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I. INTRODUCTION

Two significant features complicate drainage in and around Johnstown: The Great Western Railroad,
which has several tracks running through the Town, and the Hillsborough Ditch. The various railroad
embankments act as very low levees that tend to dam up water. The Hillsborough Ditch, as documented
in previous studies, does not have the capacity required to act as a storm water conveyance for the Town.
Much of the runoff from the older part of town enters the ditch, and various study efforts have shown that
overtopping of the ditch banks is likely to occur from any significant storm.

Prior to the 1990s, Johnstown had grown very slowly (about 1% per year). However, by the mid-1990s
the robust economic climate in Colorado was driving growth in Johnstown at a much higher rate.
According to the U.S. Census Bureau, the population of Johnstown increased over 70% between 1990
and 1998. The vast majority of this growth has been in the form of new subdivisions adjoining the older
part of town to the north, south and west. For the most part these new subdivisions lie along the Highway
60 corridor, taking advantage of its access to [-25. Much of this newly developed land is also upslope

from the Hillsborough Ditch and the railroad embankments.

The various engineering firms designing these new subdivisions were required to perform drainage
studies to determine the effects these developments would have on the drainage of each particular site.
Unfortunately, Johnstown did not have a defined drainage policy, or a drainage criteria manual (the latter
will be provided as part of this project) when they were designed. The engineers working for the
developers therefore employed drainage standards from other jurisdictions and agencies, primarily the
Urban Drainage and Flood Control District (UDFDC) of Denver. Fortunately, the drainage criteria of
many cities and towns along the Front Range have been derived from the UDFDC criteria, and this fact is
reflected in the consistency of the reports we have examined.

Five major goals are addressed in this study. They are:

To identify existing drainage problems, and propose solutions for the existing conditions.
To establish a plan to mitigate drainage from proposed or future development.
To establish drainage design criteria for future developers and engineers to follow.

Prioritize Town-funded improvements, and generate cost estimates for these improvements.

* & & o o

Allocate proposed improvements by major drainage basin for incorporation into the Tischler
plan for funding of improvements.

This master plan is intended to provide a flexible framework within which drainage policy can be
conceived and implemented by the Town Council. Its scope is intentionally broad so as to cover the
numerous issues relating to drainage. While this approach may appear to omit some details, we feel that
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such details were adequately addressed in other studies. The intent of this document is to provide
guidance to both the developer and the policy maker.
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II. EXISTING DRAINAGE SYSTEM

A. Geography

Geographically, the portion of Johnstown to the west of the Hillsborough Ditch is located on a hill or
promontory. Between one and two miles to the north is the Big Thompson River, and a lesser distance to
the south lays the Little Thompson River. The confluence of these two rivers is roughly three miles to the
east, near Milliken. The Hillsborough Ditch skirts around the base of Johnstown Hill, approaching from
the northwest, and leaving to the southwest. Consequently, any storm runoff generated above (to the west
of) the Hillsborough Ditch must either enter the ditch or cross it to reach either river. In the event of
significant rainfall, storm water entering the ditch causes it to overflow, and it then finds its way to one of
the rivers.

The portion of Johnstown below the ditch, including the downtown area, lies in the bottomlands. Though
outside of the river floodplains, these areas are characterized by the flat slopes of the river terraces.
Without adequate storm drains, the areas below the ditch are prone to flooding. The railroad
embankments exacerbate the flooding problems by impeding the runoff of storm water.

The Great Western Railroad operates a junction within Johnstown, serving lines that run to the east, west,
north and south. These lines act as barriers not only to storm water on the surface, but also to the

construction of storm drain lines.

The scope of growth occurring in and around Johnstown has necessitated examining a larger area than
covered in a previous study by M&I. In general, the Little Thompson and Big Thompson Rivers and their
confluence bound the study area to the north, south and east. To the west the study area is extended to
include Gateway Center and all the subdivisions proposed or being built along SH 60, along with all areas
these developments might drain to. In addition, a basin has been defined that includes Stroh Farm,
located south of and draining to the Little Thompson River. The total land area covered by the study is
15,163 acres, or 23.7 square miles. The individual basins are described in greater detail later in this
report.

An area annexed by the Town and located between US 34 and the Big Thompson River, was excluded
from this study. This area is the subject of a detailed utility study (including drainage) to be completed
and implemented through a metropolitan district working with the Town. The study is expected to
include the Chapman Reservoir drainage.

B. Other Studies

In 1975, M&I performed a storm drainage study for the town, which it presented in January of 1976.
M&I determined flows within the older part of town using UDFCD criteria, and estimated flows for
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basins outside of town using Soil Conservation Service techniques. M&I inventoried the Town’s
drainage facilities, calculated major storm flows at key points, and made recommendations for capital
improvements and drainage criteria. It does not appear that any of the capital improvements projects
recommended by M&I were ever constructed. Their specific recommendations are discussed in greater
detail later in this report.

In 1997, Weld County commissioned a study, “Analysis of Inflows to the Hillsborough Ditch” (Chang
Engineering, Inc.). This report examined the effects that proposed improvements to culverts on Weld
County Roads 42 and 50 would have on the ditch. The culverts that were replaced were undersized in
relation to the flows that would occur during any significant storm. Apparently the Hillsborough Ditch
Company believed that water impounded behind the roadway embankment during a storm would mitigate
flows into the ditch, in effect acting as storm water detention ponds with controlled releases. The results
of the Chang report indicate that in only very minor storms did these old culverts have any mitigating
effect on flows to the ditch. The study showed that the volume of water detained was a small percentage
of the total storm volume, assuming that the roadway didn’t breach in the larger storms.

In 1997, a group of students from CSU performed a study to determine causes and solutions of flooding
of the Hillsborough Ditch. As part of their work efforts, they performed a detailed survey of the ditch and
an analysis of its capacity. The students surveyed over 100 ditch cross-sections and performed their
analysis using state-of-the-art software. Using a program called HEC-RAS, they determined the bank-full
capacity of the ditch to be between 160 and 195 cfs. Irrigation base flow in the ditch is about 60 cfs. This
means that under the conditions of a typical summer thunderstorm, the ditch would be running and would
therefore would be able to take only 100 to 135 cfs of storm water before overflowing its banks. Standard
procedure during a storm is for all ditch gates to be opened, spilling water from the ditch to increase the
amount of storm water it can take. However, these gates must all be opened manually, and each can
convey only a modest amount of water. In a major storm the amount of water entering the ditch would be
so great that opening the gates would have little effect. In general, the amount of water that can enter a
relatively small irrigation ditch (such as the Hillsborough Ditch) during a storm is so great, relative to its
capacity, that standard practice in flood modeling is to assume that the ditch is full. The students
developed a solution to alleviate flooding in Johnstown that involved constructing large spillway
structures to empty the ditch immediately upstream and downstream of the Town. This approach has
merit, assuming the structures are located close enough to the Town.

Peter Swift and Ted Combs for the City of Loveland completed the “Technical Memorandum for East
Loveland Storm Drainage Master Plan” in early 2000. This study modeled several basins east of
Loveland, and geographically overlaps this study to a considerable extent. All basin outputs from the
Loveland study were calibrated to 1.0 to 1.2 cfs/acre. This was based on long-term data collected in the

Denver metropolitan area.
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C. Existing Drainage Patterns

There are, by various counts, 17 or more places in Johnstown where surface runoff enters the
Hillsborough Ditch. The Consolidated Hillsborough Ditch Company maintains five “overflow”
structures along the 34-mile length of the main ditch. During a rainstorm, the ditch rider opens the gates
on these structures to allow excess water to spill from the ditch in a controlled manner into sloughs or
other watercourses, including the Little Thompson River. The capacity of the nearest overflow structure
upstream of the Town was reported in the M&I report to be 34 cfs. The ditch company also requires its
members to leave open their diversion gates during storms to further relieve the ditch. According to Gary
Bauer, Ditch Superintendent, it is possible to maintain the ditch well within its banks upstream of
Johnstown using these measures. Once the ditch enters the town, however, the volume of storm water it
receives can rapidly fill the ditch and exceed its capacity. Water will spill over any section of the east
(downhill) bank that is depressed. This has happened on more than one occasion at a point south of South
First Street, where the ditch has overflowed its bank into the backyard of a house on Avara Street. The
danger to life and property of such uncontrolled releases cannot be overstated.

The older portion of Johnstown was built prior to the advent of modern urban drainage design practices.
Though some storm drains were installed, the analytical tools did not exist then to adequately determine
what their capacity should be. The existing storm drains and catch basins were identified in the M&lI
report, and are described below:

+ Inlets at the intersections of South First Street with Lippitt Street and Estes Avenue, which
connect to drains that carry water to the south side of South First Street.

¢ Inlets at North First Street and Greeley Avenue, which connect to a drain that discharges in
an alley some 135 feet north.

¢ Inlets connected to irrigation lines exist at the intersections of South First Street with
Rutherford and Parish Avenues, and Parish Avenue with North First Street.

The remaining elements of the Town’s storm drain system in the older part of town consist primarily of
swales and in-street capacity.

