

5. 

6. 

7. 

/s. 

9. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Conduct hydraulic analysis along the major outfalls within the smdy area to ascenain 
capacities of existing structures, review available floodplain information and floodplain 
studies, determine location of flooding problems, and analyze hydraulic impacts of future 
peak discharges. 

Inventory the size, type, condition and location of existing facilities lying within the 
public right-of-way and along identifiable outfall paths. 

Develop outfall system alternatives which address future development impacts. 

Evaluate alternatives based upon cost, constructability, right-of-way, and maintenance 
constraints and issues. 

Prepare a written outfall systems alternative evaluation repon. 

Preliminary Design Phase: 

Meet with the County sponsors to select and refine the outfall system alternatives for 
funher evaluation. 

Prepare preliminary design base mapping for outfall system alignment(s). 

Refine hydrology and hydraulic analysis for selected alternative outfall plan(s). 

Prepare preliminary design of selected outfall facilities. 

Prepare construction cost estimates. 

Prepare conceptual implementation plan identifying the priority of contacting the 
preliminary outfall systems. 

Prepare written repon with accompanying drawings showing the preliminary design of 
the selected plan and discussing the items examined in the study. 

Goals and Objectives 

I. 

2. 

Reduce the potential for flooding of private properties, roadways and other 

structures which lie adjacent to the major outfall paths within the St. Charles 

Mesa drainage basins, for both the existing and future development conditions. 

Determine the required storm sewers and roadside channel sections for the major 

outfall paths which will remain adequate to convey runoff in a safe and stable 

manner as the volume, rate and duration of stonnwater runoff changes as the 

development of the study area proceeds. 
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3. Develop cost effective outfall systems that can be phased into construction as the 

existing drainage situation warrants and as the study area develops. 

4. Develop outfall system improvements compatible with the existing public right

of-ways and easements within the study area so as to minimize the disturbance of 

streets, utilities and private propeny along the existing outfall paths. 

Mapping 

The U. S. Geological Survey (USGS) 7-1/2-minute quadrangle maps, utilized in 

combination with aerial topographic mapping dated 1992, were used in development of the 

technical aspects presented in this report. The topographic mapping was prepared from aerial 

photography. The topographic mapping was compiled at a scale of 1-inch to 200-feet horizontal 

scale, with a contour interval of two-feet. 

The location of drainageways, storm sewers and culvens were field verified when the 

existing drainage facilities were inventoried. The existing facilities were noted on the 

topographic mapping. Field reviews of existing and proposed facilities were conducted. 

Photographs along key outfall paths. 
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II. STUDY AREA DESCRIPTION 

The St Charles Mesa Drainage Basin is a rural area in unincorporated Pueblo County 

and is located near the confluence of the Arkansas and St. Charles rivers. The basin contributes 

runoff to both the Arkansas and St Charles rivers. The basin is largely developed with large lot, 

single family and agricultural uses. The basin is bisected by the business route of US Highway 

50 which runs in an east-west direction. The County anticipates that the basin will continue to 

be developed with increasing land use densities in the future. The existing drainage system(s) 

which are inadequate for the majority of the basin will be ovenopped on a more frequent basis as 

the basin develops. Figure 2-1 shows the location of the St. Charles Mesa basin. 

Basin Description 

The St Charles basin covers a total of 16 square miles in unincorporated Pueblo County, 

Colorado. The basin drains generally to the nonh, towards the Arkansas River. A portion of the 

study area flows directly to the St. Charles River, or lies within the St. Charles River floodplain . 

The Bessemer Ditch traverses the basin from west to east. The Ditch enters the basin in the 

vicinity of County Fann Road and Aspen Road, and ex.its the basin at the siphon under the St. 

Charles River. This Ditch has the capability of diverting a portion of, or all of the existing runoff 

which originates in the southern most areas of the St. Charles Mesa drainage basin. In fact, the 

Bessemer Ditch impons urban runoff from the southern portions of the City of Pueblo. 

Slopes on the mesa range from moderately steep to steep south of the Bessemer Ditch, 

and mild to flat slopes within basins lying north of the Ditch. The predominant drainage 

facilities are a system of roadside swales and ditches ranging in depth from I-foot to 4-feet. 

Prior to current development the ditches were, or still are, irrigation laterals. The ditches are 

usually filled with vegetation. In areas where the agricultural need for the laterals has ended, the 

ditches have been modified to carry storm drainage. The roadside ditches are crossed at 

numerous driveways and roadways. In some locations residential structures abutting the 

roadways lie below the roadway crown and cause the swales to spill towards the structures and 

pond in low lying fields or yards. Several cross culverts under Santa Fe A venue (US 50), can 

carry nmoff nonh along the various roadways, however flow splits may occur sending runoff 

east on Santa Fe Avenue as well. Near the north edge of the basin, the Mesa outfalls to the 

floodplain of the Arkansas River via narur.i.l drainage swales. The swales which drain the Mesa 

to the Arkansas River floodplain are highly susceptible to erosion because of their steepness 

(greater than 10 percent), and lack of vegetation to hold the natural banks in place. 

Development in the basin consists of agricultural and open space, rural residential, low to 

medium density single family residential, instirutional, industrial and commercial uses. The 

predominant existing use is agricultural and rural residential which makes up over 80 percent of 

the drainage basin. The existing single family areas have developed in a random manner and 

have provided little or no storm drainage infrastructure. In some areas, the single-family 

developments have blocked historic flow paths. Because the basin was historically used for 

agricultural purposes, there are numerous locations where existing (or remnants of) irrigated 

fields are very flat and cause excess runoff to pond. Urbanization has increased this tendency to 

the point where habitable structures are impacted by shallow flooding, mud and debris damages. 

The maximum basin elevation is approximately 4830 feet above mean sea level, and falls 

to approximately elevation 4650 at the edge of the Mesa. The basin where it is undeveloped is 

covered by native vegetation typical of arid areas of Southern Colorado. Vegetation typical of 

agricultural and single-family uses are found mainly north of the Bessemer Ditch. Vegetative 

cover ranges from poor-to-fair in the undeveloped areas to fair-to-good in the developed areas of 

the basin. 

Climate 

This area of Pueblo County can be described, in general as high plains, with total 

precipitation amounts typical of a semi-arid region. Winters are generally cool and dry. 

Precipitation ranges from 10 to 12 inches per year, with the majority of this precipitation 

occurring in spring and summer in the form of rainfall. Thunderstorms are common during the 

summer months, and are typified by quick·moving low pressure cells which draw moisture from 

the Gulf of Mexico into the region. Average temperatures range from about 30 F in the winter to 

80 F in the summer. Thunderstorms are the most frequently occurring runoff producing event. 

These storms can be of shon duration but of extremely high-intensity. 

Soils and Geology 

Soils within the St. Charles basin vary between soil types A through D, as identified by 

the U. S. Deparnnent of Agriculture, Soil Conservation Service. The predominant soil groupings 

are in Hydrologic Soils Group B, which cover approximately 90 percent of the basin. These 

soils are highly permeable and generally result in low rates of excess runoff until they become 

saturated. The soils consist of deep, well drained soils that formed in alluvium and residium, 

derived from sedimentary rock. The soils have high to moderate infiltrarion rates, and are 

extremely susceptible to wind and water erosion where poor vegetation cover exists. In 
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undeveloped areas, the predominance of Type B soils give this basin a lower runoff per unit area 

as compared to basins with soil dominated by Types C and D. Presented on Figure 2-2 is the 

Hydrologic Soil distribution map for the St. Charles Mesa Basin basin. 

Property Ownership and Impervious Land Densities 

Propeny ownership within the St. Charles Mesa basin are mostly private. South of the 

Bessemer Ditch the basin is almost totally undeveloped, and has limited agriculture activity. 

North of the Ditch, rural residential and agricultural uses predominate. Along US Highway 50 in 

what is known as the Blende area, commercial and single-family uses exist Where single

family development has occurred, densities range from three to five units per acre. The basin is 

gridded by local streets of either a north/south or east/west orientation. The grid street pattern is 

responsible for the generally rectangular shape of the sub-basins in the drainage area. With the 

exception of flow which enters public roadways there are no drainageway easements or right-of

ways along any of the major flow paths identified in this study. Roadway and utility easements 

abutting or crossing the major drainageways occur most frequently in the portion of the basin 

lying north of the Bessemer Ditch. 

Land use information for the existing and future conditions were reviewed as pan of the 

planning effon. The existing land use information was compiled through field review and 

examination of the topographic maps prepared for this study. The future land use information 

was compiled using planning maps, zoning information and through consultation with Pueblo 

County. This information is used in the hydrologic analysis to predict runoff rates and volumes 

for the purposes of facility evaluation. The identification of land uses abutting the flow paths 

and roadways is also useful in the identification of feasible outfall plans for the Mesa. Presented 

on Figure 2-3 is the existing land use map for the St. Charles Mesa basin. Presented on Figure 2-

4 is the proposed land use map used in the evaluation of impervious land densities discussed in 

the hydrologic section of this repon. Figure 2-4 is not intended to reflect the future zoning for 

land use policies of Pueblo County. 
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III. HYDROLOGIC ANALYSIS 

Introduction 

A hydrologic analysis was conducted in order to determine peak discharges and runoff 

volumes for various storm types, and basin development conditions. This data was used in the 

evaluation of existing flood problems, and in the evaluation of alternative outfall plans. A 

technical addendum has been prepared which contains the detailed computer output for the 

various frequencies. 

The hydrology data and results in this section represent the baseline hydrologic 

conditions. The means that the existing and future development hydrology has been determined 

by routing the sub-basins through the existing flow paths and that no improvements to the 

drainage facilities have been assumed in the modelling. No diversions or flow splits are assumed 

in the baseline hydrologic condition. 

Colorado Urban Hydrograph Procedure 

The runoff model used to determine the peak flows and volumes within the study area 

was the Colorado Urban Hydrograph Procedure (CUHP), in combination with the Stonnwater 

Management Model (SWMM). Peak flows were predicted for 114 sub-basins and runoff 

hydrographs were developed for the 2-, 5-, 10-, and 100-year recurrence intervals using the 

CUHP-PC computer model. The sub-basin hydrographs were routed through the major flow 

paths using the UDSWM2-PC computer model. 

Basin Characteristics 

The study area subject to the hydrologic evaluation is the St. Charles Mesa Drainage 

Basin. The basin is generally divided into four regional basins. The regional basins are shown 

of Figure 3-1. The St. Charles and Arkansas River basins are direct flow areas to these rivers. 

Many of the direct flow basins lie within the floodplains of the these Rivers, or are relatively 

small sub-basins which lie at the northern and 1::astern edges of the Mesa. The Bessemer Ditch 

regional sub-basin represents those areas which lie south of the Ditch as it traverses the St. 

Charles Mesa basin. The existing flow which originates in these basins has been assumed to be 

intercepted by the Ditch. However, in a flooding event, the Ditch could be full and lacking 

adequate capacity to intercept the sub-basin flows and diven them to the St. Charles River at the 

Ditch siphon. In this case runoff could flow directly over the Ditch and enter the Santa Fe 

A venue regional sub-basins. The Santa Fe A venue regional sub-basins collect runoff originating 

nonh of the Bessemer Ditch and south of Santa Fe A venue. For the purposes of modelling the 

baseline hydrologic conditions for the basin. that runoff reaching Santa Fe A venue would be 

conveyed north to the Arkansas basins via the roadway, channels and storm sewers which exist. 

For the most part, the sub-basins lying on the St. Charles Mesa are bounded by roadways. 

The sub-basins are linked together by roadside ditches and culverts. At many of the intersections 

ponding is possible because the roadways are physically higher than the adjacent ground. 

Driveway culverts which cross over the roadside ditches also cause runoff to pond in low spots, 

away from the main flow path. Because of this, runoff which may be concentrated at a point will 

be attenuated by channel and overbank storage as it is conveyed through the downstream sub

basins. 

Colorado Urban Hydroi:raph Procedure 

The input data for CUHP include rainfall, imperviousness, basin area, basin length, shape 

factor, soil infiltration, and surface storage. The input data were prepared using the guidelines 

and values recommended in the Urban Storm Drainage Criteria Manual (USDCM), the 

Preliminary City of Pueblo Storm Drainage Criteria Manual, and the users manual for the 

CUHP-PC computer program. The basin area, length, length to cemroid, amount of impervious 

area, proportion of soil types and weighted basin slopes were measured and input files prepared 

using Computer Aided Design and Drafting (CADD) with an input data preparation progr.1m 

(CUHP-CAD). Discussions of specific input parameters follow. 

1. Design Rainfall 

The design rainfall for the study was determined using the procedures outlined in the City 

of Pueblo Storm Drainage Criteria Manual. One hour point rninfall values for each basin were 

determined. The 1-hour point rainfall depths were then distributed over a 2-hour interval. The 

1-hour point rainfall data is shown on Table 3- 1. The point rainfall data is generally used for 

sub-basin less than 6 square miles. Most of the basins modeled were smaller than 100 acres. 

Even though sub-basin peak discharges were developed using the point rainfall and the 2-hour 

storm distributions, it is recommended that the point rainfall results be used in the hydraulic 

analysis and outfall system(s) planning. 

8 
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2. Impervious Land Density 

The amount of impervious area within each sub-basin was estimated for two conditions, 

namely; (1) Existing development, and (2) future development. Existing development within the 

St. Charles Mesa basin is predominantly open space, agricultural and rural residential (lots 

exceeding I acre in size). The future condition development will consist mainly of single family 

residential with lots greater than 1 acre in size. Commercial uses now and in the future occur 

along Santa Fe Avenue. The projected land use data was obtained using zoning and 

comprehensive planning information provided by £he Pueblo County Planning and Development 

Deparnnent. The future imperviousness for each of the sub-basins was estimated by reviewing 

the available land use data and assigning values of impervious area to each land use type. 

Presented on Table 3-2 are the percent impervious values input to the computer model. The land 

uses for existing and future development conditions were presented previously on Figures 2-3 

and 2-4 contained in Section Il of this report. 

3. Basin Characteristics 

Sub-basins were delineated on the 1-inch to 200-foot scale topographic mapping 

prepared for this study. The sub-basin boundaries were then superimposed on a 1-inch to 1000-

foot scale USGS map. The sub-basin boundaries were established based upon physical drainage 

boundaries such as high points or roadways. 

Sub-basin areas were measured using the CUHP-CAD computer input program. The 

measurement process utilizes a digitizer and an IBM-PC compatible computer. Sub-basin 

length, and length to centroid were also measured using the CAD and CUHP·CAD system. The 

sub-basin delineations are presented on Exhibit 1 contained within the map pocket at the rear of 

this report. 

Sub-basin impervious areas were obtained by overlaying the land use information of the 

sub-basin delineation map and proportioning the impervious percentages. Contained within the 

Hydrology Appendix are the weighted percent impervious calculations for the existing and 

future basin development conditions. 

The CUHP model requires adjusting the slope of the basin to account for slope variations 

along the flow path. The procedure is described in the CUHP-PC manual. Work sheets for the 

weighted slope calculations used in the CUHP model are contained in the technical addendum. 

Impervious area surface storage and pervious area surface stomge were estimated to be 

0.1 inch and 0.5 inches, respectively. These values are consistent with the recommendations 

found in the Pueblo County Drainage Criteria Manual. 

Infiltration rates were determined by overlaying the soils map (Figure 2-2), on the sub

basin map (Exhibit l ), and proportioning the amounts of soil type and infiltration rates. An 

initial infiltration rate of 4.77 inches per hour with a decay rate of .0018 was applied in the 

CUHP modeling of the sub-basins. 

Presented on Tables 3-3 and 3-4 are the CUHP sub-basin data input for the CUHP 

computer model for the baseline hydrologic conditions. 

Channel Routing 

Individual sub-basin hydrographs were routed down the drainage flow paths using the 

UDSWM2-PC computer model. The drainage system was modeled using a system of channels 

and direct flow elements. The channel input includes length, slope, cross-section and roughness 

coefficients. This information was obtained during the Drainage srrucrure inventory process and 

by using the 2-foot contour interval topographic mapping. Direct flow elements do not route 

upstream elements but instead directly add upstream hydrographs to give a direct translation of 

incoming flows. The SWMM channel system is presented on Exhibit 1. 

For the baseline hydrology conditions, no improved channels were assumed in the 

SWMM model for either the existing or future development conditions. The alternative outfall 

systems did however incorporate improved channel sections, which will be discussed in a later 

section of the report. Lengths were measured from the detailed topography. Typical cross

sections of the channels were measured in the field. Overbank channels were developed using 

the topographic mapping and field inspection. Roughness coefficients were estimated based 

upon equation 2 in the UDSWM2-PC manual. 

Presented on Figures 3-2 through 3-5 are the flow path diagrams for each of the regional 

sub-basins. These figures show schematically what was input to the UDSWM2-PC computer 

program. Contained within Appendix A is the input data for the baseline hydrologic condition 

SWMMmodel. 

Results of the Hydrologic Analysis 

Presented on Tables 3-5 and 3-6 are the peak discharges for the sub-basins defined for the 

St. Charles Mesa drainage basin. Complete CUHP output for the 100-year existing and future 

development conditions are contained within Technical Addendum to this report. The 

Hydrologic Sub-basin Map which illustrates the basin boundary, channel routing elements, 

design points and sub-basin locations is contained within the map pocket at the rear of the repon 

(Exhibit 1). A summary of flow rates for key design points is presented on Tables 3-7 and 3-8. 

The results show several impacts upon the hydrology for the Mesa because of 

urbanization. Firstly, there are significant increases in peak discharge and volume for the 
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individual sub-basins which will develop from agricultural use and open space into single-family 

residential. The impact upon the peak flows along the receiving drainage paths (i.e., the Santa 

Fe Drive flow path and along the north south roadways), is not as significant in the developed 

scenario. This is because the channels as modeled assumed the existing cross-section. At many 

locations along the north-south roadways and at intersections, the adjacent land uses lie below 

the roadway crown and/or the top of channel bank. A significant amount of floodplain storage 

results which attenuate the peak discharges from tributary sub-basins as they move through the 

system. Therefore, as the model predicts and as the storm drainage problems along the major 

flow paths have shown, a relatively constant peak discharge is estimated. The duration of the 

runoff along the flow paths and roadways is extended by the floodplain storage and could last 

two to three hours after the peak discharge passes. 

Secondly, the impact of the Bessemer Ditch relative to interception and diversion of 

runoff away from the Mesa is not great. During the hydrology analysis, two cases were 

investigated. These were, (1) interception of all runoff from sub-basin south of the Bessemer 

Ditch and no connection to the downstream flow paths, and (2) no diversion, or a pass through of 

the runoff over the Bessemer Ditch and into the downstream flow paths. Increases in peak flow, 

usually less than l 0 percent were noted between cases 1 and 2, with case 2 producing the higher 

flows for all frequencies. Aow attenuation and the lagging of peaks through the flow paths are 

the primary reasons for this. Tables 3-7 and 3-8 reflect interception of runoff by the Bessemer 

Ditch (case 1 ). The practicality of utilizing the Ditch for the conveyance of urban runoff is 

discussed in later sections of this report. No importation of flow from urbanized areas in the 

City of Pueblo via the Ditch was assumed in the modeling. 

Comparison to Previous Studies 

Comparison to the 1979 St. Charles Mesa Drainage Plan with regards to hydrology is 

difficult. The 1979 study used a different hydrology model, a different rainfall pattern and storm 

duration, and no channel routing was performed. Consequently, there are few, if any common 

design points between this study and the 1979 study to compare peak discharges. Peak 

discharges for the 5-year and 10-year event were estimated in the 1979 study. As with this 

study, the 1979 study found that urbanization of the Mesa would increase peak discharges and 

volumes along the major drainageways and flow paths. 

There are no other known studies which have been completed for the flood hydrology of 

the St. Charles Mesa Drainage Basin. 

10 
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Table 3-1 One-hour Point Rainfall 

Frequency Rainfall Depth (in.) 

2-year 1.13 

5-year 1.50 

10-year 1.73 

100-year 2.67 

Table 3-2: Uniform Percent Impervious Values 

Land Use Category Uniform % Imperviousness 

Single-Family Residential 25-30 

Large lot Residential/Agricultural 5-15 

Commercial 90-95 

Industrial 95 

Institutional 50 

Dedicated Open Space/Park 5- 10 
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TADLE3-3: 
sun-BASIN DAT A FOR CUHP INPlIT 
ST. CHARLES MESA DRAINAGE BASINS, EXISTING CONDmONS 

SuD-BASIN 

:# 

3 

5 

6 

7 

9 

to 

JI 

12 

13 

15 

16 

11 

IS 

19 

25 

28 

:?') 

30 

31 

33 

3-1 

3S 

36 

31 

JS 

}'} 

AREA 

(sm) 

0.198 

0.317 

0.268 

0.143 

0.148 

0.193 

0.021 

0.300 

0.099 

0.216 

0.266 

0.027 

0.079 

0.068 

0 .066 

0.101 

0.134 

0.122 

() 273 

0.254 

U.127 

0126 

ll.062 

0095 

0082 

0092 

0 198 

O.Cl6S 

002: 

0 050 

0060 

00·11 

0053 

00-1-1 

0.126 

0.016 

0.030 

0.056 

0.100 

(mi) 

0.57 

0.74 

0.80 

0.72 

0.81 

0.50 

0.16 

0.70 

0.31 

0.54 

0.93 

0.28 

0.29 

0.38 

0.42 

0.40 

0.56 

0.67 

0 82 

0.79 

0.63 

0.53 

0.36 

DAS 

0.42 

0.65 

0.5-1 

0.53 

030 

0.60 

0.54 

0.45 

0.5-1 

0.48 

0.6-1 

o.JS 

0.12 

OJ:! 

0 -15 

LENGTil E."<ISTING 

TO % 

CENTROID IMP. 

(mi) 

0.30 

0.36 

0.48 

0.41 

0.44 

0.20 

0.06 

0.33 

0.16 

0.37 

0.48 

0.14 

0.14 

0.18 

0.11 

o.w 
0.23 

0.35 

0.49 

0.36 

035 

030 

0. 19 

0.30 

0.25 

0.34 

0.33 

0.19 

0.15 

0.36 

0.33 

0.17 

0.25 

0.21 

0.35 

006 

007 

016 

026 

s.o 
s.o 
5.0 

s.o 
s.o 
5.0 

s.o 
5.0 

10.0 

10.0 

6.7 

10.0 

30.0 

21.S 

15.0 

22.6 

21.5 

18.0 

6.7 

12.0 

90 

5.0 

5.0 

42.-1 

15.0 

:?4.0 

266 

5-1 5 

21.-1 

::0.0 

-18.3 

24.6 

.I() 8 

15 0 

15.0 

s.o 
194 

27.0 

15 .0 

SLOPE 

((tjfl) 

0.003 

0.007 

0.008 

0.017 

0.027 

0.014 

0.025 

0.022 

0.014 

0.034 

o.ow 
0.021 

O.Oll 

o.ois 
0.007 

0.014 

0.009 

0.006 

0.005 

D.007 

ODO? 

0.008 

0006 

0.005 

0.007 

0.006 

O.OITT 

0-030 

0.052 

0052 

0.039 

0.D34 

0.022 

0.013 

0.010 

0.051 

OD57 

0011 

0.00'.3 

INITIAL 

INFil.. 

RATE 

<in.) 

4.n 
4.18 

4.21 

4.54 

4.59 

·UO 

4.50 

4.60 

4.08 

-US 

4.62 

3.21 

3.97 

4 50 

4.50 

4.50 

4.50 

-1.50 

4.50 

450 

·UO 

4.5D 

450 

-I.SD 

4.5D 

4 50 

4 5D 

4.69 

4.75 

487 

4-15 

4.55 

4 -17 

453 

4.50 

5.00 

4.82 

.j S8 

-I .SO 

DECAY 

RATE 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

D018 

0018 

.0015 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

0018 

0018 

ODIS 

.0018 

.0018 

0018 

.0018 

.0018 

.0018 

0018 

0018 

()()18 

_0007 

0018 

0018 

0018 

.0018 

0018 

0007 

.0007 

OCHS 

0018 

FINAL 

INFil.. 

RATE 
(in.) 

0.81 

0.67 

0.60 

0.69 

0.68 

0.60 

0.60 

o.n 
0.62 

0.66 

0.70 

0.51 

0.56 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

D.60 

0.60 

0.60 

060 

0.60 

0.75 

0.8D 

0.89 

0.65 

0.72 

064 

0.63 

0.60 

I.OU 

0.86 

0.66 

0.60 

TABLE3-3: 
SUD· BASIN DAT A FOR CUHP INPlIT 
ST. CHARLES MESA DRAINAGE BASINS, E."'<ISTING CONDffiONS 

SUD· BASIN 

II 

40 

41 

42 

43 

44 

-15 

46 

-17 

48 

49 

so 
SI 

S'2 

53 

54 

SS 

56 

51 

SS 
59 

6D 

61 

62 

63 

64 

65 

66 

67 

6S 

69 

70 

71 

72 

73 

74 

75 

76 

77 

7S 

AREA 

(sm) 

0.126 

0.082 

0.082 

0.085 

0.074 

D.D84 

D.143 

D.089 

0.184 

0.214 

0.304 

0.261 

0221 

D.144 

0.D52 

D.136 

0.207 

0.181 

0.0~ 

0.033 

0.099 

0059 

0188 

0.037 

0.250 

0072 

D D53 

0089 

0 380 

0.23D 

0.302 

D.127 

0.157 

0.126 

0.126 

D.124 

0.166 

0.115 

0.130 

LENGTil 

(mi) 

0.64 

0.5D 

0.13 

0.55 

0.49 

0.70 . 
0.66 

0.30 

0.44 

0.47 

1.10 

0.97 

1.14 

0.74 

0.40 

0.63 

0.83 

0.70 

D.97 

0.33 

0..19 

0.51 

0.54 

0.28 

0.75 

0.48 

0.37 

0.48 

0.93 

0.85 

1.21 

0.63 

t.16 

D.59 

0.52 

0.66 

0.55 

0.61 

0.63 

LENGIB EXISTING 

TO % 

CEN"IROID I.\1P. 

(mi) 

0.35 

0.26 

0.43 

0.21 

0.22 

0.30 

0.26 

0.10 

0.18 

0.16 

0.61 

0.61 

o.ss 
0.33 

0.18 

0.36 

0.43 

025 

056 

0.15 

D25 

0.23 

0.21 

0.15 

0.35 

0.24 

019 

D.2D 

0.41 

0.32 

0.59 

0.35 

0.51 

0.34 

D.27 

0.42 

0 .27 

0 :?3 

039 

39.3 

30.0 

23.0 

15.0 

5.0 

5.0 

5.0 

5.0 

5.0 

5.0 

8.4 

16.3 

21.6 

16.0 

15.0 

8.8 

23.S 

11.3 

20 0 

s.o 
10.9 

26.J 

7.0 

15.0 

10.0 

I 1.6 

1 \.6 

15.0 

17.3 

12.0 

9.5 

14.l 

19.S 

5.D 

22.5 

15.0 

1-ID 

19 5 

13 5 

SLOPE 

Ht/ft) 

0.002 

0.016 

0.008 

O.QJ8 

0016 

0.010 

0.005 

0.021 

0.017 

0.045 

0.002 

0.015 

0.013 

0.008 

0.007 

0.011 

0.008 

0.007 

0.011 

0.024 

0023 

0.003 

0.028 

0.017 

0.005 

0.013 

0 .010 

0.00'2 

0.008 

o.oos 
0.004 

0.008 

0.004 

0.002 

0.003 

0.002 

0.003 

0.003 

0.004 

INITL\L 

D.'FIL 

RATE 
( in.) 

4.SD 

4.54 

4.53 

4.58 

4.66 

4.47 

4.41 

4.27 

4.24 

4.53 

4.·H 

4.52 

4.52 

4.-14 

-1.!0 

4.50 

4.50 

-t50 

4 .56 

4.50 

4.53 

4.50 

4.i3 

4.58 

4.SO 

4.68 

4 56 

4.50 

-1 50 

4.50 

4.50 

-1.50 

4.50 

4.50 

4.50 

4.50 

4.50 

4 50 

.i so 

DECAY 

RATE 

.0018 

.OOIS 

0018 

0018 

0018 

OD IS 

0018 

.OO!S 

.ODIS 

D018 

0018 

0018 

.0018 

.0018 

.0018 

.ODIS 

.0018 

0018 

J018 

.COIS 

.0018 

.ODIS 

.0018 

0018 

.0018 

.00 18 

.cots 
0018 

0018 

0018 

.0018 

0018 

0018 

0018 

.0018 

.0018 

.0018 

.OOIS 

0018 

ml AL 

C\'FIL 

RATE 

(in.) 

0.60 

0.63 

0.62 

0.67 

O.i3 

0.6.: 

0.b4 

o.:s 
0.61 

0.72 

0.59 

0.62 

0.62 

0.60 

0.60 

0.60 

0.60 

0.60 

065 

D.60 

0.b:! 

