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Executive Summary 
Souder, Miller and Associates (SMA) prepared the following Master Drainage Plan 
(MDP) under the General Engineering Services agreement between the Town of 
Bayfield and SMA.  The development of the MDP was designated as Task Order No. 5 
– Storm Drainage Master Plan.  The scope of services included analyzing the Town’s 
existing storm drainage infrastructure and providing planning recommendations for 
improvements to the existing storm drainage infrastructure to meet the Town’s current 
Infrastructure Design Standards.  System analyses include analyses of all culverts, 
storm drains pipes and inlets, and stormwater ponds. 

System Inventory 

The Town provided existing infrastructure element information including, but not limited 
to, drainage element locations (horizontal and vertical), element sizes, element lengths, 
areas, material types, and other similar information as necessary to describe the system 
in sufficient detail to allow hydrological and hydraulic analyses of the system.  In 
addition, the Town provided aerial mapping and contour information of the study area.  
The Town’s aerial map was supplemented with topographic data from the United States 
Geological Survey (USGS) for portions of the study area outside of the Town’s aerial 
mapping.  The aerial map, topographic information, and the infrastructure information 
were used to develop a project base map.  
 
The study area includes 77 culverts, nearly all (96%) of which are corrugated metal pipe 
(CMP), with only three high density polyethylene (HDPE) culverts.  Culvert pipe 
diameters range from 8 to 36 inches, with 44% of the culverts (34 culverts) being less 
than the current minimum standard of 18 inches in diameter.  The length of culverts 
within the study area totals approximately 4,100 linear feet. 

 
The study area also includes 138 storm drain pipes, defined as pipes connected to 
storm drain inlets or manholes, with approximately 63% made of CMP and 37% made 
of HDPE.  Storm drain pipe diameters range from 8 to 48 inches, with approximately 
41% of the pipes (57 pipes) being less than the current minimum standard of 18 inches 
in diameter.  The length of storm drain pipes within the study area totals nearly 15,000 
linear feet. 
 
A number of culverts and storm drain pipes were silted closed or otherwise obstructed 
on either the inlet or outlet end, suggesting that more frequent maintenance is required 
for these pipes.  Data regarding pipe size and slopes was estimated for these pipes 
where the ends of the pipes could not be exposed. 
 
The study area includes 122 inlets, most of which are single inlets, with seven double 
inlets and two triple inlets.  Inlets include 35 surface grates, only, either in the gutter flow 
line or behind the curb, and 87 combination inlets, featuring both a surface grate in the 
gutter flow line and a curb opening behind the grate (in the face of the curb).  Two thirds 
(82) of the inlets are located in sag locations, meaning they are at low points relative to 
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the surrounding surface, with the remaining (40) inlets located on grade, meaning the 
surface slopes continuously through an inlet. 
 
The study area includes 39 ponds constructed for stormwater detention or retention 
purposes.  Approximately half (19) of the stormwater ponds are relatively small, less 
than 0.1 acre-feet (4,356 cubic feet) in capacity, with only four ponds of relatively large 
size, more than 1 acre-foot in capacity (measured without freeboard).  A number of the 
ponds do not feature a constructed and reinforced spillway, which could result in 
overtopping of the pond berms in an uncontrolled manner for larger storms.  Some of 
the ponds appear to have significant sediment accumulated since they were 
constructed, reducing the available storage volume to less than designed.  Some ponds 
also have substantial vegetative growth, such as willows or cattails.  Nearly all of the 
stormwater ponds are privately owned and maintained, either by individual property 
owners or by a subdivision homeowner association (HOA).  The Town owned and 
maintained two stormwater detention ponds and shared ownership and maintenance for 
one stormwater detention pond when the study data was collected; a third town-owned 
pond was constructed during preparation of the study, but was not analyzed as part of 
the study. 
 
The Town collected data on irrigation culverts that convey irrigation flows at Town street 
crossings.  The ditch culverts are not considered part of the Town’s storm drainage 
infrastructure and were not analyzed for flow and capacity as part of the MDP. 
 
Following development of the base map, the drainage basins of the study area were 
delineated based on points of hydraulic analyses.  Hydraulic analysis points are 
locations where stormwater flows are needed to determine the performance of storm 
water elements and include culverts, storm drain inlets, and stormwater ponds.  In 
addition, hydraulic analysis points are locations where stormwater leaves the study 
area, including discharges to irrigation ditches or outside the study boundary.  Drainage 
basin delineation was completed using the topographic information of the base map, 
together with a field review to refine the basin boundaries and verify the storm drainage 
elements. 

Hydrologic and Hydraulic Analysis 

Previous analyses of recent population growth for the Town of Bayfield suggest that the 
Town will likely experience a relatively steady annual growth rate of approximately 4% 
over the 20-year planning horizon of the MDP.  The anticipated growth could result in 
significant infill development inside the Town limits, but development of the areas 
immediately adjacent to the Town’s current town limits will also likely be necessary to 
accommodate the anticipated growth during the planning horizon.  However, all new 
development greater than 1 acre in size will be required to adhere to the current 
Standards, which require that runoff from the 100-year storm be detained and released 
at the 5-year historic rate.  This suggests that future development will actually decrease 
the downstream runoff rate from major storm events and improve the conveyance 
conditions of existing storm drainage infrastructure.  The actual extent of this 
improvement is dependent upon the magnitude of future development that occurs within 
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a particular drainage basin, but the key point is that the current Standards will protect 
the Town’s existing infrastructure from storm water impacts of future development and 
should not require existing structures that have sufficient capacity to be replaced with 
structures with greater capacity to allow for future growth.  Therefore, there was no 
need to project development locations and densities for anticipated growth and 
determine the impact on existing storm drainage infrastructure as part of this study. 
 
Following the development of the base map, delineation of the drainage basins, and 
verification of the elements of the existing drainage system, a hydrological and hydraulic 
analysis of the system was completed.  The hydrological analysis included the 
estimation of runoff resulting from the 5-year and 100-year storm events, as specified in 
the Town’s Infrastructure Design Standards (Standards).  Rainfall data was obtained 
from the National Weather Service and soil types in the area were determined from the 
Natural Resources Conservation Service (NRCS) Web Soil Survey website.  Peak flow 
rates were estimated for each basin and routed through the study area and storm 
drainage elements.  The U.S. Environmental Protection Agency’s (EPA) Storm Water 
Management Model (SWMM) operating within the Autodesk Storm and Sanitary 
Analysis software was used to model the hydrology and hydraulics of the study area.  
Culverts, storm drain pipes, and storm drain inlets were evaluated relative to the Town’s 
Standards, whereas stormwater ponds were evaluated relative to percent reduction of 
peak flow and overtopping of the pond berms.  Due to the lack of detailed topographic 
data at culvert and inlet locations, assumptions regarding allowable culvert headwater 
depth and allowable gutter water depth and spread were necessary to complete the 
hydraulic analysis.  The accuracy of these assumptions, which are conservative, may 
have resulted in identification of some storm drainage elements for further investigation 
that may actually meet the Town Standards.   
 
Culverts, storm drain pipes, and storm drain inlets that did not meet the design 
requirements of the Town’s Standards were recommend for further investigation and 
ranked with “high”, “medium”, and “low” priorities based on the apparent exceedance of 
the Standards.  Stormwater ponds that overtopped, did not have a reinforced overflow 
spillway, or appeared to have accumulated sediment or vegetative growth were 
identified.  “Pond Concern Levels” were identified for overtopping stormwater ponds 
based on the amount of flow estimated to overtop the ponds. 

Modeling Results 

The results reveal that 49 culverts (64% of the total evaluated) are estimated to not 
meet the design standards for the 5-year storm and 58 culverts (75% of the total 
evaluated) are estimated to not meet the design standards for the 100-year storm.  
Storm drain pipes were found to generally be more compliant with the Standards, with 
42 storm drain pipes (30% of the total evaluated) estimated to not meet the design 
standards for the 5-year storm and 60 storm drain pipes (43% of the total evaluated) 
estimated to not meet the design standards for the 100-year storm.  Inlets also were 
found to be generally more compliant with the Standards, with only 24 inlets (20% of the 
total evaluated) estimated to not meet the design standards for the 5-year storm and 42 
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inlets (34% of the total evaluated) estimated to not meet the design standards for the 
100-year storm.   
 
Stormwater pond performance was generally either quite good or quite bad in terms of 
overtopping and reduction in stormwater discharge rates.  41% (17 of 39) of the ponds 
within the study area are estimated to overtop during the 5-years storm event and 
slightly more than half (22 of 39) of the ponds within the study area are estimated to 
overtop during the 100-year storm event.  The peak basin discharge rate is estimated to 
be reduced by 50% or more by 62% (24 of 39) of the ponds for the 5-year storm and 
approximately half (19 of 39) of the ponds for the 100-year storm, with 9 of the ponds 
reducing the basin flow by more than 90% for the 100-year storm and several estimated 
to not discharge at all during the 100-year storm event (functioning as retention ponds).  
In contrast, nearly one-fourth (9 of 39) of the ponds reduce the peak basin discharge 
rate by less than 10% for the 5-year storm and slightly more than one-fourth (11 of 39) 
of the ponds reduce the peak basin discharge rate by less than 10% for the 100-year 
storm, with several ponds estimated to not reduce the basin flow at all due to the small 
size and/or undersized outlet structure.  The three ponds wholly or partially owned and 
operated by the Town that were analyzed as part of this study performed very good, 
with none of the ponds estimated to overtop during either storm event, all three of the 
ponds estimated to reduce the peak basin discharge by more than 50% for both storm 
events, and one pond estimated to reduce the peak basin discharge by more than 90% 
for the 100-year storm. 

Preliminary Budgetary Costs 

Preliminary budgetary costs were developed for storm drainage elements within the 
study area that did not satisfy the 100-year design criteria.  To develop budgetary costs, 
identified culverts and storm drain pipes were assumed to be replaced with a pipe 6 
inches larger in diameter, with a minimum pipe size of 18 inches in diameter, whereas 
one additional inlet was assumed to be added at, or upstream, of identified inlets.  
Budget costs for pond improvements were limited to construction of reinforced spillways 
for ponds lacking this feature and removal of accumulated sediment where apparent. 
 
Total budgetary costs for culverts recommended for investigation are estimated to be 
approximately $403,000.  Total budgetary costs for storm drain systems recommended 
for investigation are estimated to be approximately $1,754,000.  Budgetary costs for 
improvements to the Lower Dove Ranch storm drain system, consisting of extension of 
the piped storm drain system under CR 501 and the Schroeder Ditch and then to the 
Los Piños River via an open channel, are estimated to be $450,000.  The total 
budgetary cost for pond cleaning and weir construction is estimated to be approximately 
$62,000. 

Conclusions 

The modeling results and budgetary costs in this report should be considered 
preliminary, based on the level of analysis of a Master Drainage Plan.  To refine the 
storm drainage improvement costs, elements identified for investigation should be 
analyzed with detailed site-specific topography at the element location and detailed 
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hydrologic analysis to confirm whether or not the element meets the design Standards.  
Detailed costs should then be developed based on site-specific designs determined to 
be necessary to meet the design Standards.  Ownership of culvert and storm drain 
elements included in the study should be determined to establish which elements the 
Town is responsible for. 
 
Additional observations include the need to be able to continue to discharge runoff to 
irrigation ditches when they are piped, the conservative nature of the Town’s current 
storm water detention standards related to infill development, the recommendation for 
consideration of development of regional detention ponds, primarily when development 
of areas outside of the current study area occur, and the need for maintaining storm 
drainage infrastructure to keep it functioning at design capacity. 
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1.0 – General Background 

1.1 Master Drainage Plan 
The Town of Bayfield (Town) contracted with Souder, Miller and Associates 
(SMA) to prepare a Master Drainage Plan (MDP) under the General Engineering 
Services agreement between the Town of Bayfield and SMA.  The development 
of the MDP was designated as Task Order No. 5 – Storm Drainage Master Plan.  
The scope of services for the Task Order and the authorization to proceed with 
the work is dated May 16, 2013. 

1.2 Community Overview 
The Town of Bayfield has served as the commercial and cultural center for 
eastern La Plata County and the Pine River Valley since the Town was 
incorporated August 18, 1906, when local residents donated land to create a 
supply town near the Los Piños (Pine) River.  The community is situated in the 
eastern part of La Plata County in southwestern Colorado.  It is located 
approximately 18 miles east of Durango and 40 miles west of Pagosa Springs on 
Highway 160.  Figure 1 shows the location of the Town relative to other 
communities in Southwest Colorado.  The Town is located at an elevation of 
approximately 6,900 feet, and south of the San Juan Mountain range, which 
features peaks over 14,000 feet in elevation.  The Town is situated between two 
significant reservoirs, Vallecito Reservoir, located 15 miles to the north, and 
Navajo Reservoir, located 18 miles to the southeast. 
 
The Los Piños River, a perennial river with headwaters in the San Juan Mountain 
range, is the major water course in the study area.  Potential wetlands occur 
throughout the study area, although many may be due primarily to irrigation 
and/or leaky irrigation ditches.  The flood limits of the Los Piños River have been 
determined by the Federal Emergency Management Agency (FEMA) and a 
portion of the study area is located within the 100-year flood limits of the River 
(see Appendix A).  Runoff from nearly the entire study area flows to the Los 
Piños River or irrigation ditches that eventually discharge to the Los Piños River; 
runoff from only a minor portion (Sunrise Estates Subdivision) flows to Beaver 
Creek, a tributary to the Los Piños River located east of Bayfield. 
 
Historical population estimates are not available for the entire study area, but are 
available for the Town of Bayfield, which comprises the majority of the study area 
population.  The 2010 Census population estimate for Bayfield was 2,333 with an 
average household size of 2.58 people per household unit.  Based on the 30-
year period from 1980 to 2010, the annual growth rate for the Town has 
averaged approximately 4.0%.  Using this growth rate and a 20-year planning 
period, the current (2014) population for the Town of Bayfield is estimated to be 
2,729 and projected to be 5,750 in the year 2033, an increase of approximately 
3,000 people over the planning period.  
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Currently, there are four residential subdivisions in Bayfield with undeveloped 
lots: Dove Ranch, Mesa Meadows, Fox Farm Village, and Sunrise Estates, which 
provide a total of 171 platted but undeveloped residential lots.  In addition, the 
Dove Ranch and Clover Meadows subdivisions have an estimated 231 unplatted 
residential lots within the subdivision boundaries, depending on the lot sizes.  
This yields an estimated total of 402 residential lots within existing subdivisions, 
which is equivalent to 1,037 additional residents, based on the 2010 Census 
average of 2.58 people per Bayfield household.  This indicates that additional 
residential development, either infill of currently vacant property within Town 
limits or development of newly annexed areas adjacent to or near the Town’s 
current boundaries will be required to meet the anticipated demand for housing 
due to population growth. 

 
Similarly, the Town’s principal commercial property subdivision, Bayfield Center, 
has 21 undeveloped platted lots.  Depending on the rate of commercial 
development, it is likely that additional commercial properties will be needed over 
the 20-year planning period to provide for the growth of commercial 
development. 

 
Future growth for the Town is anticipated to be predominantly infill of currently 
vacant lands and/or on the periphery of the Town, primarily north, south, and 
east, with limited growth on the west side due to the floodplain development 
limitations in the Los Piños River valley.  

1.3 Area Climate 
Located in the foothills of the San Juan Mountains, Bayfield experiences a four-
season climate.  Long-term climate data is available from climate stations near 
Ignacio and Durango, Colorado, but no long-term climate stations are located in 
or near Bayfield.  Ignacio is located approximately 7 miles south of Bayfield and 
Durango is located approximately 17 miles west of Bayfield.  Ignacio is likely 
somewhat milder and drier than Bayfield, with Bayfield likely being more similar 
in climate to Durango. 

 
Durango and Ignacio climate data show that July typically has the highest 
average monthly high temperature in the upper 80s (°F) and January typically 
has the lowest average monthly low temperature near 10°F.  Average 
precipitation for Durango is 21.1 inches and 14.8 inches for Ignacio.  Summer 
and early Fall months (July through October) have the highest average rainfall 
amounts, typically in the form of afternoon and early evening thunderstorms, 
often with high intensity, short duration rain events.  June typically experiences 
the lowest rainfall of all months of the year.  Precipitation during winter months is 
generally in the form of snow.  Climate data for the Durango and Ignacio climate 
stations, obtained from the Western Regional Climate Center, is included in 
Appendix B. 
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1.4 Plan Objectives 
The Master Drainage Plan (MDP) objectives included the following: 
1. Define and characterize the area that impacts the Town’s existing stormwater 

infrastructure; 
2. Analyze the study area under the Town’s current stormwater design criteria 

design storms; 
3. Determine how the Town’s existing stormwater infrastructure performs under 

the design storms and identify deficient infrastructure elements; 
4. Provide general recommendations for element improvements necessary to 

meet the Town’s design criteria for stormwater infrastructure; and 
5. Develop costs associated with the recommended element improvements. 

2.0 – Plan Approach 
The general approach for developing the MDP began with a thorough inventory of the 
existing stormwater management system, i.e. identifying the various elements of the 
stormwater system.  The study area was then divided into drainage basins with points 
identified for each basin as the points of hydrologic analysis.  Stormwater system 
elements, such as culverts, inlets, and ponds, establish the locations of analysis points.  
Flow paths, i.e. the paths that runoff follows from the upper elevation to the analysis 
point of each drainage basin, were determined throughout the study area. 
 
Hydrologic modeling of the basins used the 5-year and the 100-year design storm 
events, as specified in the Town’s Infrastructure Design Standards (Standards) to 
estimate the runoff generated in each of the basins for these events.  Land use within 
each basin, together with basin area and rainfall data, was used to estimate peak 
stormwater runoff rates.  The runoff rates are reported as flows in cubic feet per second, 
cfs. 
 
Hydraulic modeling of the basins routed the estimated flows through the various 
stormwater system elements of each basin.  Results were compared to the Town’s 
Standards.  If a drainage element does not meet the Standards, i.e. culvert surcharging 
above design limits, street spread or curb depth exceeding design limits, pond 
overflowing, or similar, the element is identified as requiring site-specific analysis to 
verify the results and, upon verification, determine the design upgrades required to meet 
the Standards. 
 