The effect of urban development is to increase the impervious area in a basin. That is to say, portions of
the land will not absorb any significant moisture from a storm. Impervious areas, such as pavement,
driveways and sidewalks, not only increase the amount of storm water runoff, but they tend to cause
runoff to occur more rapidly. Because water will flow more quickly over smooth pavement, and in
gutters, runoff reaches the basin outfall more quickly. The result of all this is that urban basins will
produce more runoff than undeveloped land in all types of storms. It also means that the short, intense
thunderstorms that are characteristic of the summer season will in urban basins develop very rapid
flooding if there is not an adequate storm water collection system. Basin lag, the time when the rain starts
falling and when the runoff begins, is less in an urban basin. The graphs below illustrate this concept.
The “Q” on the left of the graph is the rate of runoff, and the “t” is the time since the storm began. As the
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basin becomes more developed, the peak runoff rate increases, and the peak occurs sooner. The total

volume of runoff also increases.
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al

Figure 1 — Basin Runoff vs. Development Condition

Modern urban drainage policies typically require some form of storm water detention whenever property
is developed. The general concept is that detention basins detain a portion of the runoff to mitigate the
impact development has on the basin. Detention basins typically have restricted outlets, which release
storm water at a controlled rate. The amount of storm water to be detained in a given basin depends on
the particular policies of the storm water authority. Some jurisdictions require that detention basins store
the difference between that amount of runoff that would have occurred before development, and the
amount of runoff generated by the developed property. This is common practice in the Denver area,
where the major basin drainage ways have been mapped and improved to handle this volume of water.
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Many other cities along the Front Range of Colorado are more restrictive. Most jurisdictions also require
that at least a portion of the storm water be detained for an extended period for water quality reasons.
Typically urban runoff carries sediment and various pollutants. Extended detention allows particles in the
storm water to settle out, and vegetation in the basins helps remove some pollutants.

For the most part, the new subdivisions in Johnstown have included detention ponds in some form. One
unique case is Sunrise Ridge and the Knolls. The eastern portion of the subdivision drains to one culvert
that discharges undetained into the Hillsborough Ditch. According to the original drainage report for
Sunrise Ridge, the detention/retention pond located in the western portion of Sunrise Ridge was intended
to store storm runoff until after a storm, at which time the Hillsborough Ditch Company could open a
valve and release the water into the ditch. A concept described in the Sunrise Ridge Drainage Report
(CDS Engineering) is that the Town would construct a pump station adjacent to the ditch to transfer flows
to the retention pond. Though the pump station was never constructed, the pond exists as a regional
detention/retention facility. Due to the lack of design standards that are specific to Johnstown, engineers
have utilized various other methods for calculating storm water detention. The table below summarizes
the detention provided by each subdivision, based on drainage reports obtained during this study:

Volume Vol. Release Rates (cfs)
Subdivision Syr_10-yr 100-yr| (acft) |2-yr Syr 10-yr 100-yr [Notes
Carlson Farms - Prelim. 434 775 216 186 328 112.6|0ne pond; UDFCD method
Phase 1 Stroh Farm 412 7.37 0 31.6 111.9| UDFCD method
Podtburg Village 40 7.0|Some release to Hwy 60 (< historic); rest to detention
in Rolling Hills; temporary detention onsite
Country Acres, 8th filing 175 175 8.3 cfs undetained disch. to WCR 15
The Knolls - 1st filing 0 0 13.05 270 373
Rocksbury Ridge 8.61 135|Preliminary rept. - lacks details
Johnstown Center 3rd Add. 5.09 16.5
Phase 1 Clearview PUD 529 949 2655 46.86 156.2
church property 0.38 0.65 099 1.75 5.85|Discharges to Home Supply Ditch
offsite 363 485 99
total 271 64 97 257
Carlson Farms - Final 39 913 0

Table II-1 — Existing Area Detention Volumes and Release Rates

In some cases it is not clear if water quality requirements for detention ponds were imposed. Common
practice is to design detention facilities so that some initial volume of water is detained for an extended
period of time, typically between 40 and 72 hours. It is our understanding that the Hillsborough Ditch
Company would like to see water quality measures enforced, since so much of the new development
ultimately discharges to the ditch. In recent years the United States Environmental Protection Agency
(EPA) has promulgated storm water regulations for municipalities. The regulatory program seeks to
require municipalities to account for, and improve the quality of, their storm water. At this time the EPA
regulations do not apply to municipalities under 10,000 in population. However, it may be wise for
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Johnstown to require storm water BMPs (best management practices) in the future in case the EPA
regulations become applicable, or the State or county governments require them.

As Johnstown makes the transition from farm community to urban community, inevitably there will be
cases where residential developments are built downstream of agricultural operations such as feedlots.
Feedlots and other similar operations are regulated by the Environmental Protection Agency, but conflicts
may occur.

D. Major Drainage Basins

The study area has been divided into six major drainage basins. Each basin has in turn been divided up
into a number of sub-basins. Many of these sub-basins were defined based on drainage reports submitted
to the Town by developers. Typically existing geographic features define drainage basins. Where the
sub-basins in the drainage reports were based on geography, we incorporated them into the study to allow
comparison of results.

Within each major basin, one or more major drainage ways have been defined. The major drainage ways
are intended to be corridors into which new development will discharge storm water from their respective
detention ponds or other approved facilities. Each drainage way defined in this master plan has
associated with it allowable flows, based on the 5-year and 100-year storms. When a parcel of land
containing a portion of one of these drainage ways is developed, the developer will be required to set
aside an appropriate corridor of right-of-way or easement for the drainage way. In all cases, the major
basins are defined based on existing natural topography. In most cases, the drainage ways defined herein
are based on existing drainage patterns. Some exceptions have been made where, for example, land
planning operations by farmers have obscured natural drainage channels. In such cases, the ultimate
alignment of the drainage way may depend in part on land uses proposed by the respective developers.
Wherever possible the drainage ways have been aligned on existing sloughs, streambeds, or channels. In
those cases where developers wish to redirect flow from one basin to another by grading of the property,
they should be required to mitigate the flows to the release rates given in this master plan.

1. 0Old Town Basin

Of the six major basins, this is the only one that had significant development prior to 1990. Unlike the
other basins, the Baseline Model (see Section III, Drainage Model) for this basin is a mix of pre- and
post-development conditions. Old Town Basin is 3,509 acres (5.5 square miles) in area. It drains to both
the Little and Big Thompson Rivers, and therefore could have been split into two major basins. However,
this would have meant splitting the town in two. It is more relevant that the majority of the basin drains
first into the Hillsborough Ditch. Most of the recommendations made in this report regarding this basin

address how to pass water across the ditch prior to any discharge to a river.
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The M&I report predated the Rolling Hills and Sunrise Ridge subdivisions. It separated its study area
into one set of basins (A-J) containing urbanized (developed) basins, and another set of basins (1-9)
describing the undeveloped basins tributary to the town or adjacent areas. We have preserved the basin
layout, for the most part, of basins A through J. This is partly because the drainage patterns haven’t
changed for most of the town, and also to provide some basis for comparison of results.

Old Town Basin includes all of Sunrise Ridge, The Knolls, Redstone, Country Acres, Johnstown Center,
and most of Rolling Hills. Sub-basin 411 discharges undetained into the Hillsborough Ditch. A detention
pond has been constructed in Basin 412, and reportedly contains more volume than is needed for the area
tributary to it. This practice is typically referred to as “over-detention,” in which sufficient compensatory
detention volume is provided for the sum of the two basins (411 and 412).

Basin 411 discharges directly to the Hillsborough Ditch via a 24-inch reinforced concrete pipe (RCP).
Undetained flows like this can cause the ditch to rapidly rise through town and, in heavier storms,
overflow. Upstream of the town, the water levels in the ditch can be controlled using overflow structures
and by opening headgates. Once the ditch enters the town, however, there is currently no way to spill the
ditch in a controlled manner. Consequently, the ditch will overflow at any point where the bank is locally
depressed.

Significant flows from town enter the ditch from Charlotte and South First Streets (Hwy 60). In major
storms, flows from the north-south-running streets to the east of Idaho Avenue will spill across South
First Street. Some of this storm water concentrates and enters the ditch near Denver Avenue and South
First Street. Other flows enter first into Country Acres before reaching the ditch. Other than a small
retention pond in Country Acres, and another in Johnstown Center, none of these flows are detained.
According to the drainage report for Country Acres, the detention pond will eventually be abandoned
once facilities to relieve the Hillsborough Ditch are constructed.

Three major drainage ways are proposed for the Old Town Basin. The first of these would extend from a
point along the Hillsborough Ditch, where it bounds Sub-Basin 411. The drainage way would extend to
the Big Thompson River. Except for where it nears the river, this drainage way is not well defined. Its
exact location would depend on factors such as proposed land uses, and the availability of drainage
easements or rights-of-way. The second drainage way could extend south along WCR 15 from its
intersection with Highway 60, to a point south of the Great Western Railroad tracks, where an existing
slough extends southeast to the Little Thompson River. This slough crosses the Lebsack property. The
owners of this property have expressed a desire to develop their land, and a willingness to cooperate in
passing drainage across their property. The third proposed drainage way would extend south from South
First Street, beginning at a point between Kuner Avenue and the railroad embankment. The drainage way
would parallel the railroad tracks south to the Little Thompson River. This last major drainage way
would be constructed as part of a storm drain system serving Old Johnstown, and is discussed in greater
detail in the Recommendations section of this report.
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Another channel will be required to connect a spillway proposed for the Hillsborough Ditch in the vicinity
of Country Acres (see Recommendations section). The alignment of this channel should be determined in
conjunction with the major drainage way on the south side of Old Johnstown. At least one development
is proposed in this area (Red Mountain). Proper coordination with the developers of Red Mountain, and
those of any other properties in this area, is essential to ensure that the required easements are dedicated
to the Town. If developers are made aware of the overall plan for drainage in this part of the basin, they
can in turn accommodate drainage in a way that works with adjacent properties.

It is important to note that what we have discussed for major drainage ways are potential alignments.
Actual development plans and proposed land uses will affect the final alignments of these drainage ways.
The overriding principle is that stormwater must be safely conveyed through the basin to a point of
outfall, either into the Big Thompson or Little Thompson Rivers.