0.60 

o:;s 
0.6i 

0.60 

0.74 

0. b5 

0.bD 

0.b() 

0.60 

060 

060 

0.60 

060 

060 

0.60 

060 

0.60 

060 
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TAHLE3-3: 

SUB-IJASIN DATA FOR CUllP lNPlIT 

ST. Cl lARLF.S MESA DRAINAGE BASINS, EXISTING CONDITIONS 

SUll-llASIN 

II 

19 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
IOO 

IO I 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

AIU!A 

(sm) 

o.on 
0089 

0017 

0.110 

0.062 

0 .092 

0.074 

0.065 

0.100 

0.017 

0.093 

0.126 

0,025 

0.080 

0.067 

0.062 

0.119 

0.()1)() 

0 .126 

0 .072 

0 .0('6 

0 069 

0 060 

0 .042 

0.059 

0.059 

0.038 

11.093 

0.044 

0.091 

0.085 

0 ().15 

0099 

0026 

002·1 

0 .125 

LENGTH 

(mi) 

0.62 

0.42 

0.14 

0.65 

0.44 

0.59 

0.44 

0.•15 

0.62 

0.17 

0.47 

0.44 

0.27 

0.48 

0.52 

0.50 

0.85 

0.41 

o.ss 
0.44 

0.29 

0.61 

0.40 

0.42 

0.33 

0.29 

0.30 

0.42 

0.34 

0.68 

0.43 

0.41 

0.50 

0.23 

0.15 

0.71 

LENG1ll 

TO 
CENTROID 

(mi) 

0.32 

0.19 

0.08 

0.33 

0 .21 

0.31 

0.16 

0.24 

0.28 

0-07 

0.25 

0.25 

0.12 

0.19 

0.21 

0.22 

O.SI 

0.22 

0.25 

0.25 

0.12 

0 .31 

0.20 

0.25 

0.21 

0.14 

0.11 

0.32 

0.11 

0.38 

010 

0.17 

025 

0 .10 

o.os 
0.35 

EXISTING 

IMP. 

s.o 
15.0 

s.o 
9.0 

5.0 

5.0 

so 
8.8 

15.0 

6.9 

10.5 

IS.O 

s.o 
9.S 

10.0 

12.0 

10.0 

s.o 
15.0 

15.0 

10.7 

9.2 

30.0 

s.o 
300 

300 

s.o 
300 

88.5 

40.3 

5.0 

5.0 

27 5 

s 8 

6.4 

IS.O 

SLOPE 

(fl/Cl) 

0006 

0.027 

0 .057 

0.012 

0.012 

0.052 

0.013 

0.011 

0 .001 

0.043 

0 .007 

0.002 

0.012 

0.001 

0.012 

0.015 

O.oot 

0.006 

0.002 

0005 

o.ocn 
0018 

0006 

0.011 

0008 

0010 

0006 

0 001 

0.015 

0 .008 

O.QO.l 

0.002 

o.ois 
0.037 

0042 

0006 

INlllAL 

INFIL 

RATE 
(in.) 

4.54 

4.65 

4.81 

4.56 

4.34 

4.81 

4.70 

4.57 

4.50 

4.84 

4.60 

4.50 

4.55 

4.S2 

4 62 

4.61 

4.48 

4.63 

4.SO 

4.50 

4.66 

·I.SS 

·I.SO 

4.56 

4.50 

4.50 

4.50 

4.50 

4.61 

4.37 

4.75 

4.74 

4.51 

4.63 

4.85 

4.85 

DECAY 
RATE 

.0018 

.0018 

.0007 

.0018 

.0018 

.0007 

.0018 

.0018 

.0018 

.0007 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.tXH8 

.0018 

0018 

.0018 

.0018 

.0018 

.0001 

.0007 

ANAL 

IN FIL 

RATE 
(in.) 

0.63 

0.72 

0.84 

0.65 

0.63 

0.8S 

0.76 

0.66 

0.60 

0.87 

0.68 

0.60 

0.64 

0.62 

0.70 

0.69 

0.63 

0.71 

0.60 

0.60 

0.73 

U64 

0.60 

0.65 

0.60 

0.60 

0.60 

0.60 

0.69 

0.59 

0.80 

0.79 

061 

0.71 

0.88 

088 
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TABLE3-4 
SUD-BASIN DAT A FOR CUHP INPUT 
ST. CHARLES MESA DRAINAGE BASINS, FUTURE CONDmONS 

SUll·BAS!N 

# 

:l 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

23 

25 

26 

27 

2') 

JO 

J I 

32 

33 

) 4 

35 

36 

37 

JH 

JI) 

AREA 

(sm ) 

0.198 

0.317 

0.268 

0.143 

0.148 

0.193 

0.021 

0.300 

0.099 

0.216 

0.266 

0.027 

0 .079 

0.068 

0.066 

0. 101 

0.134 

0. t:!2 

I) 273 

ll.2! 4 

ll.127 

I) l'.:6 

0 (}62 

0 095 

0082 

0 .092 

() 198 

0.0oS 

0022 

0 0!0 

0.060 

O.O·U 

0 OS3 

0044 

0.126 

0.016 

0 030 

0 056 

0.100 

LENGTH 

(mi) 

0.57 

0.74 

a.so 
o.n 
0.81 

0.50 

0.16 

0.70 

0.31 

0.54 

0.93 

0.28 

029 

0.38 

0.42 

0.40 

0.5ti 

0.67 

O.S:? 

0.79 

Oo3 

053 

0.36 

OAS 

0.-12 

0.65 

0.54 

l)j J 

a 30 

0.60 

0 54 

0..15 

os.1 
o..;s 

0 6·1 

0.15 

0.12 

0·15 

LE:.'-:GTII 

TO 

CE.'fffiOID 

(mi) 

0.30 

0.36 

OAS 

0.41 

0.44 

0.20 

006 

0.33 

0.16 

0.37 

0.-18 

0.14 

0.14 

0.18 

0.11 

0.20 

0.23 

0.35 

0.49 

0 .36 

0.35 

0.30 

0.19 

0.30 

0.25 

0.34 

O.J3 

0.19 

0.1 5 

O.J6 

0.33 

U.17 

0 .25 

0.21 

0.35 

0 .06 

0.o7 

0. 16 

0.26 

FUTURE 

IMP. 

5.0 

s.o 
s.o 
5.0 

5.0 

5.0 

s.o 
s.o 

10.0 

10.0 

6.7 

10.0 

30.0 

23.2 

15.0 

'ZS.7 

22.5 

18.0 

15.0 

14.0 

18.8 

15.0 

30.0 

42.5 

15.0 

240 

26.6 

77.0 

67.':, 

67 .0 

48.3 

2H 

4'3 .ll 

15.0 

lS.O 

5.0 

19 4 

27.0 

IS.O 

SLOPE 

(ftlft ) 

0.003 

0.007 

0.008 

0.017 

0.D27 

0.014 

0.025 

0.022 

0.014 

0.034 

0.020 

0.021 

O.QI I 

0.018 

0 .11. 

0.lJ • 

O.OOJ 

0.006 

0.005 

0007 

0.007 

0.008 

0.006 

0.005 

0.007 

0.006 

0.007 

0.030 

0.052 

0.052 

0.039 

0034 

0.02':. 

0.013 

0.010 

0.051 

0.057 

0.011 

0.003 

lNITIAL 
INFIL 

RATE 

(in.) 

4.77 

.us 
4.21 

4.54 

4.59 

4.SO 

4.50 

4.60 

4.08 

4.S8 

4.62 

3.21 

197 

.;.SO 

4.50 

4.50 

4 . .SO 

4.50 

4 so 
4.50 

4 . .50 

4.50 

4.50 

4.SO 

4.50 

4.50 

4 . .50 

4.69 

4.75 

4.S7 

4..IS 

4.55 

.i..t7 

4.53 

-I.SO 

S.00 

4.82 

-1.58 

4.50 

DECAY 

RATE 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0007 

.0018 

.0018 

.0018 

.0018 

.0018 

.0007 

.-0007 

0018 

.0018 

FINAL 

INFD

RATE 
(in.) 

0.81 

0.67 

0.60 

0.69 

0.68 

0.60 

0.60 

0.77 

0.62 

0.66 

0.70 

O.Sl 

0.56 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.75 

0.80 

0.!!9 

0.65 

0.72 

0.64 

0.63 

0.60 

1.00 

0.86 

0 66 

0.60 

TARLE3-4 
SUD-BASIN OAT A FOR CUHP INPUT 
sr. CHARLES MESA DRAINAGE BASINS. FUTURE CONDmONS 

SUD·DASIN 

ii 

40 

41 

42 

43 

44 

45 

46 

-17 

48 

49 

50 

51 

52 

S3 

54 

SS 

S6 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

6B 

1>9 

70 

71 

72 

73 

74 

76 

"7 

78 

AREA 

(sm) 

0.126 

0.082 

0.082 

0.08S 

0.074 

0.084 

0.143 

0.089 

0.184 

0.21 4 

0.304 

0.261 

0.221 

0.141 

O.OS2 

0.136 

0.207 

0.181 

0.()6.1 

0 .033 

0.099 

0.059 

0.188 

0.037 

0.250 

0.072 

0.053 

0.089 

0.380 

0.230 

0.30'2 

0.127 

0.257 

0.126 

0.126 

0.124 

0.166 

0.115 

0.130 

LENGTII 

<mi) 

064 

050 

0.73 

0.55 

0.49 

0.70 

0.66 

0.30 

0.44 

0.47 

1.10 

0.97 

1.14 

0.74 

0.40 

0.63 

0.83 

0.70 

0.97 

0.33 

Q 49 

05 1 

0.54 

0.28 

0.75 

0.48 

0.37 

OAS 

0.93 

0.85 

1.21 

0.63 

\.16 

0.59 

0.52 

0.66 

0 55 

0 61 

0.63 

LENGTH 

TO 

CE.'fffiOID 

(mi) 

O JS 

0.26 

0.43 

0.21 

0.22 

0.30 

0 26 

0.10 

0.18 

0.16 

0 61 

0.61 

0.55 

0.33 

0.18 

0.36 

0.43 

0.25 

0 .56 

0.15 

0.25 

023 

0.21 

O.lS 

03S 

0 24 

0.19 

0.20 

0.41 

0.32 

0.59 

0.35 

O.Sl 

034 

0.27 

0 42 

0 27 

023 

039 

Ft;n.iR.E 

~IP. 

39.3 

300 

365 

300 

5.0 

5 0 

86 

15.0 

50 

so 
31 3 

16.3 

21.6 

20.0 

IS.0 

20.0 

:6.3 

18.S 

::oo 
IS 0 

10.9 

30.0 

7.0 

IS.O 

17.J 

11.6 

15.0 

173 

:o.o 
15.0 

18 0 

15 0 

21.S 

15.0 

150 

::.5 

:.:J 

SLOPE 

lftJft) 

0002 

0 016 

ooos 
0 01S 

0.016 

0.010 

0005 

0.021 

0.017 

0.045 

0 002 

O.otS 

0.013 

o.cos 
0.007 

0011 

a.cos 
0007 

0 011 

0024 

0022 

0 003 

0.023 

0.017 

0.005 

0013 

0010 

0002 

ooos 
0 005 

0004 

0008 

0004 

0.002 

0003 

0002 

OCJ03 

0003 

0 004 

D-'ITL\L 

DlFIL 

RATE 

fin.) 

4.50 

.i.54 

4.!3 

4 . .58 

4.66 

4.47 

HI 

4.53 

4.41 

4.52 

4.52 

4.44 

4 so 
4 50 

4 .50 

4 50 

4.50 

4.53 

4.;o 

~.73 

-1.58 

4.50 

-168 

4 56 

4.SO 

4 .:o 
4.50 

4 50 

4 SO 

4 50 

4.50 

4 50 

-t 50 

4 50 

DECAY 

RATE 

.0018 

.0018 

.0018 

.OOI S 

.0018 

.00 18 

.001 8 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

0018 

0018 

0018 

0018 

0018 

0018 

.001 8 

.0018 

0018 

.0018 

.0018 

0018 

.0018 

0018 

0018 

0018 

.0018 

.0018 

.0018 

0018 

.001 8 

.0018 

.OO!S 

FDi'AL 

~ 

RATE 

<in .) 

0.60 

0.63 

0.62 

0.67 

0.73 

0.64 

0.6-1 

0.58 

0.61 

0.72 

0.59 

0.62 

0.62 

0.60 

0.60 

0.60 

0.60 

0.60 

0.6S 

0.60 

0.62 

0.60 

0.78 

0.67 

0.60 

0.74 

0.65 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

0.60 

14 
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TAllLEJ-4 

SUJJ-IJASIN DATA FOR CUllP INPUT 
ST. Cl CARLES MESA DRAINAGE BASINS. FUTURE CONDITIONS 

sun IIASL'I 
# 

79 

80 

81 

82 

83 

84 

85 
86 

117 

811 

89 

9() 

91 

92 

93 

94 

'>5 
96 

')7 

911 

!00 

IOI 

1()2 

103 

10·1 

105 

106 

I07 

1011 

IO<J 

110 

Ill 

112 

113 

I 14 

AREA 

(sm) 

0.077 

0089 

0.017 

0.110 

0.062 

0.092 

0.074 

0.065 

0.100 

0017 

0.093 

0.126 

0.025 

0.080 

0067 

0.062 

0.119 

0.()<)(} 

ll.126 

0.072 

0 01£i 

0069 

().060 

0.042 

0.059 

0 059 

u ())8 

0.093 

0.0-1·1 

0.091 

0.085 

0.0-15 

0.099 

(J.026 

0 02·1 

0.12!1 

U:NGTll 

062 

<J..t2 

0.J.1 

0.65 

0.44 

059 

0A·1 

OAS 

0.62 

0.17 

0-11 

0.44 

0.27 

0..18 

0.52 

050 

0.115 

0..11 

055 

0..14 

029 

0.61 

0.40 

0.42 

OJ3 
0.29 

030 

(J "12 

034 

06!1 

OAJ 
0.41 

050 

023 

0.15 

0.71 

LENG111 

TO 

CENTROID 
(mi) 

0.32 

0 .19 

0.08 

0.33 

0.21 

0.31 

0.16 

0.24 

0.28 

0.07 

0.25 

0.25 

0.12 

0.19 

0.21 

022 

0.51 

0 22 

0 .25 

025 

0.12 

0.31 

0.20 

0.25 

021 

0.14 

0.11 

0.:32 

0.11 

0311 

010 

0.17 

0.25 

0.10 

0.05 

0 35 

FUTURE 

L~P. 

15.0 

21.0 

15.0 

15.0 

15.0 

15.0 

IS.O 

17.3 

15.0 

6.9 

IS.O 

IS.O 

15.0 

15.0 

15.0 

13.5 

15 0 

50 

15.0 

15.0 

10.7 

15.5 

30.0 

70 

30.0 

300 

, • ll 

JU U 

88.5 

403 

50 

15.0 

27 5 

5.8 

6.4 

200 

SLOPE 

(rt/fl) 

0 .006 

0.027 

0057 

0.012 

0.012 

0.052 

0.013 

0.011 

0.001 

0.043 

0.007 

0002 

0.012 

0.004 

0.012 

0015 

0.001 

0 .006 

0 .002 

0.005 

0007 

0.018 

0.006 

0.011 

0.008 

0.010 

O.O<l6 

0.001 

0.015 

0.008 

0001 

0.002 

O.QIS 

0037 

0.042 

0 .006 

INITIAL 

lNFIL 

RATE 

(in.) 

4.54 

4.65 

4.81 

4 56 

4.54 

4.81 

4.70 

4.S1 

450 

4.84 

4.60 

4.50 

4.55 

4.52 

4.62 

4.61 

4.48 

4.63 

4 50 

4.50 

4.66 

4.55 

4.50 

4.56 

4.50 

4.50 

4.50 

4.50 

461 

4.37 

4.75 

4.74 

4.51 

4.63 

4.85 

4.85 

DECAY 

RATE 

.0018 

.0018 

.0007 

.0018 

.0018 

.0007 

.0018 

.0018 

.0018 

.0007 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

.0018 

0018 

.0018 

0018 

.0018 

.0018 

.0018 

.0018 

.00111 

0018 

.0018 

00!8 

.0018 

.0018 

0018 

0018 

.0018 

0007 

0007 

FINAL 
lNFIL. 

RATE 

(in.) 

0.63 

0.72 

0.84 

0.65 

0.63 

0.85 

0.76 

0.66 

0.60 

0.87 

0.68 

0.60 

0.64 

0.62 

0.70 

0.69 

0.63 

0.71 

0.60 

0.60 

0.73 

0.64 

0.60 

0.65 

0.60 

0.60 

0.60 

0.60 

0.69 

0.59 

0.80 

0.79 

Otil 

0.71 

O.KB 

0.88 

15 
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TABLE3-5: 

SUH-BASIN DISCHARGES 
EXISTING DEVELOPMENT CONDITIONS 

DISCHARGE/FREQUENCY (CFS) 

SUB-OAStN 

# 

2YR 5YR IOYR IOOYR 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

lJ 

15 

16 

17 

IS 

I ') 

21 

2-1 

25 

26 

27 

28 

29 

30 

JI 

32 

13 

3·1 

JS 

3(1 

17 

38 

J'J 

4. 

7. 

5 

3. 

5 

7. 

I. 

9. 

15 

14. 

8. 

4 

41 

24. 

15 

37 

36 

28 

7. 

14. 
(.I 

5 

79. 

20 

37 

39 

18. 

8 

16 

54 

16. 

39 

)() .. 

~5. 

23 

7. 

24. 

21 

9. 

10 

26. 

6. 

18. 

43 

31. 

18. 

17 

67 

39. 

30 

60 

64 

54 

20. 

31. 

JI! 

JO 

19 

10.S 

38. 

57 

6-1 

101 

11. 

21 

75 

21. 

52. 

Ill. 

·IK 

I. 

12 

3·1 

16 

20. 

so. 
40 

20 

22 

so. 
13. 

49. 

81 

56. 

38. 

23 

94 

65. 

56 

99 

103 

91 

38 

52. 

1S 

68 

44 

136 

7 1. 

i)4 

90 

119 

17. 

24 

90 

37. 

70. 

35. 

84 

IJ. 

56. 

KS 

119. 

219. 

166 

97 

102 

205. 

45. 

253. 

244 

222. 

178. 

64 

247 

1116. 

166 

276 

293 

268 

154 

186 

258 

252 

14·1 

JSO 

211. 

268 

2.~ I 

276 

SI 

81 

224 

105 

176 

104 

263 

17. 

.17 

155 

250 

SUB-BASIN 

# 

40 

41 

42 

43 

44 

45 

46 

47 

·18 

49 

50 

SI 

52 

53 

54 

SS 

56 

57 

Sll 

59 

60 

61 

62 

63 

64 

65 

66 

67 

6l! 

69 

70 

71 

72 

7J 

74 

15 

76 

77 

78 

2YR 

62 

43 

31 

20. 

6. 

7. 

3. 

7. 

7. 

10. 

6. 

18 

22. 

11. 

12 

14 

27. 

10. 

s. 
2 

16 

26. 

10 

8. 

11. 

13. 

9 

21 

63 

12 

21 

IS 

7 

35 

23 

27 

JU 

21 

DISCHARGE/FREQUENCY (Cf-S) 

5YR 

91 

51 

48 

J4. 

13. 

24. 

11. 

33 .. 

28 .. 

27. 

18 .. 

35 

38. 

23. 

24 

37 

47. 

25. 

8. 

10 

37 

39. 

17 

14 

26. 

19. 

18 

42. 

62 

27 

20 

45 
34 

30 

62 

47 

SS 

SS 
IS 

IOYR 

121 

91 

81 

69. 

45. 

60. 

22. 

69. 

56. 

66. 

31. 

SS 

56. 

35. 

43 

73 

67. 

41. 

12. 

22 

75 

61. 

43 

2S. 

45. 

49. 

39 

78. 

96 

44 

35 

79 

50 

65 

97 

83 

16 

91 

30 

IOOYR 

295 

248 

232 

214. 

166. 

198. 

97. 

216 

216 

293. 

125. 

189 

176. 

116. 

127 

260 

198 

148 

40. 

73 

:m 
167. 

202 

86. 

170. 

164 

121 

232 

315 

159 

139 

254 

162 

244 

275 

258 

319 

261 

259 

SUB-BASIN 

" 
79 

so 
81 

82 

83 

84 

85 

86 

87 

88 

S9 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

IOI 

102 

103 

104 

105 

106 

107 

108 

1()9 

110 

111 

112 

113 

114 

2YR 

6 

21. 

0. 

13 

s. 
1. 

6. 

9 

22 

2. 

IS 

23 

2. 

12. 

10 

11. 

15 

7 

22 

17 

II 

I 0. 

30. 

3 

30. 

JO. 

3. 

.19 

!03 

71. 

7. 

J 

15 

2 

DISCll,\RGEJFREQl:E:\CY (Cf-S) 

5YR IOYR IOOYR 

22 

31. 

2.. 

31 

17. 

10. 

11. 

20 

45 

2. 

48 

6 

29 

19 

20. 

36 

II! 

46 

33 

17 

23 

44. 

10 

43. 

43 

II 

69 

137 

94 

9. 

5 

66 

5 

3. 

31 

.:-1 
69 

67 

42. 

II 

1.5 

f)() 

.16 

-· J 

<~ 

81 

66 

65 

15i 

·•Ii 

111.l 

I~ 

16 

ISO 

221. 

20. 

231 

142. 

128 

165. 

148 

2J7 

21. 

263 

n 
IS9. 

152 

142. 

247 

207 

255 

183 

1.;s 

160 

176 

93 

173 

173 

115 

2811 

26-l 

326. 

139. 

96. 

280 

54. 

30 

162 

16 
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TABLE3-6: 

sun-BASIN DISCHARGES 

FlJfURE DEVELOPMENT CONDITIONS 

DISCHARGE/FREQUENCY (CFS) 

St.:ll·DASIN 

# 

2 

3 

4 

5 

6 

7 

8 

9 

JO 

II 

12 

IJ 

14 

15 

16 

17 

18 

19 

w 
21 

22 

23 

24 

25 

26 

27 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

2YR 

4. 

7. 

5 

3. 

3 

7. 

J. 

9. 

15 

14. 

8. 

4 

41 

26 

IS 

43 

37 

28 

16 

17 

31 

31 

31 

79. 

20. 

37 

39 

137 

31 

78 

51 

16. 

·13 

JO. 

23 

0. 

9 

25. 

23 

SYR 

7. 

24. 

21 

9. 

10 

26. 

6. 

IS. 

43 

31. 

18. 

17 

67 

41 

30 

65 

66 

54 

33 

35 

57 

61 

45 

IOS 

38. 

57 

64 

182 

42 

103 

75 

21. 

58 

18. 

48 

I. 

12 

34. 

46 

IOYR 

20. 

so. 
40 

20 

22 

so. 
13. 

49. 

81 

56. 

38. 

23 

94 

67 

56 

104 

104 

91 

53 

56 

96 

113 

69 

136 

71. 

94 

90 

:!09 

·Ill 

118 

90 

37. 

74 

35. 

!!·I 

2. 

13 

56. 

SS 

\OOYR 

119. 

219. 

166 

97 

102 

205. 

45. 

253. 

224 

222. 

178. 

6-l 

247 

189 

166 

283 

294 

268 

181 

195 

281 

340 

183 

350 

211. 

268 

254 

385 

95 

200 

224 

\OS. 

18·1 

104. 

263 

17. 

47 

155. 

250 

SUB·llASIN 

# 

40 

41 

42 

43 

45 

46 

47 

48 

49 

50 

51 

52 

53 

5·1 

55 

56 

57 

58 

59 
60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

73 

7·1 

75 

76 

77 

7S 

2YR 

62 

43 

55 

44 

6. 

7. 

6 

21 

7. 

10. 

42 

18 

22. 

15 

12 

33 

32 

20 

s. 
7 

16 

30 

10 

8. 

21 

13 

12 

21 

32 

23 

14 

27 

28 

23 

35 

23 

29 

35 

23 

DISCHARGE/FREQUENCY (CFS) 

SYR 

91 

58 

73 

59 

IJ. 

24. 

14 

46 

28. 

27. 

68 

35 

38. 

24 

60 

54 

38 

8. 

15 

37 

43 

17 

14 

41 

19. 

21 

42. 

·13 

2!! 

52 

411 

411 

62 

-17 

58 

60 

411 

IOYR 

121 

91 

103 

-15 

60 

26 

800 

56. 

66 

92 

SS 
56. 

43 

43 

911 

76 

58 

12. 

27 

75 

65 

·13 

28. 

-19 

-12 

63 

45 

87 

67 

8-1 

91 

83 

101 

% 

!i3 

lOOYR 

295 

248 

270 

255 

166. 

198. 

100 

235 

216. 

293. 

251 

189 

176. 
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IV. HYDRAULIC ANALYSIS AND STORM DRAINAGE 
SYSTEM DESCRIPTION 

Hydraulic Structure Inventorv 

A hydraulic structure inventory was conducted and the subsequent information was 

presented on 1-inch to 200-foot scale aerial mapping and entered in an index created to catalogue 

the information. Few major hydraulic structures exist on the St Charles Mesa. The bulk of the 

inventory consists of driveway culvens installed to permit access across the existing 

storm/inigarion tailwater ditches. For the most pan, culvens exist under major roadways 

although at some intersections only a concrete pan has been installed. 

The inventory data has also been tabulated in a spreadsheet format. Size, type, condition 

and capacity is summarized in the database. The spreadsheets and mapping has been turned over 

to the Pueblo County Depanment of Public Works. 

Review of the inventory data against the hydrology results show that many of the existing 

culven and storm sewer facilities have less than a 5-year existing development condition flow 

capacity. Many of the existing roadside ditches are blocked by driveway culvens and debris. 

The are no narural drainageways on the Mesa. There are three detention basins on the Mesa. 

Two are onsite basins serving small subdivisions and they discharge to roadside ditches. Runoff 

entering these detention basins has to be pumped out because of the adjacent roadside ditch 

elevations. The third detention basin is more of a regional facility, and serves the Lakeside 

Estates subdivision. This detention basin outfalls to the roadside ditch system along LaSalle 

Street. 

The Bessemer Ditch, though a dedicated inigation structure owned and operated by the 

Bessemer Ditch company has adequate capacity to intercept and convey the tributary 100-year 

runoff out of the basin. At several locations, roadway and footbridges cross the ditch. These 

crossings restrict the flow capacity compared to the typical section of the Ditch. 

Flood History 

In the areas where a large number of rcponcd drainage problems occur there is a high 

incidence of urban development upstream. Frequently, a local storm sewer system has been 

installed to handle a minor storm; but, the outfall is inadequate or is non-existent. Urban 

development tends to channelize runoff and concenmue it at a single location. This along with 

increased imperviousness results in the type of flooding noted on the Mesa. 

Another typical drainage problem on the Mesa stems from stormwater ditches 

ovenopping due to restrictions (undersized driveway culvens, blockage in the ditches, etc.) 

whereby the runoff does not return to the roadside ditch. Instead, the runoff follows the existing 

low point which may be across a roadway or down a driveway into private propeny and away 

from the pubic road right-of-way. In some cases , this is an easily correctable problem by 

removing the restrictions or upsizing the culvens. However, in the case of an insufficient ditch 

section or a roadway sloping away from the ditch, major road cross-section modification would 

be required. 

Much of the flooding of residences occurs because several subdivisions have been 

consnucted along the historic low points and have finish floor elevations below the grade of the 

adjacent roadways and ditch banks. The residential structures are mostly at or near flow line 

elevations of the adjacent streets. Reconstruction of curb cuts and berming on the upstream side 

of structures to prevent shallow flooding is being used extensively in many areas of the Mesa. 

In many cases of localized flooding, the once existing drainage ditches have been filled 

either intentionally or as a result of the development process. Reconstructing the minor swales 

or ditches could eliminate some localized flooding. 

Another potential source of flooding may be the Bessemer Ditch. During the 

development of the basin hydrology, it was assumed that the Bessemer Ditch was only 

conveying dedicated ditch flows as it enters the St. Charles Mesa basin (near Aspen Street). This 

assumption allows for the routing of existing runoff into the ditch, and eventually through the 

basin without allowing flows from the Bessemer basins upstream to pass to the downstream 

areas of the Mesa. It has been reponed that runoff from urban areas of south Pueblo can reach 

the St. Charles Mesa via the Bessemer Ditch. According to information provided by the 

Bessemer Ditch company, ditch overflows have been recorded in the past, mostly at existing 

roadway and pedestrian bridges which cross over the Ditch. Remedies for this situation will be 

discussed in later sections of this repon. 

Floodplains 

Research into the existence of any documented floodplains on the St. Charles Mesa 

established that none are defined. The primary resource for this research was the "Flood 

Insurance Studies for Pueblo County, Colorado", prepared by the Federal Emergency 

Management Agency (FEMA), revised 1986. A portion of the basin studied does lie within the 
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St. Charles River 100-year floodplain and the Arkansas River 100-year floodplain. There are no 

regulated floodplain area along the major flow paths which drain the Mesa. 

Basis of Analysis and Desi2n 

In general, the City/County unadopted Drainage Criteria Manual, January 1987, was used 

as a technical guide to the evaluation, and design of existing and future drainage facilities. A 

consistent application of this criteria was used for comparing the feasible alternative 

drainageway plans, and during the selected preliminary designs. This criteria was supplemented 

as necessary by the Urban Stonn Drainage Criteria manual (USDCM), prepared by the Urban 

Drainage and Flood Control District. 
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V. DEVELOPMENT OF ALTERNATIVE PLANS 

Introduction 

Alternative outfall plans have been examined that address the existing and future 

stonnwater management needs of the basin. Quantitative and qualitative comparisons are 

presented in both narrative and tabular format, and a recommendation made as to which plan is 

most feasible to advance to preliminary design and eventual implementation. 

