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SCOPE _AND GENERAL REQUIREMENTS OF THE STUDY:

The Douglas Creek basin was originally
studied in June of 1964 by United Western Engineers under the general
direction of George D. Morris, P, E. At that time, most of the
basin was undeveloped although plans were being formulated for the
use of at least part of the basin as an industrial park. At the
time of the original study, some roads were hypothecated at points
of high runoff in a pattern which would be typical of such an in-
dustrial park. Where storm sewers were reguired, they were shown
on the original plan. As the basin was developed, however, many of
the proposed locations for these roads were covered with buildings
and the south end of the basin; in particular, was developed as a
residential area which changed the design of the proposed streets
and roads. In some senses, the basin has developed as anticipated,
but in others, it has not and the change has eliminated the necessity
for many drainage structures on the site. This report is intended
to furnish the basis for an overall plan for placing drainage struc-
tures in the basin during the time of completing the improvements
on the site.

In this re-study of the basin, the placing
of streets at points of high drainage has not been attempted. The
only streets which are shown on this study are those which are now
in existence or are definitely planned. Either method of antici-
pating future plans has certain disadvantages. In this re-study of
the basin, roads have been taken where they exist and culverts
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placed across the reads at those peints where *the drainage is high,
In general, ditches have been ussed to carry the runoff water between
these culverts. It is guite conceivable that storm sewers will bpe
desirable in place of these ditches making the cost of the basin
somewhat higher. Tt has been determined that in this re-study of
the basin, a system of streets will not be shown unless they are
present or planned.

In addition to changes within the basin,
the city's criteria for the study of drainage basing has been changed
since the Ooriginal study. Several criteria changes alter the drain-
age picture through the basin entirely from the original study in

1964, First, the use of small storage retention reservoirs have

and a revision of greenbelt sizes isg therefore necessary, The pur-
bose of these smali reservoirs was to slow down the movement of
water and to store some of it temporarily SO0 that largse ditches
would not be necessary. With the elimination of such temporary
storage, water moves much more rapidly and greenbelt design must be
changed to reflect this change in water speed, Erosion control
structures must pe used, particularly in intersections and greenbelts
and ditches must be paved to aveid erosion along the ditch, The
paving itself speeds the water movement and sllews the use of some-
what narrower ditches. Other major criteria change is that con-
cerning the amount of water allowable in streets. a+ the time of
the 1964 report; streets were allewed 4o carry water ta a depth of

-2



two-thirds the height of the curb. Since that time, it has been
determined that this is far too much water on s traveled street so
that greater amounts of water must be carried b storm systems and
by ditches.

The intent of any study of this type is
not to establish the precise design or lecation of storm sewers,
ditches or other appurtenances, It should rather establish the
general location of required storm drainage structures and their
generally required sizes. Fortunately, nearly all of the major green-
belts or channel areas have been left open by the development in the
basin and are available for use. In some cases; the sizes of these
channels require increasing and bridges which were buiit across the
channels in anticipation of the construction of storage reservoirs
must also be increased. In other cases, the more rapid mdvement of
water has allowed the decrease in size of some of the major green-
belts; although the locations of these greenbelts are in essentially
the same position as they were in the criginal report,

At the time of this study, most of the
industrial area has been at least planned and approximately half of
it has been constructed. That area of residential development in
the southeastern portion of the basin has been mostly completed or
planned. 1In these areas, the locations of storm sewers and drain-

age appurtenances can ke rather closely established. In the nerthern

by
6

and western portions of the basin, however | plans are po- completed
at the time of this study and the drairage structures in these areas

must be relatively general.



The Douglas Creek basin is somewhat
different than the other basins which have been studied under the
City drainage program. The use of long underground storm sewers
is not extensive in this basin and can be avoided in great part.
Since a large portion of the basin is an industrial park, the use
of ditches is not detrimental to the area and they are, therefore,
used more extensively. All of the studies of undeveloped basins
which the City has commissioned in the past have provided at least
the basis of a logical overall storm drainage plan prior to the time
of general subdivision development. In re-doing the Douglas Creek
basin, it was noted that some changes had been made, but that the

original plan was helpful in avoiding several areas of blind drainage.



BASIN DESCRIPTION:

The Douglas Creek basin contains approxi-
mately 10.3 sqguare miles and lies generally in northwestern Colorado
Springs. Almost the entire basin lies either within the bounds of
the Pike National Forest or the city limits of the City of Colorado
Springs. It is generally bounded on the north by the line of Pope's
Bluff and on the south by the Mesa. The upper reaches of Douglas
Creek have their origins on the east face of the Front Range and
approximately one-third of the basin lies within the rather steep
mountains and foothills of the Front Range.

That portion of the Douglas Creek basin
which lies within the bounds of the Pike National Forest was con-
sidered to be undevelopable as far as subdivision or other con-
struction is concerned. Even though this area is relatively steep,
the drainage from the forest will remain small. The Pike National
Forest contains approximately 3 square miles of the basin.

The Douglas Creek basin is somewhat un-
usual in that it contains two rather distinctly defined drainage
areas. The stream which is named Douglas Creek flows from approxi-
mately the northwest corner of the site within the National Forest
along the bounds of Pope's Bluff to its intersection with Garden of
the Gods Road. At this point, this stream turns almost due east

and flows intoc Monument Creek near its intersection with Cascade

-

e
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Avenue. The scuthern channel is actually not ramed, by or the

C

purposes of this report shall be called Sou:h Douglas Creek.
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This drainage rises near the southwestern corner of the basin in
the Front Range, crosses Garden of the Gods Road near Wilson Road
and flows along the base of the Mesa to its intersection with the
Monument Creek at a point near the southeast corner of the basin.
At least a low flow of water can be found in either of these chan-
nels during part of the year. It should be noted that the upper
reaches of North Douglas Creek are generally dry, however.
Approximately the western third of the
Douglas Creek basin is mountainous with a slow transition through
foothills to lower ground., Due to the geclogy of the area, several
water gaps exist along the standing formations on the east edge of
the mountains. This has the effect of concentrating water at these
points and forming the main stream at these points. The lower
portion of the basin consists of an alluvial plain deposit lying
between two steep-sided bluffs. This area is of lower grade and the
grade is much more uniform. In general, the basin sides are rela-

tively steep.