2. Bunyan Basin

Bunyan Basin is the only basin that does not lie adjacent to any of the other basins. Included within its
boundaries is the Stroh Farm subdivision, the first filing of which is currently under construction. This
basin is 2,829 acres (4.4 square miles) in area, and has the steepest topography of any of the basins,
dropping some 250 feet from its high point to its outfall. This basin was included in Chang Engineering’s
study for Weld County. Their report examined the flows tributary to the Hillsborough Ditch, and the
effect that an undersized culvert at WCR 42 had on the magnitude of flows. The Chang study determined
that only in very minor storms did ponding behind the culvert and road embankment have any effect on
flows to the ditch. Subsequent to this report, the old culvert was replaced by a new bridge with a much
larger (~12’ in diameter) culvert.

The single drainage way identified for this basin is, in the lower half of the basin, a very well-defined
gully. The gully eventually discharges to the Hillsborough Ditch. Due to the considerable amount of
storm water flows this basin can generate, the ditch has overflowed several times at the point where the
gully enters the ditch. Stroh Farm subdivision was designed with three separate detention ponds. The
release rates from the ponds in the 100-year storm are close to what would be required under the
standards proposed in this master plan. However, because of the size of the upstream basin, discharges to
the ditch are still likely to cause it to overflow. We propose that the drainage way be extended from the
point where the gully enters the ditch, north in a constructed swale to the Little Thompson River.
Drainage impact fees collected in this basin could be used to acquire easement for the drainage way, and
to construct a spillway and riprap blanket on the downstream bank of the ditch at the point where the
gully meets the ditch. Given the substantial 100-year flow at the point where the existing channel enters
the ditch (about 1,575 cfs), it is not practical to construct a reservoir to dam up this flow and control it.
The total storm runoff at this point would be approximately 58 acre-feet in the 5-year storm, and 243
acre-feet in the 100-year storm.
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2. Pulliam Basin

Pulliam Basin lies mostly south of Highway 60, and drains southeasterly to the Little Thompson River. It
is 1,695 acres (2.6 square miles) in area. Two drainage ways are proposed for this basin. The first would
extend from a point along Highway 60 near the west end of Johnstown Reservoir, southeast in an existing
slough to the Little Thompson River. The slough becomes very well defined south of the railroad
embankment, crossing WCR 46 via a bridge. The slough crosses the Hillsborough Ditch near the river.
The ditch has an existing overflow structure very near to this crossing, and therefore an additional
structure would likely not be necessary.

The other major drainage way proposed for this basin would closely parallel WCR 15 on the west side.
Existing storm water flows appear to run southeast from the intersection of WCRs 15 and 46, but there is
not a defined slough. Therefore it may make more sense to follow WCR 15 all the way to the Little
Thompson River. Regardless, establishment of a major drainage way will result in drainage reaching the
ditch at a point of concentration, where in the past it has likely entered the ditch as a distributed flow. At
the point where this major drainage way crosses the ditch, the downstream bank of the ditch should be

protected at minimum with a riprap blanket.

4. Elwell Basin

Elwell Basin begins approximately one mile west of 1-25, and extends east and then northeast to the Big
Thompson River. It includes many of the existing and proposed developments along the north side of
Highway 60. It is 3,140 acres (4.9 acres) in size.

Several detention facilities have been designed for the various subdivisions proposed in this basin.
Gateway Center, Carlson Farms, and Potburg Village all contain detention ponds. The pond in Potburg
Village appears to outfall to the Rolling Hills subdivision. Rolling Hills has not yet constructed any
storm water detention at this time for the portion of the development tributary to this basin (Several small
ponds have been constructed for the portion tributary to Old Town Basin). Runoff currently discharges
off the end of Rolling Hills Parkway into the adjacent field. Drainage discharged to this field ultimately
makes its way to the Big Thompson River, after having crossed the Hillsborough Ditch. There is not a
well-defined slough leaving the Rolling Hills property to the north. However, storm water detention
should be required for the remainder of Rolling Hills, as it should for all properties lying above the
Hillsborough Ditch. For Rolling Hills plans are to construct a basin prior to discharge off-site to the
north.

The detention pond in Carlson Farms outfalls into a swale that has been constructed to an existing slough
(Thornton Draw), approximately 900 feet north of the property. The slough crosses the Hillsborough
Ditch before reaching the Big Thompson River. This slough is the major drainage way for Elwell Basin.
The discharge during the 100-year storm from the detention pond in Carlson Farms is well in excess of
the capacity of the Hillsborough Ditch. Though the Ditch Company has an turnout structure just
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downstream of where the slough crosses the ditch, its capacity is only about 34 cfs. The existing slough
can, in the major storm, see a considerable flow of storm water. Weld County has recently constructed
two new bridges across this slough, one on WCR 13, and one on WCR 50. The original culvert under
WCR 50, and the flows tributary to it, was one of the subjects of the study by Chang and Associates for
Weld County. The Chang study calculated a 100-year flow of 1,483 cfs at WCR 50. This is a
significantly higher figure than the 534 cfs given in our model. This is due to the application of
significantly different methodologies, as well as different goals. Chang used HEC-1 and TR-55, which
are programs developed by the U.S. Government to determine maximum flows for the purpose of
designing dams and other flood control structures. The Chang study also used a storm duration of 24
hours, with a total storm depth of 5 inches, whereas we have based our analysis on a storm duration of 2
hours, which is the standard for urban drainage design, and a total storm depth of 3.01 inches. Finally, in
the method used by Chang the peak rainfall doesn’t occur until several hours into the storm, after the
ground is saturated. In the two-hour storm typically used in urban drainage design, the peak rainfall

occurs early in the storm, when the ground still has significant potential for absorbing water.

5. Twin Mounds Basin

Twin Mounds Basin is almost completely undeveloped at this time. The basin is 1,853 acres (2.9 square
miles) in area, and lies almost entirely to the north of WCR 50. The basin extends from a point about
one-half mile west of [-25, and drains to the Big Thompson River.

One major drainage way has been defined for this basin. An existing slough becomes well-defined west
of WCR 13, and crosses that road and WCR 52 via 48-inch culverts. Just downstream of the point where
the slough crosses WCR 52, it crosses the Hillsborough Ditch. There is believed to be a ditch overflow
structure near this point. According to the USGS map, there is a pond located near this location on the

slough.

6. Johnson’s Corner Basin

Johnson’s Corner Basin is 2,137 acres (3.3 square miles) in area, and in its upper reach extends nearly one
mile southwest of Johnson’s Corner, or about one-half mile west of I-25. Like Twin Mounds Basin, this
basin is largely undeveloped, and also drains to the Big Thompson River.

One major drainage way has been defined for this basin. Beginning with a 36”x48” culvert under 1-25, an
existing slough extends northeast to the Big Thompson River. The slough crosses the Hillsborough Ditch
at a point just west of WCR 13, and just south of SH 402. The ditch has an overflow structure at this
point, which discharges into the slough.
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III. DRAINAGE MODEL

During the 25 years since M&lI performed the original drainage study for Johnstown, the advent of the
personal computer has allowed the development of highly sophisticated software for use in modeling
drainage. Many of the computer programs available are based on some version of the EPA’s SWMM
(Storm Water Management Model). SWMM was originally developed in 1970, and has been updated
several times since then. SWMM can calculate the amount of runoff from a basin for a given storm.
SWMM can also route the runoff through the drainage network. This is a capability that the Soil
Conservation Service methods used by M&I did not have.

Simply stated, routing means that the model not only looks at how much runoff is generated, it also
determines when that runoff reaches any given point in the system. For example, runoff originating high
in the basin will take longer to reach the outfall than runoff originating low in the basin. In fact, the
runoff from the distant basin may not reach the outfall until after it stops raining. The peak runoff
experienced in Johnstown is, therefore, less than a sum of the peak runoff from all basins tributary to it. It
is a case of the whole being less than the sum of the parts. SWMM can describe what is happening in
each basin from the beginning of rainfall to well after the storm ends.

Many of the drainage modeling programs currently on the market are simply SWMM, with a user
interface to make data entry easier. Even the UDFCD UD-SWMM and CUHP programs are based on
EPA’s SWMM. For this project, we have employed XP-SWMM by XP Software to model Johnstown’s
drainage system. XP-SWMM is based on version 4.4 of EPA’s SWMM, the latest version available.

The goals of the drainage model are:

¢ To determine baseline (pre-development) conditions. The release of storm water from future
developments would be limited to the baseline discharges shown in the model.
To determine the magnitude of flows to be handled by proposed storm drainage facilities.

To identify and analyze existing drainage problems.

A. Basin Layout

Six major basins were defined for this study (see back pocket for map). Five of the basins are grouped
together, and bounded by the Little Thompson and Big Thompson Rivers. The sixth, Bunyan Basin,
includes Stroh Farm and those areas that drain to it. The basins and their respective areas are listed in the
table below:
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Bunyan Basin 2,829  acres

Elwell Basin 3,140  acres
Johnson’s Corner Basin 2,137  acres
Old Town Basin 3,509 acres
Pulliam Basin 1,695 acres
Twin Mounds Basin 1.853 acres
Total 15,163  acres (23.7 sq. miles)

Table III-1 — Major Basin Areas

The Old Town Basin incorporates the original basin layout described in the M&I report (Basins A-J), but
has been expanded to include the area bounded by the two rivers to the north, south and east, and County
Road 13 to the west. For the Baseline Model, only the development in and around Old Johnstown that
existed prior to 1990 is included. For the rest of the study area, pre-development conditions are assumed.