General Considerations 

During the alternative analysis it became evident that the basin had one general 

characteristic which influenced the existing drainageways form and function. The Mesa was 

originally settled as an irrigated agricultural area. Roads were developed between fields, along 

irrigation headwater, and tailwater ditches. Consistent with an agricultural use the slopes across 

the Mesa are less than a half percent. Development which has occurred has in most cases 

blocked the natural or historic outfall path. Roadways are both gravel and paved, neither of 

which have much capacity to convey runoff before ovenopping the adjacent roadside ditches and 

curb and gutter. At roadway intersections, flow splits can occur whereby a low runoff event 

would pass through the existing roadside ditch and/or culverts, while larger volume flow events 

would be split, or diverted, to low lying areas or a different direction down the intersecting street 

away from the existing systems. 

(1) 

(2) 

(3) 

(4) 

General planning goals followed during the alternative plan development phase were: 

Identify storm water facilities which will reduce existing flooding problems within 

urbanized area(s); 

Provide stormwater management within developing areas of the basin in order to reduce 

the detrimental effects of runoff from urbanized areas; 

Provide stormwater facilities which preserve and/or enhance the existing drainageways 

and areas adjacent to the drainageways which provide an environmental resource in the 

area; 

Provide for separation of stormwatcr runoff from existing or abandoned irrigation 

laterals; 

(5) 

(6) 

(7) 
(8) 

Identify facilities which will minimize future operation and maintenance costs; 

Provide stormwater management facilities which will at least maintain and/or enhance 

the water quality characteristics of the basin; 

Provide for a system which has cost feasibility; 

Provide for a system which is within the capability of being installed by County forces; 

and, 

(9) Provide for a system which will be adequate to serve future development 

The preliminary City/County Drainage Criteria Manual was used to estimate rates of 

runoff and size facilities. Other planning goals were developed through a coordination process, 

utilizing common or mutual goals of the interested agencies identified prior to the initiation of 

the alternative development phase. 

Preliminary Matrix of Alternatives 

The alternative planning process began with the evaluation of general outfall planning 

alternatives. Alternatives which are generally available in the majority of urban drainage basins 

include: 

(1) 

(2) 

(3) 
(4) 
(5) 

Do nothing, and/or floodplain regulation, 

Channelization, 

Piped systems, 

Detention, on-site or off-site, 

Combinations of the above. 

These concepts were evaluated for each major outfall path and regional sub-basin on the 

Mesa. Each of the above alternatives was evaluated for different recurrence intervals. At this 

time, there are no 100-year capacity facilities within the Mesa, except for the Bessemer Ditch 

which has the capacity to convey the 100-year discharge from areas upstream of the Ditch, 

assuming that the Ditch is only carrying the adjudicated flow at the time of a runoff event. 

Outfall paths have been defined within the basin using the inventory information as well 

as the topographic mapping prepared for this study. In general, the regional sub-basins nonh of 

the Bessemer Ditch flow to the nonh. Santa Fe Drive acts as a diversion point for some of these 

regional outfall basins. Flow reaching Santa Fe A venue is split for lower frequencies (i.e., 

greater than the IO-year flow). Flows in excess of the 5-year existing development condition 
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discharge are forced to the east along Santa Fe via the street section and a concrete roadside 

ditch along the south flow line of Santa Fe. A brief description of each flow path follows: 

Roselawn/ Aspen Street Outfall: This outfall path drains the Roselawn Cemetery area. 

At Santa Fe A venue and Aspen Street, an existing stonn drainage system conveys low flows 

across Santa Fe, into a roadside ditch system along Aspen Court. The Aspen Street ditch system 

is steep and eroded. This path outfalls to the Arkansas River via a natural drainage ravine. The 

Aspen Street basin north of Santa Fe is developed mostly into as industrial areas. 

21st Lane Outfall: This outfall path serves mostly residential areas, and a small amount 

of commercial in the vicinity of Santa Fe Drive. The primary flow path north of Santa Fe is the 

street itself, along with roadside ditches. At many locations, private driveway culvens block the 

roadside ditches and in tum this has the potential of sending flow in the ditch into private 

property away from the public right-of-way. The 21st Street basin outfalls to a natural ravine 

and then into the Arkansas River floodplain. There a.re no storm sewer facilities along the 21st 

Lane outfall path. 

23rd Lane Outfall: This outfall path drains mostly residential areas ranging from 

single-family to low density (large lot) residential areas. At Santa Fe, the runoff from upstream 

areas of this basin is conveyed to the Santa Fe right-of-way via roadside ditches. North of Santa 

Fe, a roadside ditch along the west side of 23rd conveys flow to the north and eventually to a 

natural ravine which outfalls to the Arkansas River floodplain. There a.re no storm sewer 

systems along this outfall path. 

25th Lane Outfall: Similar to the 23rd Street basin, the 25th Street basin conveys flow 

from residential areas. At Santa Fe Drive, a cross culven conveys low flows across the Santa Fe 

Drive right-of-way. From this point, the runoff follows roadside ditches which are blocked by 

driveway culverts. Flows in excess of the cross culvert will move east along Santa Fe. The 25th 

Lane outfall enters the Arkansas River floodplain via a natural ravine. There a.re areas within 

this basin which will be subject to future development into single-family subdivisions. 

27th Lane Outfall: This basin dmins both agricultural and medium density residential 

areas. Within the residential areas, curb and gutter and paved streets have been constructed. The 

runoff is conveyed to Santa Fe via roadside ditches. Nonh of Santa Fe Drive roadside ditches 

convey flow along the 27th Lane right-of-way. The flow from the ditches outfall to a natuml 

ravine and into the Arkansas River floodplain. There is a development potential within this 

basin in the future. 

29th Lane Outfall: This basin drains primarily single·family and low density residential 

areas. There is a good potential for continued development within this basin. Along 29th Lane, 

power poles are aligned within the existing ditch section which make widening this ditch to 

accommodate future flow impractical. 

30th Lane Outfall: This basin drains single-family and low density residential areas. 

There is currently ongoing subdivision construction in this basin, and more could occur in the 

future . The existing system is mostly roadside ditches along paved and unpaved roadways. 

Santa Fe Drive Outfall: This outfall drains low density residential and single-family 

residential areas lying east of 29th lane and south of Santa Fe Drive. The primary outfall route 

is a concrete channel along the south flowline of Santa Fe. This channel is blocked at several 

locations by driveway culverts. The concrete channel outfalls to the St. Charles River via a 

concrete and grasslined rundown just south of the Santa Fe Drive bridge over the St. Charles 

River. 

Manning Road Outfall: This outfall drains mostly undeveloped agricultural areas and 

low density residential properties. The existing drainage system consists of roadside ditches and 

culverts under driveways and roadways. There is little additional development which is 

anticipated within this portion of the St. Charles Mesa. 

South Road Outfall: This basin drains single-family and low density residential areas. 

There is the potential for future urbanization of this basin. South Road is paved and has curb and 

gutter. At intersections, the flowlines are discharged to roadside ditches which then flow to 

culverts under South Road. The basin outfalls to the St. Charles River via a shallow cross

country swale. 

Baxter Road Outfall: This basin drains single-family residential areas. Roadside 

ditches carry the flow along Baxter Road to its eventual outfall point at the Arkansas River. 

There is the potential for continued residential development within this basin. 

Bessemer Ditch Outfall: The outfall for the Bessemer Ditch basin is the irrigation canal 

itself. The Ditch traverses the basin in generally an eastward direction. Near Nicholson Road, a 

siphon carries the irrigation water under the St. Charles River. The area draining to the ditch is 

mostly undeveloped agricultural and low density residential areas. Some additional single

family development is anticipated within the Lakeside Estates subdivision, which at this time is 

not fully built out. This subdivision drains to an existing detention basin. The detention basin 

outfalls to the roadside ditch system along La Salle Road, and eventually to the Ditch. 

Drainage System Alternatives 

The handling of stormwater can be accomplished by the use of pipes, channels, detention 

basins, bridges, culverts and various other physical improvements. The use of any one or a 

combination of the above improvements is dependent upon the level of flow, topography, right-
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of-way and the character of the areas adjacent to the outfall paths. A qualitative discussion of 

the feasibility of the general drainage alternatives is summarized below: 

Curb and Gutter: In some cases use of a standard street section including 6" vertical curb 

will provide adequate capacity and channelization to prevent localized flooding during the 5-

year stonn event or significantly reduce required storm sewer sizes when used in combination. 

Stonn Sewers: Use of storm sewers is feasible within all proposed outfall systems as 

independent structures or in combination with curb and gutter or existing ditches. This 

conveyance alternative is somewhat limited by areas of extremely mild slopes (less than .3 

percent), which causes the sizes of storm sewers to become very large, and in turn cost 

prohibitive. Utilities can also play a major role in determining the feasibility of storm sewer 

systems. In general, storm sewers greater than 60-inches in diameter do not have a high degree 

of feasibility due to their cost and their impact upon utility relocations and stteet repaving. 

Channels: Channels, including roadside ditches are the predominant existing drainage 

facility on the Mesa along all flow paths. Enlarging the existing roadside ditch sections to 

convey future development condition runoff will usually require enlarging numerous private 

drives. In some areas of the Mesa, undeveloped land still exists to construct a lined channel, 

however right-of-way acquisition can become a major deciding factor when implementing a 

channel system on the Mesa. Riprap lined and grasslined ditch sections are most commonly 

used, however concrete lining does have feasibility wherever the need to keep the acquisition of 

right-of-way to a minimum is desirable. 

Detention: The type of detention basin will be dependent upon the volume and rate of 

flow; however, right-of-way and the characteristics of the area adjacent to a proposed detention 

basin plays a large role in this alternative's feasibility. Water quality is an important concern in a 

light of the stonn water discharge regulations, and a detention scheme has distinct advantages in 

this regard. Finally, operation and maintenance is a mandatory requirement of a storm water 

detention basin if the overall system is to function properly. Water quality is an important aspect 

of urban storm water management. If the basin develops a more urban density, this will be an 

important considerntion. Detention facilities as well as increasing the efficiency of pollutant 

removal, may have a side benefit of enhancing the vegetative habitat. There are three onsite 

detention basins within the Mesa. 

Combined Systems: Combining storm sewers with roadside ditches and improved street 

sections is usually a feasible alternative in basins where development has blocked the historic 

outfall paths. For the St. Charles Mesa, storm sewers with a five year capacity in combination 

with the existing roadside ditch or street capacity can bring the total capacity to at least a 10-year 

level, and in some cases a lOO·year level. A storm sewer system can also be useful in handling 

nuisance flows resulting from lawn watering or everyday rainfalls which in the present situation 

tend to pond and stagnate along the roadside ditch system or within low points adjacent to the 

roadways. 

Alternative Analysis 

The conceptual alternatives developed were each modeled hydrologically to assess the 

impact on peak flow rates. In general, the historic peak flow condition at Santa Fe Drive (U.S. 

Highway 50, Business Route), was a primary factor in the alternative planning. Various 

detention and diversion schemes were evaluated in order to optimize the flow to downstream 

drainageways. As a starting point the 5-year existing condition flows were used in the 

alternative evaluation. A 5-year system is a typical design standard for minor or local stonn 

drainage system design within urban areas. The 5-year system is capable of conveying, without 

overtopping, over 90 percent of all runoff events. 

Evaluation Parameters 

Coordination meetings were held throughout the study to address overall goals and 

specific concerns of those agencies and individuals asked to participate in the study. A public 

input meeting was held and specific concerns of the residents were discussed. Complaint fonns 

were collected. Additional complaints were received through the Pueblo County Engineers 

Office during the course of the study. Existing records for the years 1989 through 1991 were 

reviewed to determine recurring drainage problems on the Mesa. A list of all complaints was 

compiled for the County's use. Site visits were made to evaluate existing conditions relative to 

all complaints. Observations, history and solutions were presented by many of the residents 

during the site visits and incorporated into the alternate evaluation. Meetings with the Bessemer 

Irrigation Ditch Company, and St. Charles Mesa Water District, included discussions of historic 

overtopping and modifications. One result of the coordination efforts was the fo llowing list of 

factors which were considered during the alternate evaluation process. 

Flood Control 

Operation and Maintenance 

Water Quality 

Right-of-way 

Erosion Control 

Constuctability 

Construction Cost 

Implementation 

The major outfall systems for the regional basins on the St. Charlec; Mesa Basin were 

defined. Discharges along each at critical design points were identified for the 2-, 5-, IO-, and 
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100-year storm events. Several design alternatives were analyzed hydraulically for each of the 

design storms. The hydrology data summarized in Section III was used to check the capacity the 

existing systems along the outfall paths. This capacity varies throughout the basin, but in 

general the existing outfall systems cannot handle the 5-year storm event. 

Presented on Tables 5-1 through 5-4 are qualitative comparisons for each of the general 

alternatives discussed above. The general feasibility of a concept has been determined for each 

of the major outfall paths. 

Design Parameters and Goals 

The hydrology, hydraulic and alternative analyses discussed above have been combined 

in order to formulate a recommended alternative to each flow path. The recommendations have 

been based upon the existing system capacity, right-of-way constraints, the level of known 

flooding, cost and constructability issues. 

As a result of the qualitative and quantitative comparisons presented above, design 

parameters and goals were identified to guide the selection of feasible outfall systems for each of 

the major flow paths on the St. Charles Mesa. The parameters and goals establish the minimum 

level of design for each outfall system. A discussion of the key design parameters follows: 

1. Frequency: The level of service which each system must be able to achieve was 

established at the 5~year design frequency. In most case, the types of flooding currently being 

experienced is very localized. This is due to the relative flamess of the Mesa itself, and the 

existence of development or roadways which have blocked the natural drainage paths. In some 

cases residential development and associated roadways have blocked the major outfall path, 

however in some instances agricultural uses have also diverted runoff from natural drainage 

paths. The County roads are therefore the only conveyance right-of-way for stonnwater runoff 

to reach the Arkansas or St. Charles rivers. 

The five year frequency was considered appropriate for the design of outfall facilities 

because it will solve most of the existing local drainage problems and will not be as expensive to 

construct compared to the 10-year or 100-year design frequencies. In most cases, the existing 

roadside ditches along the major flow paths are of sufficient size to collect local runoff. 

Connecting the collector ditches into a 5-year capacity storm sewer or roadside channel outfall 

system will then provide for a safe conveyance of the 5-year flow through downstream basins on 

the Mesa without negatively impacting existing private property along the major flow paths with 

regard to flooding and additional right-of-way acquisition. 

The baseline storm used in the evaluation of the conceprual design alternates was the 5-

year existing storm event. From an analysis of the hydraulic design data it was determined that 

use of the 100-year existing storm event produced an infrastructure which would not be feasible 

for the County to attempt to construct or to pay for. Even a 10-year existing system would 

require the construction of culverts in excess of 60-inches in diameter and greater along 

segments which are very flat in gradient. 

2. Development Condition: Along with frequency, a key design parameter is whether 

or not runoff can be maintained to existing levels. For the design of the storm sewer systems on 

the Mesa, the existing development condition hydrology was determined to be appropriate. For 

the most pan, the areas subject to future single-family development lie south of Santa Fe Drive. 

The runoff generated by such development can not be handled along the major flow paths north 

of Santa Fe Drive without causing additional localized flooding. Coupled within the high 

construction cost associated with handling developed runoff within existing downstream County 

road right-of-ways, it was determined that the existing condition runoff rates should be 

maintained. This can be achieved through the use of onsite detention to serve future 

development. The design of detention basins should be such that the developed 5-year and 100-

year frequencies are controlled to the levels presented in this report for the existing basin 

conditions. 

3. Conveyance Systems: The type of conveyance system, (i.e., piped or channelized), 

will depend mostly upon the size of the County right-of-way which currently exists and the 

capacity of existing facilities. Along the flow paths north of Santa Fe Drive, the existing 

roadside ditches are of insufficient capacity to convey runoff generated south of Santa Fe to the 

Arkansas River. The reality is that most of the flow generated south of Santa Fe never reaches 

the outfall flow paths north of Santa Fe Drive since much of the runoff infiltrates or is stored in 

localized low points or ditches. In the future, the localized low points will become developed 

and unavailable for stormwater depression storage. The type of flow conveyance will also 

depend heavily on the extent of existing development along the major flow paths, and whether or 

not the existing roadside ditches can be modified without requiring substantial amounts of new 

right-of-way. 

It has been determined that a system of outfall storm sewers is the most practical 

conveyance alternative for those major flow paths where existing development has already 

occurred. A piped system will require the least amount of new right-of-way acquisition and 

minimize disturbances to existing driveways and road intersections. This system will require 

that existing roadside ditches be connected to the storm sewer outfalls by means of intercepting 

inlets mostly sited at roadway intersections. The existing ditches serve to collect local flows 

generated within private property and from the County roadway right-of-way. Where existing 

strUctures lie below street grade, there is no option but to leave an existing the roadside ditch in 

service. 
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Along flow paths where a limited amount of development has occurred adjacent to the 

right-of-way, pipes or ditches have been proposed. This concept is primarily confined to the 

flow paths south of Santa Fe Drive. If possible, roadside ditches should be removed in favor of 

curbing, gutters and inlets to collect runoff generated from areas within or adjacent to the road 

right-of-way. For those areas served by gravel streets, paving and curb and guttering has been 

determined to be practical once development proceeds. 

The goals to be achieved by the implementation of a storm sewer outfall system are: 

Limiting the extent of local and nuisance flooding problems along the 

existing County right-of-ways for both the existing and future development 

condition 

Providing future development with adequate storrnwater outfall 

conveyance facilities through developed area of the Mesa 

Limit the extent of right-of-way acquisition dedicated for stormwater 

conveyances 

Provide existing and future development with local roadways which are 

not degraded by excessive amounts of storm drainage 

Provide for systems which have feasibility with respect to funding and 

implementation 

It is with these constraints and goals in mind that the facilities presented in Section 6 of 

this repon have been designed. 
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VI. SELECTED OUTFALL SYSTEMS PLAN 

As a result of the alternative planning process, a selected outfall plan was determined for 

each of the major outfall paths within the St. Charles Mesa drainage basin. The outfall plan for 

each flow path has been presented on the preliminary design drawings contained at the rear of 

this report. 

The selected outfall plan for the St. Charles Mesa Basin includes the following general 

features: 

1. A combined system of storm sewers and roadside ditches capable of conveying 

the 5-year capacity flow. 

2. Curb and gutter along existing streets where the street section is below the 

adjacent driveway. 

3. Inlets of at least 5-year capacity to intercept street flows and flows within 

roadside ditches at key design points. 

4. Upgrading outfalls to the Bessemer Ditch in order to intercept the 100-year 

existing condition discharge from areas tributary to the Ditch. A spill structure located at 

Salt Creek is recommended in order to clear the Ditch of runoff from south Pueblo prior 

to entering the St. Charles Mesa basin. A spill structure at the headgate of the Bessemer 

Ditch siphon is recommended in order to separate runoff from ditch inigation flows. 

This spill structure would outfall to the St. Charles River. 

Hydrology 

Presented on Table 6-1 is the summary of peak discharges at all design points for the 

selected outfall plan condition. Sub-basin discharges are the same as shown on Table 3-5 

presented in Section ill of this report. Diversion of the 5-year flow across Santa Fe A venue has 

been accounted for in the selected outfall plan hydrology model. A flow split has been modeled 

at 21st Lane, 23rd Lane, 25th Lane, 27th Lane and 29th Lane. The five-year flow has been 

routed nonh for these outfall paths, and the flow greater than the 5-year flow has been routed 

along Santa Fe Avenue. The hydrology model has been modified from the baseline condition to 

reflect the proposed roadside channel and storm sewer facilities presented on the drawings. The 

selected outfall plan basin divides, design points and channel elements are presented on Exhibit 

1, contained in the map pocket of this report. A sample SWMM input data file for the selected 

plan hydrology is presented in Appendix B. 

Revegetation 

The Urban Drainage & Flood Control District's publication "Guidelines for Development 

and Maintenance of Narural Vegetation" may be referred to as a guide for revegetation criteria 

for 100-year grasslined channels. Criteria for "bioengineered" vegetatlon should be in the form 

of performance specifications. That is, the vegetation should be designed to withstand specific 

velocity, depth and roughness criteria. All disturbed areas should be revegetated with plant 

species recommended in the above referenced guidelines. Areas in the bottoms of wetland 

channels should be planted with wetland-type vegetation. Detention basin areas should be 

planted with dryland species except for the permanent pool fringe area where wetland/riparian 

vegetation could be used. Existing trees and desirable vegetation should be saved wherever 

possible. Large cottonwoods and/or willow trees should be protected during construction 

activities. 

Maintenance 

All storm sewers and roadside channels will require periodic maintenance to ensure 

operation as designed. Routine mowing, debris pick up, and minor erosion area repair are the 

commonly needed maintenance measures. Signs and educational materials can help prevent 

some debris dumping into the roadside ditches. Use of native-type grasses helps reduce mowing 

requirements. For the purposes of limiting the maintenance of closed conduits, a minimum flow 

velocity of three feet per second for the one-quarter full flow condition should be used in the 

design. 

Routine inspection of drop structures, riprapped areas, crossing structures, and detention 

facilities is required to detect deficiencies prior to flood events. All facilities must be designed 

to meet current Pueblo County drainage criteria as published in the preliminary Storm Drainage 

Criteria Manual. 
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Stormwater Detention 

The use of onsite or regional detention must be implemented wherever future 

development is proposed. Due to the low feasibility of systems with capacity greater 

than the existing 5-year storm, future developments must maintain existing condition 

discharges for the 5- and 100-year frequencies. The existing detention basins in the 

Lakeside Estates subdivision should remain. An increase in peak discharges is seen for 

all frequencies in the developed condition. The main purpose of the detention facilities is 

to reduce the peak discharges from developed land to historic, or existing conditions. 

Secondary benefits for regional and onsite basins come in the form of enhanced water 

quality, and open space benefits. In some cases the detention basins may be incorporated 

into park or open space, whereby the detention basins can become multi-purpose in their 

function. 

Cost Estimates 

Costs to implement the preliminary design were estimated using the unit costs 

presented on Table 6-2. Utility costs have not been incorporated into the cost estimates. 

Land acquisition for channels or storm sewers have not been estimated. In general, most 

of the facilities proposed for the Mesa can be kept within existing easements or right-of

ways. In general, the land required for the storm sewer or channel improvements can be 

obtained for undeveloped areas via the development process. An allowance for 

engineering and contingency costs associated with the construction has been estimated 

using a factor of 20 percent of the total construction cost. A summary of the preliminary 

design costs are presented on Table 6-3 for each of the major outfall paths. Total 

estimated cost for the recommended plan is $12,595,814. Costs for the facilities on each 

sheet of the drawings are presented on the pages facing the preliminary design drawings. 
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202 

86 

170 

164 

121 

232 

704 

249 

589 

287 

467 

3S9 

361 

415 

319 

395 

259 

446 

221 

40 
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TADLE6-1: 

DESIGN POINT DISCHARGES, SELECTED OUfF ALL PLAN 

sr. CHARLES MESA DRAINAGE BASINS 

DESIGN 

l'OL'lT 

# 

81 

82 

83 

84 

85 

86 

87 

SB 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

4)9 

JOO 

101 

102 

JO) 

)04 

105 

106 

107 

108 

)()I) 

1 IO 

11 1 

112 

113 

l I'\ 

11 5 

116 

117 

118 

119 

120 

2YR 

0 

13 

5 

7 

6 

82 

22 

2 

28 

37 

2 

12 

19 

II 

IS 

II 

82 

40 

21 

10 

37 

6 

30 

30 

3 

49 

103 

110 

7 

3 

.\5 

38 

2 

6·1 

33 

32 

113 

5 

7 

12 

SYR 

2 

31 

17 

10 

II 

145 

45 

2 

46 

82 

6 

29 

44 

20 

36 

23 

142 

81 

42 

23 

63 

14 

43 

43 

11 

69 

137 

167 

') 

s 
66 

80 

3 

136 

59 

44 

180 

14 

27 

42 

IOYR 

2 

67 

42 

II 

42 

192 

81 

2 

87 

138 

15 

60 

80 

45 

73 

63 

179 

127 

79 

so 
94 

J I 

65 

65 

25 

106 

157 

214 

·16 

23 

104 

133 

3 

179 

81 

:ms 
32 

53 

86 

IOOYR 

20 

231 

142 

128 

165 

312 

237 

21 

245 

493 

53 

IS9 

214 

142 

247 

215 

383 

386 

300 

160 

248 

98 

173 

173 

85 

288 

264 

406 

1!!9 

96 

280 

392 

30 

368 

392 

556 

270 

89 

236 

-100 

TAIJLE6-1: 

DESIGN POINT DISCHARGES, SELECTED OUfF ALL PLAN 

ST. CHARLES MESA DRAINAGE BASINS 

DESIGN 

POINT 

# 

121 

122 

123 

124 

125 

126 

127 

12!1 

12') 

130 

200 

202 

203 

'.20-1 

205 

206 

207 

208 

'.209 

:210 

211 

212 

213 

214 

215 

216 

217 

218 

219 

220 

221 

:m 
22·1 

225 

226 

227 

228 

22') 

~3) 

2YR 

18 

21 

47 

47 

29 

30 

28 

II 

6 

32 

14 

6 

3 

5 

42 

4 

34 

113 

54 

18 

33 
77 

14 

19 

82 

s 
13 

38 

31 

33 

58 

30 

32 

21 

32 

!O 

0 

0 

) 

s 

SYR 

SS 

63 

93 

102 

78 

75 

74 

31 

16 

44 

31 

16 

8 

14 

69 

9 

39 

180 

122 

23 

61 

111 

32 

43 

136 

6 

28 

76 

56 

59 

88 

44 

44 

38 

44 

IS 

0 

0 

4 

12 

lOYR 

114 

133 

148 

161 

148 

15S 

153 

70 

36 

54 

S2 

36 

18 

32 

88 

16 

46 

208 

IS9 

29 

81 

139 

53 

73 

163 

7 

so 
122 

92 

92 

97 

79 

S4 

53 

54 
.,,, 

34 

so 
4 

16 

IOOYR 

546 

614 

582 

573 

SSS 

570 

559 

338 

89 

145 

186 

89 

6S 

89 

120 

Sl 

77 

270 

238 

69 

133 

264 

76 

272 

213 

14 

156 

381 

386 

392 

100 

398 

134 

104 

145 

47 

449 

244 

s 
31 

41 
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TAHLE6-l: TAHLE6-l: 

DESIGN POINT DISCHARGES, SELECTED OUTFALL PLAN DESIGN POINT DISCHARGES, SELECTED OUTFALL PLAN 

~·T. CHARLES MESA DRAINAGE BASINS ST. CHARLES MESA DRAINAGE BASINS 

l DESIGN DESIGN 

POINT 2YR SYR IOYR IOOYR POINT 2YR 5YR IOYR IOOYR 

II # 

l 
231 39 61 66 92 274 0 0 67 3SI 

l 
232 19 22 25 39 275 62 133 175 303 

233 20 22 23 32 

234 19 so 84 186 

l 
235 2 8 17 74 

236 II 20 22 30 

237 5 5 6 10 

l 
238 0 0 24 BS 

239 43 52 60 104 

2•IO 4 7 11 40 

] 
2-12 36 63 80 135 

243 49 97 161 277 

244 20 24 28 51 

] 
245 14 18 22 51 

246 0 0 39 177 

247 64 69 72 97 

1 
248 38 6'1 97 189 

249 l·I 24 37 86 

250 ll 13 15 25 

J 
251 5 6 7 10 

252 6 7 8 15 
253 51 1()6 136 161 

25•1 75 121 128 128 

~5 S2 68 71 92 

256 76 92 92 97 

] 257 111 176 183 184 

258 4 12 29 88 
25l) 5 19 47 225 

l 
260 12 ·10 SS 381 

261 16 50 109 491 

262 20 57 124 533 

1 
263 34 79 146 563 

264 29 72 147 SSS 
265 28 71 1·15 539 

l 266 28 74 153 559 

267 4 5 7 22 

268 13 40 71 219 

269 5 6 8 23 

270 12 23 36 129 

271 20 2·1 28 ~o 

J 42 
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TABLE 6-2: TABLE 6-2: 

l Unit ConsttUction Costs Unit Construction Costs 

Unit Unit Unit Unit 

1 Item Unit Material· Cost instalfution Cost Ttem Unit Material Cost Installation Cost 

CHANNEL AND HYDRAULIC STRUCTURES 10' CO inlet EA S3,000 Sl,000 

] Storm sewer outfall sttuctme EA S2S,OOO Sl0,000 
Channel earthwork CY S2 S6 Stonn sewer outlet sttucture EA Sl0,000 S3,000 
Filter material Ton S13 $12 Flap Gate EA S700 5400 

1 Concrete flatwork SF S4 S4 Concrete headwall EA S2,000 S800 
Seeding and mulch SF SO.OS SO.IO 
Riprap Type H CY $26 S6 ROADWAY IMPROVEMENTS 

] Riprap Type M CY $20 S6 
Erosion netting SY S0.7S so.so Pavement replacement SY $15 S5 

l 
Street Paving SY S4 S..t 

CULVERTS RCP/CMP (1) Vertical curb and gutter LF S4 S2 
Cross-pan SF $8 52 

] 
15-inch LF $18/lS S6 Driveway culven headwalls EA $400 $400 
18-inch LF $20/17 S6 
24-inch LF $25/22 S6 CHANNEL IMPROVEMENTS 

] 
22-inch X 36-inch arch LF $42/37 SlO 
30-inch LF $38/29 SlO Grasslined Channel LF SS Sl5 
36-inch LF $46/35 SlO Concrete lined channel LF S25-S60 S25-.S60 

] 
27-inch X 44-inch arch LF $70/55 S12 
29-inch X 45-inch arch LF $75/59 Sl2 
42-inch LF $60/42 $15 

] 
31-inch X 51 -inch arch LF $80/60 $18 

48-inch LF $68/50 S18 
40-inch X 65-inch arch LF S75/55 S18 

1 
54-inch LF S78/60 $24 
45-inch X 73-inch arch LF $90/65 $24 
60-inch LF s116no S24 

l JUNCTION STRUCTURES AND INLETS 

l 
5-foot manhole EA $2,000 S500 
Box base manhole EA $4,000 Sl,000 
2' X 4' grated inlet EA Sl,500 S500 

l 
4 I x 4 t grated inlet EA Sl,800 $600 

2' X 2' intercepting inlet EA Sl,200 S500 
2' X 3' intercepting inlet EA Sl,400 S500 

l 2.5' X 3' inlercepting inlet EA Sl,500 S500 
3' X 3' intercepting inlet EA $1,500 S500 
3' X 3.5' inlercepting inlet EA Sl,800 S700 
3' X 4' intercepting inlet EA S2,000 $700 
J' X 4' intercepting inlet EA $2,500 $800 
5' CO inlet EA $2,500 S800 
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Table 6-3 

l 
Summary of Preliminary Design Costs 

Basin and Flow Path Total Total Total 

1 
Ma!erial I nstalla!ion Constrnc!ion 

Aspen Strecl/Rosclawn $548,150 $259,190 $807,340 

] 
21st Lane $682,635 $317,990 $1,000.625 

23rd Lane Sl,144,845 5490,750 $1,635,595 

25th Lane $642,989 $369,450 $1,012,439 

] 
27th Lane $856,430 5442,410 $1,298,840 

29th Lane $1,416,687 $770.271 $2.186,958 

30th Lane $284,110 $156,550 $440,660 

1 
Santa Fe Drive $270.928 $268,212 $539.140 

Manning Road $30.880 S47,QCJO $77,970 

Bessemer Ditch $391,130 $432.540 $823,670 

J 
South Road $41,750 $60,850 $102,600 

Baxter Road $308,965 $261,710 $570,675 

1 Total Estimated Construction Cost $6,619,499 53.877,013 $10,496,512 

Engineering and Contingency (20%) $1,323.900 5775,403 $2,009 ,302 

J Total Estimated Cost 57,943,399 54,652.416 $12,595.814 
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VII. IMPLEMENTATION OF SELECTED OUTFALL 
SYSTEMS 

The selected outfall system has been presented on the preliminary design plans contained 

within the rear of this repon. The planning and the design of these improvements is a key first 

step in implementing a comprehensive program for stormwater management for the basin on the 

St. Charles Mesa. The implementation of this plan will depend upon various factors, however 

the planning goals associated with the development of this plan should be reviewed whenever a 

portion of the system is proposed for cons01.1ction. The primary goals are as follows: 

Reduce local flooding problems; 

Provide outfall drainage facilities to serve future developments and property 

owners; 

Provide outfall drainage facilities wliich will convey runoff in a safe and 

efficient manner through existing developed areas of the Mesa; 

Minimize the acquisition of additional public riglit-of-way associated with 

stormwater conveyance; and, 

Minimize the cost of stormwater conveyance facilities funded solely by Pueblo 

County. 