BASIN GEOLOGY, SOILS AND WATER TABLE:

Since the geclogy of this basin affects
the flow in the twe Douglas Creeks to a considerable extent, this
has been studied at somewhat greater length than the geclogy of
other basins. A map of the various formaticns and their hydrologic
characteristics is included in the report and attention is directed
to this map to more easily follow the discussion.

This is an interesting valley from the
standpoint of drainage, since North Douglas Creek exists in its
present form due to stream piracy from the original flow which
reached Monument Creek through Dry Creek basin. South Douglas Creek
is somewhat smaller than it originally was due to the piracy of por-
tions of this stream by Camp Creek. With the exception of the
mountainous mass near the western boundary of the area and Pope's
Bluff on the north, almost the entire valley has reached its present
shape by erosion and deposition of fairly recent period. The upper
or western portion of the basin is along the east slope of the
Front Range and consists of Pikes Peak Granites, either in a solid
state or in decomposed gravel condition. Although the slopes are
very steep in this area, infiltration is high and bank storage is
very high. Runoff through this portion of the site is therefore
guite low.

At a peint near the eastern limit of the

$

Front Range hills, cne major fault line and several minor faults
are found., These are all a part of the Front Range faurt which
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extends along nearly the entire Fronrnt Range. The major fault follows

the line of the mountain base approximately north/scuth across the

basin. Two minor faults extend scutheasterly toward the ocutlet of
the basin, for approximately 1-1/2 miles. The presence of these

faults influences the amount of water which reaches the lower allu-
vium. It indirectly affects the flow of the water by raising the
sedimentary layers found east of the faulits.

Immediately east of the faults and extending
for approximately 2 miles to the east, many sedimentary formations
are found. This i1s the same geologic series which is found in the
Garden of the Gods area and it is found in a quite similar condition.
The formations themselves are nearly vertical from the position in
which they were originally bedded, so that a series of bands of
different materials can be found extending along the mountains and,
at least roughly, parallel to the mountain front. The more resistant
of these beds exist as hogbacks or hills, while the less resistant
are found in the form of valleys. The presence of these resistant
sedimentary layers has a distinct effect on the water flow in the
creeks. At several points, the water flow is quite constricted and
the actual channels below are formed at these points. This is found
along both creeks, but is much more obviocus on Scuth Douglas Creek.
The attached geclogic map shows these formations sextending almost
in echelecn along the fault line and indicates *their hydrologic

characteristins,
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Along the east line of these echelon
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formations is the Pierre Shale. This material has a shallower dip
than the other formations near the fault zone. This formation, in

<

fact, is more or less flattened out and extends bseneath the entire

0

city of Colorado Springs and far to the east, It is feund on the
surface of the ground over a fairly large area of the basin. This
material weathers easily upon exposure to air and water, but even
when highly weathered, is resistant to infiltration and increases
the runoff from any given rainfall to a considerable degree. The
Pierre Shale is found along the base of the Mesa beneath most of
the Holland Park area and under a wide area near Wilson Ranch.

The north edge of the basin is defined
quite distinctly by a bluff known as Pope's BLuff. Most of this
bluff is high, except at two points where Douglas Creek has pirated
the streams originally feeding Dry Creek in the northern portion
of the basin. Pope's Bluff is basically formed by the Laramie For-
mation which is predominately a very dense clay and sandstone. This
is a coal bearing formation in the Pikes Peak region. All of these
materials may be seen exposed on the surface and sides of the bluff.
Pope's Bluff is surrocunded by a talus slope which consists primarily
of sands and clays from the cliffs above. This talus slope allows
high infiltration although the formation itself does not.

The central portion of the basin is

Lty sand or clayey
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covered with alluvium which is primariiv z s1i
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sand. This material 1s derived from *the Pikes Pesk
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various older alluvial deposits in the higher portion of the basin.
Most of this alluvium allows some infiltratior in the upper portion
of the valley. That alluvium in the lower or eastern portion of

the valley does not readily allow infiltraticn, however, so that the
runoff will be higher from this alluvium than from alliluvium along
the mountain front. The geology of this basin almost guarantees
very high runoff in any major rainstorm.

The surface soils over the site consist al-
most entirely of sandy clays and clays. Some thicker deposits of
sands are noted, particularly on the top of mesas where the remnants
of the old verdos Alluvium still exist. Nearly all of the material
at lower levels is a fine grained, silty sand or clayey sand. Hard,
dense, formational Pierre Shale underlies almost all of the eastern
portion of the valley and tends to cause a higher than normal runoff
from this area.

Since the streambeds are very closely con-
trolled by the geologic features in the area, the underground water
table is also so controlled. The only points which contain major
free water below the surface of the ground are in areas of alluvium
immediately along the lines of the two Douglas Creeks. Some areas
which have relatively flat topography near the creeks tend to be
slightly swampy, but the majority of the basin consists of rela-

tively hard, dry soil with very little underground free water.
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RAINFALL AND RUNOFF PATTERNS:

The average annual precipitation in the
Douglas Creek basin is slightly high of the Colorado Springs average
since it is along the foothills. Total precipitation is approxi-
mately 15 inches per year, but much of this is in the form of snow.
Snowmelt involves an entirely different approach to the computation
of stream flow and is usually relatively slow. Since snowmelt does
not produce high peak flows within the stream, this portion of the
annual precipitation will not be considered in this report,