Cost estimates for replacement or supplemental elements were developed for existing 
elements preliminarily identified as being inadequate.  The scope of the MDP did not 
include making design-level analysis and recommendations; therefore, the solutions 
included in the MDP are estimates, only, to provide budgeting costs for the Town.  
Verification of the design deficiencies and determination of design solutions will allow 
the Town to refine the budget for needed storm drainage improvements. 
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3.0 – System Inventory 

3.1 Base Map Development 

3.1.1 – Town-Supplied Information 

The Town provided aerial maps of the study area, which included 
topographic data in the form of contour mapping, street and building 
outlines, major irrigation ditches, and significant vegetation.  The contour 
mapping provided contour intervals of 2-feet.  Aerial mapping and contour 
mapping is used as the base map for all MDP exhibits. 
 
In addition to the aerial mapping and topographic information, the Town’s 
surveyor provided survey documentation, i.e. location, size, material type, 
etc. for each element of the stormwater system.  The survey data provided 
by the Town’s surveyor included location data (horizontal and vertical) for 
storm drainage system components.  These data included the following: a 
survey of culvert pipes to obtain location, culvert diameter, type of pipe 
material, length, and invert elevations; survey of curb or other grated inlets 
to obtain location, depth of inlet, diameter of pipes into and out of inlet, 
pipe material, and the invert(s) elevation of the pipes in the inlet; survey of 
detention ponds to obtain bottom of pond elevation, top of pond elevation, 
perimeter location (horizontal and vertical) of the pond berm and bottom, 
outlet pipe sizes and locations, type of outlet pipe material, inverts of outlet 
pipe, and size and elevation of outlet structure, if any; and other similar 
storm system component information.  Culverts were considered to be 
components of the Town’s storm drainage system if they crossed under 
streets and the primary purpose was not conveyance of irrigation water.  
Private culverts under driveways were not documented and analyzed. 
 
The survey data was presented as point data, allowing inlet locations, 
storm drain pipe and culvert alignments, and detention pond geometry to 
be generated.  In a limited number of cases, survey data was not provided 
due to buried structures, thick brush, private property access issues, or 
other constraints.  These data gaps are listed on the element inventory 
tables.  Where necessary for the functioning of the hydraulic model, 
assumptions regarding locations and elevations of elements were made. 

  3.1.2 - Supplemental Information 

Supplemental topographic information was required for the development 
of the base map for portions of the study area outside of the limits of the 
Town’s aerial maps.  This supplemental topographic information was 
obtained from the Internet web site of ChartTiff, which provides contour 
information based on the United States Geological Service (USGS) Digital 
Elevation Model (DEM).  The supplemental topographic information was 
matched to the Town’s aerial data both horizontally and vertically to allow 
delineation of the study area boundary. 
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Figure 2 shows the topographic base map with the Town limits and the 
drainage study limits. 

3.2 Inventory of System Elements 
The elements of the existing stormwater management system were overlaid on 
the topographic map to form the MDP base map.  This inventory of the existing 
system elements was verified by conducting a comprehensive field inspection of 
the storm drainage system.  The field inspection collected information including, 
but not limited to, locating and identifying type of curb and gutter in-place 
throughout the system, size and type of inlets, i.e. curb inlets or area inlets, and 
types of grates on the inlets, i.e. parallel, perpendicular, curved or straight vane, 
locations of drainage swales and ditches, detention pond outlet structure size 
and geometry, identification of discharge points from detention ponds, 
identification of flow paths for drainage waters, and general confirmation of the 
drainage basins configurations.  It should be noted that some of the elements 
identified within the study area may be the responsibility of CDOT, La Plata 
County, or private property owners, but were analyzed as part of the study.  All 
stormwater ponds are understood to be privately owned and maintained but were 
analyzed as part of this study to identify performance deficiencies.  Figure 3 
shows the base map together with the locations of the storm drainage elements 
within the study area. 

3.2.1 – Culvert Inventory 

Table 1 details the data collected for the culverts identified within the study 
area, not including pond outlet pipes.  The study area includes 77 culverts, 
nearly all (96%) of which are corrugated metal pipe (CMP), with only three 
high density polyethylene (HDPE) culverts.  Culvert pipe diameters range 
from 8 to 36 inches, with 44% of the culverts (34 culverts) being less than 
the current minimum standard of 18 inches in diameter.  The length of 
culverts within the study area totals approximately 4,100 linear feet. 
 
A number of culverts were silted closed or otherwise obstructed on either 
the inlet or outlet end, as noted in Table 1, suggesting that more frequent 
maintenance is required for these pipes.  Data regarding pipe size and 
slopes was estimated for these pipes where the ends of the pipes could 
not be exposed. 

3.2.2 – Storm Drain Pipe Inventory 

Table 2 details the data collected for the storm drain pipes identified within 
the study area.  The study area includes 138 storm drain pipes, defined as 
pipes connected to storm drain inlets or manholes, with approximately 
63% made of CMP and 37% made of HDPE.  Storm drain pipe diameters 
range from 8 to 48 inches, with approximately 41% of the pipes (57 pipes) 
being less than the current minimum standard of 18 inches in diameter.  
The length of storm drain pipes within the study area totals nearly 15,000 
linear feet. 
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A number of pipes were silted closed or otherwise obstructed on either the 
inlet or outlet end, as noted in Table 2, suggesting that more frequent 
maintenance is required for these pipes.  Data regarding pipe size and 
slopes was estimated for these pipes where the ends of the pipes could 
not be exposed. 

3.2.3 – Storm Drain Inlet Inventory 

Table 3 details the data collected for the storm drain inlets identified within 
the study area.  The study area includes 122 inlets, most of which are 
single inlets, with seven double inlets and two triple inlets.  Inlets include 
35 surface grates, only, either in the gutter flow line or behind the curb, 
and 87 combination inlets, featuring both a surface grate in the gutter flow 
line and a curb opening behind the grate (in the face of the curb).  Two 
thirds (82) of the inlets are located in sag locations, meaning they are at 
low points relative to the surrounding surface, with the remaining (40) 
inlets located on grade, meaning the surface slopes continuously through 
an inlet.  Photos 1 through 8 in Appendix C show various types of inlets 
and inlet grates. 

3.2.4 – Stormwater Pond Inventory 

Table 4 details the data collected for stormwater ponds identified in within 
the study area, including details of the pond outlet structure, if any, while 
Table 5 details the pond outlet pipes.  The study area includes 39 ponds 
constructed for stormwater detention or retention purposes.  
Approximately half (19) of the stormwater ponds are relatively small, less 
than 0.1 acre-feet (4,356 cubic feet) in capacity, with only four ponds of 
relatively large size, more than 1 acre-foot in capacity (measured without 
freeboard).  A number of the ponds do not feature a constructed and 
reinforced spillway, which could result in overtopping of the pond berms in 
an uncontrolled manner for larger storms.  Some of the ponds appear to 
have significant sediment accumulated since they were constructed, 
reducing the available storage volume to less than designed.  Some 
ponds also have substantial vegetative growth, such as willows or cattails.  
Nearly all of the stormwater ponds are privately owned and maintained, 
either by individual property owners or by a subdivision homeowner 
association (HOA).  The Town owned and maintained two stormwater 
detention ponds and shared ownership and maintenance of one 
stormwater detention pond when the study data was collected; a third 
town-owned pond was constructed during preparation of the study, but 
was not analyzed as part of the study.  Town-owned ponds serve Town 
Hall (Pond No. 37) and the Senior Center (Pond No. 38); the pond serving 
the Joint Maintenance Facility (Pond No. 25) is jointly owned by the Town 
and La Plata County; the third town-owned pond constructed during 
preparation of the study was for the Parks and Recreation Department 
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Shop.  Photos 9 through 30 in Appendix D show a number of ponds within 
the study area, some with significant maintenance issues. 

3.2.4 – Irrigation Ditch Culvert Inventory 

The Town collected data on irrigation culverts that convey irrigation flows 
at Town street crossings.  The ditch culverts are not considered part of the 
Town’s storm drainage infrastructure and were not analyzed for flow and 
capacity as part of the MDP. 

4.0 – Drainage Basin Delineation and Characterization 
The characteristics of drainage basins are an important factor in completing an analysis 
of the basins and estimating the quantity of drainage water that will be generated and 
the rate at which stormwater will runoff from the basins.  The characteristics considered 
include area, soil types, surface slopes, the nature and extent of cover conditions, 
and/or other characteristics that could impact stormwater discharges from a basin.  
Each basin reacts to storm events in different ways, depending on its unique 
characteristics. 

4.1 Points of Hydraulic Analysis 
Hydraulic analysis points include culverts, storm drain inlets, or stormwater 
ponds where stormwater flows are needed to determine the element 
performance for the design storm events.  Many points of hydraulic analysis 
discharge to downstream basins or storm drain pipes; other points of hydraulic 
analysis discharge to study area outlet points, where stormwater runoff leaves 
the study area, such as at irrigation ditches, the Los Piños River, or other points 
along the study area boundary. 

4.2 Drainage Basin and Flow Path Delineation 
The drainage basins were configured around the points of hydraulic analysis and 
study area outlet points using the topography of the study base map.  Area 
topographically upstream of each point of hydraulic analysis defines a drainage 
basin. 

 
The basin configuration map was then taken into the field to confirm the 
configuration and to adjust the basin boundaries, as necessary, to match 
observed field conditions.  Adjustments in basin boundaries were necessary 
where man-made features, such as roadways, roadway ditches, curb and gutter, 
irrigation ditches, and similar features intercept and redirect flows in a manner 
that was not apparent at the scale of the study base map.  The delineated basins 
within the study area are shown in Figure 4. 

 
While confirming the basin configuration, the flow paths of stormwater runoff 
within each basin was identified.  A flow path is the route that runoff takes from 
the uppermost point in a basin to the point of analysis.  Flow paths for each basin 
are shown in Figure 4. 
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The boundary of the outermost delineated basins defines the boundary of the 
study area.  The study area is primarily confined to the area within the Town 
limits, plus limited areas outside of the Town limits that generate drainage flows 
into the study area.  The study area encompasses approximately 1000 acres, 
which includes the entire 770 acres comprising the Town limits.  The study area 
boundary is shown in Figure 2. 

 
After basin delineation and flow path identification was complete, the information 
was forwarded to the Town’s staff for review and concurrence. 

4.3 Basin Areas 
The area of a drainage basin, along with other factors, has a direct correlation to 
the quantity of storm water runoff from the design storm.  Basin surface areas 
were determined for modeling storm water runoff from each basin.  The study 
area was divided into 339 basins, ranging in size 0.05 to 48.4 acres, with an 
average basin size of 3.85 acres.  The large number of basins was required 
because of the large number of hydraulic analysis points requiring design flows 
within the study area.  The area determined for each basin is shown in Table 6. 

4.4 Basin Topography 
The study area generally slopes from the northeast to the southwest, ranging 
from 7,600 to 6,900 feet in elevation, with higher elevations and generally 
steeper slopes in the northeast portion of the study area and lower elevations 
and generally flatter areas in the southwest portion of the study area.  

4.5 General Land Use 
Land uses within the study area consist primarily of residential developments, 
with a significant element of agricultural, grazing, and/or open space mixed 
throughout.  In addition, there is an area of retail commercial and/or office-
professional development, immediately north of US Hwy 160.  The older part of 
the Town, located between Bayfield Parkway and Buck Hwy, and north of the 
Pine River represents a mixture of residential and retail commercial land uses.  
To the east and south of Bayfield Parkway, there is an area of light industrial type 
land uses, wherein the Town’s and the County’s operations centers are located, 
along with a bottled gas provider and several smaller industrial type land user. 

 4.6 Surface Conditions 
Identifying surface conditions in a drainage basin is essential to accurately 
predicting a basin’s response to a storm event.  The most significant surface 
conditions considered are cover type and slope. 
 
Cover type is classified as impervious or pervious.  Impervious cover is a surface 
that allows little to no water to infiltrate the soil during a rain fall event.  Examples 
of impervious cover include asphalt or concrete streets, parking lots, and 
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sidewalks; building roofs; and rock outcroppings.  Impervious cover results in 
high runoff quantities and high runoff rates.  Cover that is not impervious is 
considered to be pervious.  However, stormwater runoff response from pervious 
surfaces will vary significantly depending on the nature of the pervious cover.  As 
an example, a pervious area of compacted gravel or soil, used as a parking or 
driving area, will respond to a rain event more similar to an impervious surface, 
with higher runoff quantities and runoff rates, whereas an area that has ground 
cover of heavy grass or other vegetation, or an area that is cultivated such as a 
plowed field, will have much lower runoff quantities and runoff rates, all other 
characteristics being equal.  Vegetative cover and impervious area estimates 
were based on field observation during basin delineation, aerial photos, and land 
use maps.  Impervious percentages assigned to each basin of the study area are 
included in Table 6. 

 
The second surface condition influencing drainage is the slope of the surface.  
Steeper slopes result in higher rates of runoff over a shorter period of time.  
When combining cover conditions and surface slopes, the impacts to drainage 
can be significant.  In completing the analysis of the defined drainage basins for 
the MDP, each drainage basin was considered separately and the surface 
conditions defined for each basin.  

 4.7 Soil Characteristics 
Soil conditions have an impact on stormwater runoff response, particularly where 
impervious ground cover is not present.  Soils are classified based on the 
infiltration and runoff potential for the purposes of this study.  Based on data 
obtained from the Natural Resources Conservation Service (NRCS) Web Soil 
Survey (http://websoilsurvey.nrcs.usda.gov/app/), the majority of the study area 
is made up of soils classified as Corta Loam with surface slopes ranging between 
1% and 8%, with an average surface slope of approximately 4%.  An area to the 
northeast, which is outside of the Town limits but contributes to the Town’s 
drainage, has a soils classification of Archuleta-Sanchez complex with surface 
slopes ranging from 12% to 65%, with an average surface slope of approximately 
40%.  A small percentage of the study area, located in the downtown and other 
river bottom area, is classified as Sycle fine sandy loam with surface slopes 
between 1% and 3%. 

 
The NRCS assigns soils to one of four hydrologic soil groups (HSG) according to 
how fast water will infiltrate into the soils when the soils are not protected by 
vegetation, are thoroughly wet, and receive precipitation from long duration storm 
events.  According to the NRCS Web Soil Survey, the majority of the study area, 
located in the upland north and east portions of the Town is classified as Group 
D soils, while the downtown and lowland areas located in the southwest portion 
of the study area are classified as Group B soils.  Group D soils have a very slow 
infiltration rate and high runoff potential, whereas Group B soils have a moderate 
infiltration rate and consequently a lower runoff potential than Group D soils.  
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Appendix E contains a NRCS map showing the soil classifications and HSGs 
assigned to those soils within the study area. 

4.8 Hydrologic Features of Basins 
The hydrologic features of the Bayfield drainage system vary from basin to basin 
and even within each basin.  Much of the variation is related to the age of the 
improvements/developments within the basin.  Older developments have 
different features than those of the newer development.  Portions of the older 
residential development in the Town, as well as the Bayfield Center commercial 
development, do not have curb and gutter.  While the streets are paved in most 
of these areas, drainage water is conveyed, in a generally south or southwest 
direction in shallow, often poorly defined, earthen ditches located at the edge of a 
street or, in some situations, at the rear lot line.  In older residential areas, and 
some newer areas, roll curb and gutters have been installed.  There appear to be 
several different cross-sections for the roll type curb and gutter, all of which 
appear to have a fairly shallow gutter depth, approximately 4-inches.  Many of 
these installations are located in areas of relatively steep grades and in locations 
where flow directions are required to change to follow the curb and gutter 
alignment.  It appears that any substantial amount of rainfall could result in 
overtopping of these shallow gutter sections, allowing drainage water to flow over 
the curb section and out of the gutter channel.  

 
The Town Center area, located on East and West Mill Street, and the residential 
area one block to the south of Mill Street on South Street, is served with an 
underground piped storm sewer system.  The system is comprised of pipes, 
manholes, and curb inlets.  The curb and gutter section in this area are all 6-inch 
vertical curb, adjacent to crowned street sections.  In addition to the piped storm 
sewer system in the Town Center area, there are piped systems along Buck 
Highway from Bayfield Parkway south approximately to Mars Drive, in more 
recent residential subdivisions, including Mesa Meadows, Dove Ranch, 
Cinnamon Heights, Sunrise Estates, and Fox Farm Village, as well as several 
other small piped systems located in various part of the Town. 

 
A significant feature of the Town’s storm drainage system is the interception of 
runoff by, or discharge of piped stormwater runoff to, irrigation ditches and 
laterals.  Several irrigation companies have ditches and laterals that pass 
through the study area.  These ditches are for the most part open and intercept 
drainage water from the areas above the ditch.  These ditches and laterals 
intercept or accept runoff from numerous basins, primarily in the northern and 
eastern portion of the study area.  This limits the discharge of runoff from basins 
in the upper part of the watershed to basins in the lower part of the watershed, 
thereby limiting the necessary storm drainage infrastructure capacity in the lower 
portions of the watershed.  In some cases of recent development, ditch 
companies have required the developer to pipe the ditch through the 
development and provide a means of conveying the stormwater over or under 
the piped ditch, eliminating the historical discharge to the ditch.  
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4.9 Land Uses 
The Town identified 16 different land use designations on their March 2007 Land 
Use Designation map.  For the purposes of the MDP, these land use 
designations have been simplified into five types of uses shown below.  The land 
use categories overlaid on the project study area are shown in Figure 5 and 
produce the following area percentages: 

 
Type of Land Use Approximate Percentage  

 of Study Area 
• Residential 53.6 % 
• Retail Commercial 8.4 % 
• Industrial 1.5 % 
• Schools/Parks/Community Services 13.5 % 
• Vacant Land 23.0% 

4.10 Known Storm Drainage System Problems 
The only significant storm drainage problem area that has been identified by the 
Town is the storm water discharge from the Dove Ranch Subdivision at the north 
end of Town.  This residential subdivision was approved with no stormwater 
detention with the intent to direct the runoff under CR 501 and the Schroder Ditch 
through a 36” diameter pipe and then through an open channel to discharge to 
the Los Piños River.  However, the storm drainage infrastructure was only 
completed as far as just east of CR 501 and dead ends in a manhole with no 
pipe outlet.  When significant storms occur, the water level builds up in the 
manhole sufficiently to lift the manhole lid off of the manhole and overflow to the 
water quality pond downstream (Pond #1 in Figure 3).  The flow then continues 
through Pipe #1, a 24-inch diameter CMP culvert under CR 501, which 
discharges to the Schroder Ditch.  In addition to the storm drain pipe presumably 
remaining full of water upstream of the dead-end manhole after storm events, the 
increased runoff as a result of the residential development has reportedly caused 
erosion of the ditch at the culvert outlet. 