B. Rainfall Analysis

No two rainstorms are the same. Nevertheless, it is necessary to establish a conceptual “design storm” for
which drainage plans and facilities are designed. In Colorado, the type of storm that produces heavy
runoff is typically short in duration, with intense rainfall early in the storm. Common practice along the
Front Range of Colorado is to use a design storm that is two hours in duration, with the assumed rainfall
depth based on a “return period.” The return period of a storm refers to the probability that a storm of that
magnitude might occur in a given year. For example, a storm with a return period of two years (a 2-year
storm) has a probability of 1 in 2 of occurring in any given year. The 100-year storm has a 1 in 100
chance of occurring in any given year. This does not guarantee that two 100-year storms couldn’t occur
in the same summer. Nature is unpredictable. But the odds are 100 to 1 against it happening in any given
year.

The expected rainfall depths for various design storms are based on measurements of actual storms, and
statistical analysis of those measurements. This work has been performed by NOAA (National Oceanic
and Atmospheric Administration), and compiled in their “Precipitation-Frequency Atlas of the Western
U.S., Atlas 2, Vol. 3 — Colorado.” The Atlas estimates rainfall depths for storms of six and 24 hours in
duration. The Atlas also has formulas for extrapolating rainfall depths for storms of shorter duration. The
table below gives the rainfall depths given in the Atlas for the study area, along with the calculated values
storms of two hours in duration.
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Period Length Depth

(yrs) (hrs) (in)
2 6 1.5
2 24 2.0
5 6 2.0
5 24 2.7
10 6 2.3
10 24 3.2
25 6 2.8
25 24 3.9
50 6 3.1
50 24 4.4
100 6 3.6
100 24 5.0
2 1 1.02 *
2 2 1.18 *
100 1 2.65 *
100 2 2.98 *

* calculated from NOAA formulas

Table III-2 — Storm Depths from NOAA Atlas

Combs and Swift used a rainfall depth of 3.01 inches for their study for the City of Loveland. This is
only 0.03 inches greater than what we derived from the NOAA maps, and well within the accuracy of
such techniques. We therefore chose to use the same rainfall depth and distribution for our study to allow
comparison of results.

C. Modeling Parameters

For every inch of rain that falls, less than an inch runs off. Some is absorbed into the ground
(infiltration), some is retained as surface storage, some evaporates, and some is lost to plant activity
(transpiration). The portion of the total rainfall depth that runs off is termed the “effective rainfall.” The
total infiltration was calculated in the model using the Horton Equation, a common technique for
estimating the infiltration rate. Four different sets of Horton parameters were used, relating to the four

hydrologic soil groups defined by the Soil Conservation Service. These are:

Group A — soils having a high infiltration rate
Group B — soils having a moderate infiltration rate
Group C — soils having a slow infiltration rate
Group D — soils having a very slow infiltration rate

Group B soils were predominant throughout the study area, though all types were found. Horton
parameters describe the initial and final (or long-term) infiltration rate, and the decay rate. The table
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below gives the Horton parameters used for each soil group, along with the other hydrologic parameters
used in the model.

Initial Final Decay
Soil | Infiltration | Infiltration Rate
Type| Rate (in/hr)| Rate (in/hr)| (1/sec)

A 7.5 0.38| 0.00115
B 4.5 0.23] 0.00115
C 2 0.1 0.00115
D 2 0.025[ 0.00115

Table II1-3 — Horton Infiltration Parameters

Basin slopes were calculated from USGS topographical maps, as were basin areas and channel lengths.
Physical surveys were not conducted as part of this study.

D. Model Calibration

One of the primary purposes of the Baseline Model is to determine allowable release rates from detention
ponds constructed in new housing and commercial developments. To ensure that the results generated by
the model are reasonable and accurate, some kind of calibration is required. Calibration is, essentially,
the practice of comparing model results with some expected results, and adjusting the model accordingly.
Our expectation for the Johnstown area is that runoff rates would be low, compared to most urban
systems along the Front Range. There are two reasons for this. The first is that the Soil Conservation
Service classifies most soil types in the Johnstown area as Group B. As discussed above, Group B soils
readily infiltrate, or absorb, water. Soils closer to the foothills typically have a higher clay content, and
therefore they generate more runoff.

The other reason for expecting relatively low runoff rates relates to our definition of the historic
condition. Virtually all the undeveloped land in the study area is ground that is currently being farmed, or
has been farmed in the recent past. Cultivated ground is conditioned by the plow to absorb as much of the
natural rainfall as possible. The top few inches of cultivated soil will have much lower compaction than
undisturbed grassland. Low compaction results in much greater void space in the soil in which water can
be absorbed and stored.

The model has incorporated within it the characteristics of cultivated farmland, in an effort to produce a
physically-based model of each basin. These characteristics include infiltration, surface storage, overland
flow characteristics, percent impervious, and numerous other criteria. To calibrate the model, several
approaches were considered. We compared our results to the results of the study by Combs and Swift.
However, they calibrated their model to a discharge of 1.0 to 1.2 cfs per acre, numbers derived from the
UDFCD, and we did not feel that such numbers were representative of the Johnstown area for the reasons
discussed above. After inputting the same surface detention (0.3”) and percent impervious (40) for Old
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Johnstown, our results for that portion of the study area were nearly identical with those in the M&lI
report. We finally applied the Rational Method to the catchments in the Twin Mounds basin, and
compared our results. The Rational Method incorporates soil parameters, runoff slopes, and other basin
characteristics, just as SWMM does, but using completely different sets of calculations. It thus represents
a method of generating results completely independent of SWMM. Good correlation was found between
the two methods. Twin Mounds basin contains soil types A, B and C in the approximate proportions
found throughout the study area. We felt it to be the most representative basin, and therefore the entire
model was calibrated based on the calibration of the Twin Mounds Basin model to the Rational Method
results.

E. Historic Runoff

The calculated historic runoff for the six major basins are given in the exhibits in Section II of this report,
for each sub-basin. The peak runoff rates are for “pre-development” conditions as discussed above,
except for Old Town where we have assumed an interim condition dating to approximately the same time
as the M&I study. Peak runoff rates are for the 5-year and the 100-year storms. The tables printed on the
exhibits also show the 5-year and 100-year runoff rates for current conditions.

The Baseline Drainage Model is a tool to establish allowable release rates from previously undeveloped
properties. However, the Town has approved several residential and commercial developments within
Johnstown in recent years. To gage the effect of these new developments, another version of the drainage
model was constructed to analyze the “as is” condition. The purpose was to any identify current drainage
problems, and to generate potential solutions. Town staff had identified some existing problems, and this
information was compiled and used to verify model output. It was necessary to determine the conditions
that exist now (or in the very near future) in order to identify what the most urgent needs are for the
Town.

F. Modeling Assumptions

As discussed previously, a variety of methods were applied by various developers’ engineers in
determining detention storage, release rates, and other design elements for each new subdivision. It
would be extremely difficult, if not impossible, to duplicate all these individual analyses in one model.
Therefore, we have assumed that residential developments will increase the impervious area from 7.5%
(used for undeveloped land) to 40%. Detention ponds known to exist, or that are under construction, have
been added to the developed models. The models were then run with the developed conditions, and

resultant flows at critical points generated for the 5-year and 100-year storms.
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IV. DRAINAGE POLICY

Prior to any discussion of specific recommendations, it is prudent to discuss drainage policy. The policies
enacted by Johnstown with regard to drainage will form the basis for specific design criteria. Drainage
policy will also drive the formation of a storm water utility, and codify how drainage improvements are to
be funded. The choices made by the Town will directly affect the size and cost of improvements. They
will also directly affect the level of protection afforded to Johnstown residents from property damage or
loss of life due to major storms.

Regarding drainage improvements, the formula followed by other municipalities along the Front Range is
one that we recommend for Johnstown. Typically, development pays for the drainage facilities required
to mitigate the impact of their activities, both on-site and downstream of the new development. The
argument may be made that if a new development detains the excess runoff caused by the development,
and releases at the historic rate, then no downstream improvements should be required.

The fact is that even if historic runoff rates are maintained, the character of the runoff is changed by
development. The land-planning effects of decades of farming have generally led to distributed runoff
patterns. Development of a parcel of land will route the runoff to one or two discharge points. Thus,
though the peak rate of runoff is held to historic limits, that runoff is channelized by development. One
way to state the proposed policy is to say that after development, those downstream of the development
should see no change in the volume or “character” of the storm runoff. If prior to development water
sheet-flowed off the upstream parcel, and development concentrates the runoff to a single discharge point,
the new development cannot simply discharge the channelized flow onto the adjacent property. The new
development should be required to convey their storm water downstream to the nearest established
drainage way or channel.

A good example of this is the swale that was constructed from the detention pond on Carlson Farms,
approximately 1,500 downstream to an established channel (which we have proposed as a major drainage
way). Historically most of the storm water runoff would have reached the drainage way by flowing over
the ground, and across the property to the north.

If a piece of property under development is adjacent to an existing channel, the developer might not need
to do anything more than design his/her drainage system to outfall to the channel. In many cases,
however, the development will be located some distance away from a major drainage way. The developer
should then be required to construct whatever improvements are needed to convey drainage downstream
to an established channel. In addition, if the drainage patterns post-development concentrate storm water
flows at the point where they cross the Hillsborough Ditch, the developer should be required to mitigate
the impact on the ditch. In many cases this would mean that the ditch banks should be protected so that
they will not be washed out in the major storm. Riprap or a concrete apron on the downstream ditch bank

could provide this kind of protection, and would allow low flows to still enter the ditch. Siphons and
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overchutes could also be used. However, they would be considerably more expensive to construct, and
they would have to be somehow designed to allow low flows to enter the ditch. In general the principle to
follow should be to mitigate the impacts of development only, and not to try and protect the ditch from all

acts of nature.