Slightly over half of the annual precipi-
tation cccurs in May, June, July and August in the form of rela-
tively intense rainfall. Depending on the persistence and instabil-
ity of gulf air flow over the area, these rains can take the form of
either lengthy storms lasting two or three days with occasional in-
tense periocds or they can take the form of the more usual intense,
short duration thunderstorm. Since this basin is at the boundary
between the mountains and the eastern plains, either type of storm
can occur over the basin. The long term storms produce large
amcunts of runoff, but relatively low peak flows due to the period
of time involved and higher infiltration rates. The short, intense
thunderstorm does not produce as much total runoff, but produces a
very high peak flow due to the intensity of the rain and the fact
that such a storm gernsrally covers a smaller area. As subdivision
development in the basin becomes more extensive, the pesk becomes
higher and the runoff time becomes shorter.
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The original basin report investigated

four storm types. They were:

1) 30-minute duration, .8-inch intensity, 2-year fregquency storm;

2) 1l=hour duration, 2-inch intensity, 50=-year frequency storm;

3) 6<hour duration, .75-inch intensity, 25-year frequency storm;

4) 6=hour duration, 3-inch intensity, 50-year frequency storm.
This initial investigation indicated that the l-hour duration, 2-inch
intensity, 50-year frequency storm would prcduce the highest flood
peak. This criteris was checked in this second investigation and
found to be correct. The City criterion for runoff studies is now
the use of a 50-year frequency storm for local drainage and the 100-
year frequency storm for major channels and greenbelt design. For

this reason, two further storm types were examined. These were:

5) 1l=hour duration, 3-inch intensity, 100-year frequency storm;
6) 6-hour duration, 4.6-inch intensity, 100-year frequency storm.

Experience in the past has indicated that
the drainage basins around the City of Colorado Springs which origi-
nate in the Front Range mountains do not have as high a peak flow
as those streams which originate on the plains to the east of the
City. To determine the probable cause of this, rainfall patterns
during previous storms were examined and the soil types in the moun-
tainous areas were carefully examined. A study of four very intense
storms for which some data exists indicates that the centers of
these storms lie to the east of the mountains. 0ddly enough, the

centers of these major storms lie aleng an axis roughls arallel to
] ghiy

2
rri
&
[R5
M
[0
el
Qi
b
o

the mountains, extending through the center of Black
Peterscn Field. Two of these storms have been pictted cn the
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location sheet included in this report. These are the storm of
May 30, 1935 which produced the Memcrial Day flood and the storm
of June 17, 1965 which produced a flocod in the Widefield-Security
area. It can be noted that the centers of these storms lie in
the southern poriticn of the Black Forest area and near Peterson
Field. Rainfall near the mountains, in both cases, was high, but
not as extreme as near the center of the storm.

In addition to this, a careful examination
of the stream valleys within the Front Range system indicates that
large amounts of talus slope material can be found near the streams.
This allows a considerable amount of bank storage along the stream
and much less runoff. The amount of this talus material found in-
dicates that, in almost any storm up toc a 3 or 4-day duration, the
runoff from the mountainous area would be relatively small. In
addition, in this particular basin, some of the more resistant
hogbacks tend to pond the water and form natural reservoirs. Summing
all these factors, it can be see that this area will produce some-
what smaller runoff than the streams which originate east of the
Ccity. Although all computations for this basin report have been
made using a 3-inch, 100=-year frequency storm, as required by City
criteria, it is believed that runcff in this basin will be somewhat
less for a true 100-year frequency storm,

Considering the localized storm with a
50-yvear frequency rate, it must be noted that a storm of this in-
tensity can be expected on a local basis about every 7 years.
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For design purposes, therefore, it is not safe to consider any
storm of lesser rainfall than the 2-inch, 50-year frequency rain
used for local design.

No measured runoff data exists for the
basin other than cccasional observations which have been taken
mostly during flood periods. These observations indicate that the
design peak flows will be approximately correct for the local 50~
year storm and that the design peak flows will be somewhat high
for a true 100-year storm.

In general, the land use within the basin
has not changed greatly since the original report on the basin.

For the most part, those drainage appurtenances which have been
placed within the basin since the coriginal report are correctly
sized., Some increase in size is required by the use of the 3-inch
rainfall for major flow. This increases the total flow and re-
quires an increase in sizes of major culverts and bridges. 1In
general, however, the greenbelt sizing in the original report is
satisfactory for today's criteria.

The hydrographs included in this report
are based on the azssumption that the entire area will develop along
the lines shown on the attached plans. The overall basin was
divided into five major sub basins and the 100-year flow anticipated
in the greenbelts was computed using these five sub basins. These
major sub basins were divided into 67 minor sub kasins. An cutfall

point was assigned to each sub basin and a synthetic hydregraph



constructed for each of these points. Due to the absence of measured
stream flow, the available data from the various existing sources must
be used together with the computations made herein.

Both the 50-year and the 1l00-year storms
were routed along the lines of the greenbelts through the basin.
These greenbelts, in general, follow the existing streambeds in both
the North Douglas Creek and South Douglas Creek. It must be noted
that in the upper portions of both creeks, the physical location of a
streambed is not precise. In both locations, flow at the present
time is more that of sheetflow down alluvial deposits of low perme-
ability. True gullying does not commence until the water is east of
Wilson Road.