 
The Town has not identified any other specific problem areas within the Town’s 
storm drainage system.  This may be because the typical storm event is a 
relatively frequent storm of relatively low intensity over a relatively short period of 
time.  While the 5-year design storm is a relatively common event, the 100-year 
design storm may or may not have occurred in the recent past.  Therefore, it is 
possible that the Town’s storm drainage system has not been tested with the 
larger design storm in the recent past; should larger events occur, it is likely that 
shortcomings of the storm drainage system will be apparent.  

4.11 Potential Environmental Issues  
The principal potential environmental issue is related to new construction, 
replacement, or maintenance of storm drainage infrastructure.  Many elements of 
the existing infrastructure or potential new infrastructure may be located within or 
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adjacent to potential wetlands.  It may be necessary to identify whether suspect 
areas are considered wetlands and consult with the U.S. Army Corps of 
Engineers before disturbing these areas prior to construction or maintenance.  In 
addition, activities near the Los Piños River may also be impacted by the 
presence of bald eagle nests, Southwest Willow Flycatcher, or other protected 
species.  Potential environmental issues will need to be identified and addressed 
as specific projects are developed. 

4.12 Operation and Maintenance Issues  
Based on the field inspections made while compiling the inventory of the storm 
drainage system, the Operation and Maintenance (O&M) issues observed 
included the following: 

 
• Inlet grates blocked or partially blocked with trash and or leaves. 
• Catch basins below grate covering, blocked or partially blocked with trash, 

leaves, or sediment. 
• Culvert openings blocked or partially blocked with trash, leaves, or sediment. 
• Detention/retention ponds severely sedimented and holding capacity reduced. 
• Detention/retention pond outlet pipes silted over. 
• Detention/retention ponds overgrown with vegetation. 
• Damaged culvert ends, (inlet and outlet). 

 
Appendices C and D contain photos of example inlets and ponds, some in good 
condition and some showing O&M issues. 

5.0 – Hydrology Study 

5.1 Hydrologic Analysis Criteria 
The hydrologic analysis criteria are found in Section 5 of the Town of Bayfield’s 
Infrastructure Design Standards.  Hydrologic analysis criteria include the 
following: 
• Analysis of minor and major design storms of 5-year and 100-year recurrence 

intervals, respectively. 
• Use of the Rational Method, NRCS WinTR-55, or USGS regression equations 

for stormwater runoff estimates, or other approved methods and software. 
• Rainfall data from National Oceanic and Atmospheric Administration’s 

(NOAA) Atlas 14 via NOAA’s Precipitation Data Frequency Server (an update 
of NOAA’s Precipitation-Frequency Atlas of the Western United States 
referenced in the Town Standards). 

• Minimum of 10 minutes to be used for times of concentration. 
 

These design standards were adopted less than two years ago.  As a result, 
most of the development located within the Town was completed well before the 
Standards were adopted; therefore most of the existing storm drainage system 
was not designed to the current Standards, but some unknown and likely varying 
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criteria.  However, in order to evaluate the adequacy of the existing infrastructure 
under the current design standards, the study area was modeled under the 5-
year and 100-year storms to determine flows for evaluating the drainage 
elements. 

 
Much of the storm drainage infrastructure was likely not designed to convey or 
detain the 100-year storm event runoff.  However, this event was used in this 
analysis in accordance with the Standards to determine which storm drainage 
facilities do perform in accordance with the current standards and which ones do 
not or require additional investigation.  The facilities that do not function in 
accordance with current performance requirements will be recommended for 
additional analysis and potential upgrading or replacement. 

 
Analysis of currently undeveloped land within the study area did not require 
estimates of future development types or densities because the Town’s current 
design standards require that future development control runoff from the site from 
the 100-year storm to the historical discharge rate from the 5-year storm.  
Therefore, development of currently undeveloped land will actually decrease the 
discharge from the 100-year storm from the current undeveloped condition.  
Analysis of undeveloped land using the current conditions is therefore a 
conservative approach as development will actually reduce the peak discharge 
from the land. 

5.2 Hydrologic Model Inputs 

  5.2.1 Rainfall Data 
Rainfall data was obtained from the National Oceanic and Atmospheric 
Administration’s (NOAA) Precipitation Frequency Data Server (PFDS) 
(http://hdsc.nws.noaa.gov/hdsc/pfds/), which interpolates NOAA Atlas 14 
precipitation frequency estimates and associated information for a 
specified location.  The PFDS then outputs local precipitation information 
as a table with rainfall depths as a function of storm duration and average 
recurrence interval.  Appendix F includes the rainfall data for the Bayfield 
area generated from the NOAA PFDS. 

5.2.2 Time of Concentration 
The time of concentration is an estimate of the time that it takes 
stormwater runoff to reach a basin outlet or design point from the most 
remote point in the basin.  The time of concentration was determined for 
each basin using the delineated flow paths and the corresponding path 
lengths, average slopes, resistance to flow of the ground surfaces, and 
rainfall intensities.  Rainfall intensity is dependent upon the design storm 
frequency, with higher intensities for the 100-year storm and lower 
intensities for the 5-year storm, all other things being equal. 
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  5.2.2 Curve Numbers 
Soil Conservation Service (SCS, now NRCS) curve numbers (CNs) are 
factors indicating the potential for excess runoff from a given rainfall event.  
Higher CNs indicate higher runoff potential and lower CNs indicate lower 
runoff potential, all other things being equal.  Estimation of CNs 
considered the land use, ground cover, soil type (HSG), and percent 
imperviousness.  Curve numbers within the study area ranged from 65 to 
95.  Figure 5 shows the CN assigned to each land use designation within 
the study area and Table 6 shows the CN assigned to each basin and 
sub-basin. 

5.2.3 Basin Areas 
Basin areas determined in Section 4.3 were input for each basin or sub-
basin. 

5.3 Hydrologic Model 
The U.S. Environmental Protection Agency’s (EPA) Storm Water Management 
Model (SWMM) operating within the Autodesk Storm and Sanitary Analysis 
software was used to model the hydrology of the study area.  SWMM implements 
a modified SCS model to estimate peak discharges for urban drainage basins.  
SWMM operates under the assumption that the calculated runoff is a function of 
the curve number, a NRCS Type II rainfall distribution, and the time of 
concentration.  Each basin was linked to an outflow corresponding to a specific 
culvert, inlet, or pond.  Model runs were completed for both the minor and major 
storms. 

5.4 Hydrologic Model Results 
Modeling outputs for each basin include calculated time of concentration, 
estimated peak runoff rate, and estimated runoff volume for both the minor and 
major design storms.  Modeling input and results are included in Table 6.  
 
Times of concentration ranged from under 4 minutes to slightly over 3 hours for 
the 5-year storm and slightly over 3 minutes to approximately 2 hours and 30 
minutes for the 100-year storm.  Although the Town’s standard is to use a 
minimum time of concentration of 10 minutes to avoid overestimating peak flows 
from very small basins, SWMM does not allow this limitation, resulting in potential 
overestimation of peak flows from these basins.  However, given that these 
basins typically have very small flows, the overall impact is minor. 
 
Estimated peak flows ranged from 0.1 to approximately 54 cubic feet per second 
(cfs) for the 5-year storm and 0.2 to approximately 104 cfs for the 100-year 
storm.  The 100-year storm peak rate of discharge was generally estimated to be 
approximately double the 5-year storm peak rate of discharge. 
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6.0 – Limited Hydraulic Study 
The hydraulic model is considered a limited hydraulic study due to the lack of design-
level topographic information for design points and the in-depth analysis required to 
pinpoint capacity issues and size structures.  The Town’s aerial mapping has 2-foot 
contours with an interpolated accuracy of 1 foot, which is good for general planning 
purposes but does not allow accurate determination of design-level elevations and 
slopes.  This limits the ability to determine maximum headwater elevations for culverts 
(before the flows would overtop a roadway or other adjacent ground), as well as 
longitudinal and cross slopes for streets to determine inlet flow capture and bypass.  
Assumptions regarding elevations and slopes used in this limited hydraulic study are 
detailed in the sections discussing the model input parameters for the specific drainage 
elements. 

6.1 Hydraulic Design Criteria 
The design criteria for hydraulic analysis of storm drainage infrastructure are 
found in Section 5 of the Town of Bayfield’s Infrastructure Design Standards.  
Storm drainage system elements are to be designed to safety handle the minor 
storm event, providing convenience for residents, reducing street flooding, and 
protecting against regular and recurring damage from these frequent storms.  
Drainage system elements are to be designed to safely handle runoff from major 
storms and minimize property damage and loss from these higher intensity, yet 
infrequent storm events.  Specific hydraulic design standards include the 
following: 
• Analysis of street flow depth and spread and inlet capture and bypass using 

methods described in the Federal Highway Administration’s (FHWA) Urban 
Drainage Design Manual, Hydraulic Engineering Circular No. 22 (HEC-22). 
Inlet clogging factor of 50% to be used in analysis. 

• Flow depths in storm drain pipes and culverts determined using the Manning 
equation. 

• Analysis of culvert flow using methods presented in FHWA’s Hydraulic Design 
of Highway Culverts, Hydraulic Design Series No. 5 (HDS-5). 

• Culvert Performance Criteria: 
o The minor storm flow is to be conveyed with a maximum headwater depth 

equal to the diameter of the culvert conveying the flow. 
o The major storm flow is to be conveyed with a maximum headwater 

elevation a minimum of 1-foot below the low point of the road or an 
elevation required to prevent damages to upstream property. 

o Pipe grades are to be sufficient to achieve a minimum of 3 feet per second 
(fps) velocity when flowing full. 

• Storm Drain Pipe Performance Criteria: 
o Convey the minor storm flow without surcharging.  
o The major storm flow is allowed to surcharge; however, the hydraulic 

grade line is not to exceed an elevation 1-foot below a manhole rim or inlet 
flow line. 
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o Pipes grades are to be sufficient to achieve a minimum of 3 fps velocity 
when flowing full. 

• Street Design Criteria: 
o Minor Storm: 
 All Streets: No overtopping of curbs and containment within street 

right-of-way or drainage easement. 
 Local Streets: Flow may spread to street crown. 
 Collector Streets: At least one 10-foot lane free of water. 
 Arterial Streets: At least one 10-foot lane free of water in each 

direction. 
o Major Storm, All Streets: 
 Water surface elevation to be no less than 12 inches below the 

finished floor elevations of residential dwellings and public, 
commercial, and industrial buildings. 

 Depth of water to be less than 18 inches at the gutter flow line. 
 Flow to be contained within street rights-of-way or drainage 

easements. 
• Detention Pond Design Criteria: 

o Ponds (or other design elements) are required to limit the developed 
condition major (100-year) storm discharge to the historic minor (5-year) 
storm discharge.  This is a recent design requirement and most of the 
detention ponds located within the study area were likely designed using 
other design standards.  Some existing ponds may have been designed to 
improve water quality and not provide stormwater detention. 

o Ponds are required to feature an overflow spillway capable of conveying 
the un-detained major storm flow. 

6.2 Hydraulic Model Inputs 

6.2.1 Design Flows 
Design flows for the minor and major storms determined from the 
hydrologic modeling were used in modeling the hydraulics of the storm 
drainage infrastructure.  Peak flows were used for analysis of culverts, 
streets, inlets, and storm drain pipes, while hydrographs (flow over time) 
were used to analyze detention pond performance. 

6.2.2 Culvert Parameters 
Culvert modeling parameters include the physical parameters identified 
during the field survey, including pipe invert elevations, length, shape, 
diameter, and material.  Additional parameters include the design flow 
determined as part of the hydrologic modeling, calculated pipe slope, 
Manning’s roughness coefficient, allowable headwater depth, and the 
calculated tailwater depth. 
 
Manning’s roughness coefficient is a measure of the resistance to flow 
based on the pipe material and varies from 0.015 for smooth interior high 
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density polyethylene (HDPE) pipe to 0.024 for corrugated metal pipe 
(CMP). 
 
Allowable headwater depths are in accordance with the Town’s Design 
Standards: a headwater depth equal to the pipe diameter for the minor 
storm and a minimum of 1 foot below the low point on the road or the 
elevation required to prevent damage to adjacent properties.  As 
discussed above, topographic data lacked sufficient detail to estimate low 
points on roads or other topographic features.  For modeling purposes, the 
major storm was analyzed assuming a headwater elevation of 1 foot 
above the top of pipe.  The 1-foot submergence is based on an 
assumption that culverts will typically have a minimum of one foot of cover 
over the pipe and the typical installation is in a crowned roadway section.  
This is a conservative approach, as culverts may have more than 1 foot of 
cover, and culverts showing insufficient capacity for the major storm 
should be reviewed in more detail to determine if more headwater depth is 
available. 
 
Tailwater depth was determined by calculating the depth for the design 
flow in the channel downstream of the culvert using channel parameters 
estimated from the topographic data.  As discussed above, limits in the 
topographic detail limit the accuracy of these estimations and may result in 
overly conservative tailwater depth estimates, which may impact the 
estimated capacity of some culverts. 
 
All culverts were modeled with a generic overflow weir to simulate 
overtopping a roadway and provide for the continuity of flows in excess of 
the culvert capacity to downstream basins, given the assumed conditions 
discussed above.  The overflow weir was modeled as either a 20-foot or 
40-foot long level section of paved road. 

6.2.3 Storm Drain Pipe Parameters 
Storm drain pipe modeling parameters include the physical parameters 
identified during the field survey, including pipe invert elevations, length, 
diameter, and material.  Additional modeling parameters include the 
design flow, calculated pipe slope and Manning’s roughness coefficient.  
Design flows were a combination of the upstream pipe flows, if any, plus 
the flow intercepted by inlet(s) located at the upstream end of the pipe.  
Tailwater depths were based on the headwater depth of the downstream 
pipe. 

6.2.4 Street and Inlet Parameters 
Street modeling parameters include street width, longitudinal slope, cross-
slope or crown slope, and the presence or absence of curb and gutter.  
Streets were assumed to have crowned slopes of 2%; longitudinal slopes 
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were determined point-to-point between inlets.  Design flows were 
determined at the design points, typically inlet locations. 
 
Inlet modeling parameters include the physical parameters identified 
during the field survey, including size of inlet, inlet type (standard inlets are 
combination inlets with inlet grates located in the gutter pan with curb 
openings in the face of the curb compared to inlets designated as surface 
inlets or gutter pan inlets, which are inlet grates, only), grate type 
(orientation of grate bars), and inlet location (on continuous grade or in a 
sag/sump condition).  Inlet cross-slopes were assumed to be 2%, with 
longitudinal slopes equal to the street longitudinal slope at the inlet 
location. 

6.2.5 Detention Pond Parameters 
Storm drain detention pond modeling parameters include the physical 
parameters identified in the field survey, including the elevation of the 
pond bottom and top of pond berm and/or overflow spillway (maximum 
water surface elevation); outlet pipe invert elevations, pipe diameter, pipe 
material; and outlet structure details, including orifice diameter, number, 
and configuration and grate size, type, and elevation, if applicable.  Pond 
areas were generated from survey data provided by the Town and used to 
develop stage-storage curves for each pond, assuming a linear increase 
in area with depth.  It should be noted that a number of ponds feature 
outlet pipes that are not located at the bottom of the pond or no outlet 
pipes at all.  These ponds will not empty completely after a storm and 
drying of these ponds would require evaporation or infiltration between 
storm events.  However, for the purposes of this study, the ponds were 
assumed to start empty of water prior to the design storm event. 

 
It should be noted that at least two properties (Bayfield Plaza and the 
former Steamworks property) are known to feature underground tanks 
designed for stormwater detention/storage.  The specifics and functionality 
of these tanks is unknown and were not considered in the model.  In 
addition, at least two ponds (Pond 21 and Pond 28) appear to have an 
irrigation function; the actual function for this purpose is unknown and 
these ponds were modeled as ponds with no outlet. 

6.3 Hydraulic Modeling 
Hydraulic modeling of storm drainage structures within the study area was 
completed in conjunction with hydrologic modeling using the Autodesk Storm and 
Sanitary Analysis modeling software.  The data described above, except for flow 
data, were entered into input files; flow data was transferred within the software 
from the hydrologic modeling to the design points for hydraulic modeling.  Model 
runs were completed for both the minor and major storms. 
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Design flows were transmitted from upstream design points and basins to 
downstream design points and basins.  Culverts were analyzed as stand-alone 
structures using FHWA equations; the pipe length, slope, and diameter; the 
maximum headwater depth, the assumed tailwater depth; and the design flow. 
 
Streets, inlets, and storm drain pipes are interconnected and analyzed together.  
Street geometries (longitudinal and cross-slope and width) and design flows at 
the design points (inlet locations) determine the flow spread (width within the 
roadway) and depth at the design point.  The capture of the street flow by an inlet 
depends on a number of factors, including primarily whether the inlet is located 
on grade or in a sump/sag condition.  Other factors include the size and number 
of inlets, the presence of curb openings, and inlet clogging percentage.  The 
Town’s design standard for inlet clogging is 50%, which results in a minor 
reduction in performance, according to HEC-22 calculations.  In contrast, SWMM 
assumes a linear reduction in performance related to inlet clogging.  Therefore, 
SWMM reduces an inlet performance by 50% when 50% clogging is assumed.  
To avoid overestimating the impact of inlet clogging on inlet performance within 
the SWMM model, 20% clogging was assumed for all inlets as a conservative 
estimate, rather than the Town’s 50% clogging design standard, which assumes 
the FHWA’s inlet clogging calculation equations. 
 
An inlet on grade may capture only a portion of the street flow if the spread of the 
flow exceeds the width of the inlet grate.  Analysis of an inlet on grade includes 
an estimation of the flow intercepted by the inlet, as well as the flow that 
bypasses the inlet.  The bypassed flow is transmitted in the model to the next 
downstream design point, where it is combined with any additional surface runoff 
that is produced between the design points.  Intercepted flow is transferred to the 
downstream storm drain pipe, where it is added to any upstream pipe flows, and 
the performance analyzed for the downstream pipe segment. 
 
In contrast, an inlet in sag will intercept 100% of the flow if it is physically possible 
to achieve the required depth to move the flow into the inlet (the depth is not so 
great that it overflows the surrounding ground surface to adjacent land at a lower 
elevation).  When an inlet is identified to be in sag in the model, the model will 
calculate the required depth, whether it is physically possible or not.  The flow is 
then transferred to the downstream storm drain pipe, where it is added to any 
upstream flows, and the performance analyzed for the downstream pipe 
segment.  A depth significantly deeper than the curb height is an indication that 
the results should be reviewed more closely to determine if the depth is 
physically possible or if the flow would overtop the curb and the overflow 
discharge to a different downstream location. 
 