The standard to which downstream improvements should be held would be dependent on whether they
lay within the corporate limits of Johnstown, outside the corporate limits but within the urban growth
boundary, or within Larimer or Weld County jurisdiction. Within the corporate limits, drainage is
typically conveyed by the combination of storm drains, and curb and gutter. Development occurring
within the corporate limits might be required to construct off-site road improvements, or at least
participate in their cost, to convey drainage. This is likewise true of areas proposed for annexation.
Where drainage ways cross roads under county jurisdiction, development need not upgrade the crossing
to Johnstown street standards. As long as the county were to maintain the culvert or bridge, their
standards would apply. However, in those cases where the road would eventually be transferred to
Johnstown’s jurisdiction, then Johnstown’s street standards would apply.

As we have stated above, development should pay its own way. In the worst case scenario, this policy
may require a developer to acquire drainage easements for two or three miles downstream of his/her
property, and to improve the ditch bank at the point where drainage crosses the ditch. It is almost certain
that the drainage easements will be along a proposed major drainage way, and downstream property
owners should be willing to grant easements. They would be motivated to do so if they plan to develop
their property in the future. In any case, if it is an existing drainage slough, then it is an existing path of
flow. Under this master plan the downstream property owners would know that eventually the easements
would be requested. If the developer is unable to get all the required easements, then the Town may wish
to become involved in negotiating easements.

Some drainage improvements are proposed in this report to correct existing problems. The Town would
construct these capital projects. Nearly all of them are located in the Old Town Basin. Certain other
projects may place a disproportionate burden on developers, such as where the required drainage
improvements would ultimately serve multiple developments. In this case the Town may choose to
participate in the cost of such improvements, with the intention of gaining reimbursements from future
developers. Johnstown will need to be flexible in how it approaches raising and spending revenues of its
proposed storm water utility. It should also be recognized that even for those developments that have
constructed adequate storm water management systems, the Town will be responsible for ongoing
operation and maintenance of those systems. Property assessments by the storm water utility must cover
the costs not only of capital projects, but operation and maintenance for the entire system.

A. Design Storms

During this study we made a choice to use the 5-year storm as the “minor” storm, and the 100-year storm
as the “major” storm. The 100-year storm is the regional standard for urban drainage design. The 100-
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year storm represents an event that is unlikely in any given year, but within the realm of possibility. At
any given location, the likelihood that the 100-year storm will occur during a 40-year period is one in
three.

The definition of the minor storm is not as universal along the Front Range of Colorado. Depending on
the jurisdiction, the minor storm may be the 2-, 5- or 10-year storm. Some jurisdictions require the storm
water collection system to be designed for the 2-year storm, and storm water detention ponds to be
designed for the 10-year storm. UDFCD uses the 2-year storm for residential areas, and the 5-year storm
for high-value commercial areas and public buildings.

The major and minor storms relate to the initial and major drainage systems. The initial drainage system
is intended to collect storm water from the minor storm. It includes all curbs and gutters, swales, and any
storm drains. The initial drainage system should be able to collect and convey storm water, without
allowing excessive depth of water in streets, and without causing any property damage. The allowable
depth of water in streets during the minor storm may depend on the street. During the 100-year storm,
major thoroughfares must still be able to pass traffic each way, whereas local residential streets may need
only to allow access to emergency vehicles. During the major storm, all storm drains are likely to be
running full or even surcharged, and the major drainage system will need to carry the rest of the storm
water. This would likely require greater depth of flow in all streets, but flowing water should still be
contained within street rights-of-way. Overflow channels or other conveyances may be needed to route

storm water away from private property.

We propose to use the 5-year storm as the minor storm in Johnstown’s drainage criteria. This will afford
a higher degree of protection than would be provided by using the 2-year storm, with a moderate impact
on costs. Most such costs will be borne by developers in the form of slightly larger pipe sizes in on-site
storm drain systems, and/or more storm drain piping. For the Town, it will impact certain capital
improvement projects slightly. For example, a storm drain serving the downtown area might be six
inches larger in diameter than what would be required for a 2-year storm. However, commercial areas are

typically designed for the 5-year storm in most jurisdictions.

B. Detention Ponds and Release Rates

In modeling the six major drainage basins, historic release rates were calculated for each basin, sub-basin
and catchment, for the entire study area (see appendices). This data was then used to generate a weighted
average historic release rate per acre for each basin. For the Old Town Basin, only the undeveloped
portions of the basin were used to generate the allowable release rate per acre for that basin. Release rates
are by soil type, similar to table 3-2 of the Urban Drainage and Flood Control District Design Criteria
Manual. In some basins, not all soil types were found in significant extent. In such cases a weighted
average from the other basins with that soil type was used. Developers should be required to provide

detention volume sufficient to contain the difference between the storm runoff prior to development, and
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the developed runoff. The rate of release from all detention ponds should not be allowed to exceed the
values given in the table below, either during or immediately after the storm event.

Soil Group
Control Frequency A B C D
5-year
Bunyan 0.31 0.33 0.34 0.35
Elwell 0.30 0.31 0.32 0.35
Johnson’s Corner 0.31 0.33 0.33 0.35
Old Town 0.37 0.37 0.40 0.42
Pulliam 0.35 0.35 0.37 0.42
Twin Mounds 0.36 0.36 0.36 0.37
100-year

Bunyan 0.7 0.81 0.93 0.97
Elwell 0.7 0.72 0.93 1.00
Johnson’s Corner 0.7 0.76 0.77 1.00
Old Town 0.69 0.81 1.20 1.00
Pulliam 0.69 0.79 0.93 1.17
Twin Mounds 0.7 0.77 0.91 1.00

Table IV-1 — Allowable Release Rates, cfs/acre

We recommend that the Town adopt a variable detention policy. Such a policy is based on the principle
that if a property is on a major drainage way and close to a major waterway (the Little or Big Thompson
Rivers), peak flows in the major drainage way may actually be reduced by allowing discharge of storm
water without detention. This is because runoff from catchments high up in the basin may not reach the
outfall until long after the peak of the storm. If catchments near the bottom of the basin are allowed to
discharge immediately, they will be done discharging before the runoff from the upper basins reaches the
outfall. No developments above the Hillsborough Ditch would be qualified for any reduction in required
detention.

In general, any development whose storm water discharge enters the Hillsborough Ditch (or any other
ditch, for that matter) should be required to detain storm water. An exception could be made if the
developer constructs a siphon or overchute to cross the ditch. The developer would then also need to
make improvements to the downstream channel to ensure that it could carry the undetained flows,
accounting for all other discharges to that channel. Any requests for variances from the Town's storm
water detention policy should be considered on a case-by-case basis to ensure that downstream property
owners would not be adversely affected, and to ensure adherence to good engineering practice.

All drainage systems and detention ponds should allow for the maintenance of low flows, which are

essential to sustain wetlands. Some developers may propose combination detention/retention ponds. In
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addition to detaining storm water flows, these structures maintain permanent pools. Such facilities may
impact downstream water rights. Prior to approval by the Town of any facility that may impound water,
the developer should be required to get approval of the facility from the State Engineer’s Office.

C. Water Quality

As previously discussed, we recommend that the Town enforce some kind of water quality requirements
for storm water runoff from urbanized basins. A variety of methods exist, called BMPs (best
management practices), and developers can be given the option to choose among them. Typically the
most practical method, especially for smaller (less than 160 acres) developments, is to oversize detention
ponds slightly so that they provide extended detention for the “first washoff” of storm water. Outlet
structures are designed so that the runoff generated by the average afternoon thunderstorm drains very
slowly from the detention pond, allowing pollutants to settle out prior to discharge to the receiving
waterway. This practice would also provide an additional buffer to mitigate flooding of the Hillsborough
Ditch during the minor storm. Other BMPs include constructed wetlands, which can double as an
amenity. We recommend that the Town adopt Volume 3 of the Urban Drainage and Flood Control
District Drainage Criteria Manual, which includes detailed descriptions and design procedures for water
quality BMPs.

D. Major Drainage Ways

Drainage ways were defined earlier in this report for each Major Basin. Regardless of the policies
adopted by the Town, during a major storm the water will flow into existing channels, just as it has
always done. By identifying these drainage ways in this master plan, and requiring new developments to
incorporate them into their land use plans, the Town ensures that the water will always have a place to go.

The drainage ways also provide the opportunity for development of natural corridors. We propose that
the width of these drainage ways be 100 feet at a minimum, and greater if warranted by existing
topography, expected storm water flows, or other considerations. They can incorporate trail systems and
other amenities, act as wildlife corridors, and in general add to the quality of life in Johnstown. When a
parcel of land containing a portion of a drainage way applies for annexation and proposes development,

the developer should be required to dedicate the drainage way as permanent easement to the Town.

Developers will likely appreciate this arrangement. The amenity provided by a natural corridor would be
a good selling point. Existing Federal law would require any existing wetlands to be preserved in any
case. Potential developers would also have more guidance as to where they can discharge drainage.

The proposed major drainage ways in the Bunyan, Johnson’s Corner and Twin Mounds basins
incorporate existing well-defined channels. Only at the very bottom of each basin, just before the

channels reach the Little Thompson River in the case of the Bunyan Basin, and the Big Thompson River
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for the other two basins, do the established channels lose definition. This is due to farming practices, the
effect of the ditch in intercepting low flows, and the natural topography of the river terraces. We have
already recommended within this report that a spill structure should be built in Bunyan Basin on the
downstream bank of the ditch where the existing channel crosses the ditch. In conjunction with this work,
a channel should be established to carry water to the Little Thompson River. Alignment of this channel
should be coordinated with the property owner that will be affected, so as not to interfere unduly with
agricultural operations. Likewise, as development occurs in the Johnson’s Corner and Twin Mounds
basins, the developers should be required to construct similar facilities in those basins.