The review of the above goals will be needed in order to best prioritize the improvements 

and to better direct the limited amount of capital improvement funds which will be available for 

stormwater facilities on the Mesa. 

The construction and implementation of the selected outfall systems should be driven by 

the following parameters; 

Existing facility inadequacy within a given outfall basin; 

Level of flooding problems; 

Development pressure within outfall basin; 

Availability of funding; and, 

Number of potential funding sources. 

The selected outfall systems presented on the preliminary design plans should not be 

considered as final in their form. Each system should be reviewed in terms of system capacity, 

hydrologic response, right-of-way availability and routing options at the time the system(s) are 
proposed for final design and construction. Future development should be required to convey 

the five-year existing condition runoff to the dedic~ted outfall system by means of local streets 

and storm sewers. Alternatives to the systems presented in this plan should be considered by the 

County as long as the hydrologic response and impact upon downstream basins is not 

compromised or changed. 

Implementation Tasks 
The following steps are suggested prior to funher design and cons01.1ction of the systems 

identified in this plan. 

1. Adoption of Drainage Criteria Manual: The City/County Drainage Criteria 

Manual referenced in this study should be reviewed, revised. and updated as necessary to allow 

for the eventual adoption by the County. This criteria is needed in order to help in the review 

and approval of future drainage plans to be prepared for future developments. The adoption of 

the drainage criteria will lead to more consistent design and construction of local stormwater 

systems. In revising the criteria. the requirements of individual master drainage plans such as 

the St. Charles Mesa Outfall Systems Planning Study should be incorporated into the criteria by 

reference. 

2. Detention Basin Criteria Development: A criteria for the planning and design 

of onsite detention basins should be developed. There are several simplified methods which 

could be adopted. The criteria used by Douglas County contained in Appendix C of this repon is 

an easy and effective way to design onsite detention basins and is based upon the soils types and 

historic drainage conditions in the area tributary to the detention basin. 

3. Adoption of Erosion Control Criteria: The future level of maintenance for the 

selected outfall systems will be heavily dependent upon the amount of sediment available to be 

washed into the stormwacer systems. Currently, there are extensive amounts of agricultural 

ground which lies uncultivated. These areas need to prevent the erosion of unprotected soils into 

the streets, roadside ditch sections. and storm sewer systems. New development can also cause 

significant land disturbance which can result in soil erosion. Erosion control criteria needs to be 

adopted by the County in an effon to limit the amount of soil loss from disturbed areas. 

Reducing the amount of soil erosion will directly impact the functioning of the stormwater 

outfall system(s). 

4. Agreements with Ditch Company: The dependence upon the available flow 

capacity within the Bessemer Ditch affects each of the selected outfall systems. Discussions 

with the Bessemer Ditch Company should be considered by the County prior to extensive 

amounts of new development proceeding within the Bessemer Ditch Basin. An initial project 

which needs to be considered jointly is the stormwater separation structure for the Bessemer 

Ditch at Salt Creek. Construction of this structure will ensure that the Ditch will only be 

carrying irrigation flows into the St Charles Mesa, thereby leaving sufficient capacity within the 
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ditch to convey the existing condition flows generated within the Bessemer Ditch basin through 

the St. Charles Mesa. 

The development and eventual adoption of the above criteria foml the initial steps for the 

development and implementation of any master drainage plan. The development of the above 

criteria will help to guide the implementation of the improvements in a consistent manner. 

Prioritization 

The prioritization of improvements has been accomplished by reviewing the planning 

goals for each flow path. In general, the outfall storm sewers have the highest priority since they 

are needed now to address local drainage problems and will be needed upon development of land 

on the Mesa. In some instances development pressure may change the priority of an outfall 

storm sewer. The priority of systems has been categorized into three levels; (1) Immediate 

need; (2) Needed upon development of land within the basin; and (3) as required by correlated 

projects. An example of a system in immediate need is the 23rd Street basin, nonh of Santa Fe 

Drive. Known flooding problems exist along this outfall, and extensive development in areas 

tributary to this system could not proceed since no safe outfall conveyance now exists. An 

example of a level 2 priority is the 25th Lane Outfall, south of Santa Fe Drive. The existing 

systems are currently adequate, but new development will need to connect to the system which 

will eventually outfall to the 25th Lane nonh of Santa Fe Drive. An example of a level three 

priority would be the construction of the Santa Fe Drive system. This system could be 

constructed at the time roadway improvements are constructed, thereby commingling roadway 

and drainage funds into a single more comprehensive project. 

Presented on Table 7-1 is a Prioritization of the projects presented on the preliminary 

design plans. The priority of each system could be changed depending upon funding and 

development pressure. There is no specific ordering of each system within a level. Any level 

one system could be implemented, and its implementation will be dependent upon the amount of 

flooding which now exists and the potential for future development within the area tributary to 

the outfall system. 

46 



l 
l 
1 
] 

l 
l 
l 
l 
l 
] 

J 

1 

] 

] 

J 

] 

j 

j 

J 

Table 7-1 
Prioritization of Improvements 

Description 

Bessemer Ditch Stonnwater Separation 
Structure 

Aspen Road System(s) 
21st Lane System 
23rd Lane System North of Santa Fe Drive 
25th Lane System North of Santa Fe Drive 
27th Lane System North of Santa Fe Drive 
29th Lane System North of Santa Fe Drive 

Bessemer Ditch Siphon Overflow 
Bessemer Basin Improvements 
23rd Lane System South of Santa Fe Drive 
25th Lane System South of Santa Fe Drive 
27th Lane System South of Santa Fe Drive 
29th Lane System South of Santa Fe Drive 
30th Lane System 

South Road Improvements 
Manning Road Improvements 
Baxter Road Improvements 
Santa Fe Drive Improvements 

Priority Level 1 

Priority Level ·2 

Priority Level 3 
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APPENDIX A 

SAMPLE SWMM INPUT DATA 

BASELINE HYDROLOGIC CONDITION 



ENVIRONMENTAL PROTECTION AGENCY - STORM WATER HAtlAGEMENT HODEL - VERSION PC. 1 

DEVELOPED BY 

UPDATED BY 

OTAPE OR DISK ASSIG!IMENTS 

l 

JIH(ll 
2 

JOUT{l) 

1 

JIN(21 

1 

JOUT(2) 

2 

NSCRAT(l) 

3 

J itJ (J) 

0 

JOt.rr(3) 

0 

WATERSHED PROGRAM CALLED 

• 0 ENTRY HADE TO RUNOFF HODEL .. • 

METCALF + EDDY, INC. 

UNIVERSITY OF FLORIDA 

WATER RESOURCES ENGINEEERS, me. (SEPTEMBER 1970 > 

UNIVERSITY OF FLORIDA (JUNE 1973) 

HYDROLOGIC ENGINEERING CENTER, CORPS OF ENGINEERS 

MISSOURI RIVER DIVISION, CORPS OF ENGINEERS (SEPTEMBER 1974 ) 

BOYLE ENGINEERIHG CORPORATION (MARCH 1985, JULY 1985 ) 

JUH4 1 

0 

JOUT (4 I 
0 

NSCRAT(2) 

4 

JUH S) 

0 

JOUT(5) 

0 

JIN(61 

0 

JOt.rr(61 

0 

NSCRAT(3) 
,0 

JIN(7) 
0 

JOU1'{7) 
0 

J W l 8l 
0 

JOUT(B) 

0 

NSCRAT (4 ) 

0 

JIN(9) 
0 

JOUT(9) 

0 

JW(lO) 

0 

JOUT(lOI 

0 

NSCRAT(S) 

0 

ST CHARLES MESA 100-YEAR BASELINE EXISTING CONDITION 

COUNTY, PUEBLO, KIOWA ENGINEERING FILE:SCEXlOO,SIN 

GU'I'TER 
NUMBER 

200 

202 

203 

204 

205 

206 

207 

208 

209 

210 

211 

212 

213 

2 14 

215 

GU'ITER 
CONNECTION 

299 

129 

5 

118 

37 

39 

41 

117 

114 

89 

75 

97 

93 

90 

86 

NOP NP 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 

0 4 

0 4 

0 4 

0 4 

0 4 

CHANNEL 

OVERFLOW 
CHANNEL 

OVERFLOW 
CHANNEL 

OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 

OVERFLOW 

CHANNEL 

OVERFLOW 

CHANNEL 

OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 

OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 

OVERFLOW 

CHANNEL 

WIDTH 

OR DIAM 
(FT) 

24.0 

24.0 
2.0 

10.0 
2.0 

10.0 

30.0 

33.0 

1.0 
5.0 

2.0 
s.o 
3.0 

9.0 

1. 0 

5.0 

3.0 

12. 0 

2.0 
6.0 
).0 

9.0 

3.0 
9.0 
2. 0 

5. 0 
10 . 0 

10 . 0 

5 . 0 

LENGTH 
(FT) 

900. 

0. 

1500. 
o. 

1000. 
o. 

1300. 
0. 

650. 
0. 

3380. 

o. 
2600. 

0. 

5020. 
0. 

1250. 

o. 
1600. 

o. 
2650. 

0. 

1325. 
o. 

2740 . 

0 . 

14 00 . 

0 . 

1700 . 

INVERT 
SLOPE 

(FT/FT) 

.0300 

.0010 
,0060 

.0010 

.0030 
• 0010 

.0020 

.0010 

.0050 
.0010 

.0100 

.0010 

.0100 

• 0010 

• 0080 

.0010 

.010 0 

. 0010 

.0050 

. 0010 

.0040 

• 0010 

. 0100 

. 0010 

. 0 120 

. 0010 
.00 40 

. 0010 

. 0000 

SIDE SLOPES 
HORIZ TO VERT 

L R 

. 0 .o 
10.0 10.0 
2.0 2.0 

40.0 40.0 
2.0 2.0 

40.0 40.0 

.5 .5 
20.0 20.0 

2.0 2.0 
50.0 

2.0 
50.0 

1.0 

50.0 

2.0 

50.0 

1.0 

50.0 

1.0 
50.0 

1.0 

50.0 

1. 0 

50.0 

2.0 
50.0 

10.0 

10.0 

l. 0 

50.0 

2.0 
so.o 
1. 0 

50 .. 0 
2.0 

50.0 

1.0 

6.0 

1.0 

50.0 

1.0 

50.0 

1. 0 

50.0 

2.0 
so.o 
10.0 

10.0 

l. 0 

OVERBAHK/SURCHARGE 

HANNING 

N 

. 020 

.100 

. 040 

.150 

. 040 

.15 0 

. 040 
. 100 

.060 

.060 

. 040 

.15 0 
, 0 6 0 

.100 

.060 

.150 

. 020 

.100 

. 060 

. 150 

. 030 

.100 

.030 

. 030 

.040 

.150 

.030 

.100 

. 020 

DEPTH 
(FT) 

1. 00 

2.00 
2.00 

10.00 
2.00 

10.00 

3.00 

10 .00 
l. 00 

10,00 

2.00 

10.00 

3. 00 

10. 00 

1. 00 

10.00 
3,00 

10 .00 

2. 00 

10 . 00 

3 . 00 

10.00 
10.00 

10. 00 
2 . 00 

10 . 00 

3.00 
10.00 

5 . 00 

-- --

JK 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



H6 

211 

21 8 66 

219 96 

220 115 

221 77 

222 

223 116 

224 130 

225 69 

226 77 

116 

228 68 

22~ 27 

230 70 

231 27 

232 

233 15 

234 68 

235 55 

236 55 

237 54 

238 

239 23 

242 23 

71 

18 

27 

39 

21 

249 62 

250 59 

251 102 

Sl 

25'.l 73 

40 

255 35 

256 108 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 

0 4 

0 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 

0 4 

0 4 

0 4 

0 

0 4 

0 4 

0 4 

0 4 

0 4 

0 4 

0 

0 

0 ·I 

0 

0 

0 

0 4 

OVERFLO\·I 

CIWRIEL 
OVERFLOW 

CHAHtlEL 

OVER FLOW 

CHANtJEL 
OVER FLO\·/ 

CHAfltlEL 
OVERFLOW 

CHANlJEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHAllNEL 
OVERFLOl-1 

CHANNEL 
OVERFLOW 

CHA!JNEL 
OVER FLO\•/ 

CHA!INEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANlJEL 
OVERFLOW 

CHA!JNEL 
OVERFLOW 

CHANNEL 
OVER FLO\·/ 

CHANHEL 
OVERFLOW 

CHAtJNEL 
OVERFLOW 

CHAflNEL 
OVERFLOW 

CHANNEL 

OVERFLOW 

CHAUNEL 
OVERFLOW 

CHANllEL 

OVERFLCM 

CHANNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANllEL 
OVERFLOW 

CHAfJNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CllANUEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHAflNEL 

OVERFLOW 

CHANNEL 
OVERFLOl·I 

CllAUflEL 
OVERFLOl'I 

CllAUNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 
OVERFLOW 

CHANNEL 

l3. 0 

i.o 
s.o 
3.0 

5.0 

2.0 

11.0 

J.0 

l l. 0 

3.0 

11. 0 

3,0 

11. 0 

3.0 

11. 0 

1. 0 

3.0 

l. 0 

20.0 

1.0 

3.0 

1.0 

3.0 

3.0 

5.0 

3.0 

5 . 0 

1.0 

3.0 

1.0 

20.0 

J.O 
~.o 

2 . 0 

6 . 0 

2.0 
6.0 

3.0 

12.0 

3.0 

12.0 

2.0 

6.0 

1. 0 

3.0 
2.0 
6.0 

l. 0 

5.0 
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. 1000 

.1000 

.1000 

. 1000 

.1000 

.1000 

.1 000 

. 1000 

. 1000 

. 1000 

. 1000 

.1000 

. 1000 

.1000 

. 1000 

.1000 

. 1000 

. 1000 

.1000 

. 1000 

.1000 

1.0 1.0 

1.0 1. 0 

1.0 1. 0 

1.0 1. 0 

1.0 1. 0 

1.0 1. 0 

l.0 1. 0 

1.0 1. 0 

1. 0 1.0 

1.0 1. 0 

1.0 1. 0 

1.0 1. 0 

1.0 1. 0 

1.0 l.0 

l.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 l.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1. 0 

1.0 1. 0 

1.0 1. 0 

1.0 1. 0 

l.0 1. 0 

1.0 1. 0 

1.0 1. 0 

1.0 1. 0 

1.0 1. 0 

1.0 l. 0 

1.0 1.0 

1.0 1. 0 

l.0 1.0 

1.0 1.0 

1.0 1.0 

l.0 1.0 

l.0 1. 0 

1. 0 l.O 

1.0 1.0 

l.O l. O 

l.O 1. 0 

1.0 1. 0 

1.0 l. 0 

1.0 1. 0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

l.O 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

l.O 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1. 0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

1.0 1.0 

. 010 

. 0 10 

. 010 

. 010 

.010 

.010 

. 010 

.010 

. 010 

. 010 

.01 0 

.010 

.01 0 

.010 

.010 

. 010 

. 010 

. 010 

.010 

. 010 

. 010 

.010 

.010 

. 010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

. 010 

. 010 

.010 

.010 

. 010 

.010 

.010 

.010 

.010 

.010 

. 010 

.010 

.010 

.010 

.010 

.010 

.010 

.0 10 

.010 

. 010 

.010 

.010 

.010 

.010 

.01 0 

. 010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

. 010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

.010 

1. 00 

1. 00 

1. 00 

l.00 

1. 00 

1. 00 

l. 00 

1. 00 

1. 00 

1. 00 

1.00 

l. 00 

1.00 

1. 00 

1. 00 

l. 00 

1. 00 

1. 00 

1. 00 

1. 00 

l.00 

1.00 

1.00 

l. 00 

1.00 

1. 00 

1.00 

l.00 

l. 00 

LOO 

l.00 

1. 00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1. 00 

1.00 

l. 00 

1.00 

1. 00 

1. 00 

1. 00 

1.00 

1.00 

1.00 

1.00 

l.00 

l.00 

l.00 

1. 00 

1.00 

l. 00 

l.00 

l. 00 

1.00 

1.00 

1.00 

l.00 

1.00 

l. 00 

1. 00 

1. 00 

1. 00 

1. 00 

1. 00 

1.00 

1.00 

l.00 

1.00 

1. 00 

1.00 

1. 00 

l. 00 

1. 00 

1.00 

1. 00 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



126 266 0 J 1. 0 1. .1000 1. 0 1. 0 .010 1.00 0 

127 299 0 J l. 0 1. . 1000 LO l . 0 .QlO 1.00 0 

128 267 0 J l. 0 1. . 1000 l. 0 l . 0 . 010 1.00 0 

129 204 0 3 1.0 1. . 1000 l. 0 1.0 .010 l. 00 0 

lJ O 225 0 J 1. 0 l. . 1<100 1.0 l.0 .010 l . 00 0 

OTOTAL t!U!-!SER OF GU'I"I'ERS / PIPES, 202 
l 
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APPENDIXB 

SAMPLE SWMM INPUT DATA 

SELECTED OUTFALL PLAN HYDROLOGIC CONDITION 



EINIROUMEHTAL PROTECTIOll AGEllCY - STORM WATER HAUAGEME11T HODEL VERS IO!I PC. l 

DEVELOPED BY METCALF + EDDY. rnc. 

UUIVERSITY OF FLORIDA 

l~ATER RESOURCES ENGWEEERS, me. ( SEPTEMBER 19-10} 

UPDATED BY lJUIVERSITY OF FLORIDA (JU!JE 1973 1 

HYDROLOGIC E!JGitlEERillG CF.llTER. CORPS OF EtmmEERS 

MISSOURI RIVER DIVISIO!l, CORPS OF ENGINEERS ( SEPTEMBER 197 4 1 

BOYLE EllGUIEERltlG CORPORATIO:J ! MARCH 1985, JULY 198 S. J 

OTA PE OR DISK ASSIGNMEllTS 

JW(ll JIN l 2 l JIU(31 Jill(.l ) JIU(Sl Jtll(61 JIJJ ( 7) JIH(8 1 J ltl ( 9 ) Jill(l0) 

2 1 0 0 0 0 0 0 0 0 

JOUT( 1) JOIJT(2) JOUT(J) JOUT( 4) JOUT (S I JOUT(6 ~ JOU'l'( 7 ) JOUT(B) J OU'!' I 9 1 JOUT( 1 0) 

1 2 0 0 0 0 0 0 0 0 

NSCRATlll llSCRN!'(2 I tlSCRAT t ) J llSCRAT {4 J l/SCRA'l'( SI 

3 4 0 0 0 

l·IATERSHED PROGRAM CALLED 

••• El'lTRY HADE TO RUNOFF HOOEL ••• 

ST CHARLES HESA 10 0 - YEAR SELECTED COUDITIO!l 

COUNTY, PUEBLO, KIOl·JA EUGHJEERHIG FILE:SClOOSEL.Slll 

O!IUMBER OF THIE STEPS 60 

OI!ITEGRATIOll TIHE IllTERVAL (HillUTES) . 5.00 

25. 0 PERCENT OF IMPERVIOUS AREA HAS ZERO DETE!ITIOtl DEP'rH 

ST CHARLES MESA 100- YEAR SELECTED COllDITIO!J 

COUNTY, PUEBLO, KIOl·JA E!IGillEERWG FILE: SC l OOSEL.SI/l 

ST CHARLES HESA 1 00 YEAR SELECTED COllDITIOll 

C0Ul1TY, PUEBLO, KI OHA EIJGillEERING F'ILE: SC l OOSEL. S HI 

1-/IDTll IINER'l' SIDE SLOPES OVERBAllK/SURCHARGE 

GUTTER GU'M'ER HPP llP OR DIAH LENGTH SLOPE llOR IZ TO VERT HAlnlI!!C DEl'Tll 

lM!BER 

200 

202 

2 0 3 

2 04 

205 

,.._ 
l 

cotnn::cTION 

2 99 

12 9 

5 

118 

37 

0 4 

0 ~ 

0 4 

0 4 

\) 4 

{ F'T J (FT) 

CHl\tnlEL 2·1. 0 9 0 0 . 

OVElffLO\·I :? -1. 0 0 . 

CHMnlEL 2 . {) 1500 . 

OVERFLOl·I 10 . 0 0 . 

C tlMT!lEL 2 . 0 1000 . 

OVERF'L<•:·1 l 0 . () 0 . 

Cl!AtnlEL JO . O !300 . 

OVERF'LO:·J j). 0 0 . 

CllAlnlEL l. 0 650 . 

OVERFL(i:-1 ~ . o 0 . 

( F'T/F'T I L R tl (FT) 

. OJ OO . 0 . 0 . 020 !. 00 

. 0010 10 . 0 10 . 0 . 100 2. 0 

. 00 60 2. 0 .! . 0 . 0 4 0 :: .oo 

. 00 10 •10 . 0 ·1 0 . 0 • l so 10 . 00 

. 0030 2. 0 2 . 0 • 04 0 _. oo 

. 0010 .i o. o 40 . 0 . !SO 10 . 00 

.oo:rn . s . s . 04 0 ) . 00 

. 00 10 20 . 0 2 0 . 0 . 100 10 . 00 

.ouso 2 . 0 2 . 0 . OGO I. 00 

. 0010 so . o ~u.o • OuO :o.oo 

JI\ 

v 

0 

0 

0 



206 39 

207 

208 117 

209 114 

210 89 

211 75 

212 97 

213 93 

9 0 

215 86 

216 96 

217 99 

218 112 

219 98 

220 115 

221 75 

222 72 

223 116 

224 69 

225 130 

:!26 7 7 

116 

68 

22 9 27 

230 7 0 

231 27 

232 26 

233 1 5 

68 

23 5 55 

236 55 

54 

22 

219 23 

24 

2 3 

:!4 3 

244 71 

245 18 

-

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

--

4 

5 

4 

s 

5 

4 

4 

s 

4 

4 

4 

·I 

.J 

4 

4 

·I 

·l 

·l 

r-

CHANllEL 

OVERFLO:·I 

PIPE 

OVERFLOW 

CHAUNEL 

OVERFLO\•I 

C HANNEL 

OVERFLOW 

CHAfnlEL 

OVER FLO\'/ 

CHANNEL 

OVER FLO\'/ 

PIPE 

OVER FLO\·/ 

CHA!lllEL 

OVERFLO\'I 

C llhlnJEL 

OVER FLO\•/ 

PIPE 

OVER FLO\·/ 

C lllJIUEL 

OVERFLOW 

CHANtlEL 

OVERFLOI·/ 

CHAUNEL 

OVER F LO\·/ 

CHANNEL 

OVERFLO\·I 

CllAtlNEL 

OVERFLOW 

PIPE 

OVER FLO\•/ 

CHANNEL 

OVERFLOW 

CHAtlNEL 

OVERFLOW 

CHANNEL 

OVERFLOW 

PIPE 

OVERFLO~I 

CHAl-lllEL 

OVERFLOl·I 

CllAtlllEL 

OVER FLO\·/ 

CllAtl?IEL 

OVERFLOW 

CHANNEL 

OVERFLOW 

CHANNEL 

OVERFLOl-l 

CltAtnJEL 

OVERFLO\·I 

CHAJ-QIEL 

OVERFLOW 

C HAllNEL 

OVERFLOW 

CllMlllEL 

OVEltFLO\'I 

CHAtnlEL 

OVERFLOW 

C llAtnlEL 

OVE RFLOW 

C llAIJllEL 

OVERFLOW 

C llAt ll!EL 

OVER FLO\·/ 

CllA!l!IEL 

C'JERFLOl·I 

Cll"flll EL 

(IVERFLO\'I 

Ctll.tlllbL 

OVERFLOW 

C llAtnl EL 

OVERF LO\·/ 

Cl!llllN EL 

OVERFLO\o/ 

CllAtnJEL 

OV ERFLOl·I 

2 . 0 

5 . 0 

•I .O 

30 . 0 

2 . 0 

8 . 0 

3. 0 

12.0 

2 . 0 

6.0 

3 . 0 

9.0 

s.o 
24.0 

2.0 

5 . 0 

10.0 

10.0 
5.0 

2 4 . 0 

LO 
5 . 0 

3.0 

5 . 0 
2 . 0 

11. 0 

4. 0 

11. 0 

4 .0 

11. 0 

4.5 

2 4 . 0 

3. 0 

11. 0 

1. 0 

8. 0 

1. 0 

8. 0 

3. 0 

30.0 

1. 0 

)_ 0 

1. 0 

7.0 

).0 

5.0 

LO 
3.0 

1. 0 

20.0 

3.0 

9.0 

2 . 0 

6.0 

2.0 

6.0 

3.0 

12.0 
) . 0 

12.0 

:! .o 
6.0 

l. 0 

J.O 
2.0 

h.0 

J ,l) 

5 . 0 

1 .o 
~j • 0 

.! 0 

fl . o 
J . 0 

1:! .0 

~!. 0 

'" 0 
2.0 

h,0 

JJ80. 

o. 
2 6 00 . 

o. 
1750 . 

o. 
125 0 . 

0 . 

1600 . 

o. 
2650 . 

0 . 

1325. 

o. 
2 7,10. 

o. 
l·l OO . 

o. 
2000 _ 

0 . 

1200 . 

0. 

1520 . 

o. 
2500 . 

0 . 

900 . 

o. 
650 . 

o. 
1325 . 

0 . 

2600 . 

o. 
1850 . 

o. 
3200. 

o. 
720. 