For the purposes of this computation, it
was assumed that the storm occurred over the entire basin at the
same time and the water from the sub basin was routed along the main
stream using this assumption. It should be noted that by the time
the streams cross Wilson Road, drainage appurtenances are relatively
large. This is mostly due to concentrations of water rather than high
runoff factors. Water does not reach a stage of being a flood hazard
until it reaches the Garden of the Gods Road along North Douglas Creek
and the proposed Centennial Boulevard along South Douglas Creek.
From these points on, to Monument Creek, the flood crest can be de-
structive at any time it is allowed to leave the greenbelt. Under
certain conditions, the flood crest can, of course, be destructive

above these points, but will be on a more localized basis.
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EXISTING DRAINAGE WORK IN THE BASIN:

Due to the construction of several resi-
dential subdivisions in the southeastern portion of the basin and
the more recent construction of commercial and industrial buildings
to the east of Interstate Highway 25, some drainage work has been
done in these areas. Although the industrial development along
Garden of the Gods Road is in an advanced stage of construction, a
smaller amount of drainage work has been done in this area. Fortun-
ately, the streambeds for the proposed greenbelts have been left open
and development has not interfered with these greenbelts. Over most
of the area, rights-of-way for the greenbelts have not been officially
given to the City and the greenbelts themselves have not been con-
structed,

Along North Douglas Creek, a greenbelt
exists between Interstate Highway 25 and the Denver & Rio Grande
Railroad, for a short distance on each side of its intersection with
Chestnut Street, and from its crossing of Garden of the Gods Road for
a distance of approximately 2000 feet to a reservoir which exists at
that point. These stretches have been at least partially constructed,
but not lined. No true greenbelt construction could be found along
the line of South Douglas Creek,

Several small reservoirs and stock ponds
exist in the basin, mostly along the northern reaches of the north
branch of Douglas Creek. Most of these are relatively small and will
be removed if and when development reaches them. Any aid which they
might give toward reducing the size of the flood peak or lengthening

the time of flow will be ended as soon as the area is developed.



One reservoir, in the southeastern corner of Section 23, north of
the Kaman Nuclear site, is relatively large but should be removed
from the site to allow free flow. No major reservoirs were found
on the south branch with the exception of one pond immediately
west of therhogback area in the foothills.

In the eastern portion of the site, a
number of bridges, culverts and some storm sewers have been con-
structed over the past 10 years. One older arch culvert "bridge"
carries North Douglas Creek under Garden of the Gods Road. A box
culvert bridge has recently been completed at Chestnut Street and
North Douglas Creek and a large culvert has been placed under Chest-
nut Street at South Douglas Creek. The arch culvert and Chestnut
Street culvert are too small and should be replaced. The reinforced
concrete box bridges, however, are mostly of satisfactory size and
can be used as they exist. The structures beneath the Interstate
Highway are both too small for the calculated flow. Along North
Douglas Creek, a railroad passage exists immediately beside the
ditch beneath Interstate Highway 25 and this will serve as sort of
an emergency spillway making the existing structure beneath the
interstate adequate. Along South Douglas Creek, the major structure
beneath Interstate Highway 25 is very nearly adequate and can be
used if some area 1i1s allowed for water backup behind Chestnut Street.

Some ditch and storm sewer systems have
been constructed in the area. One such system drains the northern-
most basin east of iInterstate 25, carrying drainage water to the

~17-



railroad right-of-way and then south to Garden of the Gods Road.

Tn conjunction with this, another storm sewer system has been con-
structed from the new Hilton Inn site east along Garden of the

Gods Road to Monument Creek. A storm sewer system exists along
Holland Park Drive and Chestnut Street in the original Holland Park
gubdivision. Both of these systems are on North Douglas Creek. On
South Douglas Creek, a rather comprehensive storm sewer system has
been developed by Hewlett-Packard internally and along Garden of
the Gods Road. The only requirement left in this area would be to
regrade the ditch leading to the greenbelt from Garden of the Gods
Road at this point. Another storm sewer system has been developed
in Holland Park leading from Chestnut Street across Interstate 25
and then down Sinton Road to the South Douglas Creek channel. Part
of this was developed in the Holland Park Subdivision and parts of
it were developed by commercial subdivisions east of the Interstate
Highway. All of these systems are presently in existence. The last
mentioned storm sewer is not completely adequate, but cannot be
easily increased in size.

Very little right-of-way has been given
in the basin for drainage structures. The various structures and
sewers mentioned have generally been constructed as required by the
road use. Many of the drainage systems which have been started,
particularly in the industrial area, have been only partially com-
pleted. 1If these systems should be filled with runoff, many of them
would have blocked exits and no outlet channels. Numerous culverts
were found in the area which were either partially or wholly blocked.

Most of these are too small and should be replaced.



MAIN CHANNELS GREENBELTS :

The previous study commissioned by the
City of Colorado Springs recommended a rather extensive greenbelt
drainage system through the basin. This is a desirable system
since most of the streambeds already exist and channel flow is the
most economical method of removing flood runoff from the developed
area. The cost of open ditches or a drainage channel is usually
lower than that of a series of large pipes. All major channels
which would be required to carry the 1lQ0-year flow are shown in this
report as greenbelts. In some areas where the ditches run through
the Pierre Shale Formation, paving is not needed on the bottom and
is only required on the sides. In other areas, the full section of
the ditch is paved.

Since almost all of the construction in
this basin has taken place since the 1964 report, the channel lines
for the greenbelts, as proposed, have not been encroached upon. By
and large, rights-of-way or actual channels have not been constructed,
but the streambeds have not been obliterated. Developed greenbelts
are usually preferable but the streambeds are usable as drainage
runs with or without paving. As a consequence, nearly the entire
length of greenbelts in the basin is available for use.

With the exception of the extreme western
portion of the basin, most of the greenbelts are fairly well defined.
All of the greenbelts were designed in the original report to follow
the natural streambeds and not to interfere with land suitable for
development. This study found that the same streambeds should be
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used for drainage as were proposed in 1964. 1In the lower basin,
the subdivisions have grown around the streambeds and these are
the only locations through which water could move easily.

Some relatively small changes have been
made in these greenbelts, however. In this report, the greenbelts
have been extended somewhat further west and practically to the
Forest Service boundary. This is partially due to the information
received concerning the development in the area along the Forest
Service boundary and west of Wilson Road. The laboratory was informed
that the gravel of the Verdos Alluvium was planned to be removed for
use as aggregate prior to developing the area. After this is removed,
the area will be developed as a low density residential district.

If the gravel or Verdos Alluvium is removed from this area, the
Pierre Shale will be at the surface of the ground and infiltration
will be reduced considerably. This will allow much greater runoff,
even considering the larger lots proposed. Since this is the case,
it was felt that the major greenbelt should be extended to the Forest
boundary on the west to allow a system of relatively short ditches

or streets to drain this proposed development. Most of the remaining
flow in this area is carried in small ditches rather than in storm
sewers. Development should be designed around these ditches.