Elwell Basin has two proposed major drainage ways, one of which is an existing channel. The existing
channel extends roughly four miles, from Gateway Center down to the Big Thompson River. It is into
this channel that we propose to divert flow via a spillway structure. This structure (discussed further in
the Recommendations Section) would be located just west of Weld County Road 15, and north of Weld
County Road 50. The other major drainage way proposed for this basin is well-defined above the ditch,
but not at all defined below the ditch. Without an existing path of flow to the Big Thompson River, could
easily be made to follow roadway alignments. The northernmost drainage way for Old Town Basin is
also lacking an existing channel, and it would be possible to route the flows from the two drainage ways
to a shared channel.

The proposed major drainage way in the northeastern portion of Old Town would primarily serve Sunrise
Ridge (including the Knolls), and the eastern two-thirds of Rolling Hills. Given the existing detention
pond within Sunrise Ridge, and the proposed ditch spillway structure upstream of this point, a major
drainage way may not be required west of Weld County Road 17. East of WCR 17 there appears to be an
existing path of flow, but until this land is developed there may not be any need to dedicated a major
drainage way.

As discussed previously, of the two major drainage ways proposed for Pulliam Basin, the eastern one is
not based on a defined channel, and could therefore be aligned along county roads to minimize impacts on

existing land uses.

E. Roadways and Streets

Streets and roadways are an essential element of the storm water collection system. Johnstown currently
uses the City of Greeley streets standards for new construction. We recommend that the Town formally
adopt these standards for all new construction.
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V.  RECOMMENDATIONS

This section describes our recommendations for drainage improvements in and around Johnstown. These
have been broken down into two categories, structural improvements and policy recommendations. The
recommended structural improvements are projects that would mitigate existing drainage problems. They
are, for the most part, located in and around Old Johnstown, and would be built by the Town. The policy
recommendations we have made throughout this report are again stated in this section. The intent is to
provide a plan for development of drainage facilities within the six major basins as they develop. We
believe that the guiding principle should be that development pays its own way.

M&I made several recommendations in the 1976 report. Those that remain valid have been adapted to
current conditions, and incorporated into our own recommendations. Cost estimates are provided for the
structural improvements to be built by the Town, broken down into separate components of design,
construction, easement acquisition, etc. Project costs have not been allocated by basin because, except for
Bunyan Basin, the rest of the study area could have been considered as one basin. The reasons for
dividing it up have more to do with the technical aspects of the drainage model than with actual
geographic divisions.

Open channels were recommended for all of the major drainage ways, as well as for conduits serving the
proposed side-channel spillways and the proposed backbone storm drain. These channels all represent
critical storm water conveyances, and as such should not be piped. The major drainage ways are the
primary path of flow for a storm of any size. By attempting to pipe the flow, the capacity of the drainage
way would be restricted, and eventually a storm of sufficient magnitude would occur to exceed the
capacity of the pipe. In that event the storm water would find its natural path, and any structures or
properties blocking that path would be endangered. By preserving the drainage ways as channels,
particularly where channels already exist, flood waters from any storm will have a place to drain without
endangering life or property. In the case of the side-channel spillways, it may be possible to pipe the
overflow that would be generated. However, on the south side of the Town this might require up to a
mile of large-diameter storm drain pipe. The cost of this pipe would be prohibitive, considerably greater
than the benefit, and would draw money away from other needed projects. Open channels represent a

cost-effective means of conveying storm water, and an efficient one.

A. Policy Recommendations

Our recommendations regarding storm drainage policy are based on the assumption that the Town will
form a storm water utility to implement policies and standards. Funding of a storm water utility was
addressed in the “Drainage Financing Alternatives” study performed for the Town by Tischler &
Associates. The first group of recommendations given below are general policies that apply to all major
drainage basins, and would govern how developers are to design on-site drainage facilities, as well as
convey drainage from their properties to the ultimate receiving waters.
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1. General Policies

¢ Johnstown should adopt a zero impact policy, whereby developers would be required to
mitigate all impacts on the drainage system resulting from their activities.

¢ Johnstown should establish a storm water utility for the purpose of funding capital
improvements, implementing drainage design standards, and maintaining drainage facilities.

¢ Johnstown should designate major drainage ways, based on this master plan. These drainage
ways should identified in the Town’s Comprehensive Plan. When a parcel that contains a
portion of a drainage way is developed, dedication of the drainage way to the Town, in the
form of an easement, should be made a condition of development.
Major drainage ways should wherever possible be open channels.
Criteria governing drainage and detention pond design should include BMPs (best
management practices) for protection of water quality.

¢ Drainage design undertaken for development of a parcel of land should account for both on-
site drainage, and any off-site drainage that historically or currently enters the site from
upstream.

¢ Drainage design undertaken for development of a parcel of land should also account the
downstream condition until it reaches a receiving water, or established drainage channel. For
property owners downstream, the rate of flow, quality, and intensity of storm water runoff
should not be adversely affected by upstream development.

¢ In areas down-gradient from the Hillsborough Ditch, and near a receiving water, it may be in
the Town’s best interests to waive in part or whole the detention requirement. In such cases
the water quality requirements should still be enforced.

¢ No waiver of detention should be granted to any property upslope from the Hillsborough
Ditch, or any other irrigation ditch that might intercept drainage from the subject property.

2. Specific Basin Policies

Bunyan Basin

¢ Establish one major drainage way, based on the existing channel. The major drainage way
should extend from Hill Lake, downstream to the Little Thompson River. The width of the
major drainage way should be adequate to carry the 100-year flow, plus freeboard, but in no
case less than 100 feet wide.

¢ Between the Hillsborough Ditch and the Little Thompson River, the major drainage way
should, to the extent possible, be aligned so that it interferes as little as possible with existing
land uses.

¢ Approval was granted and construction was begun on a development in this basin upstream
of the Hillsborough Ditch prior to completion of this master plan. Therefore, the Town
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should construct protection of the ditch bank at the point where the existing channel crosses
the ditch.

Elwell Basin

¢ Establish a major drainage way, based on the existing channel extending from Gateway
Center (west of 1-25), to the Big Thompson River. The width of the major drainage way
should be adequate to carry the 100-year flow, plus freeboard, but in no case less than 100
feet wide.

¢ A spillway and bank protection should be constructed at the point the major drainage way
crosses the Hillsborough Ditch. Design and construction is the responsibility of the
developer or developers in this basin, with review and approval performed by the Town.

¢ Establish a second major drainage way, extending from the north boundary of Rolling Hills,
to the Big Thompson River. The width of the major drainage way should be adequate to
carry the 100-year flow, plus freeboard, but in no case less than 100 feet wide.

¢ Alignment of the second major drainage way should be based on the existing channel or path
of flow between Rolling Hills and the Hillsborough Ditch. Below the ditch the major
drainage way should to the extent possible be aligned so that it interferes as little as possible
with existing land uses.

¢ Relatively extensive development has occurred in this basin upstream of the Hillsborough
Ditch, prior to completion of this master plan. Therefore, if other proposed improvements
designed to mitigate overflow of the ditch are not sufficient in this area, the Town should

construct protection of the ditch bank at the point where the existing channel crosses the
ditch.

Johnson’s Corner Basin

¢ Establish a major drainage way, based on the existing channel extending from I-25, to the Big
Thompson River. The width of the major drainage way should be adequate to carry the 100-
year flow, plus freeboard, but in no case less than 100 feet wide.

¢ A spillway and bank protection should be constructed at the point the major drainage way
crosses the Hillsborough Ditch. Design and construction is the responsibility of the

developer or developers in this basin, with review and approval performed by the Town.

Old Town Basin

¢ Establish a major drainage way, extending from the intersection of Highway 60 and Weld
County Road 15, to the Little Thompson River. The width of the major drainage way should
be adequate to carry the 100-year flow, plus freeboard, but in no case less than 100 feet wide.

The alignment should if possible make use of an existing slough that runs southeast across the
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southwest quarter of Section 8. It should also be coordinated with the alignment of a channel
to serve the Town’s proposed side-channel spillway.

¢ A spillway and bank protection should be constructed at the point the major drainage way
crosses the Hillsborough Ditch. Design and construction is the responsibility of the
developer or developers in this basin, with review and approval performed by the Town.

¢ Establish a second major drainage way, extending from the Hillsborough Ditch where it
borders the Sunrise Ridge development, to the Big Thompson River. The width of the major
drainage way should be adequate to carry the 100-year flow, plus freeboard, but in no case
less than 100 feet wide.

¢ A spillway and bank protection should be constructed at the point the major drainage way
leaves from the Hillsborough Ditch. Design and construction is the responsibility of the
developer or developers in this basin, with review and approval performed by the Town.

Pulliam Basin

¢ Establish a major drainage way, based on the existing channel extending from Highway 60 at
the west end of Johnstown Reservoir, to the Little Thompson River. The width of the major
drainage way should be adequate to carry the 100-year flow, plus freeboard, but in no case
less than 100 feet wide.

¢ Establish a second major drainage way, extending from Highway 60 and Weld County Road
13, to the Little Thompson River. Alignment of the major drainage way should coordinated
among the proposed developers, and should interfere as little as possible with existing land
uses.

¢ A spillway and bank protection should be constructed at the point the second major drainage
way crosses the Hillsborough Ditch. Design and construction is the responsibility of the
developer or developers in this basin, with review and approval performed by the Town.