0. 

1250 . 

0 . 

2600 . 

0. 

2600. 

0 . 

3200. 

o. 
5 100 . 

o. 
1200 . 

0 . 

2600 . 
o. 

1)00 . 

0 . 

3900 . 

o. 
2600 . 

o. 
J.100 . 

o. 
l J uO . 

o. 
_aoo . 

0 . 

13 l( . 

1-1 110 . 

l , 

1000 . 
l . 

l 150 . 

uoo. 
( . 

. 0100 

. 0010 

.0100 

.0010 

.0080 

. 0010 

.0100 

. 0 0 10 

.00 50 

. 00 10 

.004 0 

.0010 

.0030 

. 00 10 

. 0120 

. 0010 

. 0 040 

. 0010 

.OOBO 

.0010 

.0150 

. 0 010 

, 0 070 

. 0 010 

. 020 0 

.0010 

. 0 020 

.00 10 

. 0 020 

. 0010 

.003 0 

.0010 

.002 0 

. 0010 

.010 0 

.0010 

.0050 

. 0010 

. OOBO 

.0010 

.0090 

. 0 010 

. 0020 

. 00 10 

.0020 

.0010 

. 0070 

.0010 

. 0070 

.0010 

. 0100 

. 0010 

. 0060 

.00 10 

.0090 

. 0010 

. 0070 

. 0010 

. 0120 

. 0010 

.0100 

.0010 

.0100 

. 0010 

,0030 

. 0010 

. OOtiO 

.0010 

.0060 

.0010 

. OOt. U 

. 00 10 

. 0150 

. OU JO 

. 0080 

.0010 

.0020 

.0010 

2 . 0 2 . 0 

so .o 50 . 0 

. 0 .o 
10.0 10.0 

. 5 .s 
10 . 0 10 . 0 

1.0 LO 

50 . 0 6 . 0 

1.0 l.O 
so.o 50.0 

L 0 l. 0 

50 . 0 50 . 0 

.o . 0 

10 . 0 10 . 0 

2 . 0 2 . 0 

50 . 0 50 . 0 

10 . 0 10.0 

10 . 0 10.0 

. 0 . 0 

10 . 0 10.0 

1.0 1 . 0 

50 . 0 50 . 0 

1.0 1.0 

50.0 50 . 0 

1. 0 1.0 

6.0 50 . 0 

1.0 1.0 

50.0 50 . 0 

1. 0 1.0 
50.0 50.0 

.o .0 

10 . 0 10 . 0 

1.0 1. 0 
50 . 0 50.0 

1.0 1. 0 

10.0 10.0 

1.0 1.0 

10 . 0 10 . 0 

. 0 .o 

10.0 JO.O 

1 - 0 

50 . 0 

l.0 

10.0 

1.0 

50.0 

l. 0 

so.o 
10 . 0 

50.0 

1. 0 

50 . 0 

1. 0 

50.0 

1.0 

50 . 0 

1.0 

50.0 

1. 0 

50.0 

LO 

50.0 

1.0 

50.0 

1.0 

6.0 

: • 'l 

6 . 0 

1. 0 
.,, 0 

I. 

50. 

!. 

S0. 0 

1. 0 

50 . 0 

l. 

50.0 

1. 0 

so.o 
1. 0 

10.0 

l -0 

50 . 0 

1. 0 

50.0 

10 . 0 

50.0 

1. 0 

6.0 

l. 0 

50.0 

1. 0 

so . ! 

1. 

,; .0 

1. 0 

6.0 
1. 0 

5 . 

l. 0 

50.0 

1. 0 

50.0 

0.0 

1.0 

~o. o 
I .0 

6.0 

1. 0 

~.u 

1.0 

t. .0 

l. 

so.o 

. 040 

. 150 

.060 

. 030 

. 030 

. 060 

. 020 

. 100 

.060 

.150 

. 030 

.100 

. 020 

. 030 

. 0 4 0 

. \50 

. 030 

.100 

.020 

.030 

.060 

.150 

.060 

.100 

.020 

.150 

.020 

. 100 

.020 

• 100 

.020 

.030 

.020 

.100 

.030 

.060 

.040 

.060 

.020 

.060 

.020 

.150 

. 020 

. 060 

. 020 

.100 

. 060 

. 100 

.060 

.150 

.060 

.150 

.060 

.150 

. 060 

.150 

.020 

.060 

.020 

. 100 

.060 

.150 

.060 

. 150 

.020 

. 100 

.020 

. 150 

. (J ; o 

. 150 

.OJO 

. 150 

.o:rn 

. 100 

. 060 

.150 

.U60 

. l so 

2.00 

10 . 00 

·L OO 
10.00 

6 . 00 

10 . 00 

3 . 00 

10.00 

2 . 00 

10 . 00 

3.00 

10.00 

5 . 00 

10 . 00 

2 . 00 
10 . 00 

3.00 

10.00 

5 . 00 

10.00 

l. 00 

10.00 

5.00 

10 . 00 

-1. 00 

10.00 

4. 00 

10 . 00 

4.00 

10.00 

4.50 

10.00 

4 .00 

10.00 

3 . 50 

10.00 

3 . 50 

10.00 

3.00 

10.00 

1.00 

10 . 00 

2 .00 

10. 00 

4. 00 

10.00 

l. 00 

10.00 

l. 00 

10 . 00 

3.00 

10.00 

2.00 

10 . 00 

2 .00 

J0.00 

).00 

10.00 

3.00 

10.00 

2.00 

10.00 

l. 00 

10.00 

2.00 
10.00 

I. $0 

10.00 

I. 00 

!0.00 

J.00 

:o.oo 
3.00 

l0.00 

2. Oll 

10.00 

~.00 

10 . 00 

-

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

J 



-

246 

247 

248 

249 

250 

251 

252 

253 

254 

255 

257 

258 

259 

260 

:! 61 

262 

263 

264 

265 

266 

267 

268 

269 

270 

271 

274 

275 

1 

J 

4 

5 

6 

7 

8 

9 

10 

11 

12 

lJ 

14 
15 

16 

17 

18 

19 
20 
21 

27 

39 

21 

101 

59 

102 

51 

73 

40 

35 

108 

42 

119 

120 

121 

122 

123 

124 

125 

126 

127 

3 

13 

9 

74 

15 

77 

79 

128 

128 
120 

203 

202 

119 

118 

269 

12 

122 

121 
~ 68 

12 3 

124 

232 

271 

244 

242 

240 

200 

243 

255 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 
0 

0 

0 

0 

0 

0 

0 

4 

5 

4 

4 

4 

4 

4 

5 

4 

4 

) 

3 

3 

3 

3 

3 
) 

3 

3 

J 

3 

J 

) 

3 

J 
) 

3 

) 

3 

3 

3 

-

CHAtR~EL 

OVERFLO\·I 

PIPE 
OVERFLO\-J 

CHAN!JEL 

OVERFLOW 

CHANNEL 

OVERFLOW 

CHAflNEL 

OVERFLOW 

CHANNEL 

OVERFLO\·J 

CHAtnlEL 

OVERFLOW 

CHAtlNEL 

OVERFLO\'I 

CHAtnlEL 

OVERFLO\'I 

PIPE 
OVERFLO\'I 

PIPE 
OVERFLOW 

PIPE 
OVERFLOl·I 

CHANNEL 

OVERFLOW 

CHAln1EL 

OVERFLOW 

CHAfnJEL 

OVER FLO\~ 

C Hl\lJNEL 

OVER FLOW 

CHAH!IEL 

OVERFLOW 

CHANNEL 

OVERFLOW 

C HANl'IEL 

OVERFLOW 

CHANNEL 

OVER FLO\·I 

CAAN?IEL 

OVERFLOW 

CllAUNEL 

OVERFLOW 

Cl!A?JNEL 

OVERF'LOl·I 

CHANNEL 

OVERFLO\·I 

CHAfntEL 

OVERF'LO\·I 

CHANNEL 

OVERFLO\·J 

CHAtmEL 

OVERFLO\'J 

CHA?INEL 

OVERFLOl-1 

2.0 

6.0 

4. 0 

30.0 

J.O 
12 .o 
2.0 

3 . 0 

2 . 0 

).0 

1. 0 

3 . 0 

LO 
) . 0 

3 . 0 

12.0 

2 .0 

8.0 
.i. 0 

30.0 

4. 5 

30.0 

<I . 5 

9.0 

JO.O 
33. 0 
30 . 0 

33.0 

30.0 

33.0 

30.0 
33 . 0 

30.0 

33 .o 
30.0 

33.0 

30.0 

)) . 0 

30.0 

)). 0 

30.0 

33.0 

1. 0 

5.0 

3.0 

12 . 0 

l. 0 

5.0 

1. 0 
).0 

1. 0 

3.0 

2.0 

3 . 0 

).0 

12.0 

1. 0 

l. 0 

1.0 
1.0 

1.0 

LO 
l. 0 

1.0 

1. 0 

1. 0 

l. 0 

1. 0 

I . II 

l. 0 

•. o 
I. u 
l. 0 

1. 0 

I. 0 

;.u 

1.0 

l. ll 

2600. 

0 . 

1350 . 

o. 
1320. 

0. 

2600. 

0. 

000 . 

o. 
2200. 

o. 
5100 . 

0 . 

1000 . 

0. 

l350. 

0. 

1325. 

o. 
2400. 

o. 
1600. 

o. 
1500 . 

0. 

1500 . 
o. 

1100 . 

u. 
1800. 

o. 
2600 . 

0 . 
1000 . 

0 . 

2100. 

0. 
2400. 
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DOUGLAS COUNTY 
STORM DRAINAGE DESIGN AND TECHNICAL CRITERIA 

CHAPTER 14 DETENTION 

t4. l INTRODUCTION 
The criteria presented in this section shall be used in the design and 

evaluation of all detention facilities for the County. The review of all plan
ning submittals (refer to Chapter 2) will be based on the criteria presented in 
this section . 

The main purpose of a detention facility is to store the excess storm runoff 
associated with an increased basin imperviousness and discharge this excess at a 
rate similar to the rate experienced from the basin without development. The 
value of such detention facilities is discussed in Section-3.3.6. Any special 
design conditions which cannot be defined by these CRITERIA shall be reviewed by 
the County Engineer before proceeding with design. 

The various detention methods are defined on the basis of where the facility 
is constructed, such as open space detention. parking lot, underground or 
rooftop. The County permits all methods of detention except for rooftop 
(refer to Section 3.3.6). 

14.2 WATER QUALITY ENHANCEMENT 
Special detention design guidelines to include infiltration for detention 

ponds are presented in Chapter 15, "Water Quality Enhancement." 

14.3 DESIGN CRITERIA 

14.3. l Volume and Release Rates 
The minimum required volume shall be determined using the CURP method or the 

fol lowing equations . These empirical equations were developed as part of the 
UD&FCD hydrology research program. The equations are based on a computer model
ing study and represent average conditions. One of the most difficult aspects of 
storm drainage is obtainin~ consistent results between various methods for 
estimating detention requirements. These equations will provide consistent and 
more effective approaches to the sizing of onsite detention ponds. For larger 
water sheds where the Colorado Urban Hydrograph procedure can be used (i.e., ±90 
acres), hyd rograph routing procedures will be penni tted in the design of these 
ponds, provided the historic imperviousness of two percent or less is used. 

Minimum Detention Volume: 

V = KA (Equation l404) 

For the 100-year, 

2 KlOO = (1.78! - 0.002! - 3.56)/1000 (Equation 1405) 

For the 10-year, 

K 10 = (0.95I - 1.90)/1000 (Equation 1406) 
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Where V required volume for the 100- or 10-year storm (acre-feet) 

I = Developed basin imperviousness (%) 

A = Tributary area (Acres) 

The maximum release rates at the ponding depths corresponding to th.e 
lO- and 100-year volumes are as follows: 

ALLOWABLE RELEASE RATES FOR DETENTION PONDS - CFS/ACRE 
SOIL GROUP 

CONTROL FREQUENCY A B C & D 

10-year o. 13 0.23 0.30 

100-year 0.50 0.85 L.00 

The predominate soil group for the total basin area tributary to the 
detention pond shall be used for determining the allowable release rate. 
Information on the soils in the County can be found in Reference-25. 

14.3.2 Design Frequency 
All detention facilities are to be designed for two storm frequencies: the 

10-year and the 100-year recurrence interval floods. 

14.3 . 3 Hydraulic Design 
Hydraulic design data for sizing of detention facilities outlet works is as 

follows: 

l. Weir flow 
The general form of the equation for horizontal crested weirs is: 

Q = CL(R)J/Z (Equation 1401) 

Where Q c discharge (cfs) 

C = weir coefficient (Table 1401) 

L = horizonta l length (feet ) 

n • total energy head ( feet ) 

Another common weir is t he v-notch, whose equation is as follows: 

5/2 Q = 2.5 tan (0 / 2)H 

Where 9 = angle of the notch at the apex (degrees) 

(Equation 1402) 

When designing or evaluating weir flow, the effects of submergence must be 
considered. A single check on submergence can be made by comparing the 
tailwater to the headwater depth. The example calculation for a weir design 
on Fig. 1403 illustrates the submergence check. 
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2. Orifice Flow 
The equation governing the orifice opening and plate is the orifice flow 
equation: 

Where 

Q = CdA (2gh)l/ 2 

Q = Flow (cfs) 

Cd • Orifice coefficient 

A = Area (ft 2 ) 

g = Gravitational constant = 

h = Head on orifice measured 

(Equation 1403) 

32.2 ft/sec 2 

from centerline (ft) 

An orifice coefficient (C-sub d) value of 0.65 shall be used for sizing of 
square edged orifice openings and plates. 

14.4 DESIGN STANDARDS FOR OPEN SPACE.DETENTION 

14.4.l State En~ineer's Office 
Any dam constructed for the purpose of storing water, with a surface area, 

volume, or dam height as specified in Colorado Revised Statues 37-87-105 as 
amended, shall require the approval of the plans by the State Engineer's Office. 
All detention storage areas shall be designed and constructed in accordance with 
these criteria. Those facilities subject to state statutes shall be designed and 
constructed in accordance with the criteria of the state. 

14.4.2 Grading Requirements 
Slopes on earthern embankments less than 5 feet in height shall not be 

steeper than 4 (horizontal) to I (vertical). For embankment heights between S' 
and 10', the slopes shall not be steeper than 3 (horizontal) and l (vertical), 
but horizontal slope distance shall not be less than 20'. For embankments 
greater than 10 feet in height, the slopes shall be such to maintain slope 
stability, but horizontal slope distance shall not be less than 30 feet. Contact 
the County Engineer for additional requirements. All earthen slopes shall be 
covered with topsoil and revegetated with grass. Slopes on riprapped earthern 
embankments shall not be steeper than 3 (horizontal) to l (vertical). For 
grassed detention facilities, the minimum bottom slope shall be 0.5 percent 
measured perpendtcular to the trickle channel. 

14.4.3 Freeboard Requirements 
The minimum required freeboard for open space detention facilities is 

l.0-feet above the computed 100-year water surface elevation. 

14.4.4 Trickle Flow Control 
All grassed bottom detention ponds shall include a concrete trickle channel 

or equivalent performing materials and design. Trickle flow cri t eria is 
presented in Section 7.4.2.6(a). 

14- 3 
DCSDDTC JANUi\RY 1986 

14.4.5 Outlet Configuration 
Presented on Figure-1401 are two examples for detention pond outlet configu

ration. A Type 1 outlet consists of a grated drop inlet, outlet pipe, and an 
overflow weir in the pond embankment. The control for the 10-year discharge 
shall be at the throat of the outlet pipe under the head of water as defined on 
Figure-1401. The grate must be designed to pass the 10-year flow with a minimum 
of 50 percent blockage (i.e., twice the 10-year flow). Since the minimum size of 
the outlet pipe is 12-inches, then a control orifice plate at the entrance of the 
p:fpe may be required to control the discharge of the design flow (see Section 
14.4.2). An example orifice plate is shown on Figure-1402. Other outlet config
urations will be allowed provided they meet the requirements of the permitted 
release rates at the required volume and include proper provisions for main
tenance and reliability. The outlet shall be designed to minimize unauthorized 
modifications which effect proper function. 

The difference between the 100-year discharge and the surcharged discharge 
on the 10-year outlet is released by the overflow weir or spillway. If suffi
cient pond depth is available, the drop inlet and the grate can be replaced by a 
depressed inlet with a headwall and trash rack. Depression of the inlet is 
required to reduce nuisance backup of flow in to the pond during trickle flows. 
The maximum trash rack opening dimension shall be equal to the minimum opening in 
the orifice plate. 

A Type 2 outlet consists of a drop inlet with an orifice controlled inlet 
for the 10-year discharge and a crest overflow and pipe inlet control for the 
100-year discharge. The control for the 10-year discharge occurs at the orifice 
opening for the head as shown on the figure. The control for the 100-year 
discharge occurs at the throat of the outlet pipe as shown on the figure. How
ever, the difference between the 100-year and 10-year discharge must pass over 
the weir and therefore the weir must be of adequate length. The effective weir 
length (L) occurs for three sides of the box. To ensure the 100-year control 
occurs at the throat of the outlet pipe, a 50 percent increase in the required 
weir length is recommended. In addition, the outlet pipe must have an adequate 
slope to ensure throat control in the pipe. 

14.4.6 Embankment Protection 
Whenever a detention pond uses an embankment to contain water, the embank

ment shall be protected from catastrophic failure due to overtopping. Overtopping 
can occur when the pond outlets become obstructed or when a larger than 100-year 
storm occurs. Failure protection for the embankment may be provided in the form 
of a buried heavy riprap layer on the entire downstream face of the embankment or 
a separate emergency spillway having a minimum capacity of twice the maximum 
release rate for the 100-year storm. Structures shall not be permitted in the 
path of the emergency spillway or overflow. The invert of the emergency spillway 
should be set equal to or above the 100-year water surf ace elevation. 
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14.4.7 Vegetation Requirements 
All open space detention ponds shall be revegetated by either irrigated sod 

or natural dry-land grasses in accordance with the manual "Guidelines for 
Development and Maintenance of Natural Vegetation" by Donald H. Godi & Asso
ciates, Inc., July 23, 1984, available through the UD&FCD. 

14. 5 DESIGN STANDARDS FOR PARKING LOT DETENTION 
The requirements for parking lot detention are as follows: 

14.5.l Depth Limitation 
The maximum allowable design depth of the ponding is 18-inches for the 

100-year flood and 12-inches for the 10-year flood. 

14.5.2 Outlet Configuration 
The minimum pipe size for the outlet is 12'' diameter where a drop inlet is 

used to discharge to a storm sewer or drainageway. Where a weir and a small 
diameter outlet through a curb are used, the size and shape are dependent on the 
discharge/storage requirements. A minimum pipe size of 3" diameter is .. recom
mended. 

14.5.3 Performance 
To assure that the detention facility perfon:is as designed, maintenance 

access shall be provided in accordance with Section 3.3.7. The outlet shall be 
designed to minimize unauthorized modifications which effect function. Any 
repaving of the parking lot shall be evaluated for impact on volume and release 
rates and are subject to approval by the Engineering Department prior to 
issuance. A sign shall be attached or posted in accordance \Tith Section 14.4.5. 

14.5.4 Flood Hazard Warning 
All parking lot detention areas shall have a minimum of two signs posted 

identifying the detention pond area. The signs shall have a minimum area of 
1.5 square feet and contain the following message: 

"WARNING 
This area is a detention pond and is subject 
to periodic flooding to a depth of (provide 
design depth for 10-year or 100-year storm, 
Yhichever will be contained in parking lot)." 

Any suitable materials and geometry of the sign are permissi b le, subject to 
approval by the Engineering Department. 

14.6 DESIGN STANDARDS FOR UNDERGROUND DETENTION 
The requirements for underground detention are as follows: 

14.6.l Materials 
Underground detention shall be construc t ed using corruga ted aluminum pipe 

(CAP) or reinforced concrete pipe (RCP). The pipe thickness cover, bedding, and 
backfill shall be designed to withstand HS-20 loading. 

14- 5 
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14.6.2 Configuration 
Pipe segments shall be sufficient in number, diameter, and length to provide 

the required minimum storage volume for the 100-year design. As an option, the 
10-year design can be stored in the pipe segments and the difference for the 
100-year stored above the pipe in an open space detention (Section 14.4) or in a 
parking lot detention (Section 14.5). The minimum diameter of the pipe segments 
shall be 36 inches. 

The pipe segments shall be placed side by side and connected at both ends by 
elbo-w- tee fittings and across the fitting ac the outlet (see Figure-1405). The 
pipe segments shall be continuously sloped at a minimum of 0.25A to the outlet. 
Manholes for maintenance access (see Section-14.6.4) shall be placed in the tee 
fittings and in the straight segments of the pipe, when required. 

Permanent buildings or structures shall not be placed above the underground 
detention. 

14.6.3 Inlet and Outlet Design 
The outlet from the detention shall consist of a short (maximum 25 ft.) 

length(s) of CAP or RCP with a 12" minimum diameter. A two-pipe outlet may be 
required to control both design frequencies. The invert of the lowest outlet 
pipe shall be set at the lowest point in the detention pipes. The outlet pipe(s) 
shall discharge into a standard manhole (see Standard Detail SD-6) or into a 
drainageway with erosion protection provided per Sections 11.3.2, 12.2, and 12.3. 
If an orifice plate is required to control the release rates, the plate(s) shall 
be hinged to open into the detention pipes to facilitate back flushing of the 
outlet pipe(s). 

Inlet to the detention pipes can be by way o f surface inlets and/or by a 
local private storm sewer system. 

14.6.4 Maintenance Access 
Access easements to the detention site shall be provided in accordance with 

Section 3.3.7. To facilitate cleaning of the pipe segments, 3-feet diameter 
maintenance access ports shall be placed according to the following schedule: 

MAHTTENANCE ACCESS REQUIREMENTS 

Detention Maximum Minimum 
Pipe Size Spacing Frequencv 

36" to 54" 150 ' Every pipe segment 

60" to 66" 200' Every other pipe segment 

>66" 200 ' One at each end of the battery of pipes 

The manholes shall be constructed in accordance with the detail on 
Figure-1405. 
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14.7 DESIGN EXAMPLES 
Example 7: Detention Design 

Given: 

Required: 

Solution: 

Step 1: 

Step 2: 

Step 3: 

Step 4: 

Step S: 

A basin that has the following characteristics: 

Basin Area (A) = 23 acres 

Basin Imperviousness (I) = 557. 

Predominate Soil Group = D 

100-year and 10-year storage volumes and release rates. 

Determine K
100 

using Equation 1405 
., 

KlOO = (1.781 - 0.0021- - 3.56)/1000 

= (1.78(55) - 0.002(55) 2 - 3.56) / 1000 

= 0.0883 

Determine K
10 

using Equation 1406 

K
10 

= (0. 951 - 1.90)/1000 

= 0.0504 

Determine minimum required 100-year storage volume using 
Equation 1404 

V = KA 

- 0.0883 x 23 

= 2.03 acre-feet (88,500 ft 3) 

Repeat Step 3 for 10-year storage 

= 0.0504 x 23 

= 1.16 acre-feet (50,500 ft
3

) 

Determine maximum allowed 100-year release rate 

QlOO = 1.00 A 

= 1. 00 :< 23 

= 23.0 cfs 

14-7 
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Step 6: Repeat Step S for 10-year release rate 

Q10 • 0 . 30 A 

- 0 . 30 :< 23 

= 6.9 cfs 

Example 8 : Detention Outlet Structure Design 

Given: 

Required: 

Solution: 

Step l : 

Step 2 : 

Detention pond with t he following characteristics (see 
Example 7) 

Maximum 100-yr release rate = 23.0 cfs 

Maximum 10-year release rate = 6.9 cfs 

Type 2 outlet (refer to Figure-1 401 ) 

100-year water surface elevation = 105.0 

10-year water surface elevation = 103.0 

100- year outlet pipe invert elevation = 98. 0 

10-year outlet orifice invert elevation = 100. 0 

18-inch diameter outlet pipe 

10-year and 100-year outlet sizing 

(see Figure 1404) 

Determine 10-year orifice opening size, de p t h t o centerline 
of orifice ~ 2.5 ft 

A= Q/ (Cd (2gh)
112

) (Rearranged Equa tion 1403 ) 

= 6 .9 /(0 . 65 (2 . (32 . 2)(2 .5)) 112) 

0 .84 ft 2 

Det ermine 10-year orifice diameter 

Diameter= (4A/rr)
112 

= ( 4(0 . 84)/-r ) 112 

= 1.0 feet (12-inches ) 

There f ore, an orifice opening wi t h a 12-inch diame te r hole i s 
required at t he entrance t o t he outlet box . 
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Step 3: 

Step 4: 

Step 5: 

Step 6 : 

Step 7: 

Determine discharge through 10-year outlet for 100-year 
headwater (h = 4.5 ft). 

Q • CdA (2gh)l/Z (Equation 1403) 

= 0.65(.84) (2(32.2)(4.5)
1

'
2 

9.3 cfs 

Determine discharge for si z ing of 100-year weir 

0 = Q
100 

- Q (from Step 3) 
'weir 

- 23. 0 - 9. 3 

= 13.7 cfs (for sizing weir only) 

Size weir plate for 100-year outlet (18" RCP, h = 6.25 ft) 

A = 

= 

Q/(Cd(2gh)l/2) 

23.0/(0.65)(2.(32.2)(6.25)) 1/ 2) 

A = 1. 76 ft 2 

Determine 100-year orifice diameter 

Diameter = (4A/;r)l/Z 

= ((4)(1.76)/n) 112 

= 1.5 feet = 18 inches 

(Equation 1403) 

Since orifice diameter is approximately equal to the pipe 
diameter (±15%), then no orifice plate is required. 

Determine minimum box dimensions (i.e., weir length) to 
assure control of the pipe i nlet . 

L = o 1ccon
312

> (Rearr anged Equation 1401 ) 
veir 

c = 3.4 from Table 1401 

L 13.7/(3.4(2.0) 31 2) 

L = l. 4 ft 

'• 
Since required weir length i s only 1 . 4 feet, selected box 
dimensions suit construction and maintenance access. A 
minimum size of 3' x 3' is recommended. 

14-9 
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Step 8: 

14. 8 CHECKLIST 

Check minimum size for trash rack opening area 

Min. area = 2 x orifice area 

= (2)(1.76) 

Min. area = J.S ft 2 

Since box opening is J ~ J £ 9 sq. ft., then design require
ments are satisfied. 

To aid the designer and reviewer, the following checklist has been prepared : 

(1) Earth slopes are to be 4: l or flatter. 

(2) Minimum freeboard of 1 foot for the 100-year detention is 
required. 

(3) Open space detention areas to include trickle channels. 

(4) Protect embankment for overtopping condition by adding r i prap . 

(4 ) Prov ide trash racks a t all outlet structures. 

(5 ) 

( 6) 

Provide signs as required. 

Provide maintenance access. 

14- lO 
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COMMENT ARY SHEET 2 

FLOW PATH: 23rd Lane DRAINAGE BASINS: 23rd Lane 

5-YEAR DESIGN: 34 to 9'2 cl1 

EXISTING CONDITIONS: 
This portion or the 23rd Line Basin include• mostly residenlial UICI. The cmling drainage radlitie1 include road1ide 

ditches with culvciu. The roadlidc ditch along 23rd Lule acts as an oulfall ay11Cm for drainage generated wilhin the 23rd Lane B11in 
and it c:ollecu local runoff. The cmling ditch and culveru are undcniz.cd. 

FUl'URE CONDITIONS: 

Fuwrc land use is not anticipated IO change. 

PROPOSED IMPROVEMENTS: 

The proposed improvanent1 along 23rd Lane conaill of a slOnD sewer out.fall ay1tcm to canvcy the upper buin flow• IO the 
outfall at the Arbn111 River. The aillling roadside ditch and culveru along 23rd Lane: can be: c:liminated and RIJllaced with 1 aub 

and guuer street 1ection. lntenecting roads may require minor regrading Ip ensure that local drainage reac:hca the 23rd Lane sllUl 
ac:c:Uon. 

FLOW PATH: 25th Lane DRAINAGE BASINS: 25th Line 

5-YEAR DESIGN: tBOto 19S cf'1 

EXISTING CONDmONS: 

Thil ponioa or the 25th Lule Buin is mostly residential The wiling cmicsctc ditch along 25th Lane is adequate to canvcy 
upper basin flow1. 

FUl'URE CONDITIONS: 

Fuwrc lmd u1e is not anticipated to cltange. 

PROPOSED IMPROVEMENTS: 

No improvemenu arc JllOPOICd alc:ng 25th Lule. 