Pipe performance was analyzed using the hydrodynamic routing method to 
account for both open channel flow conditions (when pipes are flowing at less 
than full depth), and pressure flow conditions (when pipes are flowing full at 
greater than full-flow depth and under pressure head).  The Manning’s equation, 
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using the Manning’s roughness coefficient, the pipe diameter, and the pipe slope, 
was used to determine the water depth and velocity for both open channel and 
pressurized flow conditions. 
 
Pond performance was analyzed using specific stage-storage-discharge curves 
for each pond, together with the inflow hydrograph to the pond.  Pipe flow, orifice 
flow, and/or weir flow calculations, as applicable, were used to develop a 
discharge curve for each outlet structure.  Flows were routed through the pond 
and ponds with insufficient volume for the inflow transmitted the excess flows 
downstream as if the pond was overflowing.  Excess flows were modeled as an 
overflow weir. 

6.4 Modeling Results 
Results of the hydraulic modeling of storm drainage elements within the study 
area are presented in this section.  It should be noted that all results are at the 
Master Drainage Plan level of analysis.  Select parameter values were assumed 
where detailed topographic data was not available, as discussed in previous 
sections.  The assumed values may be conservative and may result in 
identification of elements not meeting the Town’s design standards that actually 
do meet the design standards.  Additional data and analyses will be required to 
make this determination. 

6.4.1 Culvert Analysis Results 
Tables 7 and 8 present the results of the culvert analyses for the 5-year 
and 100-year storms, respectively.  The tables summarize the physical 
parameters of the pipes and the modeling results.  The estimated 
headwater depth is the key evaluation parameter to determine if the 
culvert is sufficiently sized in accordance with the Town’s Design 
Standards: if the calculated headwater depth (the depth of water at the 
inlet end of the culvert required to push the design flow through the pipe) 
is greater than the allowable headwater depth for the design storm (based 
on Town Standards), it indicates that the pipe has insufficient capacity for 
the estimated basin flow and tailwater conditions.  Culverts identified as 
”Investigate” in Tables 7 and 8 are identified as not meeting the design 
standards and require additional study to verify this result; culverts 
identified as “Sufficient” meet the design standards even under the 
conservative parameters assumed in this study and need no additional 
study. 
 
Table 7 reveals that 49 culverts (64% of the total evaluated) are estimated 
to not meet the design standards for the 5-year storm and Table 8 reveals 
that 58 culverts (75% of the total evaluated) are estimated to not meet the 
design standards for the 100-year storm.   The locations of the culverts 
recommended for additional investigation are shown in Figure 6 for the 5-
year storm and Figure 7 for the 100-year storm. 
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Typically, culverts that meet the 100-year design criteria also meet the 5-
year design criteria.  However, in rare cases (two culverts), a culvert 
meets the 100-year storm design criteria but not the 5-year design criteria.  
This is because the 100-year storm design criteria allow a greater 
headwater depth for these rare storms compared to the allowable 
headwater depth for the more frequent 5-year storm. 
 
Table 8 includes a prioritization ranking for culverts recommended for 
investigation based on how much flow would potentially bypass/overtop 
the culvert based on the assumed allowable headwater depth (1 foot 
above the top of the pipe).  Those culverts estimated to bypass 50 cubic 
feet per second (cfs) are ranked “high”, those culverts estimated to bypass 
between 10 and 50 cfs are ranked “medium”, and those culverts estimated 
to bypass less than 10 cfs are ranked “low”.  As previously discussed, it is 
possible that some of the culverts recommended for investigation for the 
100-year design storm could turn out to have sufficient capacity when 
analyzed with design level topographic data to more accurately determine 
the maximum allowable headwater depth. 

6.4.2 Storm Drain Pipe Analysis Results 
Tables 9 and 10 present the results of the storm drain pipe analyses for 
the 5-year and 100-year storms, respectively.  The tables summarize the 
physical parameters of the pipes and the modeling results.  The estimated 
headwater depth is the key evaluation parameter to determine if the storm 
drain pipe is sufficiently sized: if the calculated headwater depth is greater 
than the allowable headwater depth for the design storm, it indicates that 
the pipe is not able to convey the estimated flow captured by the upstream 
inlets and the downstream or tailwater conditions.  Storm drain pipes 
identified as ”Investigate” in Tables 9 and 10 are identified as not meeting 
the design standards and require additional study to verify this result; 
pipes identified as “Sufficient” meet the design standards under the 
estimated analysis conditions. 
 
Table 9 reveals that 42 storm drain pipes (30% of the total evaluated) are 
estimated to not meet the design standards for the 5-year storm and Table 
10 reveals that 60 storm drain pipes (43% of the total evaluated) are 
estimated to not meet the design standards for the 100-year storm.  The 
locations of the storm drain pipes recommended for additional 
investigation are shown in Figure 6 for the 5-year storm and Figure 7 for 
the 100-year storm. 
 
As with culverts, storm drain pipes that meet the 100-year design criteria 
typically also meet the 5-year design criteria.  However, in a number of 
cases (10 pipes), a storm drain pipe meets the 100-year storm design 
criteria but not the 5-year design criteria.  This is because the 100-year 
storm design criteria allows a greater headwater depth, which can be 
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significant for pipes connected to deep inlets or manholes, for these rare 
storms compared to the allowable headwater depth for the more frequent 
5-year storm. 
 
Table 10 includes a prioritization ranking for storm drain pipes 
recommended for investigation based on how much the maximum 
allowable headwater depth (one foot below the inlet grate) is exceeded.  
Those pipes with a headwater depth estimated to exceed the elevation of 
the inlet grate are ranked “high”, those pipes with a headwater depth 
estimated to be within 6 inches of the elevation of the inlet grate are 
ranked “medium”, and those pipes within a headwater depth estimated to 
be 6 to 12 inches below the elevation of the inlet grate are ranked “low”. 

6.4.3 Storm Drain Inlet Analysis Results 
Tables 11 and 12 present the results of the inlet analyses for the 5-year 
and 100-year storms, respectively.  The tables summarize the physical 
parameters of the inlets, as well as the peak flow to the inlets.  The key 
evaluation parameters are the maximum gutter spread and the maximum 
gutter depth during peak flow.  The Town’s design standards for the minor 
storm require at least one 10-foot lane to be free of water for collector and 
arterial streets and no overtopping of curbs for all streets while the 
standards for the major storm require the depth of water to be less than 18 
inches at the gutter flow line and containment of the flow within street 
rights-of-way or drainage easements.  As previously discussed, the 
topographic (and right-of-way) information available for this study is not 
sufficiently detailed to allow detailed analysis of these design parameters.  
For example, curb height, street cross-slope, gutter depression, street 
width, right-of-way limits, and other detailed parameters can affect 
whether the storm drain system meets the design criteria.  However, 
information with this level of detail was not available for each inlet location 
and the assumptions detailed in Section 6.2.4 were used in inlet analyses.  
In addition, to evaluate the sufficiency of each inlet, flow depths exceeding 
6 inches (0.5 feet) or flow widths exceeding 12 feet (based on a 34-foot 
wide street) were used as conservative parameters to determine inlets 
that do not meet the 5-year design criteria.  Although the street design 
criteria allows flooding of streets up to 18 inches deep at the gutter flow 
line for the major storm event, in many cases the topography within the 
right-of-way is relatively flat or slopes downward behind the curb and 
would not allow a flow depth of 18 inches at the gutter flow line.  
Therefore, flow depths exceeding 6 inches (0.5 feet) or flow widths 
exceeding 17 feet (based on a 34-foot wide street) were used as 
conservative parameters to determine inlets that do not meet the 100-year 
design criteria. 
 
Table 11 reveals that only 24 inlets (20% of the total evaluated) are 
estimated to not meet the design standards for the 5-year storm and Table 
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12 reveals that 42 inlets (34% of the total evaluated) are estimated to not 
meet the design standards for the 100-year storm.  The locations of the 
inlets recommended for additional investigation are shown in Figure 6 for 
the 5-year storm and Figure 7 for the 100-year storm. 
 
As with culverts and storm drain pipes, inlets that meet the 100-year 
design criteria typically also meet the 5-year design criteria.  However, in 
rare cases (three inlets), an inlet meets the 100-year storm design criteria 
but not the 5-year design criteria.  In this case, this is because the 100-
year storm design criteria allow a greater gutter spread for these rare 
storms compared to the gutter spread for the more frequent 5-year storm. 
 
Table 12 includes a prioritization ranking for inlets recommended for 
investigation based on how much the allowable gutter depth (6 inches) is 
exceeded.  Those inlets with a gutter depth estimated to exceed 12 inches 
are ranked “high”, those inlets with a gutter depth estimated to exceed 9 
inches are ranked “medium”, and those inlets with a gutter depth 
estimated between 6 and 9 inches are ranked “low.  As previously 
discussed, it is possible that some of the inlets recommended for 
investigation for the 100-year design storm could turn out to have 
sufficient capacity when analyzed with design level topographic data to 
more accurately determine the gutter depth and allowable spread. 

6.4.4 Stormwater Pond Analysis Results 
Tables 13 and 14 present the results of the pond analyses for the 5-year 
and 100-year storms, respectively.  The tables summarize the physical 
parameters of the ponds and the peak outflow relative to the peak inflow.  
Evaluation of ponds relative to the current design standards would require 
estimation of the pre-development peak flow rate, which would be difficult 
to determine in retrospect and was beyond the scope of this study.  
Instead, ponds were evaluated primarily based on whether they are 
predicted to overtop during the 5-year and 100-year storm events, the 
magnitude of the estimated overtopping flow, and their estimated 
functionality in reducing the peak flow from the drainage basin. 
 
Table 13 reveals that 41% (17 of 39) of the ponds within the study area 
are estimated to overtop during the 5-years storm event and Table 14 
reveals that slightly more than half (22 of 39) of the ponds within the study 
area are estimated to overtop during the 100-year storm event.  The 
Town-owned and jointly-owned ponds function well based on these 
criteria, with none of the ponds estimated to overtop during either storm 
event.  In this case, the evaluation criteria for the 5-year and 100-year 
storms is identical (the maximum water surface elevation exceeding the 
lowest point on the pond berm), so all ponds that are estimated to overtop 
during the 5-year storm are also estimated to overtop during the 100-year 
storm.  Overtopping indicates that the existing pond volume, combined 
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with the existing outlet structure, is insufficient to contain the design storm.  
This presents the potential for less controlled release of storm flows over 
the top of the pond berms.  In ponds without reinforced (typically riprap) 
spillways to protect the berms in the event of an overflow, overtopping 
could result in rapid erosion and failure of the berms and rapid release of 
stored water.  However, it should be noted that even ponds that overtop 
can achieve a significant reduction in the peak basin discharge rate.  The 
locations of the ponds that are estimated to overtop are shown in Figure 6 
for the 5-year storm and Figure 7 for the 100-year storm. 
 
Tables 13 and 14 reveal that many of the detention ponds are estimated 
to function quite well for both the 5-year and 100-year storms, 
respectively.  The peak basin discharge rate is estimated to be reduced by 
50% or more by 62% (24 of 39) of the ponds for the 5-year storm and 
approximately half (19 of 39) of the ponds for the 100-year storm, with 9 of 
the ponds reducing the basin flow by more than 90% for the 100-year 
storm and several estimated to not discharge at all during the 100-year 
storm event (functioning as retention ponds).  In contrast, nearly one-
fourth (9 of 39) of the ponds reduce the peak basin discharge rate by less 
than 10% for the 5-year storm and slightly more than one-fourth (11 of 39) 
of the ponds reduce the peak basin discharge rate by less than 10% for 
the 100-year storm, with several ponds estimated to not reduce the basin 
flow at all due to the small size and/or undersized outlet structure.  The 
Town-owned and jointly-owned ponds function well based on these 
criteria, with all three of the ponds estimated to reduce the peak basin 
discharge by more than 50% for both storm events and the Senior Center 
pond (Pond No. 38) estimated to reduce the peak basin discharge by 
more than 90% for the 100-year storm. 
 
Table 14 includes a “Pond Concern Level” ranking for ponds that overtop 
based on the peak rate of flow estimated to overtop the pond berms 
during the 100-year storm event.  Those ponds with overtopping flows 
exceeding 20 cfs are ranked “high”, those ponds with overtopping flow 
exceeding 10 cfs are ranked “medium”, and those ponds with overtopping 
flows less than 10 cfs are ranked “low”.  Based on these criteria, ponds 
within the study area determined to be of highest concern include Pond 
Nos. 1 (Dove Ranch), 2 and 3 (High School), and 29 and 30 (Clover 
Meadows).  Other ponds within the study area are also of concern, but the 
level of concern is less due to lower estimated overtopping flows. 
 
In contrast, a number of ponds in the study area completely detain the 
relatively large 100-year storm and release the runoff at a much reduced 
rate.  Using criteria of an inflow rate exceeding 10 cfs and an outflow 
reduction of more than 75%, ponds within the study area identified to 
perform a significant detention function include Pond Nos. 19 (Shell 
Station), 23 (Sunrise Estates), 25 (Joint Maintenance Facility), and 31 and 
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32 (Mesa Meadows).  Other ponds within the study area perform well, but 
either serve smaller basins or achieve lower reduction in discharge rates. 
 
It should be noted that a number of ponds were either designed to function 
as retention ponds (runoff is discharged through infiltration or evaporation, 
only), or the outlet pipe/structure has been obstructed with sediment or the 
outlet pipe/structure was never installed, resulting in ponds designed to 
function as detention ponds (designed release of runoff through an outlet 
pipe or structure that drains the pond between storms) to function as 
retention ponds.  Retention of stormwater runoff requires substantially 
more pond volume than detention of stormwater; therefore detention 
ponds that are actually functioning as retention ponds are inherently 
undersized.  In addition, the soils in the study area infiltrate slowly, even 
ponds that are adequately sized to retain runoff from the major storm may 
not have sufficient volume available to retain a subsequent storm because 
the pond is already full of water.  Modeling of sequential storms would 
likely show that many of the ponds functioning as retention ponds would 
overtop with a second storm event. 

7.0 – Preliminary Budgetary Costs for Storm Drainage 
Infrastructure Improvements 
Unit prices for developing preliminary budgetary costs are based on prices obtained 
from recently bid projects in the region and actual block-to-block construction contract 
prices from area communities.  Actual costs will depend on the scale of the project, with 
smaller scale construction projects being relatively more expensive and larger scale 
construction projects being relatively more cost-effective.  Costs are present value and 
do not include inflation factors for completing construction in the future.  Budgetary 
construction costs were increased by 30% to account for engineering and contingency.  
Detailed quantities and current prices should be used as design solutions are 
developed. 

7.1 Budgetary Costs for Culvert Improvements 
Budgetary costs were developed for culverts recommended for investigation 
based on not satisfying the 100-year design criteria.  These culverts may or may 
not also meet the 5-year design criteria, but the most critical criteria were 
assumed to be the 100-year design criteria due to the greater safety hazard and 
property damage potential of the higher flows associated with the major storm 
event.  To develop budgetary costs, culverts recommended for investigation were 
assumed to be replaced with a pipe 6 inches larger in diameter, with a minimum 
pipe size of 18 inches in diameter. 
 
Culverts recommended for investigation and budgetary costs associated with 
replacement for culverts with high, medium, and low priorities are shown in Table 
15.  Budgetary costs total $176,000 for high priority culverts, $132,000 for 
medium priority culverts, and $95,000 for low priority culverts.  Total budgetary 
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costs for culverts recommended for investigation are estimated to be 
approximately $403,000. 

7.2 Budgetary Costs for Storm Drain System Improvements 
Storm drain system deficiencies may consist of not meeting the depth or spread 
of flow at the gutter, a function of inlet number and spacing, or surcharging of 
pipes to depths exceeding the design criteria, a function of the pipe size, slope, 
and material and the flow intercepted by inlets and the flow from upstream storm 
drain pipes.  Resolution of these deficiencies is not a straightforward design 
solution.  For example, adding an inlet to a storm drain system that results in the 
capture of additional runoff can cause a pipe section that is currently determined 
to be sufficient to become deficient because of the additional flow it now must 
convey; this impact can also be transferred to additional downstream pipes.  For 
another example, adding an upstream inlet to a storm drain system may reduce 
the bypass flow enough so that a downstream inlet currently identified as 
deficient will meet the design criteria due to the reduction in gutter flow 
approaching the inlet; this impact can also be transferred to additional 
downstream inlets.  Development of specific recommendations for number and 
location of additional inlets and increased pipe sizes therefore requires detailed 
design analysis. 
 
In order to develop reasonable budgetary costs for storm drain system 
improvements, the following assumed costs were included for elements identified 
to be investigated: 

1. The full value of one additional inlet for each inlet identified to be 
investigated. 

2. The full value of increased-size pipes (increased by 6 inches from 
existing) for each pipe identified to be investigated. 

3. 50% of the value of increased-size pipes (increased by 6 inches from 
existing) for each pipe currently determined to be sufficient that is located 
below inlets identified to be investigated in order to account for the 
possibility that the increased inlet capture will cause these pipes to 
become deficient.  

 
Storm drain systems recommended for investigation and budgetary costs 
associated with replacement are shown in Table 16.  Budgetary costs total 
$1,240,000 for high priority storm drain systems, $335,000 for medium priority 
storm drain systems, and $179,000 for low priority systems.  Total budgetary 
costs for storm drain systems recommended for investigation are estimated to be 
approximately $1,754,000. 
 
Improvements to the Lower Dove Ranch storm drain system to address the 
known deficiencies identified in Section 4.10, consisting of extension of the piped 
storm drain system under CR 501 and the Schroeder Ditch and then to the Los 
Piños River via an open channel, were planned by the subdivision developer.  
The cost for completion of these improvements was estimated at $300,000 
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several years ago; we recommend the Town budget a minimum of $450,000 for 
these improvements to account for inflation of construction costs and additional 
engineering design and permitting (if needed).  It is our opinion that this is the 
highest priority storm drainage improvement that the Town needs to consider, 
given the current discharge of undetained flows from the subdivision and the 
potential for damage to the irrigation ditch and downstream properties.  Including 
these improvements in budgetary costs increases the cost to $1,690,000 for high 
priority storm drain systems and $2,204,000 for all storm drain systems 
recommended for investigation. 
 