The greenbelts in the upper reaches of
the basin will require full paving. In the lower reaches of the
stream, on soils which can be eroded, full paving is also required.
In the lower reaches of South Douglas Creek, the Pierre Shale 1is
found on the surface of the ground. This material will not easily
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erode and the bottom of the ditches need not be paved over all of
this line. The points which require paving are shown on the attached
inventories. It should be noted that over most of the length of the
greenbelt, simple riprap will not be adequate to protect the banks
from scour and concrete lining is required. Along South Douglas
Creek, immediately south of the Holland Park Subdivisions, an area
exists which could be protected by gabions along points of erosion
and the majority of the channel need not be paved. This area im-
mediately west of Chestnut Street has been marked with a high water
line and should be left generally in the native state. At all points
along either of the Douglas Creeks, riprap should either be in the
form of gabion or in the form of large rocks with a minimum weight
of 400 pounds. No smaller riprap can be considered, except where
the channel is to be used as a natural, strip park. All bridges
along the greenbelts must be fully paved to avoid scour at entries.
It must be noted that several structures
along these two greenbelts will tend to impede the flow and cause
the greenbelt to act as a storage reservoir for a short time. The
abandonment of the storage reservoir concept indicates that these
structures should either be increased in size to accommodate the flow
or the criterion should be changed so that upstream from these points,
buildings will not be placed in areas of potential flooding. The
two major points which are too small at the present time are the
corrugated metal arch beneath Garden of the Gods Road along North
Douglas Creek and the corrugated metal culvert beneath Chestnut
Street along South Douglas Creek. The recommendation of this report
ig to increase the size of these two structures.
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Under no circumstances should fences,
particularly chain link fences, be allowed to cross a greenbelt.
In most cases, the greenbelts will be deeded to the City and fences
will not be probable. In some cases, however, greenbelts may be
placed in easements and property line fences could extend across

the greenbelt. This is not recommended and should not be allowed.
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INDIVIDUAL IMPROVEMENTS s

Attention is directed to that portion of
the appendix at the back of the report which lists individual im-
provements recommended in the basin. These lists are made up as
inventories showing both the existing and proposed appurtenances in
the bagin. These lists of ditches, greenbelts, storm sewers, bridges
and culverts together with the map of the basin show recommended
improvements in the area.

After designing the main channel and
greenbelts, each individual basin was studied using the minor basin
hydrographs previously described. Water flow at various points in
each basin was compared to street capacity and distribution. The
street capacity used was in accordance with the latest City chart of
usable capacity. In such cases, it was found that the specification
of certain size streets would be sufficient to distribute runoff
properly.

in most cases, drainage was carried in
small individual ditches. 1In a few cases, small storm sewer systems
were recommended to relieve street drainage where ditches cannot be
easily designed., A storm sewer system is proposed along Garden of
the Gods Road from approximately the Kaman Nuclear site to the pro-
posed Centennial Boulevard. Another storm sewer system is proposed
for an area to the west of the Western Forge site along Garden of
the Gods Road. A third such system is proposed in an area south of

South Douglas Creek and east of Centennial Boulevard, as proposed.
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it was noted along the northern reaches
of North Douglas Creek that drainage streets would trend toward the
greenbelt as a series of relatively parallel streets. This design
will not allow the streets to carry drainage into the greenbelt
without overloading the streets. For this reason, a series of
ditches was placed in this area leading from the hillsides to the
greenbelt. These ditches are all placed in relatively low areas and
the streets can be placed around the ditches.

Most of the small ditches shown on this
plan must be paved at their junction with the greenbelt. Some ditches
above this point can be riprapped, while some ditches are so steep
that they will require full paving. In any event, the junction at
the greenbelt must be paved so that secondary erosion does not take
place at these points., It should also be noted that in locations of
major street drainage or storm sewer systems entering the greenbelts,
dropout structures should be placed along the curb at the Junction
of the greenbelt and the street or storm sewer. Every bridge or
concrete box which is placed in this basin should be constructed
with drains from the streets carrying water into the greenbelt,
Insofar as is possible, these dropouts should be surface design drop-
outs for efficiency. If this is not possible, then the second best
system would be that of curb boxes. The number of dropout boxes
required has been included in the inventory lists and in the estimate,
using a City standard dropout as a typical structure. Dropout struc-
tures are rather difficult to design and must be individually
designed for different conditions.
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Inlet problems are very difficult, parti-
cularly in the case of streets with steep grade. Here again, such
problems must be worked out for each area, since the individual
street design will alter any inlet design. City standard criterion
have been used to determine the number of inlets which are required
at any point. The number of inlets listed in the proposed inventory
of appurtenances assumes that 6-foot inlets will be used throughout.
Larger inlets may be used, if desired, and the total number of

inlets would then be somewhat less.
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SPECIFIC PROBLEM AREAS:

Several problem areas were noted in the
basin, most of which are related to storm sewer appurtenances which
have been planned and apparently authorized, but not completely con-
structed. As an example of this, along South Douglas Creek, from the
proposed Centennial Boulevard east to Monument Creek, a streambed
exists. Most of this streambed has not been deeded to the City,
however, and practically no greenbelt construction has taken place
in this area, Several of the Holland Park drainage plans and a few
of the industrial drainage plans east of Interstate Highway 25 show
this greenbelt as being planned.

At the same point and in addition to the
greenbelt, the 96-inch culvert beneath Chestnut Street is far too
small and should be replaced. If this cannot be accomplished, then
an area upstream from the culvert which is sufficiently large to
contain 55 acre feet of water above the top of the culvert should
be reserved with no structures allowed to encroach on this area.

If this pipe beneath Chestnut Street is allowed to remain in place,
then no structures downstream need be enlarged. To fit the strip
park plans in this area, it is recommended that this overflow

area be designed.