Twin Mounds Basin

¢ Establish a major drainage way, based on the existing channel extending from I-25, to the Big
Thompson River. The width of the major drainage way should be adequate to carry the 100-
year flow, plus freeboard, but in no case less than 100 feet wide.

¢ A spillway and bank protection should be constructed at the point the major drainage way
crosses the Hillsborough Ditch. Design and construction is the responsibility of the
developer or developers in this basin, with review and approval performed by the Town.

B. Structural Improvements

Most of the structural improvements described below are intended to mitigate existing drainage problems.
In one case (Bunyan Basin), the proposed improvement is intended to bring that basin into conformance
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with the standards set forth in this master plan for major drainage ways. The developers of Stroh Farm
have constructed detention ponds and paid drainage impact fees. It is the expectation that these fees could
be used to construct the proposed improvements in that basin.

The following projects were prioritized by first placing those improvements which could most reasonably
be constructed in the next twelve months, thereby giving the Town some immediate results. Construction
of the two side-channel spillways prior to any other projects would also allow their effectiveness to be
judged. This information would be very useful for sizing the proposed storm drains.

1. A spillway structure should be constructed on the downhill bank of the Hillsborough
Ditch, on the south side of town. This will provide a controlled release from the ditch to
prevent flooding from undetained storm water flows entering the ditch from town.

A. In conjunction with the spillway structure, a downstream channel must be
constructed to receive these flows and carry them to the Little Thompson River.
This might best be accomplished by establishing the major drainage way along
WCR 15, as identified earlier in this report.

2. A second spillway structure upstream of the Town, at the site of the existing 34 cfs
overflow gate. This second spillway will allow the ditch to be emptied prior to its
entrance into Johnstown.

A. Construct a channel to convey flows from the second spillway structure to the
nearby major drainage way in Elwell Basin.

3. Construct a large “backbone” storm drain along South First Street, from Estes Avenue
east to Kuner Avenue. The drain should be sized to carry the 5-year storm flows from
those areas bounded by Idaho Avenue on the west, North Second Avenue on the north,
the Hillsborough Ditch on the east, and South First Street. In addition, this drain should
pick up flows from downtown Johnstown, north of South First Street. This will greatly
mitigate flooding in the neighborhoods south of this street, and east of Parish Avenue.

A. The backbone drain should outfall into an open channel between Kuner Avenue
and the railroad, as recommended by M&I.

4. Construct an overflow spillway at the point where the major drainage way in Bunyan
Basin crosses the Hillsborough Ditch.

A. Construct a channel from the proposed spillway in Bunyan Basin to the Little
Thompson River to complete the major drainage way in that basin.

5. To collect flows from the areas west of the Hillsborough Ditch, storm drains should be
constructed in the north-south streets such as Estes Avenue, and Columbine Avenue.
Inlets at the intersections will intercept flows that now go into the ditch, and carry them
south to the backbone drain in South First Street.

The proposed backbone storm drain should ideally be sized to carry the minor storm flows, i.e. the 5-year
storm, leaving the excess flows during the major storm to be collected and routed by the streets system.
However, other issues will affect sizing of the drain. The first is the side-channel spillways that will be
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constructed first. They will increase the amount of storm runoff that can be safely intercepted by the
Hillsborough Ditch. The other issues regard the various engineering constraints that will be encountered
during the design of the drain. The proposed drain will have to pass under the ditch, and it will have to fit
around the other utilities that are in Highway 60. East of the downtown area the grade of the drain may

be so flat that even a large pipe might not have as much capacity as would be ideal.

The costs given below are for the major capital improvements projects identified above. Construction of
the improvements identified in this report will substantially improve the storm drain system of Johnstown,
providing a higher level of service to its citizens. All costs include engineering, survey, construction
administration, and a 20% contingency. Easement acquisition costs have not been included. Portions of
these projects will be constructed in existing rights-of-way, and thus no easement may be required.
Easements will be needed for the channels, but some of these may be dedicated to the Town by
developers, at no cost to the Town. Costs have not been included for a channel between the Hillsborough
Ditch and the Little Thompson River, in Bunyan basin. The need for and alignment of this channel will
have to be negotiated with the property owner. Costs have also not been included for the additional storm
drains in Old Town. Construction of the backbone storm drain and the side-channel spillways will
significantly improved drainage in the Town. The magnitude of the improvement will not be fully known
until these projects are completed. Additional drains would then be built based on need, available
funding, and in coordination with street replacement projects.
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VI. OPINION OF COST

See opinion of cost on the following pages.
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Description Qty. Unit Unit Price Item Price
Project 1 - South Side Channel Spillway
1 Structure
Excavation/Backfill 150 CY $35 $5,250
Spillway structure 75 CY $550 $41,250
Type 3 baffeld outlet 45 CY $550 $24,750
2 Riprap
Downstream Spillway 24 CY $200 $4,800
Bedding Material 45 CY $50 $2,250
3 Concrete Pipe (Class 2, mastic joint)
Downstream Spillway - d=>5 ft 50 LF $105 $5,250
Pipe Installation - Downstream 50 LF $75 $1,378
4 Metals
Slide Gate 1 Ea $2,500 $2,500
Hand Rail 120 LF $92 $11,040
Subtotal $98,468.00
Contingencies $19,693.60
Engineering $8,960.59
Survey $4,500.00
Engineering Const $10,831.48
Total Construction $131,622.19
Project 1 A - Discharge Channel from SouthSide Channel Spillway
1 Channel
Excavation 28000 CY $18 $504,000
Road Crossing 60" RCP 100 LF $200 $20,000
Road Crossing Transitions 2 EA $15,000 $30,000
2 Riprap
Channel Bends 450 CY $150 $67,500
Channel Discharge to Little Thompson 35 CY $100 $3,500
Bedding Material 500 CY $75 $37,500
3 Restoration
Temporary Erosion Control 1LS $5,000 $5,000
Sedding 10 Acres $1,000 $10,000
3 Utility Relocation
Water and Sewer 1LS $15,000 $15,000
Other Utilities 1LS $12,000 $12,000
Subtotal $704,500.00
Contingencies $140,900.00
Engineering Design $64,109.50
Survey $8,000.00
Engineering Const $77,495.00
Total Construction $917,509.50
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Description Unit Unit Price Item Price
Project 2 - North Side Channel Spillway
1 Structure
Excavation 250 CY $30 $7,500
Spillway structure 125 CY $550 $68,750
Type 3 baffeled outlet 68 CY $550 $37,400
2 Riprap
Downstream Spillway 45 CY $200 $9,000
Bedding Material 55 CY $50 $2,750
3 Concrete Pipe (Class 2, mastic joint)
Downstream Spillway - d=6 ft 50 LF $150 $7,500
Pipe Installation - Downstream 50 LF $90 $4,500
4 Metals
Slide Gate 1 EA $3,500 $3,500
Hand Rail 120 LF $92 $11,040
Subtotal $151,940.00
Contingencies $30,388.00
Engineering $15,194.00
Survey $4,500.00
Engineering Const $16,713.40
Total Construction $202,022.00

Project 2 A - Discharge Channel from North Side Channel Spillway

1 Channel

Excavation 1500 CY $25 $37,500
2 Riprap
Channel Bends 50 CY $150 $7,500
Channel Discharge to Thornton Drain 35 CY $150 $5,250
Bedding Material 100 CY $23 $2,300
3 Restoration
Temporary Erosion Control 1LS $5,000 $5,000
Sedding 2 Acres $1,000 $2,000
Subtotal $59,550.00
Contingencies $11,910.00
Engineering $6,610.05
Survey $8,000.00
Engineering Const $6,550.50
Total Construction $86,070.05
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Description Qty. Unit Unit Price Item Price

Project 3 - Highway Storm Sewer

Storm Sewer Pipelines

66" Class 3 Reinforced Concrete Pipe 1,000 LF $108.00 $108,000

60" Class 3 Reinforced Concrete Pipe 1,175 LF $94.00 $110,450

54" Class 3 Reinforced Concrete Pipe 1,200 LF $79.00 $94,800

24" Class 3 Reinforced Concrete Pipe 630 LF $18.75 $11,813

Manholes 14 EA $5,000 $70,000

Inlets and Laterals 40 Ea $3,500 $140,000

Installation

Trenching/Backfiling 15,000 CY $20.00 $300,000

Hauling 6,000 CY $6.20 $37,200

Bore under Ditch 40 LF $1,000.00 $40,000

Bore under Railroad 130 LF $1,000.00 $130,000

Open channel

Channel from Storm Sewer outlet to

Big Thompson River, 2950 LF -

Excavation 5,245 CY $25.00 $131,125

Hauling - Spoil 5,245 CY $6.20 $32,519

Grade Control Structure 11 EA $1,500.00 $16,500

Pavement Replacement 1LS $377,000 $377,000

Traffic Control 1LS $35,200 $35,200
Subtotal $1,634,606.50
Contingencies $326,921.30
Engineering $122,595.49
Survey $4,500.00
Engineering Const $179,806.72

Total Construction

$2,268,430.00
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Description Qty. Unit Unit Price Item Price
Project 4 - Stroh Channel Spillway
1 Structure
Excavation 250 CY $30 $7,500
Spillway Crest structure (150' long) 50 CY $550 $27,500
2 Riprap
Downstream Spillway 800 CY $200 $160,000
Bedding Material 400 CY $50 $20,000
Upstream Spillway 500 CY $200 $100,000
Bedding Material 250 CY $50 $12,500
Subtotal $327,500.00
Contingencies $65,500.00
Engineering $39,300.00
Survey $4,500.00
Engineering Const $36,025.00
Total Construction $436,800.00

The following implementation plan assumes that all of the improvements described above are constructed

over a 5-year span. This may not be feasible, depending on the available funding, but the plan still serves

to prioritize the required improvements so that they may be constructed as funding becomes available.