An alternative to the uncompleted Dove Ranch Subdivision storm drain 
improvements would be to intercept off-site runoff (and possibly the stormwater 
runoff and storm drain flows from the upper portion of the Dove Ranch 
Subdivision) that currently contributes to the discharge under CR 501 and to the 
Schroeder Ditch and detain the flows in a detention pond located at the lower 
end of Dove Ranch on currently undeveloped land.  This would require purchase 
of land and/or easements for the detention pond, as well as any modifications to 
the existing storm drain system to reroute flows to the detention pond, plus it is 
possible that the Ditch Company would still require installing a piped system 
under the Schroeder Ditch in order to eliminate stormwater impacts to the ditch.  
If the Town could negotiate discharge of the detained stormwater flows (at or 
below historic discharge rates) to the Schroeder Ditch with the Ditch Company, 
this alternative might be a viable, cost-effective alternative to the uncompleted 
improvements planned for the subdivision storm drainage system. 

7.3 Budgetary Costs for Detention Pond Improvements 
Recommendations for detention pond improvements are necessarily limited 
because the ponds are private infrastructure, were generally designed to varying 
design standards and previously approved by the Town, and it is unlikely that the 
Town could retroactively require the ponds to be modified to current design 
standards, nor would it be physically possible in most cases.  Therefore, the 
principal recommendations for ponds is cleaning of sediment deposition and 
excess vegetation on a regular basis and construction of reinforced overflow 
conveyances for ponds that do not currently include this feature. 
 
Cleaning of ponds is necessary to maintain the designed volume and provide the 
designed detention function.  Many ponds experience a large amount of 
sedimentation during construction and before paved surfaces or site vegetation is 
established but this soil has generally not been cleaned out after the site is 
stabilized.  This results in a reduction in volume of the ponds, which provides less 
detention volume than designed and may cause the design storm to overtop 
rather than be detained as designed.  Small ponds, in general, are more 
sensitive to reduction in volume as a result of sedimentation.  In extreme cases, 
outlet pipes or structures have apparently been buried by sediment, which 
obstructs the discharge of water through the outlet structure, converting a 
detention pond to a retention pond.  In these cases, the ponds do not have nearly 
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sufficient capacity to function as retention ponds, which will likely result in 
overtopping of the ponds during a storms that the ponds were designed to retain.  
Based on site visits, nearly a quarter of the stormwater ponds within the study 
area were identified as needing cleaning, either to remove accumulated sediment 
and/or vegetation, primarily cattails or similar wetland-type vegetation or small 
trees and shrubs.  The ponds recommended for cleaning are identified in Table 
17. 
 
A reinforced overflow conveyance, typically a riprapped spillway, provides a 
semi-controlled and erosion-resistant flow path in the event a storm exceeds the 
design capacity of a pond or the outlet structure becomes obstructed.  Ponds 
without such a feature are susceptible to erosion of the pond berm during an 
overflow event and overtopping could cause failure of the berm, release of a 
large volume of water over a short period of time, and flooding of downstream 
properties.  More than 40% of the stormwater ponds within the study area appear 
to not have a reinforced overflow conveyance, as shown in Table 17. 
 
Although none of the existing ponds are considered to be Town infrastructure, 
budgetary costs for pond cleaning and construction of overflow weirs are 
provided in Table 17 in the event the Town decides to assist in the maintenance 
of detention ponds as part of maintenance of the Town’s storm drainage 
infrastructure.  The total cost for pond cleaning and weir construction costs 
identified in this study is estimated to be approximately $62,000.  It may be that a 
portion of these costs, particularly removal of sediment and vegetation from the 
ponds, could be completed or at least partially reimbursed by the pond owner.  
Ultimately it is in the pond owner’s interest to properly maintain the ponds 
because they could be held liable if damage from stormwater discharge occurs to 
downstream properties and it can be shown that the pond owner did not properly 
maintain the pond. 

8.0 – Conclusions 
The modeling results for storm drainage elements in this report should be considered 
together with the following considerations: 

1. The boundaries of basins discharging to elements identified for further 
investigation should be confirmed.  Delineation of basin boundaries at the level of 
this MDP may have missed subtle divisions of boundaries that could impact the 
results.  Basin boundaries should be confirmed in order to confirm the design 
flows to the suspect elements. 

2. Missing or suspect information (missing invert elevations, assumed storm drain 
pipe connections, and similar) should be confirmed prior to completing additional 
hydraulic analyses. 

3. Ownership of storm drainage infrastructure should be identified to assess 
responsibility for maintenance and recommended upgrades.  It is likely that some 
of the culverts, storm drain pipes, and inlets adjacent to CR 501, CR 521, and 
Highway 160 belong to, and are the responsibility of either La Plata County or the 
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Colorado Department of Transportation.  Budgetary costs provided in this section 
should be adjusted based on ownership of infrastructure elements by others. 

4. Additional detailed topographic information should be obtained in order to verify 
through detailed hydraulic analysis that the elements identified for further 
investigation are actually deficient and the deficiency is not a result of 
conservative assumptions made in the absence of detailed topographic 
information. 

5. Actual sizes and locations of replacement culverts, storm drain pipes, and 
additional inlets should be determined through a detailed hydraulic analysis and 
engineering design process.  Culvert and storm drain pipe sizes and additional 
inlets are estimated in this study for preliminary budgeting purposes, only.  Costs 
should be refined as actual design solutions are developed.  The feasibility of the 
recommended size, e.g. adequate cover over the larger pipe, lack of conflict with 
other underground utilities, and similar, should be verified during the design 
process. 

8.1 Other Observations 

8.1.1 Interception of Flows by Irrigation Ditches 
The study area includes several significant irrigation ditches that currently 
intercept storm water runoff.  These ditches comprise a critical function in 
the storm water system because the runoff they intercept is storm water 
that the Town’s storm drainage infrastructure does not have to capture 
and convey to alternate discharge points.  It is likely that the ditches will be 
piped at some point in the future.  When and if this occurs, the Town will 
need to ensure that the storm water runoff is allowed to continue to 
discharge to the irrigation conveyance facilities as it has done historically.  
If this provision is not provided, it will require significant upgrades to the 
Town’s storm drainage system to capture and convey the runoff that 
previously discharged to the ditches in order to avoid impacts to 
downstream properties that have not historically received this runoff. 

8.1.2 Town Storm Drainage System Infrastructure Design 
Standards 

The Town’s current storm drainage system infrastructure design standards 
for storm water detention are conservative in nature.  The Standards 
require the 100-year storm runoff from the developed site to be released 
at the 5-year storm runoff from the pre-developed site.  This standard will 
actually reduce peak flows that the Town’s storm drainage infrastructure 
has to convey as infill development continues within the study area. 

8.1.3 Regional Detention Ponds 
The Town has historically developed with individual property owners 
and/or subdivision owners developing detention ponds to serve individual 
properties or subdivisions.  This has resulted in a large number of very 
small ponds, some of which are of limited functionality.  Because they are 
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privately owned, the Town has limited control regarding maintenance of 
the ponds, including removal of sediment and vegetation.  The most 
egregious example of this condition is the Bayfield Center Subdivision.  
This subdivision would be much better served with a pond serving the 
entire subdivision, and possibly other adjacent properties.  An alternative 
approach is the creation of regional ponds that serve multiple properties 
and/or developments, with the ponds considered Town infrastructure, so 
that the Town has control of maintenance of the ponds.  These ponds are 
also likely to provide a better detention function than multiple small ponds.  
However, regional detention ponds would require acquisition of property to 
serve the existing portions of Town and there are limited undeveloped 
properties within Town where the ponds would serve a useful function.  
Bayfield Center Subdivision is the principal development that this could be 
considered.  However, this study did not attempt to determine a cost for a 
Bayfield Center pond, given the current partial buildout that has already 
occurred with each parcel developing a private detention pond.  However, 
it is highly recommended that the regional pond approach be considered 
when areas outside of the study area begin to develop, particularly on the 
northeast side of Town.  This will require coordination among property 
owners and the Town may want to consider a special storm drainage 
infrastructure district with associated fees as a means to fund property 
acquisition and construction of a regional pond in these cases.  

8.1.4 Maintenance of Storm Drainage Infrastructure 
A number of culverts were clogged with sediment and required digging out 
before survey data could be collected for the pipes.  In addition, a number 
of detention ponds have accumulated significant amounts of sediment, to 
the point of reducing the pond volume and/or obstructing the outlet 
pipe/structure.  Due to the nature of development in the Town, i.e. limited 
curb and gutter, numerous earthen ditches, numerous culverts and 
drainage pipes, numerous small private detention ponds, numerous area 
drains in highly vegetated settings, and many more similar features, 
maintenance demands of storm drainage infrastructure on Town staff is 
significant.  Maintenance of private detention ponds is presumably the 
responsibility of the property owner or subdivision Homeowner 
Associations (HOAs), for which the Town has little control.  Yet proper 
maintenance, i.e. regular and periodic cleaning and repair of pipes, 
cleaning of detention ponds and associated piping, clearing and cleaning 
of grated inlets, cleaning and maintaining earthen ditches, repair of curbs 
and gutters, etc., is essential to keeping the system functioning properly 
and at its design capacity.  A regular maintenance program by the Town of 
Town-owned infrastructure, together with inspection of privately-owned 
detention ponds, should be implemented by the Town.  The detention 
pond inspection program should have the ability for the Town to perform 
or hire the pond maintenance and get reimbursed if the pond owner does 
not perform the required maintenance in a timely manner. 
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Table 6
Basin Characteristics and Estimated Flows

Page 1 of 6

Peak 
Runoff 

(cfs)

Time Of 
Concentration 

(D H:M:S)
Peak Runoff 

(cfs)

Time Of 
Concentration 

(D H:M:S)
1 6.40 87.00 2.2600 652.00 37.00 7.28        0  00:59:28 16.48        0  00:48:31

10 2.69 87.00 1.0700 537.00 50.00 4.04        0  00:43:19 8.38        0  00:35:20
11 2.65 87.00 1.1900 340.00 85.00 5.31        0  00:26:31 9.68        0  00:21:38
12 3.37 87.00 1.0900 493.00 85.00 6.87        0  00:25:11 12.45        0  00:20:33

12A 1.42 87.00 0.5000 217.00 37.00 1.50        0  01:13:26 3.36        0  00:59:55
13 4.57 87.00 1.2900 726.00 85.00 9.59        0  00:22:48 17.22        0  00:18:36
15 8.22 87.00 0.5000 500.00 25.00 5.17        0  02:21:32 11.81        0  01:55:28
17 1.51 87.00 1.5600 1399.47 85.00 3.57        0  00:07:28 6.07        0  00:06:06
19 1.08 87.00 5.7200 260.00 80.00 2.44        0  00:13:28 4.24        0  00:10:59
20 2.00 87.00 10.0000 339.00 37.00 3.01        0  00:28:03 6.41        0  00:22:53

20A 0.81 87.00 15.0000 232.00 37.00 1.39        0  00:18:05 2.76        0  00:14:45
20B 1.49 87.00 14.0000 220.00 37.00 2.25        0  00:27:31 4.78        0  00:22:27
20C 0.93 87.00 14.0000 172.00 37.00 1.47        0  00:24:01 3.05        0  00:19:36
20D 0.94 87.00 14.6000 165.00 37.00 1.49        0  00:24:33 3.09        0  00:20:02
20E 0.73 87.00 15.0000 135.00 37.00 1.16        0  00:23:29 2.40        0  00:19:09
20F 0.96 87.00 11.8000 208.00 37.00 1.54        0  00:23:00 3.17        0  00:18:45
20G 0.64 87.00 10.9000 296.00 37.00 1.15        0  00:15:01 2.23        0  00:12:15
20H 0.92 87.00 10.6000 275.00 37.00 1.56        0  00:19:40 3.13        0  00:16:03
20I 0.50 87.00 12.7000 148.00 37.00 0.86        0  00:18:44 1.71        0  00:15:17
20J 0.13 87.00 0.5000 283.00 90.00 0.32        0  00:05:58 0.54        0  00:04:52
20K 0.12 87.00 0.5000 565.23 90.00 0.29        0  00:03:42 0.49        0  00:03:01
21 29.02 84.00 6.6000 2500.00 37.00 32.54        0  00:47:42 76.28        0  00:38:55
23 7.66 87.00 0.7100 840.00 37.00 7.77        0  01:20:34 17.37        0  01:05:44
24 25.06 87.00 1.4500 2412.00 85.00 48.28        0  00:29:43 89.12        0  00:24:15
25 13.52 87.00 1.6600 512.84 85.00 21.03        0  00:49:54 39.35        0  00:40:43
26 0.87 87.00 0.6400 331.00 85.00 1.95        0  00:16:41 3.42        0  00:13:37
27 1.23 87.00 0.4700 426.00 85.00 2.67        0  00:19:17 4.72        0  00:15:44
28 1.53 87.00 0.9100 548.00 85.00 3.46        0  00:15:32 6.03        0  00:12:41
30 3.17 95.00 0.8900 562.00 85.00 6.94        0  00:23:50 12.19        0  00:19:27
31 0.94 95.00 1.0400 304.00 85.00 2.22        0  00:15:52 3.80        0  00:12:56
32 0.94 95.00 0.5100 205.00 85.00 2.04        0  00:24:55 3.59        0  00:20:20
33 22.41 95.00 0.7300 948.00 37.00 22.15        0  02:21:30 44.94        0  01:55:27
34 1.36 95.00 0.1400 360.00 85.00 2.69        0  00:32:42 4.87        0  00:26:41
35 1.57 87.00 0.2300 852.00 85.00 3.46        0  00:18:17 6.09        0  00:14:55
36 0.97 95.00 0.7300 294.00 80.00 2.21        0  00:21:47 3.84        0  00:17:46
37 0.84 87.00 0.2300 861.00 50.00 1.47        0  00:25:45 2.90        0  00:21:00
38 1.77 95.00 0.1400 379.00 37.00 2.23        0  01:27:44 4.51        0  01:11:35
39 7.73 87.00 0.6800 2116.57 37.00 9.59        0  00:47:08 21.64        0  00:38:27

39A 0.55 95.00 0.5000 399.00 37.00 1.10        0  00:28:42 2.01        0  00:23:25
47 0.28 95.00 0.4600 178.00 70.00 0.65        0  00:20:35 1.13        0  00:16:48
52 0.92 87.00 0.4600 258.00 37.00 1.09        0  00:52:04 2.48        0  00:42:29
53 2.74 87.00 4.7100 411.00 37.00 3.70        0  00:37:52 8.20        0  00:30:54
55 11.46 82.00 1.5400 600.00 37.00 9.93        0  01:39:30 21.46        0  01:21:10
56 0.93 87.00 0.1100 192.00 37.00 0.88        0  01:36:19 1.93        0  01:18:35
57 15.46 87.00 5.0300 861.00 37.00 16.80        0  01:07:14 37.91        0  00:54:51
58 6.97 87.00 4.5800 961.00 37.00 9.19        0  00:40:08 20.49        0  00:32:44
59 11.10 87.00 1.6900 543.00 37.00 10.28        0  01:40:49 22.63        0  01:22:15
60 8.17 87.00 1.6700 700.00 37.00 8.64        0  01:12:16 19.43        0  00:58:57
61 2.58 82.00 3.1200 775.00 20.00 2.32        0  00:32:35 6.38        0  00:26:35
62 5.43 87.00 2.0000 2414.77 50.00 9.80        0  00:22:11 19.01        0  00:18:05
63 4.67 87.00 3.0400 1280.00 37.00 6.86        0  00:30:03 14.76        0  00:24:31
64 3.10 87.00 4.2900 900.00 37.00 4.79        0  00:26:12 10.08        0  00:21:22
65 9.07 87.00 3.0600 2569.72 37.00 13.43        0  00:29:24 28.79        0  00:23:59
66 0.84 87.00 1.3700 749.90 37.00 1.44        0  00:18:50 2.87        0  00:15:22
67 6.51 87.00 0.5000 500.00 25.00 4.34        0  02:03:05 10.13        0  01:40:25
68 1.35 75.00 0.6200 609.40 37.00 1.30        0  00:35:56 3.26        0  00:29:19
69 5.94 65.00 0.4500 1681.85 37.00 5.38        0  00:52:17 10.71        0  00:42:39
71 1.77 87.00 1.9700 370.00 50.00 2.84        0  00:35:05 5.79        0  00:28:38
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72 7.00 87.00 0.8100 988.00 37.00 7.64        0  01:06:34 17.24        0  00:54:18
73 6.64 87.00 0.9700 552.00 37.00 6.55        0  01:26:39 14.57        0  01:10:41
74 1.78 87.00 0.2000 266.00 37.00 1.67        0  01:37:43 3.68        0  01:19:43

74A 0.10 87.00 0.5000 308.23 37.00 0.19        0  00:12:06 0.35        0  00:09:53
74B 0.24 87.00 0.5000 290.57 37.00 0.39        0  00:21:04 0.80        0  00:17:11
74C 0.55 87.00 0.5000 392.00 70.00 1.15        0  00:18:35 2.07        0  00:15:10
74D 1.18 87.00 0.5000 300.00 37.00 1.39        0  00:53:59 3.15        0  00:44:02
74E 1.84 87.00 0.5000 300.00 37.00 2.80        0  01:10:33 6.50        0  00:57:34
74F 1.00 87.00 0.5000 587.00 40.00 1.48        0  00:31:40 3.16        0  00:25:50
74G 1.22 87.00 0.5000 374.08 40.00 1.58        0  00:46:51 3.49        0  00:38:14
74H 1.67 87.00 0.5000 384.64 37.00 1.93        0  00:57:22 4.36        0  00:46:48
75 3.53 87.00 0.9300 503.00 37.00 3.92        0  01:03:31 8.87        0  00:51:49

75A 1.18 87.00 0.5000 405.00 37.00 1.48        0  00:45:02 3.34        0  00:36:44
75B 0.19 87.00 0.5000 105.03 37.00 0.26        0  00:33:38 0.58        0  00:27:26
75C 2.55 87.00 0.5000 436.00 40.00 2.91        0  01:06:33 6.44        0  00:54:18
76 1.95 87.00 2.0900 298.00 37.00 2.41        0  00:47:45 5.44        0  00:38:57

76A 1.00 87.00 0.5000 300.00 37.00 1.22        0  00:48:53 2.76        0  00:39:53
76B 0.70 87.00 0.5000 176.88 50.00 1.02        0  00:47:01 2.12        0  00:38:21
76C 0.85 87.00 0.5000 719.79 37.00 1.31        0  00:26:16 2.76        0  00:21:25
76D 1.19 87.00 0.5000 270.36 37.00 1.37        0  00:57:48 3.10        0  00:47:09
76E 0.97 87.00 0.5000 205.99 37.00 1.10        0  01:00:22 2.50        0  00:49:15
77 1.23 87.00 1.0700 358.00 37.00 1.63        0  00:39:36 3.62        0  00:32:18