In the same general area, a small drain-
age system exiting Holland Park at three points, crossing Interstate
25 at three points and entering a storm sewer system along Sinton
Road is an unusual system. Almost none of the pipe is properly
sized under the highway after it leaves the Holland Park Subdivision.
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Fortunately, large areas in the Highway right-of-way can support
ponded water. If, for some reason, the Highway Department should
desire to eliminate these ponds of water, the system should be
redesigned and enlarged with special emphasis on points at which
48~inch pipes enter 24-inch pipes. At this time, however, no
changes should be made.

Two problem areas are found on South
Douglas Creek at approximately the location of the Hewlett~Packard
complex. At the eastern corner of the Hewlett-Packard complex, a
storm sewer system around the buildings and down the Garden of the
Gods Road enters a ditch which runs south toward the greenbelt.
Unfortunately, this ditch is graded so that it drains to the north.
This should be changed so that it drains toward the south and the
water will be carried away to the greenbelt.

Along the western boundary of the Hewlett-
Packard site, the main greenbelt is shown as being bent so that it
runs from Wilson Road to the Hewlett-Packard boundary and then to
the south along the boundary. The topography, at this point, is such
that the greenbelt can be placed almost anywhere in this triangle of
land. It is, however, recommended that it be placed on this boundary
simply for convenience so that the tract to the west of Hewlett-
Packard can be more conveniently used or developed.

Along North Douglas Creek, several
problem points were noted. In the northern portion of the valley,
near the junction of sub basins A and B, it can be noted that the
streambeds tend to be redundant: that is to say, two streambeds
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tend to move parallel and very close to each other. This should be
eliminated since it is wasteful of both culverts and ditches.
Several points north of Garden of the Gods Road along North Douglas
Creek have been changed to bring the streambeds together at points
which wauld allow the use of less culverts and to gather the streams
all into one channel as soon as possible.

The drainage plan for the Hewlett-Packard
complex shows a drainage ditch along the north boundary of this com-
plex., This will cut off a certain amount of flow from the north
and will keep water off of the Garden of the Gods Reoad making the
existing storm sewer adequate. 1In order that the storm sewer along
Garden of the Gods Road can be used as it exists and that it not re-
guire increasing, this ditch must be constructed., It is chown ex-
tending from approximately the northwest corner of the Hewlett-
Packard property to the greenbelt at approximately the old reservoir.

The existing large reservoir along North
Douglas Creek must be removed. At this time, it is recommended that
it simply be breached and that the water be allowed to flow through
the dike along the greenbelt. Eventually, however, when the area is
fully developed, the reservoir should be completely eliminated as
part of the overall grading plan.

The final problem area on the North
Douglas Creek line is the ditch along the western side of the D &
RGW Railrocad and north of North Douglas Creek. This is a borrow
ditch for the railroad and is not designed as a major drainage
ditch. This ditch should be paved in cooperation with the railroad
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so that the existing track is not damaged. It should also be noted
that at the intersection of the ditch with the Garden of the Gods
Road, a four-way interchange is located. One pipe and the ditch
enter this interchange; two pipes exit. The two exiting pipes are
not guite large enough and under full design flow, the action of
the water as it reaches this point is completely unpredictable.

Tt is generally recommended that this intersection be paved as part
of the ditch and a box especially designed so that flow is removed

from the site as rapidly as possible,
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SUMMARY & RECOMMENDATIONS:

Experience in the City of Colecrado Springs
with the past drairnage basins indicates several things. First, 1t is

futile to try to control runoff with street drainage only. Second,

h

it is gererally unecoromic to design ditches of sufficient width that
the velocities are reduced and paving is not required. This can be
seen in almost every drainage basin where channels have been narrowed
to the least possible width and paved, rather than leaving wide chan-
nels through developed areas. Third, although drainage control struc-
rures are easily constructed and maintained, insufficient funds exist
for proper maintenance of these structures. This is particularly

tryue of structures which actually control water rather than merely
guide 1it,

As a result of this combination of exper-
iences, most drainage control structures being built today consist of
fairly narrow paved ditches with a high first cost and, assuming that
the constructicn is proper, a relatively low maintenance cost. Since
these past experiences have indicated that, locally, this is the most
economical type of system, this is used in this repcrt. If, at some
future time, funds become available for maintenance, greenbelts could
be widened and mads into very pleasant strip parks.

The use of streets as drainage flow struc-

tures can, of course, be tolerated up to a point. Sveritications of
¥ 3 knd

MmN

the City of Coloradc Springs indicate th

w
t

only small amounts of

water are desired 1n the streets, particularly arteriel strsots, 1T

w
’-J

(9]
{0
o)
[y

o pe uwsed 28 drainage ways insofar as the
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regulations allow. There is a point at which any street is simply
unable to carry both water and traffic at the same time. At this
point, a storm drainsge facility must be designed. For this purpose,
the greenbelts, ditches and storm sewers have been recommended in
this report.

The specific recommendations in the report
are shown in the appendix, on the attached inventory sheets and on
the attached maps. The greenbelt widths are specified along with
the ditch sizes and storm sewer sizes. Some caution must be used in
applying these sizes in undeveloped parts of the basin, since new
streets in the basin can affect both the size and location of the
proposed appurtenance,

It is recommended that all of the greenbelts
in the area be paved on the sides of the ditches, with the exception
of a short stretch on South Douglas Creek between Centennial Boule-
vard and Interstate Highway 25. With the exception of greenbelts
which are founded in the hard Pierre Shale, it is recommended that
these channels be paved on the bottom also, over most of the area.
The greenbelt of North Douglas Creek should, therefore, be complete-
ly paved., The greenbelt on South Decuglas Creek would be paved on
the sides, except between Centennial Boulevard and Interstate 25,

It would be paved con “he bottom, north of Garden of the Gods Road

Interstate Highway 25.

i

and east o©
It is recommendsd that &ll struziores

which are toc small for the proposed flow be enlargsd oy adding

additional culvarts or boxes, as the case may be, sc tha® =he

~31-



structures can carry the full flow. The only exceptions to this
would be the north creek crossing at Interstate Highway 25, the
96-inch culvert at the south creek crossing Chestnut Street and
the two railroad structures. It is recommended that all ditches
and culverts be properly sized where they do not now exist. This
construction should not take place until the area through which
the water flows is developed.