Year 1
South Side-Channel Spillway and Open Channel
Design of First Street Drain and Open Channel
Total Year 1

Year 2
North Side-Channel Spillway and Open Channel
Phase I Construction of First Street Drain
Total Year 2

Year 3
Phase II Construction of First Street Drain

Year 4
Phase III Construction of First Street Drain
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Year 5
Construction of Bunyan Basin Spillway $436,800

Total Five-Year Cost $4,042,455

We have weighted spending in the five-year plan towards the beginning of the period. There are two
reasons for this. First is the need to get projects underway as soon as possible, and complete them as
quickly as is practical to provide protection to the community from flooding. The second reason is that
we anticipate that within five years the Town’s storm water utility will have engaged in a cycle of annual
review of project needs. Four of five years from now the utility may very well have identified projects
that they consider as necessary as the Bunyan Basin Spillway.
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I. BASIN DESIGNATIONS AND DIMENSIONS




Johnstown Basin Study

SUBBASIN BASINNAME BASIN
110 Johnsons Corner 100
111 Johnsons Corner 100
112 Johnsons Corner 100
113 Johnsons Corner 100
114 Johnsons Corner 100
115 Johnsons Corner 100
116 Johnsons Corner 100
117 -Johnsons Corner 100
118 Johnsons Corner 100
220 Twin Mounds 200
221 Twin Mounds 200
222 Twin Mounds 200
223 Twin Mounds 200
224 Twin Mounds 200
225 Twin Mounds 200
226 Twin Mounds 200
310 Elwell 300
311 Elwell 300
312 Elwell 300
313 Elwell 300
314 Elwell 300
315 Elwell 300
316 Elwell 300
317 Elwell 300
318 Elwell 300
319 Elwell 300
320 Elwell 300
321 Elwell 300
322 Elwell 300
323 Elwell 300
324 Elwell 300
410 Old Town 400
411 Old Town 400
412 Old Town 400
420 Old Town 400
421 Old Town 400
422 Old Town 400
423 Old Town 400
424 Old Town 400
425 Old Town 400
426 Old Town 400
427 - Old Town 400
428 Old Town 400
429 Old Town 400
430 Old Town 400
431 0Old Town 400
432 Old Town 400
433 Old Town 400
440 Old Town 400
441 Old Town 400

AREA
19,441,271.71
11,279,557.73

3,698,308.18
31,379,121.23
5,158,619.68
6,363,694.63
8,562,297.98
15,852,915.22
10,792,747.81
8,048,497.18
2,031,297.23
39,937,753.39
2,157,371.96
9,562,789.09
12,117,167.39
6,882,660.45
12,192,266.99
10,894,485.09
6,402,106.00
16,998,445.12

- 10,220,231.09

7,555,536.94
9,106,446.62
11,403,327.51
22,827,327.34
12,024,532.52
2,162,221.13
2,543,190.35
3,659,417.20
3,934,190.28
4,854,418.08
26,010,615.21
2,892,834.03
6,979,360.81
14,154,644.83
1,553,278.28
1,715,244.17
579,332.98
2,645,525.68
5,643,432.32
438,961.66
679,755.24
786,748.34
506,656.11
729,427.40

© 328,371.55
876,026.26
2,387,074.20
1,597,225.37
3,022,251.79

OVERLAND

BASIN

ACRES FLOW LENGTH WIDTH

44631
258.94
84.90
720.37
118.43
146.09
196.56
363.93
247.77
184.77
46.63
916.85
49.53
219.53
278.17
158.00
279.90
250.10
146.97
390.23
234.62
173.45
209.06
261.78
524.04
276.05
49.64
58.38
84.01
90.32
111.44
597.12
66.41
160.22
324.95
35.66
39.38
13.30
60.73
129.56
10.08
15.61
18.06
11.63
16.75
7.54
20.11
54.80
36.67
69.38

1400

1000
2600

800
1700

1300

1300 -

2500
3200
3200
3200
3200
2700
3400
2500
3250
1000
1700

900
1100
2600

2350
1500

1200
1000
800
1300
1250
500
250
500
700
600

700

3400 *
10900 *
6200 *
12600 *
2200 *
3300 *
6100
9100 *
17500 *
8000
1600 *
20200 *
2700
5600
8650 *
5300
9400
4400
2000
8100 *
3200
2400
3400
3400
1100 *
5800 *
2200
1500
4100
3600
1900
8200 *
1200
4700
5900 *
1200 *
1800 *
1500 *
2200
5600
500
500
600
1000
2900
700
1300
4000
3700 *
4300



Johnstown Basin Study

OVERLAND  BASIN
SUBBASIN BASINNAME BASIN AREA  ACRES FLOW LENGTH WIDTH
442 Old Town 400  8,195513.10 188.14 1300 6300
443 0Old Town 400  11,810,082.09 271.12 2200 5400
444 Old Town 400  14,666,974.80 336.71 2650 5500
445 01d Town 400 969,742.47  22.26 1300 700
446 01d Town 400 638,922.21  14.67 750 900
447 Old Town 400 445.820.74  10.24 1000 *
448 Old Town 400 263,74041  6.06 250 1100
450 0ld Town 400  7,013,484.06 161.01 5300 *
451 01d Town 400  8,566,252.15 196.65 3800 *
452 Old Town 400  13,946,923.61 320.18 1900 7300
453 0ld Town 400  12,825,898.58 294.44 1500 8600
510 Pulliam 500  1,575,953.27 36.18 600 2600
511 Pulliam 500  7,840,861.01 180.00 3000 *
512 Pulliam 500  13,888,678.07 318.84 1700 8200
513 Pulliam 500  9,797,887.77 224.93 5400 *
520 Pulliam 500  5,088,406.53 116.81 #
521 Pulliam 500  1,254,857.14 28.81 #
522 Pulliam 500  1,325433.69 30.43 #
523 Pulliam 500  1,313,384.59  30.15 1600 800
524 Pulliam 500 505,877.64  11.61 #
525 Pulliam 500  18,518,303.59 425.12 7000 *
526 Pulliam 500  6,385,076.73 146.58 2600 *
527 Pulliam 500 837,068.79  19.22 800 1000
528 Pulliam 500  5496,390.87 126.18 3750 3600 #
610 Bunyan 600  5400,963.63 123.99 3600 5300 *
611 Bunyan 600 585918.75 1345 400 1500
612 Bunyan 600  1,120,790.57 25.73 300 3700
613 Bunyan 600 791,002.32  18.16 200 4000
614 Bunyan 600 631,496.95 14.50 300 2100
615 Bunyan 600 1,773,833.47 40.72 1300 1400
616 Bunyan 600  2,352,585.22  54.01 1200 2000
617 Bunyan 600 456,167.40  10.47 150 3000
618 Bunyan 600  1,952,684.00 44.83 800 2400
619 Bunyan 600  20,903,994.76 479.89 1600 13100
620 Bunyan 600  4,933,062.91 11325 2500 4700 *
621 Bunyan 600  4,618,132.85 106.02 1700 2700
622 Bunyan 600 193,004.66 - 4.43 250 800
623 Bunyan 600  7,467,900.59 171.44 2600 2900
624 Bunyan 600  19,109,892.76 438.70 2200 8700
625 Bunyan 600  35,350,508.00 811.54 5000 10700 *
626 Bunyan 600  15,585,570.29 357.80 3200 4900

13,670,965.86 313.84

# - Sum of 520, 521, 522, 524, 528



II. JOHNSTOWN RAINFALL INTENSITIES




JOHNSTOWN RAINFALL INTENSITIES

Time Rainfall Rate (in/hr)
(min) 100-yr 50-yr 25-yr 10-yr 5-yr 2-yr
5 0.24 0.21 0.19 0.15 0.13 0.10
10 0.84 0.73 0.66 0.54 0.46 0.34
15 1.08 0.94 0.84 0.69 0.59 0.44
20 3.12 2.71 243 2.00 1.72 1.28
25 5.16 4.49 4.02 3.30 2.84 212
30 9.24 8.04 7.21 5.91 5.08 3.79
35 3.84 3.34 3.00 2.46 211 157
40 24 2.09 1.87 1.54 1.32 0.98
45 2.16 1.88 1.68 - 1.38 1.19 0.89
50 1.68 1.46 1.31 1.08 0.92 0.69
55 0.96 0.84 0.75 0.61 0.53 0.39
60 0.72 0.63 0.56 0.46 0.40 0.30
65 0.72 0.63 0.56 0.46 0.40 0.30
70 0.6 0.52 0.47 0.38 0.33 0.25
75 0.48 0.42 0.37 - 0.31 0.26 0.20
80 0.48 0.42 0.37 0.31 0.26 0.20
85 0.36 0.31 0.28 0.23 0.20 0.156
90 0.36 0.31 0.28 0.23 0.20 0.15
95 0.36 0.31 0.28 0.23 0.20 0.15
100 0.36 0.31 0.28 0.23 0.20 0.15
105 0.24 0.21 0.19 0.15 0.13 0.10
110 0.24 0.21 0.19 0.15 0.13 0.10
115 0.24 0.21 0.19 0.15 0.13 0.10
120 0.24 0.21 0.19 0.15 0.13 0.10

Total Depth 3.01 2.62 235 1.93 1.66 1.23
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III. JOHNSTOWN INFILTRATION RATES
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V. HYDROLOGICAL RESULTS — UNDEVELOPED AND
DEVELOPED 5-YEAR AND 100-YEAR RUNOFF
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