77A 0.21 87.00 0.5000 182.00 70.00 0.45        0  00:16:41 0.81        0  00:13:36
77B 2.25 87.00 0.5000 612.53 37.00 2.69        0  00:51:52 6.10        0  00:42:19
78 2.77 87.00 1.1900 773.00 37.00 3.68        0  00:39:24 8.19        0  00:32:08

78A 0.58 87.00 0.5000 318.49 40.00 0.86        0  00:33:12 1.83        0  00:27:05
78B 1.97 87.00 0.5000 488.74 40.00 2.44        0  00:53:16 5.41        0  00:43:27
78C 1.41 87.00 0.5000 653.00 40.00 1.99        0  00:36:34 4.32        0  00:29:50
78D 0.71 87.00 0.5000 656.58 37.00 1.12        0  00:24:56 2.33        0  00:20:21
78E 0.37 87.00 0.5000 100.00 50.00 0.54        0  00:45:11 1.13        0  00:36:52
78F 0.31 87.00 0.5000 82.90 50.00 0.46        0  00:45:31 0.95        0  00:37:08
79 2.36 87.00 1.2500 489.00 37.00 2.95        0  00:46:27 6.65        0  00:37:54

79A 0.60 87.00 0.5000 267.50 37.00 0.80        0  00:38:31 1.78        0  00:31:25
79B 2.64 87.00 0.5000 695.00 37.00 3.14        0  00:52:55 7.10        0  00:43:10
79C 1.43 87.00 0.5000 572.21 40.00 1.97        0  00:40:01 4.30        0  00:32:39
80 1.68 65.00 0.4800 904.42 37.00 1.55        0  00:34:50 3.36        0  00:28:25
81 3.87 87.00 1.3300 653.00 37.00 4.64        0  00:51:32 10.51        0  00:42:02
83 1.35 87.00 1.2100 203.00 50.00 1.94        0  00:49:24 4.05        0  00:40:18

83A 0.18 87.00 0.5000 727.13 70.00 0.39        0  00:06:31 0.69        0  00:05:19
83B 0.67 87.00 0.5000 145.00 50.00 0.95        0  00:51:55 1.99        0  00:42:21
84 0.47 87.00 0.5000 152.93 37.00 0.58        0  00:46:26 1.31        0  00:37:53

84A 0.29 87.00 0.5000 168.70 60.00 0.56        0  00:25:17 1.06        0  00:20:37
84B 0.31 87.00 0.5000 184.41 60.00 0.59        0  00:24:41 1.11        0  00:20:08
84C 0.24 87.00 0.5000 214.28 50.00 0.44        0  00:22:16 0.85        0  00:18:10
84D 0.05 87.00 0.5000 100.00 37.00 0.09        0  00:16:13 0.18        0  00:13:13
84E 0.09 87.00 0.5000 57.83 40.00 0.13        0  00:29:27 0.28        0  00:24:02
84F 0.24 87.00 0.5000 100.00 50.00 0.39        0  00:35:07 0.79        0  00:28:39
84G 0.37 87.00 0.5000 390.96 37.00 0.59        0  00:22:51 1.22        0  00:18:38
84H 0.06 87.00 0.5000 205.81 37.00 0.11        0  00:11:25 0.21        0  00:09:18
85 0.31 87.00 3.5100 217.00 37.00 0.55        0  00:16:28 1.08        0  00:13:26
86 0.86 87.00 0.5900 293.00 37.00 1.10        0  00:43:05 2.47        0  00:35:09
87 1.03 87.00 0.2000 764.93 37.00 1.40        0  00:37:27 3.10        0  00:30:33
88 0.86 87.00 4.3700 2374.91 37.00 1.66        0  00:06:45 3.08        0  00:05:30
89 0.30 87.00 0.3900 368.31 37.00 0.49        0  00:22:39 1.00        0  00:18:28
90 0.73 87.00 2.7500 619.00 37.00 1.30        0  00:15:45 2.53        0  00:12:51
91 1.09 87.00 2.3600 849.00 37.00 1.89        0  00:17:18 3.73        0  00:14:07
92 0.49 87.00 3.5500 566.61 37.00 0.90        0  00:12:01 1.71        0  00:09:48
93 23.72 70.00 3.4400 1970.00 0.00 1.50        0  01:18:14 15.57        0  01:03:50
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94 2.42 70.00 4.2000 610.00 37.00 2.24        0  00:28:41 5.64        0  00:23:24
96 20.57 70.00 9.9400 1417.00 0.00 1.57        0  01:03:39 16.96        0  00:51:56
97 30.42 70.00 6.8000 2170.00 0.00 2.13        0  01:09:51 22.72        0  00:56:59
98 35.66 70.00 12.8900 4615.00 0.00 3.96        0  00:40:20 43.00        0  00:32:54
99 2.33 87.00 2.1400 437.00 37.00 3.02        0  00:41:56 6.77        0  00:34:13

100 2.32 87.00 0.8700 140.00 37.00 2.95        0  01:48:26 6.73        0  01:28:28
101 2.31 87.00 1.2700 391.00 37.00 2.76        0  00:52:09 6.25        0  00:42:32
102 4.08 87.00 1.5700 691.00 37.00 4.99        0  00:48:54 11.28        0  00:39:54
103 1.82 87.00 1.7400 345.00 37.00 2.31        0  00:44:18 5.19        0  00:36:08
104 0.54 87.00 1.4000 246.00 37.00 0.81        0  00:27:51 1.72        0  00:22:43
105 0.21 87.00 0.8600 231.00 37.00 0.36        0  00:19:12 0.72        0  00:15:40
106 0.48 87.00 4.9500 893.85 37.00 0.92        0  00:08:15 1.72        0  00:06:44
107 0.86 87.00 5.6900 251.00 37.00 1.37        0  00:24:02 2.84        0  00:19:36
108 21.02 87.00 1.3700 1188.00 37.00 19.67        0  01:38:28 43.36        0  01:20:20
110 1.41 87.00 1.2500 265.00 37.00 1.72        0  00:49:12 3.89        0  00:40:08
111 3.74 87.00 1.8700 516.00 37.00 4.45        0  00:52:28 10.09        0  00:42:48
112 4.24 82.00 1.2200 233.02 37.00 3.62        0  01:43:38 7.79        0  01:24:33
113 4.13 82.00 2.3800 2020.62 37.00 5.44        0  00:22:51 12.58        0  00:18:38
114 2.21 87.00 2.3400 874.47 37.00 3.42        0  00:26:06 7.19        0  00:21:18
115 4.39 87.00 1.6500 1012.67 37.00 5.79        0  00:40:02 12.92        0  00:32:39
116 2.79 87.00 1.8300 349.91 37.00 3.24        0  00:55:55 7.35        0  00:45:37
117 0.67 87.00 0.8100 327.00 37.00 0.96        0  00:31:32 2.09        0  00:25:44
118 0.26 87.00 1.1400 438.00 37.00 0.48        0  00:13:39 0.92        0  00:11:08
119 0.19 87.00 3.1200 225.00 37.00 0.36        0  00:12:33 0.68        0  00:10:14
120 3.25 87.00 2.5600 781.00 37.00 4.55        0  00:34:13 9.96        0  00:27:55
121 1.87 87.00 2.9900 601.00 37.00 2.84        0  00:27:27 6.02        0  00:22:23
122 0.86 87.00 2.3400 587.79 37.00 1.46        0  00:18:46 2.92        0  00:15:18
123 1.05 87.00 2.2200 586.82 37.00 1.73        0  00:21:34 3.52        0  00:17:35
124 0.86 87.00 1.9000 225.00 37.00 1.19        0  00:35:42 2.63        0  00:29:08
125 4.66 82.00 1.0900 1273.97 37.00 5.15        0  00:40:57 12.37        0  00:33:24
126 4.46 82.00 1.0000 364.86 37.00 4.04        0  01:26:38 8.89        0  01:10:40
127 9.22 82.00 1.7600 930.00 15.00 4.44        0  01:17:12 14.31        0  01:02:59
128 4.15 87.00 1.7100 682.00 25.00 3.95        0  00:53:53 9.98        0  00:43:57
129 1.34 87.00 2.0400 735.00 37.00 2.17        0  00:22:18 4.45        0  00:18:12
130 0.68 87.00 2.9000 515.95 37.00 1.19        0  00:16:32 2.34        0  00:13:29
131 1.73 87.00 1.0900 731.41 37.00 2.50        0  00:31:34 5.42        0  00:25:45
132 14.21 84.00 2.3700 1688.00 37.00 15.39        0  00:53:29 35.87        0  00:43:38
133 8.62 84.00 2.4000 1669.00 37.00 10.23        0  00:39:44 24.00        0  00:32:25
134 12.05 84.00 2.3600 1692.00 37.00 13.44        0  00:48:26 31.50        0  00:39:31
135 9.04 84.00 5.8900 452.88 37.00 9.09        0  01:08:20 20.74        0  00:55:45
136 6.01 70.00 1.5400 642.00 0.00 0.35        0  01:25:38 3.54        0  01:09:52
137 0.66 87.00 3.1400 200.00 37.00 0.99        0  00:27:55 2.10        0  00:22:47
138 3.92 87.00 1.6300 1837.04 37.00 6.04        0  00:26:16 12.72        0  00:21:26
139 2.22 87.00 1.8300 1687.58 37.00 3.77        0  00:18:57 7.53        0  00:15:28
140 6.03 87.00 1.5200 748.00 37.00 6.86        0  00:59:33 15.53        0  00:48:35
141 4.90 87.00 0.2800 1043.00 37.00 5.20        0  01:11:31 11.70        0  00:58:20
142 4.88 87.00 0.9600 1640.82 37.00 6.60        0  00:37:34 14.61        0  00:30:39
143 3.69 87.00 2.0300 486.00 37.00 4.39        0  00:52:39 9.94        0  00:42:57
144 4.84 87.00 2.5600 486.00 37.00 5.56        0  00:57:47 12.60        0  00:47:08
145 0.86 87.00 0.2100 777.72 37.00 1.22        0  00:32:44 2.67        0  00:26:42
146 2.50 95.00 1.1500 961.00 85.00 5.98        0  00:13:53 10.19        0  00:11:20
147 4.72 87.00 1.6500 663.00 85.00 9.89        0  00:22:46 17.76        0  00:18:35
148 1.94 87.00 2.3100 274.73 37.00 2.38        0  00:48:27 5.37        0  00:39:32
149 8.45 87.00 2.4000 670.00 37.00 9.15        0  01:07:54 20.64        0  00:55:24
150 2.20 87.00 1.5800 761.00 37.00 3.17        0  00:31:50 6.87        0  00:25:58
151 5.07 87.00 0.5100 640.00 37.00 5.12        0  01:21:48 11.43        0  01:06:44
152 2.45 87.00 1.2700 711.00 75.00 5.17        0  00:21:41 9.30        0  00:17:41
153 23.21 84.00 1.5000 1343.56 37.00 20.99        0  01:34:27 46.15        0  01:17:03
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154 5.46 87.00 2.0300 496.69 37.00 5.99        0  01:05:47 13.52        0  00:53:40
155 5.32 87.00 1.7400 1735.57 37.00 7.64        0  00:32:01 16.59        0  00:26:07
156 7.22 87.00 1.9600 1124.00 85.00 15.57        0  00:20:21 27.66        0  00:16:36
157 5.53 84.00 2.3500 936.00 37.00 6.39        0  00:43:22 15.00        0  00:35:23
159 8.22 95.00 2.1000 1143.00 85.00 18.48        0  00:21:20 32.22        0  00:17:24
160 2.14 84.00 2.5100 636.00 37.00 2.78        0  00:30:19 6.39        0  00:24:44
161 5.30 95.00 2.1700 1567.00 50.00 11.21        0  00:27:40 20.06        0  00:22:34
162 22.97 84.00 1.5600 2311.00 37.00 23.24        0  01:06:59 53.11        0  00:54:39
163 0.70 87.00 0.7100 179.00 37.00 0.86        0  00:48:23 1.94        0  00:39:28
164 0.27 87.00 2.2900 219.00 50.00 0.53        0  00:14:53 0.98        0  00:12:08
165 1.42 87.00 0.5300 379.00 37.00 1.71        0  00:51:37 3.86        0  00:42:07
166 1.62 87.00 0.7600 281.00 37.00 1.84        0  01:00:01 4.17        0  00:48:58
167 0.17 87.00 0.5300 337.77 37.00 0.30        0  00:15:25 0.59        0  00:12:34
168 3.22 85.50 1.8900 374.00 37.00 3.54        0  00:58:00 8.12        0  00:47:19
169 0.35 87.00 1.6800 210.56 37.00 0.56        0  00:22:13 1.15        0  00:18:07
170 3.25 87.00 2.1100 711.00 37.00 4.36        0  00:38:25 9.69        0  00:31:20
173 6.54 87.00 1.1700 566.00 37.00 6.65        0  01:19:55 14.88        0  01:05:12
174 5.26 87.00 2.5200 848.00 37.00 6.71        0  00:43:43 15.08        0  00:35:39
176 2.21 87.00 0.6400 480.00 37.00 2.58        0  00:55:06 5.85        0  00:44:57
177 1.29 87.00 1.8600 277.00 37.00 1.70        0  00:40:20 3.79        0  00:32:54
178 1.70 87.00 2.6500 500.00 37.00 2.50        0  00:30:01 5.37        0  00:24:29
179 0.64 85.00 0.4900 200.00 37.00 0.74        0  00:48:10 1.72        0  00:39:18
180 1.89 87.00 0.6600 828.00 37.00 2.60        0  00:35:50 5.72        0  00:29:14
181 0.78 87.00 0.3600 121.00 50.00 0.99        0  01:09:42 2.08        0  00:56:52
182 0.17 87.00 0.8300 361.00 37.00 0.32        0  00:13:05 0.60        0  00:10:40
183 5.38 84.00 0.4900 499.00 37.00 4.77        0  01:39:35 10.44        0  01:21:15
185 3.44 87.00 0.5200 530.01 37.00 3.64        0  01:12:04 8.18        0  00:58:48
186 3.46 87.00 0.2400 827.00 37.00 3.71        0  01:09:53 8.35        0  00:57:01
187 20.35 87.00 2.2000 1582.00 37.00 21.72        0  01:10:32 48.92        0  00:57:33
188 0.89 87.00 1.2300 405.00 37.00 1.33        0  00:29:08 2.84        0  00:23:46
189 0.41 87.00 1.2800 235.00 37.00 0.65        0  00:25:08 1.35        0  00:20:30
190 1.88 87.00 0.2200 2122.90 37.00 2.83        0  00:28:16 6.02        0  00:23:04
191 6.15 75.00 0.8300 1454.00 37.00 5.76        0  00:48:29 13.45        0  00:39:33
192 4.82 70.00 1.4200 1743.42 0.00 0.51        0  00:42:10 5.64        0  00:34:24
193 3.58 70.00 1.3500 1260.00 37.00 3.30        0  00:32:58 8.01        0  00:26:54
194 48.39 70.00 3.5000 965.00 0.00 1.47        0  03:03:11 10.54        0  02:29:27
195 8.36 87.00 0.5900 377.00 37.00 6.58        0  02:25:11 14.06        0  01:58:26
196 0.35 87.00 1.4800 620.00 50.00 0.70        0  00:10:35 1.28        0  00:08:38
197 0.93 87.00 0.5200 1773.86 50.00 1.83        0  00:13:54 3.39        0  00:11:20
198 3.77 84.00 0.7400 441.00 37.00 3.66        0  01:16:32 8.24        0  01:02:26
199 3.44 84.00 0.4000 271.00 10.00 1.03        0  02:24:30 3.28        0  01:57:53
200 1.50 82.00 2.1500 326.00 37.00 1.69        0  00:38:21 4.07        0  00:31:17
201 4.42 87.00 0.3900 887.00 37.00 4.81        0  01:07:07 10.85        0  00:54:46
202 0.24 82.00 0.8200 243.00 50.00 0.40        0  00:17:44 0.81        0  00:14:28
203 0.62 82.00 0.3800 273.00 50.00 0.87        0  00:36:44 1.87        0  00:29:58
204 4.94 82.00 1.7000 556.00 37.00 4.93        0  01:01:03 11.40        0  00:49:48
205 1.50 82.00 1.5400 285.00 50.00 2.06        0  00:39:55 4.43        0  00:32:34
206 13.02 82.00 1.6000 951.00 37.00 12.06        0  01:20:34 26.79        0  01:05:44
207 4.16 82.00 0.5700 398.00 37.00 3.68        0  01:33:20 8.02        0  01:16:08
208 0.50 87.00 0.1300 944.03 50.00 0.91        0  00:21:04 1.75        0  00:17:11
209 13.29 82.00 5.0000 989.00 85.00 26.59        0  00:23:55 48.75        0  00:19:31
210 1.19 87.00 0.1500 829.00 50.00 1.87        0  00:36:48 3.84        0  00:30:01
211 1.21 87.00 1.3300 435.00 37.00 1.72        0  00:32:45 3.76        0  00:26:43
212 2.13 82.00 0.4800 621.00 37.00 2.23        0  00:50:21 5.27        0  00:41:05
213 1.80 95.00 0.2800 260.00 75.00 3.19        0  00:51:54 5.96        0  00:42:20
214 7.58 82.00 0.7400 665.00 37.00 6.76        0  01:30:57 14.79        0  01:14:12
215 4.97 87.00 0.7800 1536.00 37.00 6.43        0  00:42:03 14.41        0  00:34:18
216 1.09 95.00 1.4100 213.00 75.00 2.42        0  00:26:36 4.24        0  00:21:42
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217 0.38 95.00 0.7000 285.00 75.00 0.92        0  00:14:46 1.56        0  00:12:03
218 0.26 95.00 0.2200 150.00 75.00 0.58        0  00:24:11 1.02        0  00:19:44
219 1.24 95.00 0.4100 486.00 75.00 2.77        0  00:25:22 4.85        0  00:20:42
220 1.00 95.00 0.6100 489.00 70.00 2.28        0  00:21:59 3.96        0  00:17:56
221 5.82 82.00 1.0000 896.00 70.00 9.89        0  00:38:00 19.33        0  00:31:00
222 3.32 95.00 0.3100 548.00 75.00 6.19        0  00:46:25 11.41        0  00:37:52
223 0.53 95.00 0.6700 115.00 75.00 1.13        0  00:31:13 2.01        0  00:25:28
224 2.30 75.00 0.7100 1250.00 75.00 4.36        0  00:17:41 8.28        0  00:14:26
225 1.73 95.00 0.2800 399.00 75.00 7.17        0  00:39:07 13.70        0  00:31:54
226 1.01 87.00 0.6700 338.00 75.00 2.09        0  00:24:07 3.79        0  00:19:40
227 0.38 95.00 1.1000 456.00 75.00 0.92        0  00:09:41 1.56        0  00:07:54
228 0.62 95.00 0.5300 569.00 75.00 1.47        0  00:14:04 2.51        0  00:11:29
229 0.98 87.00 1.1400 272.00 75.00 2.04        0  00:22:57 3.68        0  00:18:43
230 0.62 95.00 0.3800 520.00 75.00 1.47        0  00:16:28 2.51        0  00:13:26
231 1.46 95.00 0.1000 578.00 75.00 2.94        0  00:38:37 5.31        0  00:31:30
232 1.17 95.00 0.1800 558.00 75.00 2.56        0  00:28:56 4.51        0  00:23:37
233 2.48 95.00 0.2800 586.00 85.00 5.17        0  00:28:25 9.22        0  00:23:11
241 7.24 87.00 1.5900 689.00 85.00 14.06        0  00:29:06 25.89        0  00:23:45
242 34.63 84.00 2.1100 2130.00 37.00 32.85        0  01:22:12 73.36        0  01:07:04