The general recommendation of this study
is that the design features shown in the appendices, on the in-
ventory sheets and on the attached maps be followed in at least

general terms for planning purposes.
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SUMMARY ESTIMATE OF COSTS (TOTAL BASIN)

[ TEM QUANTITY UNIT

1. GREENBELT - sides fully
paved, natural park scuth
of Holland Park and bottom

TOTAL

paved except i Pilarre Shale 59290 ' lin.ft. $3,780,040.00
2. MAJOR DITCHES - partly

paved, partly riprap 19785 lin.fE. 688,450. 00
3. BRIDGE STRUCTURES- new

(see inventory for separate

cost breakdown) 8 ea., 293,650.00
4. BRIDGE STRUCTURE - replace

inadequate (railroad

bridges ncot included) 1 SEW 89,100.00
5. MAJOR CULVERTS 25 ea. 207,800.00
&%. STORM SEWER SYSTEMS

includes inlets, cutlets, 3 major lines

ebo, & renovation 285,510.00

TOTAL ESTIMATED BASIN COST - $5,344,550,00

General

BEASIN AREAS: City Bridge Area Fee Area
Total 6525.3 6525.3
Existing platted subdivisions 639.5
Existing public rights-of-way 142.5
Pike Nstional Forest 1879.7 1879.7

4645.6 3863.60

Bridge Cost Only - $382,750.00

Praiva®e Basin Fee = $4,961,800 _ $1,284.25 or
3863.6 T

, say, $1,285.00/acre

City Bridye Cost = $382,750 _ $82.39 or, say, $83.00/acre
4645.6 —

NOTE: of total fee area,
City oif Colerado Springs property = 40.1 acres
D & RGW Railrcad right-of-way = 23.5 acres
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| AREA BASIN |__prrem  FOIL.  FLOW
BASIN|BASIN| Acr. l\sﬁl L-ft | L-Mi H |Tc L S TI'to. Tpol|f Q(in)) gp cfs T 4
A 1 162.6| .254 | 4440 .841(1280j) .14 69 .64y 0,21 40 1.71
2 193,22} ,3021 3930 74411450} .11 2650} . 1358 68 .61l 0.20 48 1.63
2350].0851
3 115,81 .18l 3650 6911 600} .14} 1250} .0880; 87 .64 0.86 118 1.71
4 157.0f .2451 6020] 1.140}1400§ .19 56 .69 0.18 31 1.84
5 53,0} .083] 5100} .966]1000} .17 74 .67 0.36 22 1,79
5 90.1} .1411 3820 7241 355§ .19} 3950 .0329 87 .69 0.86 85 1.84
i
7 196.4) .307{ 6000f 1.136f 525Hi.27 88 .771{ 0.93 179 2,06
2 95,2} .149} 3200 606 2600} ,.0365] 92 L6511 1.22 135 1,74
TOTAL | ¥
A 1063.4|1.662 | 14800} 2.80 2000 | .1158b 78 .728]l 1.24 | 1370 1.94
B 1 295,1] .461} 5600} 1.061 67 .68 0.19 62 1.82
2 107.4}.168{ 2760} .523 59 .581 0.21 29 1.55
3 430.2) .6721 7400} 1,402 93501 .1330] 70 .73 0.24 107 1.95
4 224,51 .351% 6820] 1.292 73 .691 0.32 79 1.84
53 190.0}.2971 4000] .758] 650f.16] 2630].0570 93 66 (] 1.30 283 1.76
5k 65.91 ,1031 4550, .862} 365§.224100f .0427 93 .72 11 1.30 90 1,92
5a 90.4).1411 4680] .8851 430}.22 94 .72 1.38 131 1.92
HYDROLOGIC COMPUTATIONS - Basic Data LINCOLN-D2VORE TESTING LABORATORY, INC.
Sheet 1 of 12 Colorado Springs, Colorado

*Denotes 100-year computations
all other are 50-year computations




MAJOR| SUB AREA .  BASIN DITCH SOIL FLOW
BASIN| BASIN| Acr. | mi. |oL-ft |L-Mi g |t c I, s | SERVE| Tpol Q0N Gy B T b
B 6k 106.1{ .166] 4550 .862| 420 § .21 94 _71F 1.38 156 1.90
6C 83.6{ .131}| 3250| .616| 240 §.18] 2600|.0538 94 .68( 1.38 129 1.82
od 63.4| .099) 25001 .474] 260 || .13} 2350].0638 95 .63 1.48 113 1.68
6e 108.0] .169] 3920 .742| 390 | .18 94 .68} 1.38 166 1,82
7a 52.2 0821 2300} .436| 210 || .13}l 2950].0186 93 .63} 1.30 82 1.68
7h 56,1| .0881 1780| .337| 220 .09|| 1400|.0271 94 .59 1 38 100 1,58
8 89,41 .1401! 2300 .436 240 .12} 2100(.0190 94 .62) 1.38 151 1,66
9 49,7} .078 1 2150| .407 110 || .15]| 1800].0235 26 .65 1.60. 93 1,74
10 105.2| .164 | 4940| .936| 370 || .25)] 1700].0230 o1 .75 l1.16 | 123 2.00
11 129.41 .202 | 3400 .644| 280 || .18 94 .68] 1.38 198 1,82
12 9g,7| .154 {2100 .398] 240 j .11 7 90 .61 1.10 134 1.63
TOTAL {»¢ 9500].0226
B 2349.613.673 30500{5.78 {2880 } .92 ~0827% 83 1.05) 1.48 1] 2506 2,80
C 1 214,41 .335 }{4300| .81411340 } .13 70 .63l 0.24 62 1.68
2 166.5 ) .260 {4100 .77711255 || .12 68 .62] 0.20 41 1.66
3a 69.3) .108 {2800 ] .530§ 360 g13! 12301.0488 94 .63 1.38 115 1.68
3b 46,8 | .073 {1250 .237 310 4 .05} 10801.0417 95 .55) 1.48 95 1.47
HYDROLOGIC COMPUTATIONS - Basic Data LINCOLN-DeVORE TESTING LABORATORY, INC.
Sheet 92 of 12 Colorado Springs, Colcrado