Prdiminaiy De1ip Cost E1timatc Sheet 2 

Improvement Quantity 

ts•CMP 

30.CMP 

S4RCP 

Bm Bue Manhole 

S'COlnlct 

Cum aod Gutter 

Grud.incd Owmel 

Street Paving 

Pavancnt Repla<zmcnt 

Outfall Slnlctwe 

Tot.al Balimalcd Comtrudioa COit 

Engineering and c.oatingency (2~) 

Tot.al Eatimaled Cost 

40 

20 

1700 

3 

2 

1700 

600 

S70 

945 

2 

Unit 

LF 

LF 

LF 

EA 

EA 

LF 

LF 

SY 

SY 

EA 

Unit Cost Unit Coll 

Merill ln1tallation 

SIS $6 

$l9 $10 

$78 $24 

$4,000 $1,000 

$2,SOO $800 

$4 $2 

SS SIS 

$4 $4 

SIS SS 

$25,000 $10,000 

Tot.al 

Me!srial 

$600 

$580 

$132,600 

$12,000 

SS.000 

$6,800 

$3,000 

$2,280 

$14,175 

SS0,000 

$227,035 

$4S,407 

$272,442 

Tot.al 

ln1tall1tion 

$240 

$200 

$40,800 

$3,000 

$1,600 

$3,400 

$9,000 

$2,280 

$4,725 

$20,000 

$85,245 

$17,049 

$102,294 

Tot.al 

$840 

$780 

$173,400 

SlS,000 

$6,600 

$10,200 

$12,000 

$4,S(i{) 

$18,900 

$70,000 

$312,280 

$62,456 

$374,736 
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COMMENTARY SHEET 3 

FLOW PATH: 27th Lane DRAINAGE BASINS: 27th Line 

5·YEAR DESIGN: 136 ao 139 de 

EXISTING CONDITIONS: 

This ponion of the 27th Line Bain con&Uu mostly open apace ~•· The drainage facililiea Ilona 27th Line provides the 
outfall for the majority of the 27th Lane Buin which extenda aouth IO the Bes1emer Ditc:h. The emlina IOld1ide ditch and outfall 
facilitie1 an: inadequate IO convey the S·year flow. 

FUl'URE CONDrrIONS: 
FlllUn: land use u 1IOl anticipated to chmge. 

PROPOSED IMPROVEMENTS: 
The proposed improvements con1i1t ol providina • atonn aewer outfall 1y1u:m and arullined channel to convey the runoff 

IO the Arbn1u River. The wlting IOld1ide dilch will n:main 10 collect the 1ueet and loc:ll runoff. 

FLOW PATH: 29th Lane DRAINAGE BASINS: 29th Line 

5·YEAR DESIGN: 22 cf1 

EXlmNG CONDrrIONS: 
This portion of the 29th Lane B11in conlain1 mainly open spece1. The wltina drainqe facilidea include inldequate 

ro.dtide clitdlea 111d no culveru alona 28th Lane. The 28th Lane riaht-of·way 1erve1 u a minor ouafall for an aia which extend• 
IOUlb to Oale Road. 

FUl'URE CONDmONS: 
Fucun: land me u not lnlic:ipaled IO chmae. 

PROPOSED IMPROVEMENTS: 
The piopo1ed improvemenll can.Ut d improving the rmdaide ditch and inaWJina i:ulveru Ilona 28th Lane. 

lmprovanent 

54.RCP 

BCllC Bue Manhole 

Grualined channel 

Concme liDal dimnel 

Cbumel Tnmitioo 

Outlet StnxmJe 

Total Ettim•ted c.oa.tsudim COit 

&ginccrina and Ccmtiaamc:y (2~ > 

Total Ellimalcd Coat 

Unit 

mo LP 

I EA 

3500 LF 

22!1 LP 

EA 

EA 

Unit Cost Unit Cost 

Ma!fria1 bte!l:fim 

$110 $24 

$4,000 $1,000 

SS SIS 

$60 $60 

Sl.000 SI0,000 

Sl.000 $3,000 

Total 

Ma!frial 

$126,SOO 

$4,000 

$17,500 

$13,SOO 

Sl.000 

Sl.000 

$177.SOO 

$3S.SOO 

$213,000 

Total 

lnllallation 

$27,600 

Sl,000 

$52,SOO 

$13,SOO 

SI0,000 

$3,000 

$107,600 

S21.S20 

$129,120 

TOCll 

SIS4,IOO 

ss.ooo 
$70,000 

$27,fm 

Sll,000 

$11,000 

$28S,t00 

SS1J11D 

$342,120 
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t DRAWllQ IS FOR OUTFALL PUHllHG PURPOSES All> ' 
i llDl!ESEHTB PRELlllNM'f AND COllCEP'tVAL ENGINEERING. "' 
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COMMENTARY SHEET 4 

FLOW PATH: 29th Lane DRAINAGE BASINS: 29lh Lane 

5-YEAR DESIGN: 14S cf• 

EXISTING CONDITIONS: 
This portion of the 29th Lane Buin is mosdy open space at the cdae of lhe Mesa. The w1tina privale di!Ch 1y11em which 

prUYidc1 an outfall for the aru but it is not of 1uffic:icnt to convey lhe S-year discharge. 

FUTURE CONDITIONS: 
Futun! 1111d u1e is not anticipated to chanae. 

PROPOSED IMPROVEMENTS: 
The proposed improvanenu consist of a 1tonn sewer oulfall syatcm in 29th Lane, with an oulfall auucuue 11 lhe me1a'1 

Preliminary Duign Coit E11ima1e Sheet 4 

·~~ ...... ..,.-. ......... :"<.~:"~:":1:~ ... --· . ~~ . ..... i 
!~j:.•~~::;::~11i .. ..:..:..,.:l~G:<W.:1 

Improvement 

60"RCP 

B~ Base Manhole 

Olufall SUUCl~ 

Quantity 

Total Eatimated ConllrUCcioo Coat 

Engineerina 111d Contingency (209li) 

80 

Unit 

LP 

EA 

EA 

Unit Coit 

M!!frial 

$116 

$4,000 

525,000 

Unit Co11 

ln1talla1i9!! 

$24 

Sl,000 

$10,000 

Total 

Maierill 

$9,280 

$4,000 

$15,000 

$38,280 

$7,656 

$45,936 

Total 

Installation 

Sl,920 

$1,000 

$10,000 

$12,920 

$2,584 

SlS,504 

Total 

$11.200 

SS,000 

$35,000 

SSl,200 

$10,240 

$61,440 
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THIS DRAWING IS FOii OUTFAU. PLANllNG PURPOSES AND 
llEPllESEH1S PREUlllNAllY AND CONCEPTUAL !MGINEERllO. 
ALTERNATIVES TO THIS OUTFALL SYSTtll W1.L BE CONSIOERED BY 
PUEBLO COUNTY PROVIDED THAT THE ALTERNATIYI! OFFEllS EQUAL 
HYDRAULIC CAPACITY1_ STAllL/TY AND DOES NOT COMPROMISE 
HYDROLOGIC ll!SPOH~t. DOWNSTREAM. 1IE ALTERNATIVE llUST 
COllPl.Y wmt AU. llEOUlREllEHlS Of THE COUNtY. lKIS Dfl.lwatG 
SHAU NOT BE USED FOR COHSlRUCTION PUllPOSES. 
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COMMENTARY SHEET 5 

FLOW PATH: Baxter Road DRAINAGE BASINS: Baxter Road 

S·YEAR DESIGN: 142cr1 

EXISTING CONDITIONS: 
This portion of lhc Baxter Road B11in contains mostly open spaces. The existing drain111c facility is a roadside dileh wilh 

culverts along Outer Road. The dileh is insufficient for upper basin flows. 

Flll'VRE CONDITIONS: 
Future land use is not anticipated to change. 

PROPOSED IMPROVEMENTS: 
The proposed improvement ii a conc:retc roadlidc dildi wilh culvcru along Baxter Road and an oud'al11uuc:ture at lhe 

Azbna11 River. 

Prelimin.ry Delisn Con B11ima111 Shcc:t S 

Improvanent Quanlity 

27" X 44" CMPA 

Headwalll 

Cm~te lined channel 

Outlet Suuc:tun: 

Total Estimated Consuuc:ticn Con 

Engineering and Contingency (209') 

Total Estimated Cost 

40 

l 

700 

l 

Unit 

1..F 

BA 

1..F 

BA 

Unit Cost 

Mate rill 

$70 

$400 

$50 

SB,000 

Unit Cost 

Installalicn 

$12 

$400 

$50 

$3,000 

Toi.al 

Material 

$2,800 

$800 

$35,000 

$8,000 

$46,600 

$9,320 

$55,920 

Total 

Inslallllion 

$480 

$800 

$35,000 

$3,000 

$39,280 

$7,856 

$47,136 

Toi.al 

$3,280 

Sl,600 

$70,000 

$11,000 

$85,880 

$17,176 

$103,056 
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THIS DRAWllG IS FOR OUTFALL PUNNING PURPOSES AND 
REPflESEKtS PllEUlllNARY AND CONCEl'TUAL ENGINEERING. 

- ALTERNATIVES TO THIS OUTFALL SYSTEll WU BE CONSIDERED BY 
PUEBLO COUNTY PROVIDED THAT THE ALTERNATIVE Ofl'E1IS EQUAL 
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SHAU. NOT BE USED ftlR CONSTRUCTION PURPOSES, 

c 
0 ·r; 
m 
L 
0 a. 
t. 
0 
LI 
rn 
c 
·c:: 
m 
OJ 
c 
·ai 
c w 

~ 
.Q 
~ 

~roJHI No 94 01 01 
Oet•: 2/ 94 
o ..... : CAB 
Dra•fl: EAK 
c ... c .. : RNW 
ll••te'°M: 

5 



COMMENTARY SHEET 6 

FLOWPATII: AspenCirde DRAINAGE BASINS: Roaelawn 

5-YEAR D~IGN RANGE: l to 240 ds 

EXISTING CONDITIONS: 
Thia portion of the Roaelawn Buin includes IUUI of ~•idm.W. commercial and iadwlri.t uses. Aspen C"arcle draimge 

c:barac:leriaticl include undeniz.ed roadside ditches 1nd culverts. 1be residential uaa contain adequate cudied street• and roadside 
ditches, but smne have inadcqualC outfall fKilitiea. AdditiDPI runoff enten this aru from a low •pot on Smaa Fe Drive which 

collecu runoff from IUUI aoutb of SUiia Fe Drive. 

FUTURE CONDlflONS: 

Fulwe land use is anticipated to include inciused industrial developmenl. Future developnenl shill be requmd to pnwide 
onaite detenlian to mainlain flow• to historic leveh. 

PROl'mED IMPROVEMENTS: 

M1jor impnm:menU occur along Aspen Circle. The llOU!bedy poll.ion of Aspen Cude includes ditch and culvert upgrades 

with I improved outfall to the Arbnsu River. 1be northerly poll.ion of Aspen Cin:le will be cwbed md I llonn sewer l)'Slan wm be 

imlalled. 1be improvemenll to the re1idmlial IUUI include improved ditch aectiom, improved culverts and anall 1tonn sewer 1ystenu 

al vuiou1 OUIJ'all loclliom. The off1ite nmoff will be intc:Kepled by a 1tonn 1ewer l)'Stem originating in the Liberty Drive an:a, aoulb 
of S1n1a Fe Drive. Thia l)'Stan will outfall at the northerly end« Aspen S~L 

FLOW PATii: lbt I.me DRAINAGE BASINS: lbt Lue 

5·YEAR D~IGN RANGE: 20 to 131 d's 

EXISTING CONDmONS: 

Thia portion of the 21 at Lane: Buin comaim pimarily ~sidenlial wea with a amll commen:ill ~ adjacent to Sanla Fe 

Drive. The wsaing IOldaide ditcbea 1nd culverts ~ utilized for collectim of localized dntinage and II ID outfall lflkm for dnlinage 
gmemed IOdb of Saala Fe Drive. This existing sy11em is undenin:d which kids to overtopping md ll'eU of aballow Dooding. 

FUTURECONDmONS: 

Fulun! bnd use i1 not anticipated to change. 

PROl'mED IMPROVEMENTS: 

The propmed implUYelllmla iadude utilinng che existing ditdiet to collect and direct the local dnlinage 1nd iiulalling an 

Olllfall 1tonn sewer ayslem in 21st Lane to cnsvey cbainage from upper buin ll'eU. An lkrmtive to lbe roadside ditch aJoog 2ht 

Lane from Peakview Drive to Clearview Liile would be to ilulall air and guaer in dllt aru md eliminating the J'Oldside ditchet. 

Pc:Uview Drive, Riverview Drive and Clearview Lane might need ~g....ting to enlUl'C tbal local drlinage ~et the 21st Lue 

if.tan. 

Preliminary Daip Colt Eltimalo Shed 6 

~-
lliipmvllQlall Qmmity 

ll"CMP 60 

54"RCP 3200 

2' X 2' Orated Jnld 

BOK Bue Manhole 6 

Pavemem Replacemmt mo 
Out&ll SlruclUn: 

Total l!aUmted C--. Colt 

l!ngjnecrina and Coul.ingmcy {lK) 

Tollll Emmakd Cmt 

lji~rP.r.ilW1" . Arh'bi.N . .. 
=i~ 

..,hW,'~ 

lmptaYcmem Quantity 

60"CMP JOO 

42"RCP 1000 

36"RCP 640 

36"CMP 80 

30"CMP so 
2A"RCP BOO 

JrRCP 110 

JS"RCP 80 

Manlmlll 4 

5'COlnlct 6 

lO'CObld 3 

Orudiacd c:haaacl 1000 

Gtusliaal cbamd 800 

Gtusliaal cbamel 1200 

Ripnp c:bmocl 700 

Ollb and pller 3400 

Pning 5800 

llock ch-1 sundown 

Hmd..U. 3 

Drop Stzucluel 7 

~cdlow awale '200 

<Mfall~ 4 

To«U EaialllCd Caimuctioa Cod 

&gjnecrina and CoalinpncJ (20 .. ) 

Uni& Unita.t 

Material 

LF Sl7 

u: S71 

EA SJ,500 

EA S4.000 

SY SIS 

EA SlS.000 

Unit Unite. 

Material 

u: S70 

LF S60 
LF S46 

LF SlS 

LF $29 

LF SJS 

u: SlO 

lP Sii 

EA S2,000 

EA $2,500 

EA $3,000 

LF SS 

LF SS 
LF SS 

u: SS 

LF S5 

SY S4 

EA Sl0,000 

EA $400 

EA $6,000 

lP SS 

EA SlS,000 

UnilColt 

lnmll1tioa 

S6 

S24 

ssoo 
Sl.000 

S5 

SI0.000 

UnilColt 

lmllll1tion 

S24 

SIS 

SJO 

SIO 

SlO 

S6 

S6 

S6 

ssoo 
S800 

Sl.000 

SIS 

SIS 

Sl!'i 

SIO 

S2 

S4 

SS.000 

$400 

$4,000 

SIO 

SJ0,000 

Total 

Material 

Sl,D20 

$249,600 

Sl,500 

$24.000 

S41,7SO 

SlS.000 

S349,170 

$6!1,974 

$419,144 

Total 

MalerW 

$7,000 

$60,000 

$29,440 

S2,IOO 

Sl,450 

Sll,000 

$2,200 

Sl,440 

Sl,000 

SlS,000 

19,000 

SS.000 

S4.000 

56.000 

$3,500 

$17,000 

$23,200 

SI0,000 

Sl,200 

$42,000 

Sl,000 

$100,000 

$377,230 

S7S,M6 

Teal 

lnllallation 

$360 

S76.IOO 

$500 

$6.000 

S16,2SO 

$10,000 

SJ09,9JO 

$21,912 

$131,192. 

Teal 

lmtallalloo 

$2,400 

SIS,000 

$6.400 

$800 

$500 

$4,800 

S660 

S4IO 

$2,000 

S4,IOO 

$3,CIOO 

SIS,000 

Sl2,000 

Sll,000 

$7,000 

$6,800 

$23,'200 

SS,000 

Sl,200 

$21,000 

$2,000 

$40,000 

$199,040 

$39,IOI 

$231,141 

Total 

Sl,380 

$326,400 

$2,000 

$30,000 

$65,000 

$35,000 

S459,780 

591,956 

sm,736 

Total 

$9,400 

S7S,000 

S3S,l40 

$3,600 

SJ,950 

$32,800 

$2,860 

Sl,920 

SI0,000 

$19,800 

$12,ooo 

$20,000 

$16,000 

$24,000 

SIO,SOO 

$23,800 

$46,400 

Sl5,000 

$2,400 

$70,000 

$3,000 

$140,000 

$576,270 

SllS,254 

$6!11,524 
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COMMENTARY SHEET 7 
Preliminary Dcsip Coll Estimate Sheet 7 

FLOW PATii: 23rd Lane DRAINAGE BASINS: 23rd Lane 
Quanaity Uni& Jmpovc:ment Unit Cost Unit Coit Total Total Tocal 

S·YEAR DF:SlGN: IBto 119 d1 Metgiel ln..U.tian Me!friel InelflleDos 

18.CMP 220 LP $17 S6 $3,740 $1,320 SS,O<lO 
EXISTING CONDITIONS: 24.CMP 150 LP $22 S6 $16,SOO $4,SOO $21,000 

1bia portion of lhe 23rd Liiie Duin includa residential 111d •aricultural ueu. The exiltina dl'linqe f1cililie1 iKlude 54.RCP 750 LP $78 $24 SS8,SOO $18,000 $76,SOO 
roadeide ditcha wilb culvens. The fac:ililiu Ilona Oale and Bvereu Roads U11 inadequate md need to be improved. The exiltin& ditch 

54•CMP 150 LP $(iO $24 $45,000 $18,000 $63,000 
llld culverts adjac:cnt 10 23rd Lane are utiliud for collec:don of localimd drainaae and u an outflll l)'l&enl for dl'linlae aenerated 

Om1lincd cb.ancla 2150 LP SS $15 $10,750 $32,250 $43,000 1outh of Santa Fe Drive. This exiltina 1ystcm ia undermcd which leads to dileh ovenoppina and areu of ahallow floodina Ilona 23rd 
Lane. Headwlll lS BA $400 $400 $6,000 $6,000 $12,000 

FUTURE CONDrI'IONS: ] Future land me ia antiap.ted 10 include inc:reaeed residential use. Onsite derauion ahall be requin:d to mainllin hilloric Total Ellimated Comtruclion Coll $140,490 $80,070 $220,s!JO 
Jevcla. 

Bn&ineering md Continaency ~) $28,098 $16,014 $44,112 

PROPOSED IMPROVEMENTS: 
$168.SBI $96,084 $264,672 ] 

Improved dilehe1 md culvelU are proposed eJona Oele and Bvcreu Road1. A mll1l storm 1ewer collrx:tor 1)'11.em ia Total Estimated Cost 

prapoted in Bvac11 Road ean of 23rd Line to drain 1 localiizd low area Ilona the road right-of-way. The proposed improvcmenll 

llq 23rd Lane consist of indllling 1 llOnn aewer outflll system to convey upper basin flows md intercept local flows It major ] Intersections. The existing roadside ditch eJana 23rd Lane belwem Santa Fe Drive and Bvereu ROid will remain to provide 1 
cclleclion l)'ltc:m for local and •rea dl'linqe. At lhe time of my developnent lhe ditch abould be eliminated and curb md autter Improvement Qullllity Unit Unit Coat Unit Cost Tocal Total Total 
insWled llong 23rd Lane. The future dcvelopnent aheJ1 m.uuain runoff to historic conditiana 111d ahlll provide 1 cannec:don to lhe 

Materiel Jnlllllalim Materiel ln•tellllion ] proposed c.11f.il facility. The ellislina ditch and culvens from Bvemt Road nonh ablll be eliminated and curb and pui::r installed 
a1on& 23nl Lane. lnleraecting roads from lhe wen may require reandina to ensure that local drainage reachca 23rd Lane. 

30-CMP 40 LP $29 $10 $1,lliO $400 $1.SliO 

54.RCP 3985 LP $78 $24 $310,830 $95,640 $406,470 ] PLOW PATii: 25th Lute DRAINAGE BASINS: 25th lAnc 24•RCP 600 LP S2S S6 $15,000 $3,600 $18,600 

lS"CMP 80 LP $15 S6 $1.200 $480 $1,680 
5-YEAR DFSIGN: 128 to 116 cfs 24" CMP 915 LP $22 S6 $20,130 SS,490 $25,620 

Box ba1c manhole 9 BA $4,000 $1,000 $36,000 $9,000 $45,000 

EXISTING CONDmONS: 5'manhole BA $2,000 ssoo $2,000 ssoo $2,SOO 

Thia ponim of 1!ic 25tb Lane Duin includes reaidential and 1pic:ultunl areu. The eailiina dflinaae facilitiea iK!ude 2'll.3' lntercepling inlet 2 BA $1,400 $500 $2,800 Sl,000 $3,800 

roadside ditches and culvens. The road1ide ditch a1on& Oalc Road are insuff"tcient 111d mOll of the culvens are les• lhan the minimum S' COlnlet 4 BA $2,SOO $800 $10,000 $3.200 $13,200 
lenath- The mnina concrete ditch along 25th Lute in~ local dninqe and llM> provides lhe oulfall synem for dninaae Curb and Guucr 4400 LP $4 $2 $17,600 $8,800 $26,400 
gmerltcd 1oulh of Santi Fe Drive. The ellisting ctileh ii adequate for lhele usc1. The outfall system 10U1h of Santa Fe Drive ia Gru1lined channel 3650 LP SS SIS $18,250 SS4,750 $73,000 
inadequate. 

Pavement Repllcc:ment 5340 SY $15 SS $80,100 $26,700 $106,800 

FUTURE CONDmONS: Headwalls 23 BA $400 $400 $9.200 $9,200 $18,400 

Flllllre land use is anticipated IO iKludc commercial areu 1djac:mt to Santa Fe Drive. 

PROPOSED IMPROVEMENTS: Total Eltimated Construc:dan Con $524.270 $218,7li0 $743,030 
The roadside ditch synem adjac:mt to Gile ROid will be upar.ded. The propoeed improvements along 2Slh Lane conain Bnginecrin1 and C.antingcncy ~) $104,854 $43,7S2 $148,606 

of improvina 1!ic ll.Onn sewer autflll syatem which convey• upper basin Rowa into the msting concn:te chlnnel. 

Total Estimated Con $629,124 $262,Sll $891,636 
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COMMENTARY SHEET 8 

FLOW PATH: 271h Luie DRAINAGE BASINS: 271h Liiie 

S.YEAR DESIGN: lllto 136d'1 

EXISTING CONDfrIONS: 
This portion d lhc 171h Luie Buin coni.in1 mOllly aaric:ukural an:u wilh 1cme 1a11ller reaidcntial areas. The ailtina 

dninaae fecilitics include very flat andiens IOldsidc dilehcl wilh culvau. The culvert at Slllla Fe Drive and lhc di&ch aJona 171h Luie 
provide lhe outfall syincm for dninaae acne~ 1ou1h of SUila Fe Drive. The dilCh al10 colloc:u local runalf', but the di&ch ii d 

insufficient capecily. Bvcreu Road also ha• an insufficient di&ch with culveru which do not meet the minimum lenalh Rquiiane:nll. 

FUTURE CONDlrlONS: 
FUIUre lml we ii Ullicipucd to include increased residential UICI. Onlite detmtim ahall be ~ to malnlain hisU>ric 

PROPOSED IMPROVEMENTS: 
The propotc:d imp-ovements consist of inltallin& a •tonn tewcr outf'all syatc:m in 27th Luie to convey upper basin Oow1 to 

1he M1n111 River. The existing roadlide ditch a1ooa 271h Luie &om Suu Fe Drive norlh will ran.in to collect suw and local 

ninoff. At lhc time oC r .. un: development, 1he ditch can be elimina&ed lllld curb and auuer installed along 17th Une. Local dnina1e 
will be intercepted at Oah: and Everett Roada. The clilehea and culYl:ltl along Oale and Bverect ROid• will be upatmed. 

FLOW PATii: 191h Luie DRAINAGE BASINS: 19lh i.-

S.YEAR DUIGN; 45 '° 77 d'a 

EXISTING CONDITIONS: 
This ponioa of lhe 29th Lane Basin cani.in• mainly apic:ulwral u1e1 with smaller areu of raidenlial use. The existm1 

dnina1e facililies include inadequate roadlide ditches and culYCJU and acme areu have insuff'teient oulfall f1ciliticl due IO lhe very 

Oat lapOlnphy in thia area d the Mesa. 

FUTURE CONDITIONS: 
fUIUre land uae l.s anticipated to inc:IDdc inCRUCd residential use. 

PROPOSED IMPROVEMENTS: 
The proposed improvemen11 can1ist of improvina lhe l'Old1ide di&che1 and culvezu a1on1 2Blh Luie and Bverdt Ro-d and 

ponionl of Gale ROid. The EYCrect Road system will outfall to 291h Luie and dien continue norlherly. The Oale Road system will be 

caUecse.d by a stonn sewer systan m& 191h Lane 111d IXlOYeyed euierly. 

Pldiminuy Delip Cost Escimate Shed 8 

f7"'t--.i ~'.I.I ;; ·~-v~". '"1 . '"lUmtlWfaffi. 1' 't~ ~~-& ~ . ;; .~ .................. ... .,.,,,...~™-·~~.~xti_ .,.,.~_.,., 

Improvanent Quantity 

60"RCP 37SO 

45"x 73"RCP 70 

30"CMP 170 

24"CMP 180 

lB"CMP 90 

BOJIL Bue Mlnhole 9 

Oruslined channel 2400 

2' x 3' lnlerc:cpcina Inlet 1 

Hcadwllll 18 

TOlal Etaima&ed Constnactim <Ast 

Bttiineering and Contingency (2~) 

TOlal Estimated Cost 

-~:~tl@Ww«--w * ~)~] ~ .. ,,~~--<$:".«~»> . ·.t ..s®:; ~ -;- -. .-·, 
• • • ; . .... v ~ · '!...U .,..~ 

Improvement Quantity 

30"CMP 

24"CMP 

IS-CMP 

BOJIL Bue MlnhoJc 

Graulimd cbanDd 

3. x 3. Inten::cpin& Inlet 

Headwllll 

Total &timatcd Couuuctim Coat 

Engineering and Contingency~) 

40 
1SO 

3(i0 

1 

7600 

1 

11 

Unil Unit Coat 

Matsrii 

LP $116 

LP $90 

LP $29 

LP m 
LP Sl7 

BA $4,000 

LP SS 
BA $1,400 

BA $400 

Unil UnilCoat 

Material 

LP $29 

LP $21 

LP $17 

BA $4,000 

LP SS 
BA Sl,500 

BA $400 

Unit<A1l 

Inf1fllelim 

$24 

$24 

$10 

$6 

$6 

$1,000 

SIS 

ssoo 
$400 

UaitCoat 

Inatallatim 

$10 

$6 

$6 

Sl,000 

$15 

$500 

$400 

Tolll 

Mreri!l 

$435,000 

$6,300 

$4,930 

S3,9'i0 

Sl,530 

$36,000 

$12,000 

$2,800 

$7,200 

$509,720 

$101,944 

$611,664 

Tolll 

Material 

$1,l(i() 

SS,500 

$6,120 

$4,000 

$38,000 

$3,000 

$8,400 

$66,lllO 

$13,136 

$79,416 

TOlal 

Ineallllion 

$90,000 

Sl,680 

Sl,700 

Sl,080 

$540 

$9,000 

$36,000 

Sl,000 

$7,200 

$148,200 

$29,640 

$177,840 

TOlal 

Ineallalion 

$400 

$1,500 

$2,l(i() 

$1,000 

$114,000 

$1,000 

$8,400 

S121,4<i0 

$25,692 

$154,151 

Tolll 

$525,000 

$7,980 

$6,630 

$5,040 

$2,070 

$45,000 

$48,000 

$3,800 

$14,400 

$651,920 

$131,584 

$789,504 

Total 

Sl,S(i() 

$7,000 

$8,280 

ss.ooo 
$151,000 

$4,000 

$16,800 

$194,640 

$38,928 

$233,568 
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COMMENTARYSHEET9 

FLOW PATH: 29th Lane DRAINAGE BASINS: 29th Lane 

5. YEAR DESIGN: 100 IO 142 cf1 

EXISTING CONDITIONS: 
Thil poniao cl lhe 291h Line Balin conllhl1 re1idenlW and agricuJwnil 1rea1. Port.i<llll of 1IW area c:on&ain inadequate 

roadlide ditches and olher paru have no facilities at all. There are no ditches along 291h Lane and there are power poles l0<:ated along 
!he westerly edge. 

FUTURE CONDrrlONS: 
Fuwre land use ii 1111icipated to include inc:reued relidmlial use. Omite detenlion shall be required to mainllhl runcif IO 

hi110ric levels. 

PROPOSED IMPROVEMENTS: 
The proposed improvanenll con1i11of1 110nn 1ewer outf.U ay11en1 ID •CJVc 11C&1 soulh of Santa Fe Driw. Local drainage 

will be intef'Celled with collection inlell in the ditchet and in 111111p area1. Any future development aball provide a 1uitable connection 
ID the outfall facility and maintain runoff to billOric condiliQlll. A lateral ay11an will extend west in Gale Road to provide an outfall 
for an area lying we11 of 28th Lane. The ditch and culverts will be improved along the ea1tem portion of Evereu Road and will be 
intef'CelUd at 29th Lane by lhe outfall system. 

FLOW PATH: 30th Lane DRAINAGE BASINS: 30th Lane 

5-YEAR DESIGN: 26 to 63 d1 

EXISTING CONDITTONS: 
Thil ponion oC the 30th Lane Basin c:on&ainl residc:nlW and 111ricultunil UICI. The wiling drainage fac:ililiel include 

in1ufficicn1 roadlide ditche1 wilh culveru. 