242A 1.63 87.00 0.5000 531.22 37.00 2.04        0  00:46:37 4.59        0  00:38:02
244 15.23 87.00 1.1800 1100.00 85.00 26.50        0  00:37:34 50.29        0  00:30:39
245 30.66 95.00 1.3100 2200.00 70.00 53.92        0  00:55:24 100.90        0  00:45:12
246 7.34 95.00 1.2100 446.00 85.00 13.00        0  00:41:21 24.13        0  00:33:44
247 6.49 87.00 2.1000 708.00 37.00 7.44        0  00:58:23 16.84        0  00:47:38
248 5.38 87.00 2.1000 753.00 37.00 6.51        0  00:50:15 14.73        0  00:40:59
249 6.79 75.00 2.1000 610.00 37.00 6.13        0  01:05:36 13.38        0  00:53:31
250 1.43 75.00 3.8000 270.00 37.00 1.38        0  00:35:12 3.47        0  00:28:43

250A 0.06 87.00 0.5000 261.49 90.00 0.14        0  00:03:49 0.24        0  00:03:07
252 2.68 92.00 3.8000 357.02 37.00 4.19        0  00:43:19 8.47        0  00:35:21

252A 0.42 92.00 0.5000 304.00 90.00 1.02        0  00:11:30 1.73        0  00:09:23
252B 0.70 65.00 1.0000 508.00 90.00 1.57        0  00:09:18 2.75        0  00:07:35
252C 3.86 65.00 1.5000 468.00 37.00 3.45        0  01:00:34 6.71        0  00:49:24
252D 0.27 75.00 1.5000 336.00 90.00 0.63        0  00:05:58 1.08        0  00:04:52
254 5.24 87.00 1.3500 621.00 85.00 10.47        0  00:26:48 19.11        0  00:21:52
255 4.26 87.00 1.1400 400.00 85.00 7.93        0  00:32:26 14.78        0  00:26:27
258 1.11 95.00 0.7200 558.00 85.00 2.66        0  00:13:35 4.52        0  00:11:05
263 0.11 87.00 1.0000 159.00 90.00 0.27        0  00:06:09 0.45        0  00:05:01
264 1.93 84.00 0.7100 559.00 85.00 4.14        0  00:19:02 7.39        0  00:15:31
266 0.52 87.00 1.2300 243.00 37.00 0.78        0  00:28:47 1.67        0  00:23:29
267 0.61 87.00 0.9800 409.00 37.00 0.96        0  00:24:43 2.01        0  00:20:10
268 0.18 87.00 2.3100 216.00 70.00 0.40        0  00:08:40 0.70        0  00:07:04
269 0.38 95.00 0.4800 413.00 70.00 0.91        0  00:14:45 1.56        0  00:12:02
270 0.72 87.00 0.2000 103.00 70.00 1.04        0  01:04:08 2.08        0  00:52:19
273 0.38 87.00 0.3400 531.84 37.00 0.63        0  00:21:56 1.28        0  00:17:54
274 0.24 87.00 0.9600 537.20 90.00 0.84        0  00:04:46 1.42        0  00:03:53
300 0.17 87.00 0.5000 539.98 37.00 0.31        0  00:11:45 0.59        0  00:09:35

300A 0.05 87.00 0.5000 72.00 90.00 0.13        0  00:07:57 0.22        0  00:06:29
321 0.18 87.00 0.2200 76.73 70.00 0.33        0  00:31:56 0.63        0  00:26:03

321A 0.69 87.00 0.5000 243.00 40.00 0.92        0  00:43:09 2.02        0  00:35:12
321B 0.09 87.00 0.5000 60.00 80.00 0.20        0  00:15:11 0.35        0  00:12:23
321C 0.85 87.00 0.5000 205.00 37.00 0.99        0  00:55:39 2.24        0  00:45:24
321D 0.38 87.00 0.5000 100.00 70.00 0.71        0  00:34:03 1.35        0  00:27:47
321E 0.09 87.00 0.5000 233.09 85.00 0.22        0  00:05:51 0.38        0  00:04:46
321F 0.15 87.00 0.5000 60.00 80.00 0.33        0  00:20:47 0.58        0  00:16:57
321G 0.16 87.00 0.5000 132.51 37.00 0.25        0  00:26:48 0.52        0  00:21:52
321H 0.19 87.00 0.5000 160.84 80.00 0.42        0  00:13:01 0.73        0  00:10:37
321I 0.38 87.00 0.5000 198.10 37.00 0.53        0  00:35:16 1.17        0  00:28:47
321J 0.29 87.00 0.5000 590.19 50.00 0.57        0  00:13:32 1.06        0  00:11:02
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325 3.40 87.00 0.7700 783.00 37.00 4.12        0  00:50:23 9.31        0  00:41:06
325A 2.38 87.00 0.5000 752.00 37.00 2.94        0  00:47:22 6.64        0  00:38:39
331 2.63 92.00 6.5000 346.00 37.00 4.37        0  00:37:11 8.68        0  00:30:20

331A 0.14 75.00 0.5000 121.00 90.00 0.33        0  00:10:27 0.57        0  00:08:31
331B 0.12 75.00 0.5000 407.62 90.00 0.28        0  00:04:30 0.47        0  00:03:40
331C 0.29 75.00 1.5000 421.00 90.00 0.67        0  00:05:22 1.14        0  00:04:23
346 3.92 87.00 0.5000 500.00 37.00 3.96        0  01:21:48 8.84        0  01:06:44
347 0.39 95.00 0.5000 148.00 50.00 0.76        0  00:36:44 1.39        0  00:29:58
348 1.17 95.00 0.5000 388.00 50.00 2.26        0  00:40:07 4.14        0  00:32:44
349 0.33 95.00 0.5000 179.00 50.00 0.68        0  00:29:38 1.22        0  00:24:10

349A 0.15 87.00 0.5000 165.88 37.00 0.24        0  00:21:59 0.49        0  00:17:56
350 0.48 95.00 0.5000 348.00 50.00 1.04        0  00:25:13 1.85        0  00:20:34
351 0.95 95.00 0.5000 265.00 50.00 1.77        0  00:44:24 3.27        0  00:36:13
352 2.15 75.00 0.5000 500.00 37.00 1.98        0  00:56:59 4.44        0  00:46:29
353 5.88 65.00 2.7000 561.00 40.00 5.68        0  00:56:58 11.00        0  00:46:28
354 19.67 84.00 0.5000 1700.00 50.00 21.56        0  01:29:52 45.13        0  01:13:19
355 9.53 84.00 0.5000 370.19 50.00 8.66        0  02:25:16 17.54        0  01:58:30
356 3.07 87.00 0.5000 276.00 37.00 2.85        0  01:40:54 6.26        0  01:22:19
365 4.04 87.00 0.5000 1567.84 40.00 5.52        0  00:40:45 12.07        0  00:33:14
366 0.95 95.00 0.5000 500.00 75.00 2.20        0  00:20:01 3.80        0  00:16:20
367 0.55 95.00 0.5000 100.00 70.00 1.08        0  00:42:16 1.96        0  00:34:29
368 0.37 95.00 0.5000 134.00 70.00 0.82        0  00:28:03 1.44        0  00:22:53
369 0.17 95.00 1.0000 123.00 70.00 0.41        0  00:15:06 0.70        0  00:12:19

369A 0.15 95.00 0.5000 295.40 40.00 0.34        0  00:15:22 0.59        0  00:12:32
369B 0.35 87.00 0.5000 347.35 90.00 0.84        0  00:09:28 1.42        0  00:07:43
370 0.95 95.00 1.0000 878.66 70.00 2.27        0  00:12:58 3.87        0  00:10:35
375 33.54 87.00 0.5000 4170.50 37.00 33.63        0  01:23:00 75.03        0  01:07:43

375A 0.81 75.00 1.6000 588.00 70.00 1.63        0  00:13:01 2.89        0  00:10:37
376 26.01 87.00 0.5000 1909.00 37.00 22.83        0  01:53:53 49.81        0  01:32:55
377 0.53 87.00 1.0000 230.00 60.00 1.01        0  00:24:12 1.90        0  00:19:45
378 1.45 95.00 1.1000 631.00 60.00 3.24        0  00:23:32 5.68        0  00:19:12
379 1.04 95.00 3.0000 440.00 50.00 2.30        0  00:20:11 4.05        0  00:16:28
381 0.33 95.00 1.0000 150.00 70.00 0.77        0  00:19:58 1.33        0  00:16:17
418 0.39 87.00 3.0000 220.00 50.00 0.74        0  00:16:59 1.39        0  00:13:51
419 0.09 87.00 0.5000 80.00 60.00 0.18        0  00:19:24 0.33        0  00:15:49
420 0.25 87.00 0.5000 456.61 50.00 0.48        0  00:14:17 0.89        0  00:11:39
421 0.11 87.00 0.5000 87.00 70.00 0.23        0  00:17:32 0.42        0  00:14:18
424 0.44 87.00 0.5000 304.00 50.00 0.77        0  00:25:49 1.51        0  00:21:03
425 0.52 87.00 0.5000 304.00 40.00 0.77        0  00:31:53 1.65        0  00:26:00
440 0.24 87.00 1.0000 458.95 60.00 0.51        0  00:10:01 0.91        0  00:08:10
441 2.83 65.00 3.0000 375.61 37.00 2.58        0  00:46:36 5.25        0  00:38:01
442 0.08 87.00 0.5000 140.00 90.00 0.19        0  00:06:43 0.32        0  00:05:29
456 1.94 65.00 2.0000 988.96 37.00 1.80        0  00:23:29 4.32        0  00:19:10
457 1.69 65.00 2.0000 940.91 37.00 1.57        0  00:22:17 3.81        0  00:18:11
461 0.25 87.00 0.5000 331.97 37.00 0.43        0  00:20:16 0.86        0  00:16:32
467 1.74 87.00 0.5000 217.00 37.00 1.75        0  01:22:59 3.90        0  01:07:42
468 48.27 87.00 0.5000 5333.14 37.00 47.05        0  01:29:06 104.47        0  01:12:41
472 0.17 80.00 0.5000 67.44 25.00 0.12        0  00:45:09 0.36        0  00:36:50
473 1.19 80.00 0.5000 209.12 25.00 0.80        0  01:15:04 2.02        0  01:01:14
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Table 15
Budgetary Costs for Culvert Improvements

Page 1 of 2

Pipe ID#
Existing Pipe 
Diameter (In)

Assumed 
Replacement Pipe 

Diameter (In)

Pipe 
Length     

(Ft)
 Unit 

Cost/Ft  

Estimated 
Replacement 

Cost Priority
High Priority 

Cost
Medium 

Priority Cost
Low Priority 

Cost
1 24 30 52 136.05$  7,074.60$        H 7,074.60$      
2 24 30 40 136.05$  5,442.00$        H 5,442.00$        
3 18 24 39 111.95$  4,366.05$        L   4,366.05$      
6 18 24 42 111.95$  4,701.90$        H 4,701.90$        
7 15 18 85 98.25$    8,351.25$        H 8,351.25$        
8 15 18 34 98.25$    3,340.50$        L   3,340.50$      
9 18 24 59 111.95$  6,605.05$        M  6,605.05$       

16 18 24 74 111.95$  8,284.30$        M  8,284.30$       
17 18 24 93 111.95$  10,411.35$     H 10,411.35$      
19 12 18 51 98.25$    5,010.75$        M  5,010.75$       
20 18 24 40 111.95$  4,478.00$        M  4,478.00$       
21 12 18 40 98.25$    3,930.00$        L   3,930.00$      
22 15 18 39 98.25$    3,831.75$        M  3,831.75$       
24 8 18 27 98.25$    2,652.75$        L   2,652.75$      
25 15 18 40 98.25$    3,930.00$        M  3,930.00$       
26 15 18 44 98.25$    4,323.00$        L   4,323.00$      
27 24 30 36 136.05$  4,897.80$        L   4,897.80$      
28 24 30 48 136.05$  6,530.40$        L   6,530.40$      
29 24 30 98 136.05$  13,332.90$     L   13,332.90$    
30 24 30 87 136.05$  11,836.35$     H 11,836.35$      
46 12 18 46 98.25$    4,519.50$        L   4,519.50$      
47 12 18 45 98.25$    4,421.25$        M  4,421.25$       
48 15 18 24 98.25$    2,358.00$        M  2,358.00$       
49 15 18 55 98.25$    5,403.75$        M  5,403.75$       
50 15 18 40 98.25$    3,930.00$        H 3,930.00$        
55 12 18 52 98.25$    5,109.00$        M  5,109.00$       
60 24 30 107 136.05$  14,557.35$     H 14,557.35$      
61 15 18 36 98.25$    3,537.00$        M  3,537.00$       
63 24 30 46 136.05$  6,258.30$        M  6,258.30$       
66 36 42 21 193.00$  4,053.00$        H 4,053.00$        
67 24 30 163 136.05$  22,176.15$     H 22,176.15$      
68 18 24 60 111.95$  6,717.00$        M  6,717.00$       
70 30 36 128 160.30$  20,518.40$     M  20,518.40$     
73 18 24 70 111.95$  7,836.50$        H 7,836.50$        
79 24 30 44 136.05$  5,986.20$        L   5,986.20$      
80 24 30 135 136.05$  18,366.75$     H 18,366.75$      
84 18 24 70 111.95$  7,836.50$        H 7,836.50$        
86 18 24 180 111.95$  20,151.00$     M  20,151.00$     

86A 18 24 53 111.95$  5,933.35$        M  5,933.35$       
90 18 24 59 111.95$  6,605.05$        L   6,605.05$      

101 12 18 19 98.25$    1,866.75$        L   1,866.75$      
104 12 18 40 98.25$    3,930.00$        L   3,930.00$      
105 36 42 111 193.00$  21,423.00$     H 21,423.00$      
106 24 30 20 136.05$  2,721.00$        H 2,721.00$        
109 12 18 20 98.25$    1,965.00$        M  1,965.00$       
117 24 30 43 136.05$  5,850.15$        L   5,850.15$      
123 18 24 48 111.95$  5,373.60$        M  5,373.60$       

139A 18 24 40 111.95$  4,478.00$        L   4,478.00$      
143 12 18 71 98.25$    6,975.75$        H 6,975.75$        
144 12 18 89 98.25$    8,744.25$        L   8,744.25$      
145 24 30 50 136.05$  6,802.50$        M  6,802.50$       

145A 18 24 20 111.95$  2,239.00$        L   2,239.00$      



Table 15
Budgetary Costs for Culvert Improvements

Page 2 of 2

Pipe ID#
Existing Pipe 
Diameter (In)

Assumed 
Replacement Pipe 

Diameter (In)

Pipe 
Length     

(Ft)
 Unit 

Cost/Ft  

Estimated 
Replacement 

Cost Priority
High Priority 

Cost
Medium 

Priority Cost
Low Priority 

Cost
149 24 30 73 136.05$  9,931.65$        H 9,931.65$        
170 15 18 54 98.25$    5,305.50$        M  5,305.50$       
172 24 30 39 136.05$  5,305.95$        L   5,305.95$      
177 15 18 60 98.25$    5,895.00$        H 5,895.00$        
210 8 18 20 98.25$    1,965.00$        L   1,965.00$      
221 12 18 24 98.25$    2,358.00$        H 2,358.00$        

402,734.85$   175,878.10$  131,993.50$  94,863.25$    

1.

2. Pipe size is based on increasing existing pipe size to next larger standard pipe size, except that the minimal pipe size would not to be 
less than 18-in diameter.

Total
ASSUMPTIONS:

Unit price per foot includes material cost, trenching and backfill cost, pipe bedding cost, pipe removal and disposal cost, traffic control 
costs, Asphalt removal/disposal/ & replacement cost.
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Table 17
Budgetary Costs for Pond Improvements

Page 1 of 1

Pond #

Pond 
Volume 
(Ac-Ft)

Max Pond 
Depth (Ft)

Approximate 
Pond Area 

(SF)
Cleaning 
Needed?

Cost / SF to 
Clean Pond

Total Cost 
to Clean 

Pond

Existing 
Overflow 
Spillway?

Overflow 
Spillway Cost

Total 
Budgetary Cost

1 0.207 2.00 4,508 No N/A N/A Yes N/A N/A
2 0.678 2.00 14,767 Yes 0.25$          3,691.71$ No 3,000.00$     6,691.71$        
3 0.246 1.40 7,654 Yes 0.50$          3,827.06$ No 2,000.00$     5,827.06$        
5 0.054 2.04 1,153 No N/A N/A Yes N/A N/A
6 0.040 1.13 1,542 No N/A N/A Yes N/A N/A
7 0.008 1.24 281 No N/A N/A Yes N/A N/A
8 0.007 1.46 209 No N/A N/A Yes N/A N/A
9 0.100 1.81 2,407 Yes 1.00$          2,406.63$ No 2,000.00$     4,406.63$        

10 0.023 0.42 2,385 Yes 1.00$          2,385.43$ No 750.00$        3,135.43$        
11 0.044 2.10 913 No N/A N/A Yes N/A N/A
12 0.101 3.05 1,442 Yes 1.00$          1,442.48$ Yes N/A 1,442.48$        
13 0.067 0.90 3,243 No N/A N/A No 1,000.00$     1,000.00$        
14 0.025 0.47 2,317 No N/A N/A Yes N/A N/A
15 0.080 1.81 1,925 No N/A N/A Yes N/A N/A
16 0.015 1.19 549 No N/A N/A No 750.00$        750.00$           
17 0.020 1.18 738 No N/A N/A Yes N/A N/A
18 0.203 2.61 3,388 No N/A N/A No 2,000.00$     2,000.00$        
19 3.729 8.80 18,459 No N/A N/A No 5,000.00$     5,000.00$        
20 0.161 4.88 1,437 No N/A N/A No 2,000.00$     2,000.00$        
21 0.092 4.20 954 Yes 1.00$          954.17$    No 1,000.00$     1,954.17$        
22 0.089 3.55 1,092 No N/A N/A No 1,000.00$     1,000.00$        
23 0.761 7.67 4,322 No N/A N/A No 3,000.00$     3,000.00$        
24 0.582 2.89 8,772 No N/A N/A No 3,000.00$     3,000.00$        
25 0.403 4.98 3,525 No N/A N/A Yes N/A N/A
26 0.020 1.27 686 No N/A N/A No 750.00$        750.00$           
27 0.045 1.77 1,107 No N/A N/A No 750.00$        750.00$           
28 0.055 2.77 865 Yes 1.00$          864.91$    No 1,000.00$     1,864.91$        
29 0.131 0.91 6,271 No N/A N/A No 2,000.00$     2,000.00$        
30 3.662 4.12 38,718 No N/A N/A No 5,000.00$     5,000.00$        
31 2.224 8.35 11,602 No N/A N/A Yes N/A N/A
32 1.381 5.47 10,998 No N/A N/A Yes N/A N/A
33 0.045 1.59 1,233 No N/A N/A Yes N/A N/A
34 0.204 4.26 2,086 Yes 1.00$          2,085.97$ No 2,000.00$     4,085.97$        
35 0.117 0.98 5,201 No N/A N/A Yes N/A N/A
36 0.110 3.19 1,502 No N/A N/A No 2,000.00$     2,000.00$        
37 0.088 1.22 3,142 No N/A N/A Yes N/A N/A
38 0.367 1.06 15,082 No N/A N/A Yes N/A N/A
40 0.006 1.55 169 No N/A N/A No 750.00$        750.00$           
41 0.140 3.80 1,605 Yes 1.00$          1,604.84$ No 2,000.00$     3,604.84$        

Total 62,013.20$      

Assumptions:
Pond Cleaning Costs based on a Square Foot or Lump Sum Cost as follows:
a) Up to 500 SF: cleaning by hand only, lump sum cost of $1,000 per pond
b) 501 to 5000 SF: $1.00/SF
c) 5001 to 10,000 SF: 0.50/SF
d) Over 10,000 SF: $0.25/q-ft
Overflow Spillway - Assumes minor excavation to create spillway, spillway area lined with a geotextile material and covered with 6-inch 
clean rock for erosion protection. Spillway costs assumed as follows:
a) Up to 0.05 acre-feet: $750
b) 0.051 to 0.1 acre-feet: $1,000
c) 0.11 to 0.5 acre-feet: $2,000
d) 0.51 to 1 acre-feet: $3,000
e) Over 1 acre-feet: $5,000
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Appendix B 



DURANGO, COLORADO (052432) 
1981-2010 Monthly Climate Summary 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Average Max. 
Temperature (F) 39.9 46.4 53.1 62.6 71.3 82.7 86.6 84.1 76.1 64.4 49.6 41.0 63.3 

Average Min. 
Temperature (F) 11.4 18.0 24.3 30.5 36.6 44.0 50.8 50.1 42.3 31.9 21.8 14.3 31.4 

Average Total 
Precipitation (in.) 1.30 1.28 1.77 1.47 1.03 0.95 2.34 2.65 2.42 2.23 1.93 1.72 21.10 

Unofficial values based on averages/sums of smoothed daily data. Information is computed from available daily data 
during the 1981-2010 period. Smoothing, missing data and observation-time changes may cause these 1981-2010 
values to differ from official NCDC values. This table is presented for use at locations that don't have official NCDC 
data. No adjustments are made for missing data or time of observation. Check NCDC normals table for official data. 

Western Regional Climate Center, wrcc@dri.edu 

Page 1 of 1DURANGO, COLORADO 1981-2010 Monthly Climate Summary

7/1/2014http://www.wrcc.dri.edu/cgi-bin/cliNORM2010tM.pl?co2432



IGNACIO 1 N, COLORADO (054250) 
1981-2010 Monthly Climate Summary 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Average Max. 
Temperature (F) 40.3 46.5 53.9 62.2 71.9 82.9 87.2 84.6 76.4 64.9 49.7 42.0 63.7 

Average Min. 
Temperature (F) 8.7 15.3 22.6 27.9 35.0 42.4 50.0 48.9 40.9 31.0 20.7 12.0 29.7 

Average Total 
Precipitation (in.) 1.10 1.13 1.36 0.90 0.76 0.57 1.18 1.75 1.84 1.32 1.50 1.36 14.77 

Unofficial values based on averages/sums of smoothed daily data. Information is computed from available daily data 
during the 1981-2010 period. Smoothing, missing data and observation-time changes may cause these 1981-2010 
values to differ from official NCDC values. This table is presented for use at locations that don't have official NCDC 
data. No adjustments are made for missing data or time of observation. Check NCDC normals table for official data. 

Western Regional Climate Center, wrcc@dri.edu 

Page 1 of 1IGNACIO 1 N, COLORADO 1981-2010 Monthly Climate Summary

7/1/2014http://www.wrcc.dri.edu/cgi-bin/cliNORM2010tM.pl?co4250
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Appendix C 



 
Photo 1 – Inlet – Single,18-inch, w/Capture Vane 
 

 
Photo 2 – Inlet – Single, 2-Ft Diameter, w/Parallel Openings 
 
 



 
Photo 3 – Inlet – Single, 3-Ft Standard Cast iron (CI), w/Capture Vanes, and a 2-Ft 
Diameter, Round/Circular, w/Parallel Vanes in a sump configuration 
 

 
Photo 4 – Inlet – Single, 3-Ft Standard Cast Iron, (CI) w/Capture Vanes 



 
Photo 5 – Inlet – Single, 2-Ft X 3-Ft, Parallel Vane in a Sump Configuration 
 

 
Photo 6 – Inlet – Single, 3-Ft Standard Cast Iron (CI), w/Parallel Vanes 
 
 
 



 
Photo 7 – Inlet – Double, 3-Ft Standard Cast iron (CI), w/Slanted/Angled Vanes 
 

 
Photo 8 – Inlet – Triple, 3-Ft Standard Cast Iron (CI), w/Slanted/Angled Vanes 
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Appendix D 



 
Photo 9 – Pond 1 – Outlet Pipe Near Top of 
Pond Rim – Debris in Front of Outlet Pipe 
 

 
Photo 10 – Pond 2 – Outlet Structure, 
Vegetation Obstructing Flow to Structure 
 

 
Photo 11 – Pond 3 – Cattails and other 
Vegetation on Ponding Area 
 
 
 

 
Photo 12 – Pond 6 – Outlet Pipe Obstructed 
 
 

 
Photo 13 – Pond 7 - Outlet Pipe Obstructed 
 
 

 
Photo 14 – Pond 8 – Outlet Pipe/Weir 
 
 
 
 



Photo 15 – Pond 9 –Heavily Silted with 
Significant Vegetation Growth, Outlet Pipe 
Located Approximately Near Center of Pond, 
Overgrown 
 

 
 Photo 16 – Pond 10 - Heavily Silted with 
Significant Vegetation Growth, Outlet Pipe 
Silted Over/Not Visible 

 
Photo 17 – Pond 10 - Heavily Silted with 
Significant Vegetation Growth, Outlet Pipe 
Silted Over/Not Visible, Pond Spills Over 
Into Adjacent Property 

Photo 18 – Pond 11 – Outlet Structure, 
Containment Berm is at Approximately 
Same Elevation as Top of Outlet Structure 
 
 

 
Photo 19 – Pond 18 – Outlet Pipe Near Top 
of Containment Berm and Appears to be 
Heavily Silted 

 
Photo 20 – Pond 21 – Pond is Heavily Silted, 
Outlet pipe Not Visible, Significant 
Vegetative Growth 
 



 
Photo 21 – Pond 23 – Outlet Pipe 
 

 
Photo 22 – Pond 24 – Outlet Pipe discharges 
into Irrigation Canal 
 

 
Photo 23 – Pond 25 – Inlet Pipe Obstructed 
 
 
 
 
 
 
 
 

 
Photo 24 – Pond 25 – Pond Outlet Pipe 
Silted, Pond is Silted w/Heavy Vegetative 
Growth 

 
Photo 25 – Pond 25 – Outlet Pipe 

 
Photo 26 – Pond 26 – Heavily Silted, Debris 
and Vegetation in Pond 
 
 
 
 
 
 



 
Photo 27 – Pond 27 – Heavily Silted 
w/Vegetative Growth 
 

 
Photo 28 – Pond 28 - Heavily Silted 
w/Vegetative Growth 
 

 
Photo 29 – Pond 34 – Vegetative Growth, 
Including trees and Debris 
 
 
 
 
 

 
Photo 30 – Pond 41 – Outlet Pipe  
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Appendix E 



Hydrologic Soil Group—La Plata County Area, Colorado
(Bayfield Master Drainage Plan)

Web Soil Survey
National Cooperative Soil Survey

6/27/2014
Page 1 of 4
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5 Arboles clay, 3 to 12
percent slopes

C 1.0 0.0%

7 Archuleta-Sanchez
complex, 12 to 65
percent slopes

D 467.3 19.6%

10 Bayfield silty clay loam, 1
to 3 percent slopes

C 3.8 0.2%

22 Corta loam, 1 to 3
percent slopes

D 767.5 32.1%

23 Corta loam, 3 to 8
percent slopes

D 606.0 25.4%

28 Fluvaquents, sandy,
frequently flooded

B 129.2 5.4%

50 Pescar fine sandy loam B 235.6 9.9%

65 Sycle fine sandy loam B 67.9 2.8%

66 Tefton loam C 3.5 0.1%

70 Ustic Torriorthents-
Ustollic Haplargids
complex, 12 to 60

B 64.2 2.7%

81 Zyme clay loam, 3 to 25
percent slopes

D 33.9 1.4%

84 Water 9.9 0.4%

Hydrologic Soil Group—La Plata County Area, Colorado Bayfield Master Drainage Plan

Web Soil Survey
National Cooperative Soil Survey

6/27/2014
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Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive precipitation
from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly
wet. These consist mainly of deep, well drained to excessively drained sands or
gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well drained
soils that have moderately fine texture to moderately coarse texture. These soils
have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of water
transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay layer
at or near the surface, and soils that are shallow over nearly impervious material.
These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in their
natural condition are in group D are assigned to dual classes.

 Dominant Condition

 

 Higher

Hydrologic Soil Group—La Plata County Area, Colorado Bayfield Master Drainage Plan

Web Soil Survey
National Cooperative Soil Survey

6/27/2014
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NOAA Atlas 14, Volume 8, Version 2 
Location name: Bayfield, Colorado, US* 

Latitude: 37.2332°, Longitude: -107.5929° 
Elevation: 6968 ft* 

* source: Google Maps

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Perica, Deborah Martin, Sandra Pavlovic, Ishani Roy, Michael St. Laurent, Carl Trypaluk, Dale 
Unruh, Michael Yekta, Geoffery Bonnin

NOAA, National Weather Service, Silver Spring, Maryland

PF_tabular | PF_graphical | Maps_&_aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)1

Duration
Average recurrence interval (years)

1 2 5 10 25 50 100 200 500 1000

5-min 0.184
(0.145-0.239)

0.228
(0.179-0.296)

0.313
(0.246-0.408)

0.396
(0.309-0.517)

0.527
(0.406-0.730)

0.642
(0.479-0.890)

0.769
(0.554-1.09)

0.910
(0.630-1.31)

1.12
(0.742-1.63)

1.29
(0.827-1.88)

10-min 0.269
(0.212-0.349)

0.334
(0.263-0.434)

0.459
(0.360-0.598)

0.579
(0.452-0.758)

0.771
(0.594-1.07)

0.940
(0.702-1.30)

1.13
(0.812-1.59)

1.33
(0.922-1.92)

1.63
(1.09-2.39)

1.88
(1.21-2.75)

15-min 0.328
(0.258-0.426)

0.407
(0.320-0.529)

0.559
(0.438-0.729)

0.707
(0.551-0.924)

0.941
(0.724-1.30)

1.15
(0.856-1.59)

1.37
(0.990-1.94)

1.63
(1.13-2.34)

1.99
(1.33-2.92)

2.30
(1.48-3.36)

30-min 0.409
(0.322-0.532)

0.521
(0.410-0.677)

0.727
(0.570-0.947)

0.921
(0.718-1.20)

1.22
(0.936-1.68)

1.48
(1.10-2.04)

1.76
(1.27-2.48)

2.07
(1.43-2.97)

2.51
(1.67-3.67)

2.88
(1.85-4.21)

60-min 0.459
(0.362-0.597)

0.627
(0.493-0.816)

0.914
(0.716-1.19)

1.16
(0.906-1.52)

1.52
(1.15-2.07)

1.81
(1.34-2.48)

2.12
(1.51-2.95)

2.43
(1.67-3.46)

2.87
(1.90-4.17)

3.22
(2.07-4.71)

2-hr 0.510
(0.406-0.652)

0.734
(0.584-0.940)

1.10
(0.874-1.41)

1.41
(1.11-1.81)

1.82
(1.39-2.41)

2.15
(1.60-2.87)

2.47
(1.78-3.37)

2.80
(1.94-3.89)

3.23
(2.16-4.60)

3.56
(2.33-5.13)

3-hr 0.555
(0.446-0.705)

0.806
(0.647-1.02)

1.21
(0.966-1.54)

1.53
(1.22-1.96)

1.97
(1.51-2.57)

2.30
(1.72-3.03)

2.62
(1.90-3.52)

2.93
(2.05-4.03)

3.34
(2.25-4.69)

3.64
(2.40-5.19)

6-hr 0.746
(0.607-0.933)

0.977
(0.794-1.22)

1.35
(1.10-1.69)

1.66
(1.34-2.09)

2.08
(1.61-2.67)

2.39
(1.82-3.11)

2.71
(2.00-3.59)

3.03
(2.15-4.10)

3.44
(2.36-4.76)

3.75
(2.51-5.26)

12-hr 1.04
(0.853-1.27)

1.23
(1.01-1.51)

1.54
(1.27-1.90)

1.81
(1.48-2.24)

2.19
(1.74-2.79)

2.49
(1.93-3.20)

2.79
(2.10-3.66)

3.11
(2.25-4.16)

3.54
(2.47-4.83)

3.86
(2.63-5.34)

24-hr 1.35
(1.13-1.64)

1.52
(1.27-1.84)

1.80
(1.50-2.19)

2.05
(1.70-2.50)

2.41
(1.94-3.02)

2.70
(2.13-3.42)

3.00
(2.30-3.87)

3.32
(2.45-4.38)

3.76
(2.68-5.07)

4.11
(2.85-5.59)

2-day 1.61
(1.37-1.92)

1.84
(1.55-2.19)

2.20
(1.86-2.63)

2.51
(2.10-3.01)

2.92
(2.38-3.59)

3.25
(2.59-4.03)

3.57
(2.76-4.51)

3.90
(2.91-5.03)

4.34
(3.13-5.72)

4.67
(3.29-6.24)

3-day 1.80
(1.54-2.13)

2.05
(1.75-2.42)

2.45
(2.08-2.90)

2.79
(2.36-3.31)

3.24
(2.66-3.94)

3.60
(2.89-4.41)

3.95
(3.08-4.94)

4.30
(3.24-5.49)

4.77
(3.47-6.23)

5.13
(3.64-6.78)

4-day 1.96
(1.68-2.30)

2.22
(1.90-2.60)

2.65
(2.26-3.11)

3.00
(2.55-3.54)

3.49
(2.88-4.21)

3.87
(3.13-4.71)

4.24
(3.33-5.27)

4.63
(3.50-5.86)

5.13
(3.76-6.65)

5.51
(3.95-7.24)

7-day 2.30
(2.00-2.67)

2.61
(2.26-3.02)

3.11
(2.68-3.60)

3.52
(3.03-4.10)

4.09
(3.41-4.86)

4.52
(3.70-5.44)

4.96
(3.94-6.07)

5.40
(4.14-6.75)

5.98
(4.44-7.64)

6.42
(4.66-8.31)

10-day 2.60
(2.27-2.99)

2.93
(2.56-3.37)

3.48
(3.03-4.00)

3.93
(3.40-4.53)

4.54
(3.82-5.35)

5.01
(4.14-5.97)

5.49
(4.40-6.66)

5.96
(4.61-7.38)

6.59
(4.93-8.34)

7.06
(5.17-9.06)

20-day 3.46
(3.07-3.91)

3.84
(3.40-4.34)

4.47
(3.94-5.05)

4.98
(4.38-5.65)

5.68
(4.85-6.58)

6.22
(5.22-7.29)

6.76
(5.51-8.06)

7.30
(5.74-8.88)

8.01
(6.10-9.96)

8.55
(6.37-10.8)

30-day 4.14
(3.70-4.63)

4.59
(4.09-5.13)

5.31
(4.73-5.95)

5.90
(5.23-6.63)

6.71
(5.77-7.68)

7.32
(6.18-8.47)

7.92
(6.51-9.34)

8.52
(6.77-10.3)

9.31
(7.16-11.4)

9.90
(7.45-12.3)

45-day 4.95
(4.46-5.47)

5.52
(4.97-6.11)

6.43
(5.77-7.13)

7.17
(6.41-7.97)

8.15
(7.07-9.23)

8.89
(7.57-10.2)

9.61
(7.96-11.2)

10.3
(8.26-12.3)

11.2
(8.70-13.6)

11.9
(9.04-14.6)

60-day 5.60
(5.08-6.15)

6.31
(5.71-6.93)

7.43
(6.71-8.18)

8.33
(7.49-9.20)

9.51
(8.29-10.7)

10.4
(8.90-11.8)

11.2
(9.35-13.0)

12.0
(9.70-14.2)

13.1
(10.2-15.7)

13.8
(10.6-16.9)

1 Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates 
(for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds 
are not checked against probable maximum precipitation (PMP) estimates and may be higher than currently valid PMP values.
Please refer to NOAA Atlas 14 document for more information.
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Large scale terrain

Large scale map

Large scale aerial

Back to Top

US Department of Commerce
National Oceanic and Atmospheric Administration

National Weather Service
Office of Hydrologic Development

1325 East West Highway

Map data ©2014 GoogleReport a map error2 km 

Map data ©2014 GoogleReport a map error2 km 
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Silver Spring, MD 20910
Questions?: HDSC.Questions@noaa.gov
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