FUl'URE CONDITIONS: 
Fuwre land use ii anticipated to include increased residential use. Omite detention aball be requin:d to mainllhl billOric 

levels. 

PROPOSED IMPROVEMENTS: 
The proposed improvcmenu c:csuilt of improving die insufficient ditchet and culverts in Oale and Bvereu Roed1. A 11ann 

sewu ii pR1p01ed along 300! Lane and a ponic:n of Everett Road lO convey runoff collec:lcd by the improved dilche1 IO outfall at a 
PIUral ravine nonh oC Bvercu Reed. The 110nn 1ewer will be located in lhe ditch line area 10 that runoff from lhe low areu below lhe 
roadl can be intert:qml. 

Plellmlnal)' DesiF Casi Eaimalll Shed 9 

~?-rfm'i~fi~~:.:mr~sR'.787~rr31 H.i~i1i\f~~.f~- '"' ~'-t' •"" -. °"' ' 'U . . ·. .~ . ~...;..._.;.:t..zl'~~~~ .... ,~~\l:-::1 

hup1ovllDllDl Quanlity 

41"RCP 1550 

4TRCP 1300 

30"CMP 40 

24"CMP 375 

ll"CMP 160 

Baa Bue MmhDle 4 

MmhDle 2 

4' x 3' lnlaCCpting lnla 

3 • x 3• Intm:cpQna 1n1a 2 

2'x3'InlCICeptil1glnla 

Out!dlSllUc:IWll 

Oraulinod cbumol 4800 

Hcadw.U. 23 

Tolal &timallld Cmmucliaa CCIII 

EnP-inl and Cantinamcy <2K> 

Told &iimallld COil 

[~~~rmr;~J;,1«mrt-"1f?~ . -- · · Himtl--~r·-jb~';;,•:t~(",! ,,;.i, ,.. ... ._ . . · ,.. : <;;; ~ :."t:f .. t "' "Z .. -'i._~.,,__. .... -; 

Improv-l 

60"RCP 

S4"RCP 

41"RCP 

2A"CMP 

ll"CMP 

Baa Buo Mnabolo 

2· x 2· Inlelaptina 1ni.t 

2• a 3' Inlelaptina Jni.t 

TypoDlnla 

Chullined ch&mel 

Headwalll 

Tacal Eltimallld CllllllNdioa COit 

&ainoerin& and Coatinaency <2K> 

Quantily 

2695 

1320 

2'00 

80 

120 

14 

3 

2 

675 

4 

Unit Unit COil 

Malaial 

LP $61 

LP $60 

LP $29 

LP $22 

LP $17 

EA $4,000 

EA $2,000 

EA woo 
EA Sl.500 

EA Sl,400 

EA $25,000 

LP SS 

EA S400 

Unit Unl&CClll 

Matedal 

LP $116 

LP m 
LP $61 

LP $22 

LP $17 

EA $4,000 

EA $1,200 

EA $1,400 

l!A SI.SCIO 

LP S5 

EA S400 

UnitCml 

lm&allatim 

$11 

$15 

$10 

$6 

$6 

Sl.000 

$500 

SIOO 

$500 

$500 

Sl0,000 

$15 

S400 

Unl&Cml 

lmtallatiaa 

$24 

$24 

SIS 

$6 

$6 

$1.000 

$500 

$500 

$500 

$15 

S400 

Tatll 

Malmial 

SlOS,400 

$71,000 

$1,160 

$1,2!0 

$2,720 

$16,000 

$4,000 

$2,500 

$3,000 

Sl,400 

$25,000 

$24,000 

$9,200 

$280.630 

$56,126 

$336,756 

Told 

Malmial 

$312,620 

$102,960 

$176,IOO 

Sl,760 

$2,040 

$56,000 

Sl.200 

$4,200 

$3,000 

$3,375 

$1,600 

$665.SSS 

$133,111 

$191,666 

TCIW 

lnatUlatim 

$27,!IOO 

$19,500 

$400 

$2,250 

$960 

$4,000 

$1,000 

SIOO 

$1,000 

$500 

$10,000 

$72,000 

$9,200 

$149.510 

$29,902 

$179,412 

TCIW 

lnll&lllliaa 

$64,610 

$31,610 

$39,000 

$480 

$720 

$14,000 

$500 

Sl,500 

Sl,000 

$10,125 

Sl,600 

$165,215 

$33,057 

SlH.342 

TCIW 

$133,300 

$97,500 

$1,.560 

$10,500 

$3,610 

$20,000 

ss.ooo 
$3,300 

$4,000 

$1,900 

$35,000 

$96,000 

Sll,400 

$430,140 

S16,0'21 

$516,161 

Tall! 

$377,300 

$134,640 

$215,100 

$2,240 

$2,760 

$70,000 

$1,700 

$5,700 

$4.000 

$13,500 

$3,200 

SIJ0,840 

$166,161 

$997,11111 
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COMMENTARY SHEET 10 

FLOW PA.TH: 30di I..111: DRAINAGE BASINS: 30di I.me 

5·YEAR D~IGN: SS d• 

EXISTING CONDITIONS: 

Thia p>nim of the 30di I..ne Duin conlain1 residential Gd agricultural ueu. Thi1 ami contains inadequate roadside 

ditdlca Gd culvcru along Gale Road. There is no oullet facility al the intenection m Gale Road Gd 30di Lane. 

FlTl'URE CONDITIONS: 

FUIUre land uac i• not anticipated IO change. 

PROPOSED IMPROVEMENTS: 
The prq>OICd improvement i• an upgraded ditch •ection with improved ailveru along Gale Road. The ditch will be 

interceped by • •Imm ICWCr outfall 1y1tcm in 3<kh Lane. 

FLOW PATH: Baxter Road DRAINAGE BASINS: Butcr Road 

5·YEAR DESIGN: 45 to 142 cf1 

EXISTING CONDITIONS: 

This portion m the Baxter Road Duin contains reaidential _. agriailtural UICI. The wiling drainage facilitica include 

roamide dilche1 wilh ailvens, Gd 1trcets with curb Gd gutter. 

The ditdle1 along Baxter Road near Gale and Evercll Roam arc inadequate, along wilh thoae along Evereu Gd Clalc 

Roam. 

FlTl'URE CONDlrlONS: 

Future Jud uac i• anticipated to include increased residential use. Oiuite detention 1ball be R!quired to maintain runoff al 

historic levels. 

PROPOSED IMPROVEMENTS: 

The prqx>ICd improvements CXJ111ist m improving the inaufficicnt ditdlc• and culverts in Baxter, Gale and Everett Rm.di. 

Curb, gullcr, p.vcmmt Gd drainage facilities arc proposed along Fonl Road cul m Baxter Road to convey runmf. 

A local 1tonn acwer wilh inlets i1 proposed at lhc intencction m Daniels Road uid c.onsdidation Drive. 1bi1 1y1tem will 

outfall to the AlbnUI River. A drainage euemeal may be needed between Daniell Road md the outfall point al lhe River. 

Prcliminuy Dclip Coat Eatimate Sheet 10 
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Improvement Quantity 

18"CMP 40 

Grualincd channel 400 

Hcadwalb 2 

Total Batimaled Construction Cost 

Engineering and c.ontingc:ncy (lM>) 

Total Batimatecl Coat 

~;:;:~~wit:i;fil-a ~--~ ......... := ~~~~~ ~ 

Improvement Quantity 

36"CMP 

30"CMP 

27" ll 44" CMPA 

24"CMP 

18"RCP 

18" CMP 

5' co inlet 

TypeDinlet 

5' Manhole 

C1"011-pan 

Gru1lined channd 

Gruslined channd 

Gruslined dlanncl 

Caacretc channel 

Hcadwalb 

Paving 

Curb and gullcr 

Oulfall 111UdUres 

Tatal Batimaled Conltruc:Uaa Cost 

Engineering and c.ontingmcy (20%) 

310 

30S 

60 

100 

1470 

120 

4 

l 

3 

180 

2250 

2300 

2SSO 

300 

33 

6510 

4410 

3 

Unit 

LF 

LF 

EA 

Unit 

LF 

LF 

LF 

LF 

LF 

LP 

EA 

EA 

EA 

SP 
LF 

LF 

LF 

LF 

EA 

SY 
LP 

EA 

Unit Cost Unit Cost 

Material lnalallatim 

$17 S6 

SS $15 

$400 $400 

Unit Coat Unit Coat 

Material lmlallation 

$46 $10 

$29 $10 

SSS $12 

$22 S6 

$20 S6 

$17 S6 

$2,SOO S800 

S2.SOO $800 

S2,000 $500 

$8 S2 

SS SIS 

SS SIS 

SS SIS 

$50 $50 

$400 $400 

$4 $4 

$4 $2 

$25,000 $10,000 

Total 

Material 

$680 

$2,000 

$800 

$3,480 

$696 

$4,176 

Total 

Material 

$14,260 

$8,84S 

$3,300 

$2,200 

$29,400 

S2,040 

$10,000 

$2,500 

$6,000 

Sl,440 

$11,250 

SH.SOD 

$12,750 

$15,000 

$13,200 

$26,040 

Sl7,640 

$75,000 

$262,365 

SS2,473 

S314,838 

Total 

Jn1tall.iion 

$240 

$6,000 

$800 

$7,040 

$1,408 

$8,448 

Total 

lmtallation 

$3,100 

$3,0SO 

$720 

$600 

$8,820 

$720 

$3,200 

$800 

$1,500 

S360 

$33,750 

$34.SOO 

S38,250 

SIS,000 

S13,200 

$26,040 

$8,820 

$30,000 

S222,430 

$44,486 

$266,916 

Total 

$920 

$8,000 

$1,600 

$10,520 

$2,104 

$12,624 

Tatal 

$17,360 

$11,895 

$4,()20 

$2,800 

$38.220 

$2,760 

$13,200 

$3,300 

$7,500 

Sl,800 

$45,000 

546.000 
SSl.000 

$30,000 

$26,400 

SS2,080 

$26,460 

$105,000 

$484,795 

$96,959 

$581,754 
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COMMENTARY SHEET 11 ~~~~~ 

lmprcwemenl Quantity Unit Unit Co.it Unit Coll Tac.l TOlll Total 
FLOW PATH: Aspen Cirde DRAINAGE BASINS: Roselawn 

Material lilllUlill ldllilill lillll!elion 

5·YEAR BF.SIGN: 31 ds 
31• X .51" CMPA 100 LF $60 Sii $6,000 Sl,IOO $7,IOO 

42" RCP 1340 LF $60 Sl.5 SI0,400 S20,100 SI00,500 

EXISTING CONDmONS: 36" RCl' 1300 LP S46 SID $59,800 $13,000 S72,IOO 

100 IP S31 SID Sl,800 Sl.000 $4,800 30" RCl' 1bil poniaa ol lhe Rosel.awn Duin includel the Rosel.awn ~ry and analler areu ol residential uid commercial me 
JO"CMP 270 LP S29 SID $7,130 Sl,700 SI0,530 near Sanla Fe Drive. The buin dndn•1e chuacicri.Uc:m indude dWlow oheet flow thruu&h the Cane1cry IUld inlo the walin1 curbed 

11Rcta. The drainage c:cacenU'&t.e• in a low •pot Ill Santa Pe Drive and Canon SUeeL 24'"CMP 60 LF S22 $6 Sl,320 S360 Sl,680 

24• RCl' 500 LP $25 $6 Sll,500 Sl,000 SlS,500 

FUTURE CONDrnONS: lrCMP 70 LP S17 $6 Sl,190 $420 Sl,610 
Fmure lllld uae ii llllicipatcd to indude iocreued re1idcnlial developmenL Future development aba1l be required to provide Box BMC Manhole 1 l!.A S4,000 Sl,000 S4,000 Sl,000 $5,000 

cmite cletelllicn to maintain 009lt to historic le¥dl. 
Mmlhole s l!.A S2,DOO ssoo SI0,000 Sl,500 Sll,SOO 

4'a'*'lnlerccpllnglnld l!.A $2,500 SIOO $2,500 SIOO $3,300 
PROPOSED IMPROVEMENTS: 3'a3'1n~glnld 2 l!.A SI.SOD ssoo $3,000 Sl.000 $4,000 

A 110nn aewer ryJtem of piping uid inlctt ii proposed within the curbed aR1U to control ruaoff in this area. The syatem 2.5' x 3' lnlcRcpllng lnJd l EA Sl,500 ssoo Sl,500 $500 $2,000 
will illlenlepl a ponion of lhe now before it readies lhe low 1pot in Sana. Fe Drive and will provide collcclion poillll al the low 1pot. lO'COlalct J l!.A S3.000 Sl.000 $9,000 SJ.000 S12.000 
Tue 110nn aewer begina al the intersect.ion of l..s"berty Drive and Delta Street. c:oalinue1 inlO SIDI& Fe Drive (Stale Highway right-of-

l'lvmiall Repkcemeal 3600 SY SIS SS $54,000 $11,000 m.ooo 
way), and beads northedy in Aapen Circle. 

OruUinr.d dwmd 4525 LP SS SIS $22,625 $67,87.5 $90,500 

OruUinr.d channel 2650 LF SS SIS SJJ,250 SJ9,7.50 $53,000 
The Bes11en1er Ditch stonnwater sepanaim 1uucture ii propoted we1t of the Atpm Slrect intenect.ioo with lbe Ditch. 1bil 

Carb and gallCr 2400 LP S4 S2 $9,600 $4,IOO $14,400 
11rUcture will reduce the Dow in the Bestemer DilCh which mten the SL Oiades Mesa basin 10 the muimum irrigllioo flow. DeW11 

Hadw.Jla 13 l!.A S400 S400 SS,200 SS,200 SlD,400 
of thi1 slrUctwe are presented on Sheet 30 of the design plant. 

Tolll l!a1Umted c:on.&n1dim C.od 1307,515 Sl16,I05 $494,320 

FLOW PATH: 2bt LIDe DRAINAGE BASINS: 2bt Lane l!qjncaing and Cmlizlp:DCJ (20'il.) $61,503 SJ7,361 $98,864 

Total~Qm $369,018 S22A,l66 $593,114 

5·YEAR. DF.SIGN RANGE: 20to 131 cfs 
Ma~F~ .. ~1~~ lit! H . -~~'\-.~'°" 

EXISTING CONDrnONS: lmprcwanml ~tity Unit UnilCo.t UaitCo.t Tac.l TOlll Tac.l 

This ponim ol lhe 21st Lane Duin cootains residential and agricultunl uaes. The existing chainage facilities ind ode areu Material lilllUllill Malerial Wiiiia 
or aubed llreels, and l'Dldside dilches with culveru. The roadaide dilches and culveru alms 20th and 2ht Lane• are undenimt 

which Jeam to dilch overtopping and areu of flooding. The aisling culvert under Sana. Fe Drive (State Highway right-of-way) i• a1ao 42• RCl' 900 LP $60 SIB $54,000 $16,200 $70,200 

undenized and eooln'bulet to dilCh overtopping. 30" RCl' JOO LP SJI SlO Sll,400 SJ.000 $14,400 

24• RCl' 4.50 LP S25 $6 Sll,250 Sl,700 Sl3,9.50 
FUTURE CONDlfJONS: 11•CMP 60 LF Sl7 $6 Sl,D20 S360 Sl,380 

FUIWe land use ii anticipllCd lo include increued miidenlial use. On1ite detentioo lhall be required to maina.in nmoff to U"CMP 40 u Sl!I S6 S600 $240 Sl40 

hi11oric condition1. Manhole s EA S2,DOO ssoo SID,000 Sl,500 Sll,500 

ID' CO Inlet 2 l!.A 13.000 Sl.000 $6,000 S2,DOO Sl,000 

PROPOSED IMPROVEMENTS: S'COlnkt 4 EA Sl,500 saoo SID,000 Sl,200 SlJ,200 
The propmed impmvemcnts include ditch and culvert upgnde1 in conjunclion with a storm aewer outfall 1ystem along 21 at Clzib and Gana 1600 IP S4 S2 $6,400 S3,200 S9,600 

Lane. Ditch and culvert upgrade• exlend from Counly Fann Road 10 Hilhide Rmd. The 1torm aewer begin• Ill Zirmo Blvd. and 
l'lwanml Replacemeat 22.50 SY Sl.5 SS $33,7.50 Sll,250 S4S.OOO 

ccntinur:s nonh in 21st Lane to Santa Fe Drive. The cruling ditch along lbt Lane will ianain lO collect street and local chaina1e. At e-cr ScpanUon 1tn1c EA $25,000 SIS,000 $25,000 $15,000 S40.000 
the time or uiy fulure development, the ditch mould be eliminaaed with r:wb and gucter inaa.lled along 2ht Lane. A lateral stonn 

2' 14'0111tcd lnJd l!.A Sl,500 ssoo SI.SOD ssoo S:Z.000 
aewer 1ystem exaends 10 20th Lane in Sana. Fe Drive (State Highway right.of-way). Upg.-.ded ditch and culvert• are proposed alaag 

20th Lane from County Fum Road to Sana. Fe Drive. 

Total &limaled c:on.&n1diaa C.od Sl7D,920 $60,1.50 Sl3l,117D 

&peering IUld Cantinpcy (20'il.) $34,184 Sl2,D30 $46,214 

Tolll l!a1Umted C.od $7.0.5,104 S72.l8D s:m,214 
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COMMENTARY SHEET 12 

FLOW PATH: 23rd Lane DRAINAGE BASINS: 23rd Lane 

5-YEAR. DF.SIGN: 31to100 d1 

EXISTING CONDITIONS: 
'lbil portion of the 23rd Lane Buin ia mOltly reaidential with numerow agric:ulmral area. The exi1ting drainage fac:ilitiea 

include roldaide ditcbea with c:ulvertt. Some ditcbea are inadequate and IOllle analler areu ladt suitable outfall facilitiea. 

FUl'UllE CONDITIONS: 

FUIWe land use ia anticipated to include increued reaidential use. Omite detention shall be required to maintain historic 
lcveb. 

PROPOSED IMPROVEMENTS: 
The propmed improvr:menll along 23rd Lane consi1t d a llonn ICWCr l)'Jllem to convey upper buin Oowa and inten:cpt 

Jocal Oowa at major intenectiom. The exiating roadside ditcbe1 will be used for local drainage Suitable outfall facilitie1 are pmpo9Cd 
for the 1maller areu. 

FLOW PATH: 2Sth Lane DRAINAGE BASINS: 2Sth Lme 

5·YEAR DESIGN: 38to127 cfa 

EXJS'l1NG CONDITIONS: 

This portica of the 2Sth Lane Buin ii mostly re:iiidential with ll1lll11 agricultural areas. The existing drainage fac:ililiea 

include roadaide ditcbea with culverts and umuitable outfalb for analler areas. Existing fac:ilitiea along 2Slh Lane are inadequate for 
upper buin Oow1. 

There ii ID wiling detenlioo pond locatc:d near 1ri1 Road and 2Slh Lane which will remain. 

FUl'URE CONDITIONS: 
FU!Ure lmd uae ia not anticipated to change. 

PROPOSED IMPROVEMENTS: 

The prqioscd improvemenu along 2Sth Lane consi1t of a 1torm sewer 1y1tem to convey upper lwin Qow1 and inien:ept 

locU Qow1 at major intenectiODI. The Wiling ro.diide ditclte1 will be used for local dninage. Suitable outfall facilities are proposed 
for the unaller areu. 

The l)'•tem will have to crosa San!a Fe Drive which ii State Highway Right-of-way. 

Preliminary Daip COil &tinwte Sheet 12 
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Impravmnait Quanlily 

41"RCP 1300 

41"RCP 1325 

36"Ra> 100 

30" RCP 500 

30"CMP so 
24"CMP 220 

BCllll Bue Manhole 4 

Manhole 5 

2' a 3' lnt=cplinalnla 2 

3' :ii 3' lllt=cplinalnla 1 

Onalinrd clwmel 4100 

Pavement Rcplaamml 43SO 

Curll and auua 200 

H~dwalll 9 

Total l!llimalal Camuuelicm Cm 

Enginemifta and Cmninpcy (2K) 

Total Eatimalal Cm 

~~~~~~m --~· ·<t 'j< .... 
,. ... - - •. ~ -- } ,,'-· - .. ~>.. .. ., 

lmprovemea& Quantity 

42" RCP 

36"RCP 

36"CMP 

30" RC' 

24"RCP 

ll"RC' 

Maabo1e 

Bo:ii B .. o Maabo1e 

5'001nkt 

3' 114' Gnted 1nld 

3' • 3' Gnlal lnkt 

3' ll 2' CJnllld lnla 

Pavement RepllClllDalt 

Pavina 

Curll and guacr 

Croapm 

Hadwalla 

Caacn:lechaand 

Ora..liilod c:mnae1 

Tolll Eatimated Comtruclim Cm 

Ena;inemina and Cmtinpncy (2K) 

TcMl l!llimalal C-

970 

2920 

470 

520 

Z40 

570 

9 

1 

7 

1 

2 

4330 

4530 

1400 

400 

16 

1250 

1470 

Uail Unit Cast 

Material 

LP $61 

LP $S1 

LP S46 

LP $38 

LP $29 

LP $22 

EA $4,000 

EA $2,000 

EA $1,400 

EA Sl,500 

LP $5 

SY Sl5 

LP S4 

EA $400 

Ullit UllitCmt 

M.alllrill 

LP $60 

LP S46 

LP $35 

LP $31 

LP $25 

LP $20 

EA $2,000 

EA $4.000 

EA $2,500 

EA $2,000 

EA $1,500 

EA $1,400 

SY $15 

SY S4 

LP S4 
SF $8 

EA $400 

LP $50 

LP $5 

Uni1Ca1t 

lmlallatlan 

$11 

$15 

$10 

$10 

$10 

S6 

Sl,000 

$500 

$500 

$500 

$15 

$5 

S2 

$400 

UnilCmt 

1ut.o1111i111 

$11 

SID 

$10 

SlO 

S6 

$6 

$500 

Sl,000 

$100 

$700 

ssoo 
$500 

$5 

$4 

S2 

S2 
$400 

$50 

$15 

Taul 

Material 

Sll,400 

$79,500 

$36,800 

$19,000 

$1,450 

$4,840 

$16,000 

$10.000 

$2,100 

$1,500 

S20,500 

$65,250 

$800 

$3,600 

S3S0.440 

$70,081 

$420,521 

TciW 

flllllllll 

$51,200 

$134,320 

$16,450 

$19,760 

$6,000 

$11,400 

Sll,000 

$4,000 

$17,500 

$2,000 

$1,500 

$2,100 

$64,950 

$18,120 

$5,600 

$3,200 

$6,400 

$62,500 

$7,350 

$460,050 

$92,010 

$552,060 

Total 

lnltallatlon 

$23,400 

$19,175 

$8,000 

$5.000 

$500 

Sl,320 

$4,000 

n.soo 
SI.DOD 

$500 

$61,500 

$21,750 

$400 

$3,600 

SUJ,345 

$30,669 

$184,014 

Total 

lillllll~llll 

$17,460 

$29,200 

$4,700 

$5,200 

$1,440 

$3,420 

$4,500 

$1.000 

$5,600 

$700 

$500 

$1,000 

$21,650 

Sll,120 

$2,100 

$800 

$6,400 

S6l,500 

$22,0SO 

$201J,040 

$41,IOI 

$250,148 

Tocal 

Sllt,IOO 

$99,375 

$44,IOO 

SZ4,000 

$1,950 

$6,160 

$20,000 

$12,500 

$3,IOO 

$2,000 

$12,000 

$17,000 

$1,200 

$7,200 

$503,785 

$100,757 

$604,542 

Tcllal 

$75,660 

$163,520 

$21,150 

$24,960 

$7,440 

$14,820 

$22,500 

$5,000 

$23,100 

$2,700 

$2,000 

SJ,100 

$86,600 

$36,240 

$1,400 

$4,000 

$12,IOO 

$125,000 

$29,400 

$669,0IJO 

$133,111 

S802,908 
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COMMENTARY SHEET 13 

FLOW PATH: 27th Lane DRAINAGE BASINS: 27th Lane: 

5·YEAR DESIGN: 64 to 112 c!a 

EXISTING CONDITIONS: 

Thu ponion of lhc: 271h Lane: Ba1in cor11ain1 reticlential uid agricultural arua. The eaillina drainaae facilitie1 include 
roadside dilehc. wilh culvem, and ltn:c:ta with curb Uld aut&er. The ditch alona 27th Lane is in1uffic::ient for upper ba1in fiow1. 
Hilbide and Iris roadt bolh have insufficient capacity clitchca Uld culvcru. 

FUTURE CONDITIONS: 

F11111re land u1c ii anticipated IO include increa1ed re1idcmial and c:anmen:ial UICI. On1ilc de&ention lhall be required 10 
mainWn historic lc:vcll. 

PROPOSED IMPROVEMENTS: 

The propoted improvancnta conailt of improYin1 lhc culvcns along 271h Lane from Iris Road 10 Hill1ide Rold. A 1tocm 

sewer outfall system begin• al Hill1ide Road and continue• nonherly in 271h Lane. The ditch eeaion1 and culvcns will be upgraded 
alona Iril and Hill1ide road1. 

FLOW PATH: 291h Lane DRAINAGE BASINS: 291h Lane 

S·YEAR DESIGN: 47 c!a 

EXISTING CONDITIONS: 

ThiJ ponion of !he: 291h Lane Duin contain• raidential and aariculwial UICI. The cxialina draina1e facilitie1 include 
atreeta with curb and guucr, and roadJide di1Che1. 

The major outfall for lhia area iJ lhe low grouad in between 271h and 28th Lanc:1. C\lm:nlly there are no facilitica in lhia 
are.. 

FUTURE CONDITIONS: 

Future land uac ii anticipated to include increaaed ruidcntial and commen:ial usca. On1ite detention ahall be rt:quired to 

maintain hi110ric lc:vc11. 

PROPOSED IMPROVEMENTS: 

The pitlpOlcd improvemcnu contill of providin1 facilitiea throuah the low areaa from County Fann Road lO Santa Fe 
Drive. C\lrb and guucr ii proposed along the south aide or Hilhi.de with a •torm 1ewer IO direct now IO I low spot near Tollec Gorg~ 
I.Inc. A new concme channel is proposed along Santa Fe Drive (State Highway rigtn-or-way) 10 convey lhe runoff eutc:dy. 

Preliminary Desian Cott Batima&e Sheet 13 

Improvement Quuitity 

36"RCP 72lJ 

29" x 4S" CMPA 100 

30"RCP 450 

24"RCP 450 

lS"CMP 80 

Manhole 2 

3. x 4. lncerc:epUn1 lnlel 1 

S'COinlet s 
Grualincd channel 44SO 

Conc:mc channel S7S 

Cutb and Guucr 1400 

Crosapan 400 

HeadwallJ 3 

Total Estimated Comuuction Coat 

Engineering md Continaency ~) 

Total Eatimated Cost 

t~~~~~-M~·~:···:=·=~~=:~~~·:I:.~:~~ ~i 

Improvanenl Quanlity 

42"CMP 

24"CMP 

18"CMP 

30"CMP 

36~ X SI" CMPA 

3' x 3' lntcrceplina Inlet 

4' x 4' Intercepting Inlet 

Graaalined channel 

Oru1lincd channel 

S' Manhole 

HcadwallJ 

Total Estimated Consuuaion Cost 

Engineering 111d Contingency ~) 

Total Estimated Cost 

l32lJ 

130 

600 

20 

160 

2350 

3900 

3 

3S 

Unit 

LF 

LF 

LP 

LF 

LF 

BA 

BA 

BA 

LP 

LP 

LP 

SF 

BA 

Unit 

LP 

LP 

LF 

LP 

LP 

EA 

BA 

LP 

LP 

BA 

BA 

Unit Cost Unit Cost 

Material ln1tallation 

$46 $10 

$59 $12 

$38 $10 

$25 $6 

SIS $6 

$2,000 ssoo 
$2,000 $700 

$2,SOO $800 

SS SIS 

$60 $60 

$4 $2 

$8 $2 

$400 $400 

Unit Coat Unit Cost 

Material Installation 

$42 SlS 

$22 $6 

$17 $6 

$29 $10 

$S2 $18 

Sl,SOO ssoo 
$2,SOO $800 

SS SlS 

SS SIS 

$2,000 ssoo 
$400 $400 

Total 

Ma!erial 

$33,120 

SS.900 

$17,100 

$11,250 

$1,200 

$4,000 

$2,000 

$12.SOO 

$22,250 

$34,SOO 

SS,600 

$3,200 

Sl,200 

$1S3,82lJ 

$30,764 

$184,584 

Total 
Maierial 

SSS,440 

$2,860 

$10,200 

$580 

S8,32lJ 

Sl.SOO 

$2,SOO 

Sll,7SO 

$19.SOO 

$6,000 

$14,000 

Sl32,6SO 

$26,530 

$159,180 

TcQI 

lnatallllion 

$7,200 

$1,200 

$4,SOO 

$2,700 

$480 

$1,000 

$700 

$4,000 

$66,7SO 

$34,SOO 

$2,800 

$800 

$1,200 

$127,830 

$25,S66 

$153.396 

Toul 

ln1tallation 

$19,800 

$780 

$3,600 

$200 

$2,880 

ssoo 
$800 

$3S,250 

sss.soo 
$1,SOO 

$14,000 

$137,810 

$27,562 

$165.372 

Total 

$40,32lJ 

$7,100 

$21,600 

Sl3,9SO 

$1,680 

SS,000 

$2,700 

$16,SOO 

$89,000 

$69,000 

$8,400 

$4,000 

$2,400 

$281,650 

SS6,330 

$337,980 

Total 

$7S,240 

$3,640 

$13,800 

$780 

$11,200 

$2,000 

$3,300 

$47,000 

$78,000 

$7,SOO 

$28,000 

$270,4li0 

$54,092 

$324,SS2 
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COMMENTARY SHEET 14 

FLOW PATii: 19th Lane DRAINAGE BASINS: 29th Lane 

S·YEAR DFSIGN: 2S 10 100 cf1 

EXJSTING CONDITIONS: 

ThP ponion of lhe 29th Lane Ba1in contains reaidenlial and agricuhurel areu. The exiltin& roadside ditch and culvena 
a10lia 29th Lane aR inadequate for upper buin Oowa 

The existina roadside ditchea alma Hillaide ROid and Sana. Pe Drive are also inadequate. 

FUl'URECONDrl'IONS: 

Fulure land use i1 anliciplled IO include inc:reued raidenlial me. Onsite delelllim ahall be required to maintain runoff a1 

historic leveh. 

PROPOSED IMPROVEMENTS: 

The proposed imprvvemenu conaiat ol improvina lhe ditches and culvena aJona Hillaide Road, Iris Road and Sana. Pe 
Drive (Slate Hipway right-of·way). A storm sewer outfall aya&an begins at 1he inteneaion of 29th Lane and lria Road 10 convey 
runoff to lhe north. The m1tina roadlide ditch elma 29th Lance from Iris Road IO Hilllide Road will remain to collect street IUld 
local runoff. At lhe time or fuwre developmc:n&. the ditch can be eliminated uid cuzb 1nd &utter inltalled alona 29th Lane. The 
w1tin1 ditch and culvena from Hilbide Road to Sana. Pe Drive lhall be eliminated 111d cuzb and guner inllalled elong 19th Lane. 

FLOW PATii: Sant.a Pe Drive DRAINAGE BASINS: Slnta Pe 

5. YEAR BF.SIGN: 26 to 63 cf• 

EXIS11NG CONDITIONS: 

Thia portion of the Santa Fe Drive Balin contain1 reddential and agricultural 111e1. The m1tin1 drainage facilities include 

roacllide ditche1 with ailvena, auurric:ient in some areas. Some low areu have insufficient caplCity outfall facilities. 

FUl'URE CONDfrIONS: 

Fusme land me ia uiticipaled to include increased reaidential use. Omite delelllion ahall be required IO maintain historic 
leveh. 

PROPOSED IMPROVEMENTS: 
The proposed impruvemenll consist or improvin& the inaufficient ditch and culven areal, and providing suitable outfalll 

for lhe low area1. 

Prdiminary Dman Cott Et1imal.e Sheet 14 

~~~~:~==~=:~J 
lmptovanent Qullllity 

30"CMP 1S6 

3r it Sl" CMPA 40 

24"CMP 76 

18" CMP 376 

Gra11lined channel 7100 

Gra11lined channel USO 
Curb and Guu.er 83(iO 

Headwalla 28 

Total Bllimated Comuuclim Cost 

Enaineering and Contingency (l~) 

Total EsUmated C.Ost 

~ ... --~-~G.:~-v·•»"x ······~o.:x<~·~:.:·v-:-··.-.:x_.··w···1~ ...... ~ ~ '">'?.._-:. ~.:.-:. ,._;...~, .. }"';-' ' . · ~- $:;; .. :.::·~ .. ? .. 

. . .... ·:~t.-~tt1~~~:~ ~ ~11t:!1.~;iit~!?:s;~ .. ~~~ 

Improvement Quantity 

42"CMP 

36"_CMP 

36"RCP 

18" CMP 

24"CMP 

3t9xSrCMPA 

2' x 3' Inaacepring inlcl 

3' lt 3. Inaacepring in1el 

4' x 4' lnt=ptins Inlet 

S'COlnlet 

Bm Bue Manhole 

S' manhole 

Oru11incd channel 

Concrete channd 

Pavement Rqilacanent 

Cmb and puer 

Headwalla 

Total Estimated Comlnletion C.On 

Engineering and Contingency~) 

Total Estimated C.011 

20 

20 

2600 

140 

286 

405 

l 

2 

6 

7335 

22SO 

3450 

7700 

33 

Unit 

LP 

LP 

LP 

LP 

LP 
LP 

LP 

EA 

Unit 

LP 

LP 

LP 
LP 

LF 

LP 

BA 

BA 

EA 

EA 

EA 

EA 

LP 

LP 

SY 
LP 

EA 

Unit Coat UnilColl 

Materi" ln1!ellelim 

$29 $10 

$(j() $18 

$22 $6 

$17 $6 

$5 SIS 

SS SIS 

$4 $2 

$400 $400 

Unit Cost UnitC.Oll 

Material Ina!ellelion 

$42 $10 

$35 $10 

$46 SIO 

$17 $6 

$22 $6 

StiO $18 

$1,400 $500 

$1,500 ssoo 
S2,SOO $800 

$2,500 $800 

$4,000 Sl,000 

$2,000 ssoo 
$5 SIS 

sso $SO 

SIS $5 

$4 S2 

$400 $400 

Total 
Mt!sriel 

$4,524 

$2,400 

Sl,672 

$6,392 

S3S,500 

SS,750 

$33,440 

$11,200 

$100,878 

$20,176 

Sl21,0S4 

Toa.I 
Materiel 

$840 

$700 

$119,600 

$2,380 

$6,292 

$24,300 

Sl,400 

Sl,SOO 

$2,500 

SS,000 

$4,000 

$12,000 

$36,675 

$112,500 

SSl,750 

$30,800 

$13,200 

$425,437 

$85,087 

$510,524 

Total 
ln1!!ll.aion 

$1,StiO 

$720 

$4S6 

$2,256 

$106,SOO 

$17,250 

$16,720 

$11,200 

SIS6,662 

$31,332 

$187,994 

Total 
Inllallalion 

$200 

$200 

$26,000 

$840 

Sl,716 

$7,290 

$500 

ssoo 
$800 

Sl,600 

$1,000 

$3,000 

$110,025 

$112,500 

$17,250 

SlS,400 

$13,200 

$312,021 

$62,404 

$374,425 

Total 

$6,084 

$3,120 

$2,128 

$8,648 

$142,000 

$23,000 

$50,l(i() 

$22,400 

$257,540 

$51,508 

$309,048 

Total 

$1,040 

$900 

S14S,600 

$3,220 

$8,008 

$31,590 

Sl,900 

$2,000 

$3,300 

$6,600 

SS,000 

$15,000 

$146,700 

$225,000 

$69,000 

$46,200 

$26,400 

$737,458 

$147,492 

$884,950 
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COMMENTARY SHEET 15 

FLOW PATH: Sanla Fe Drive DRAINAGE &\.SINS: Smta Fe 

5-YEAR DFSIGN: 63 to 80 cfa 

EXISTING CONDmONS: 
1bia portiGa of lhe Smta Fe Buin it m<lllly reaideatial devdcpmen1. Exi1ting draiuge paucma include ro.daide dilcba. 

The ditch along tbe WCllelll portic:m s.a Fe Drive is inadcqUlle for uwer buin Oowa. 

FUl'URE CONDmONS: 
~bad Ute ii Dot 8111icipaled to change. 

PROPOSED IMPROVEMENTS: 

An implU'W!d ditch ii ptJpOXd aloo1 lhe westena ponian S1111a Fe Drive. Cwb and guUcr ii propoaed Ilana BC Way and 
lria Road to help coavey runoff. 

Pldiminary Deapi Colt Eltimale Sheet IS 

• .:-1!~ ..N-... , , '"'f'<· ~~s~ >"""". ~ ~~. '°°Jo« 

-...... i~'OU.~'&Ula. , ~hi; Yr ~~· ~ ~. . ... ..,., · .-:., ...• -.. ,: ... · ... .... Hv~6':.~. ;o.bXJ~~~~· .~ 

Improvanmt Qunity 

42" RCP 

31" xSl" CMPA 

IS" CMP 

Grualined channel 

4' x 4' Gnted Inlet 

S' COinlet 

Cwb and Gutter 

Pavina 

EneraY dilnpator 

Oulfall Suuctwa 

Headwalb 

Total Eatimlled Con.nruclian Coit 

Enaineerin1 and Continaeney (2~) 

Total l!atimated Colt 

2SO 

6SO 

2SO 

2000 

2 

3300 

S600 

l 

2 

18 

Unh 

LP 

LP 

LP 

LP 

BA 

BA 

LP 

SY 

HA 

BA 

BA 

UnhCoat Unit Col& 

Maleriel Jne!!•tjor 

$42 SIS 

$60 $18 

$17 $6 

SS SIS 

$2,SOO $800 

$2.SOO $800 

S4 S2 

$4 $4 

$6,000 $6,000 

$2S,OOO $10,000 

$400 $400 

TcMal 

Ma!eria! 

SIO,SOO 

$39,000 

S4,2SO 

$10,000 

$2,SOO 

SS,000 

$13,200 

$22,400 

$6,000 

$50,000 

$7,200 

$170,0SO 

$34,010 

$204,060 

Total 

lnllal!tion 

$3,7SO 

$11,700 

Sl,SOO 

$30,000 

$800 

$1,600 

$6,600 

$22,400 

$6,000 

$20,000 

$7,200 

$111.SSO 

$22,310 

$133,860 

TcMal 

Sl4,2SO 

$50,700 

SS,7SO 

$40,000 

$3,300 

$6,600 

$19,800 

$44,800 

$12,000 

$70,000 

$14,400 

$281,600 

SS6,32D 

S3379'JD 
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COMMENTARY SHEET 16 

ft.OWPATH: Be11emerDitc:h 

5·YEAR FLOW RANGE: 16 to 42 d1 

ICIO-YEAR FLOW RANGE: 89 to 400 d1 

EXl51'1NG CONDmONS: 

DRAINAGE BASINS: Be1aemer 

'Ibis portim al 1he Beuaner Duin i1 largely undeveloped, with small areas of rcsidcatid dc:velapnc:nt along La Salle 
Road. The undeveloped areas include ap:iaihunl md open spac:e uses. Existing drainage pattema comist of numerous arcu of 

abeedlow io1a the BeslCIDl:r Ditch with aballow ponding in variou1 low ueu IOUlh of La s.ue Road. 

FlJT1JRE CONDmONS: 

FulUre lmd use i1 not anticipated to dwige from 1he preaeot ccindition1. 

PROPORD IMPROVEMENTS: 

A syltem al rombide ditc:hes and curb and guner, along La Salle Ro.cl, will be used to direct the dnlinagc to various low 

spots. These low spoU will be ulCd u ca&ctioo poinll mid a amall storm sewer system will ccinvey lhe drainage to the Bessemer 

Ditch. Thia system will allevim: lhe pcacliog areu aloog La Salle Road. 

n.ow PATH: 2hl Lane DRAINAGE BASINS: 21st Lane 

!·YEAR DF.SIGN: (IJ d1 

EXISTING CONDmONS: 

This poltioo of 1he 21st Lane Buio primarily ccintaios saidential development. The existing dnioage facilities iodade 

roadside ditches, driveway ailveru and aub and gutter along County Furn Road. The existing syltem along 2ht bu undersized 

culverts which triggers ditc:h ovenopping. 

FVTURE CONDlflONS: 
Fmure land use i1 aoticipaled ID indude ~ residential use. Omite delmlim aball be requin:d to maintain historic 

PROPOSED IMPROVEMENTS: 

1be proposed impruvc:menb CODJut al ditch and driveway mlw:n upgnidc1 along 21 at Lane. 

Prdiminuy Dcaip Coat Rltinwe Sheet 16 

Improvement 

24"CMP 

IS"CMP 

Omi1lincd dlannel 

Concrete rundown 

Concrete Crou pan 
Head wills 

Total Estimated Conauuction Con 

Engineering and Contingency (209lt) 

Total Estimated Coat 

Improvement 

30"CMP 

24"CMP 

IS"CMP 

Ditch Headwall 

FlapOllCI 

S' COlnlel 

On11lincd channel 

Gn11lincd dlannel 

Cum and Ouuer 

Paving 

Headwllls 

Total Estimated Conauuctim Co1t 

Engineering md Contingency (209lt) 

Total Estimated Colt 

60 

16S 

83S 

200 

s 

90 

240 

270 

3 

3 

3 

2150 

1250 

S320 

236S 

14 

Unit 

LF 

LF 

LF 

BA 

SF 

BA 

Unit 

LF 

LF 

LF 

BA 

BA 

BA 

LF 

LF 

LF 

SY 
BA 

Unit Coit Unit Cost 

Ma!frial lnltalla1ion 

S22 S6 

Sl7 S6 

SIS SIS 

SS,000 SS,000 

$8 $2 

$400 $400 

Unit Coat Unit Coat 

MeJcriel ,,,,.., 
S29 $10 

$22 $6 

$17 $6 

$800 $800 

$700 $400 

$2,SOO $800 

SS SlS 

SS SIS 

$4 $2 

S4 $4 

$400 $400 

Total 
Material 

$1,320 

$2,BOS 

$12,S2S 

$5,000 

$1,600 

S2,000 

$2S,250 

SS,050 

$30,300 

Total 

Mflial 

$2,610 

SS,280 

$4,S90 

$2,400 

$2,100 

$7,SOO 

$10,750 

S6,250 

$21,280 

$9,460 

$5,600 

m,820 

$15,S64 

593,384 

Total 
lnnallation 

$360 

$990 

$12,S25 

$5,000 

S400 

$2,000 

$21,275 

$4,2SS 

$2S,S30 

Total 

•lwtdltion 

$900 

$1,440 

$1,620 

$2,400 

Sl,200 

$2,400 

$32,250 

$18,750 

$10,640 

S9,460 

$5,600 

$86,660 

$17,332 

Sl03,992 

Total 

$1,680 

$3,795 

$2S,OSO 

Sl0,000 

$2,000 

$4,000 

$46,S25 

$9,305 

SSS,830 

Total 

$3,SIO 

$6,720 

$6,210 

$4,800 

S3,300 

$9,900 

$43,000 

$2S,OOO 

$31,920 

$18,920 

$11,200 

$164,480 

$32,896 

$197,376 
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FLOW PATH: Be11emerDileh 

S.YEAR FLOW RANGE: 18 to 91 da 

109-YEAllFLOW RANGE: 178to432d1 

EXISTING CONDmONS: 

COMMENTARY SHEET 17 

DRAJNAGE BASINS: Beaacmcr 

Thia podioo of the Bessemer Basin ia 1Dlialy residential developmc:ut with llClllle large open space: -. Existing drainage pauerm 
include rumlaide ditdics and c:ulvau in aome areu with minimal outfall facilities into the Besaaner Ditdi. La Salle Road and Lcmbard Avawe 

bah aialain Jow areas which ~cna: ahallow ponding. 
FUl'URE CONDmONS: 

~ 1mcl me is not aaic:ipaled to dwige. 

PROPOSED IMPROVEMENl'S: 
A ayatcm of roadlide ditdlea, amall 110nn se-r ayatema, unlined clitcbca 1nd cwbed atReta will be med to direct the drainage 10 lbc 

8ca1catCt Ditch. The nonh aide of Ll&Jle Ro..t wm be aJSb md guUaed ad iaJcu Will be p1ac:cd in the low lpob to ialenzpl Stred nmoff. 

The ditchea 1Dd adverts oo lbc sooth aide of LaSalle Road will be improved to dnin the low ueu. These low an:u will be aud'alled to the 
Beuemer Ditdi. 

FLOW PATH: 23rd Lane DRAINAGE BASINS: 23rd Lane 

s-YEAR ngmN: 64 d• 

EXISTING CONDmONS: 
Thia ponion of the 23rd Lane Duin c:onl.ina n:aidcnlial and .. ric:ullunil ueu. The aisling drainage facililiea include '°9dlide ditcbe1 

with cu1veru Ind cmb md gullet llmg CCWlly Fum Roed. The dileh lking 23rd l...mc IMlUlh u County Fann Road ia adequate but the culwiu 

are undenii.ed which camea ditdi ovenopping. North u County Farm Road the ditdi is undeni:zied. 

FUl'URECONDmONS: 
F~ land me ia mticiJllled to indude illc:reued residential use. Omite deteotian aball be requin:d to maiuWn JUGOff a historic 

levela. 

PROPOSED IMPROVEMENTS: 
The proposed impnwemellla cxnslst of adwrt upgiades alang 23rd Lane scuth of Camty Parm Road. Beginning at COWlty Fann 

Road will be a 1torm aewer ay11em to conwy drainage. The c:Uating clitdi will be used for local drainage only. 

A paved 1trm with curb IDd guuer is proposed for 22nd Lane to enhm>ee the drainaae in this area and to provide ID adcquale outfall 

for the ad-de-nc loc:aliaa. 

FLOW PATH: lSth Lane DRAINAGE BASINS: 25th Lane 

S.YEAR DDIGN: 4310 73 da 

EXISTING CONDmONS: 
Thia portiaa of tbe 2Stb Lane Basin c:anlaim n:sidential and 1gricul1Unl uus. The l:lilling drainage flcilitiel include rolldaide ditdiea 

with culverts and aub llld gimer along Counay Fann Road. 
The ditdi 111d culwrts alaog lSlh Lane south of Counly Farm Ro..t an: ddicicnl. Then: i1 a putial atonn sewer 1y11em in lSth Lane ll 

die Caunty Fann Rmd intenection. Nonh of Counay Farm Road the ditch i1 uocleniud. 

FUTURE CONDrrlONS: 

FUlDJ'e llDd me ia mticipaied lo include increued n:aidentill me. ODJite detentian lhll1 be n:quired 10 mainlain runoff ll historic 

Jevela. 
PROPOSED IMPROVEMENTS: 

The prcpoted impovementa consi11 of ditdi 111d advert upgtadea along lStb Lane IOUlb of Olwily Farm Ro.d. The inlet to the 

mating 1torm 1ewer will be iaiproved and tbe l)'atem will be mmded 11onh. Ditch llld culvert uppadea In: alto pnipoted for Prestoa Road. 
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COMMENTARY SHEET 20 

FLOW PATH: South Rmd DRAINAGE BASINS: Scuh Road 

5-YEAR D~IGN: 8 to 14 cf1 

EXISl'ING CONDrflONS: 

Thia portion of the Soulh Road Duin includes residential and agricullurll llUI. Existing drainage pauem1 include roadside 

ditches. The ditch aloag Soulh Road is inadequale. 

FUl'VRE CONDlfJONS: 
Fulure JaQd use is llllicipaled to include increucd reaidenlial UJC. Flllun: developnmt shall bi: required to provide omitc 

detention to maiJllain flow• to historic lewh. 

PROPOSED IMPROVEMENTS: 
Ail improved ditch is popoaed aloa1 Soulh Road with a rock channel nmdown at the SL Owl.ea River. 

Preliminary Derian Cost Estimate Sheet 20 

Improvanc::nt Quantity 

Type M riprap rundown 

ConC?l.!te Dilc:h Checks 

Gra11lined channel 

Total Estimawl Construction Cost 

Engineering and Contingency (2~) 

To&al Estimawl Cost 

lSO 
3 

lBSO 

Unit 

CY 
EA 

LP 

Unit Coat Unit Cost 

Materi!l Inwllation 

$20 $6 

$600 $300 

SS $15 

Tocal 

MaJcrial 

$3,000 

$1,800 

$9,250 

$14,0SO 

$2,810 

$16,860 

To&al 

lnetallation 

$900 

$900 

$27,750 

S29,S50 

SS,910 

$3S,4ti0 

Total 

$3,900 

$2,700 

$37,000 

$43,600 

$8,720 

$52,320 
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COMMENTARY SHEET 22 

FLOW PATH: La Salle Road DRAINAGE BASINS: Be1aemer 

5-YEAR DaJGN: 31 to 63 d• 

EXISTING CONDITIONS: 

Thi1 pan.ion d lhc Beucmer Boin i1 largely unilcveloped. wi1h llRLlll an:u d n:sidential devdopnenL The undeveloped 

&RU c:onWn mainly open apece.s. Emling dnimge cham:teristia include roadside ditdia md ailvcJU in 1cme &Jal wilh no 

facililel in other asus. Howaier, some dilchel md c:ulvertl ue 1111denizcd. 

The Lakeside Manor Estates arc. cont.Uni 1111 existing detrnti~ pond which will ~a.in. 

FUl'UllECONDmONS: 
FlllW'C land use i1 not anticipated lo change. 

PROPOSED IMPROVEMENTS: 
A system of ldequate ro.dside ditches ud culveiu is proposed in Ibis area.. 

Prdiminary Design Cost B1tima1e Sheet 22 

Improvement 

30" CMP 

24"CMP 

18"CMP 

Gru1lincd ch111111:1 

Gruslincd ch111111cl 

Gra11lincd ch11111d 

Headwalb 

Toul Estimated ConslrUClicia Cost 

Bngineerins md Continsency (la..) 

30 

120 

250 

1475 

7SO 

900 

17 

Unit Unil Cost 

Maierial 

LF $29 

LP $22 

LF $17 

LF SS 

LP SS 

LP SS 

BA $400 

Unil Coat 

In1Llllatial 

$10 

$6 

$6 

SIS 

SIS 

SIS 

$400 

Tolal 

Material 

$870 

$2,640 

$4,lSO 

S7,37S 

$3,150 

$4,SOO 

$6,800 

$30,ISS 

$6,037 

$36,222 

Taul 

In1taUation 

$300 

$720 

Sl,SOO 

$22,125 

$11,lSO 

$13,500 

$6,800 

SS6,19S 

$11,239 

$67,434 

Total 

$1,170 

$3,360 

$S,1SO 

$29,500 

SlS,000 

$18,000 

$13,600 

$86,380 

$17,276 

$103,6S6 
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COMMENTARY SHEET 23 

PLOW PATH: Manniq Road DRAINAGE BASINS: M.lllning Road 

5-YEAR DmGN: J8to23cfa 

EXISTING CONDmONS: 

This poniaa d lhe M-ing Duin ia largely uadevdoped uxl uted for qricuhural puposea. EDstin1 drainqe 

chand.eristia iDdude overtand flow wilb adequar.e l'Dlldside ditcbea. 

FlJTURE CONDmONS: 

~ 1lnd me i• .Ucipeled lo include inaased ruidattial mes. F1llUre develC!plllClll .mu be mpiin:d Co pJOVide omite 

ddailim Co maiaWn Oows Co historic 00\111. 

PROPOSED IMPROVEMENTS: 
One c:ul~ ia propoacd Co help flCilitlile ctr.inqe under Nicholaon Road. 

Pre1imioary Deaign Cost Estimate Shee& 23 

Improvement Quantity 

24.CMP 40 

Headwalh 

Tocal Eslim11ed Ccmtructim C09t 

Eaaineering llld O:llllin1mcy (2M.) 

l 

Unit 

LP 

EA 

Unit Cod Unit Cod 

Ma!eri!I Jne!latiar 

522 S6 

S400 S400 

Tocal 

Ma!erial 

$880 

S400 

Sl,280 

S2S6 

Sl.536 

Tocal 

lnatalla&ion 

$240 

S400 

$640 

$121 

$768 

T«al 

Sl,120 

$800 

Sl,920 

$384 

$2,304 
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COMMENTARY SHEET 24 

FLOW PATH: Manning Roed DRAINAGE BASINS: Manning Road 

5·YEAR DESIGN: 7:1to41 cf1 

EXISTING CONDITIONS: 
This portion ol the Miainina Basin i• largely undeveloped and uaed for qricullUral purpo1ca. Existing drainage 

cha...aeri1tie1 include overland flow with adequate roadside dilche1. 

FUl'URE CONDITIONS: 
Future l111d use ii not anticipated to chmge. 

PROPOSED IMPROVEMENTS: 

One culvert is pniposed to help faciliwe drainage at the intcncdion of Manning Roed and 28th Lane. 

Pn!liminary Design Cost B1tima1e Sheet 24 

Improvement Quantity 

Total Bltimated Comuudion Coit 

Engineerina and Conlinacncy ('20'I.) 

Total Bltimated Co1t 

30 

1 

Unit 

LF 

EA 

Unit Colt 

Mate rill 

$17 

$400 

Unit Coll 

ln1tallatim 

$6 

$400 

Total 

Mat.crill. 

SSIO 
$400 

$910 
$182 

$1,092 

Total 

ln1tlllltion 

$180 

$400 

$580 

$116 

$696 

Total 

$690 

$800 

$1,490 

$298 

$1,788 



\ 

r 

) 

;71 .. ' -

( 
~ .__ 

' 
l 

( I 
I 

~B } 

. . __. 
~ .. ~~--~ 

- 'i· 
' 

I 
1• 

I 

I 
k 
I 

L 

•70}.00 

) MANNING ROAD BASIN 

' ------

HM, J~ 

THIS DRAWING IS FOR OUTFAU. Pl.ANNING PllllPOSES AHO 
REPllESEHTS PRELIMINARY AND CDNCa'TUAL EHGINEERING. 
ALTERNATIVES TO ms OUTFALL SYSTEll WU BE CONSIOEHED BY 
PUEBLO COllflY PROW>EO THAT lHE ALTERNATIVE omns EQUAL 
HYDllAWC CAPACITY, STABll.llY AND DOES HOT COllPROlllSE 
tm>ROLDGIC RESPONSE DOWNSTREAM. Tl1E Al. TERHATIVE MUST 
COlllll.Y·wmt AU. REDl/IREUENTS Of THE COUNTY. THIS DRAWING 
SHAL.t llCl'f.lt USED FOR CONSTRUCTION PURPOSES. 

.-
" 

: 

--

. ' \ 

. -. ,( 

.. 

'· 

' N 

~ 
~· 1~· ~· ~ 4f sr· 

c 
0 ·n 
~ 
0 
a. 
c.. 
0 
u 
CD 
c ·c 
Q) 
Q) 
c 
·ai 
c 
w 
m 

~ 
2 

0 u m 
L 
0 
0 

Jo) u 
Q) 

~ ai 
u CJ) 
m .£ m 
:> L Q 
7g c% (') 
m a \ 
s~8 
m .Q m 
~ 0 0 
~um 

P101ec1 No 94 0 I· 0 I 
D•le: 2194 
D••lfft: CAB 
Ora•": EAK 
Check: RNW 
fte .. t•6one: 

24 



FLOW PATH: 8c111C1Der Ditch 

5·YE.Ul FLOW RANGE: 74 ds 

100.YEAJl FLOW RANGE: SS9 d1 

EXISTING CONDmONS: 

COMMENTARY SHEET 28 

DRAINAGE BASINS: Bcuemer Ditch 

Thia i1 lhe entnnce for lhe Bc11cmer Ditch to the Qi11ing 1iphoa under 1he Sl. Cbadea River. 

PROPOSED IMPROVEMENTS: 
The proposed impnMmenl ia an overflow llluclUre 1hat will convey atonnwller wilhiD 1he Beaaemer Oil.ch to the St. 

Cwlea River. Thia lllUclW1: will include Ill overfiow •wale wilb vertical dnJp 11NC111rea to canvcy flow in exce11 of lbe 1ipbaa'1 

capacity. Downslream of W"llliamJ ROid 1 residual ~lain has been clefl.accl which will need to ranain UllQlCtOICbcd. 

Prdimiouy Deaip Coll Etdmale Sheet 28 

Improvement Quantity 

Willilma Rd. wier 

Drop 1tnldUre1 

RipnpCbumd 

Ta&al &timll.ccl Qiaatructiaa Cmt 

Eogineerin8 and Coa&iagmcy (2oi.) 

Ta&al Eatjma•rd Cost 

I 

4 

820 

Unit 

EA 

EA 

LF 

Unit Cost 

Maleri!l 

$15,000 

$4,000 

$75 

Unit Coll 

ln1&allation 

$10,000 

$3,000 

sso 

Taul 

Male rial 

$15,000 

$16,000 

$61,SOO 

$92,500 

$18,SOO 

Slll,000 

Taul 

lnetallllion 

SI0,000 

$12,000 

$41,000 

$63,000 

$12,600 

$15,600 

Taul 

$25,000 

$28,000 

$102,SOO 

$155,SOO 

$31,100 

$186,600 
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CLASS ' B' CONCRETE 
w/ F l BERM ESH OR 
WELDED WIRE FABRIC 

d VAR I ES. 
S£E PLAN 

TYP /CAL ROADSIDE DITCH 

CONCRETE L I NED 

--

REVEGETATE w/ NATIVE 
GRASSES. SEE SEED 
MIXTURE. 

d VARtES, 
SEE PLAN 

12 11 min 

TYPICAL ROADSIDE DITCH 
GRASSLINED 

Sandy Soi Sood Ml• 

C-• Growch Growlh Seodol ...... """' ~b Emm ~ -- Warm Socl-l°"""'O 825.000 -..- l:ulch0tNt 
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.......,,,...,,.._.....~. ,....._ 
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12" CONCRETE CUTOFF 
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SECTION A-A 
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STORM OUTLET STRUCTURE 
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20' min. 
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