MAJOR| SUB AREA BASIN DITCH SOIL FLOW
BASIN|EASTY Acr. | mF | L-ft.| L-Mi.| H c L s | CHBVE| Tpol QTin)[dp B | Ty
C 4 83.6 | ,131] 2050 3gg| s520] .08l z050|.0780] 91 .58 §f 1.16 | 127 1.55
5 333.8 | .5221 6400] 1.212] 410|.32| 5100| .0588] 90 .82 §j 1.10] 339 2.19
) 6 174.4 | .272] 2800 530| 430].12| 4500| .0556] 91 | .62 || 1.16]| 246 1.66
7a 44.4 | 069! 2500 474| 8o} .20l 1700 .0412] 94 ||.70 || 1.38 66 1.87
7t 15.09] .024| 1220 231 40] .12l 950|.0358 93 |.62 || 1.20 24 1.66
I 7.4 011 1200 227 407 .11 800| .0313 94 .61 1.38 12 1.63
7d 78.7 123 2530 4791 260] .13 }750 .0286 91 .63 1.16 110 1.68
TOTAL| » R
C 1234.4 ]1.928] 14780] 2.80 {1560 062Ki3210 ﬂ120§> 85 ,870] 1.60 ] 1716 2.32
D 1 98.8 154 3000 5681 110} .22 93 .72 1.30 135 1.92
2 94.5 | .148{ 3050 578 80} .25 92 .75 | 1.22| 117 2.00
1950} . 0205
3 90. 92 142 2200 4171 260] .11} 1800).0222 94 , 61 1,38 155 1.63
4 84.0 121 3050 5781 110 .234 2700} .0259 90 .73 1.10 96 1.95
5 111.2 174 3600 6821 2701 .19 a3 .69 1.30 159 1.84
6 96.0 | ,150 2700 511 808 22| 21530] .0286 88 .72 0.93 g4 1.92
7 37.7 1| .059 2100 3981{ 160] .13]] 1850} .021% 25 .63 1.48 67 1.68
_8a 50.4 | .079) 2250| .426] 150} .14 95 .64 || 1.48 88 1.71
HYDROLOGIC COMPUTATIONS - Basic Data LINCCLN-DeVORE TESTING LABORATORY, INC.
Sheet 3 of 12 Colorado Springs, Colcrado




MAJOR| SUB AREA BASIN DITCH SOTL FLOW
BASTN|BASIN Acr. | §f:| L-ft.| L-mi.| B |Tc} T | s EURVEL T .l o(in) | g, &) T 4
2500(.0640 '
D 8b 4¢ 8 073 2650 502 | 250 14 1600].0250 95 .64 1.48 82 1.71
19 57.91 ,090] 2800 530 | 270 ||.14] 2000|.0200 96 | .64 1.60f| 109 1.71
B 10 22.0| .034] 28600 492 | 100 || .19 88 | .69 0,93 22 1.84
11 | 48.4] .076| 1250 237 | 60 ].10 87 I .60 0.86 53 1.60
12 66.81 ,104 2050 388 1 100 4} .15 2000{.0350{ 92 .55 1.22 94 1.74
TOTAL| ;¢
D | 905.4 |1.4147 12500 { 2,37 400 || .66 §12100].0240] 92 . 90 2.20]1 1673 2.40
E 1 76.5 120 2580 489 { 320 |1 .12 90 .62 1.10 103 1.66 |
2 99.2 155 3150 .597 {400 || .14 94 .64 1.38 162 1.71
3 47.3 074 3300 .625 1 140 || .22} 2950 .0271 93 .72 1.30 65 1.92
4z 82.6 129 2400 .455 | 330 || .11 § 1800 .0222] 93 .61 1.30 133 1.63
4k 55.6 087 2600 .492 1 260 |1 .13 2000 .0175 93 .63 1.30 87 1.68
5 V2.9 114 2700 .51l 80 {j.2214 1750|.0210f 88 .72 0.93 71 1,92
6 32.2 1 .050 1100 .208 50 || .09 1450 .0207 92 .59 1.22 50 1.58
7 38.53 1] .060 1700 .322 1 150 {1 .10 94 .60 1.28 67 1.60
8a 52,3 | .097 2000 .379 50 ||.16 ) 2500] .,0240 91 1) 1.16 83 1.76
8h F1.7 41 .11z 2800 .530 50 281 2200 0182 9z . 18 1.22 85 2.08 |
HYDROLOGIC COMPUTATIONS - Basic Data LINCCLN-DeVORE TESTING LABCRATCRY, INC.
Sheet 4 of 12 Colorado Springs, Colorado




Sheet 5 of 12

Colorado Springs, Colorado

MAJOR| SUB AREA ASIN DITCH SOTL FL
BASIN|BASIN] Acr. | y@: |L-ft.) L-Mi.| H cl| L s RERVEl Ty | QUn) gp clj Ty
TOTAL |#
E 38,8 998} 8800 1.67 | 480} .46} 8500).0180, 92 .7801 2.20 1362 2.08
F 1 20.8 032 1800 .341] 60§ .15 96 .65 1.60 38 1.74
2 40. 4 ,062] 1800 .341] 60 15 926 .65 1,60 75 1.74
' (av.])
3 108.1 169] 2600 4921 85l .2ill 2750(.0327 92 .71 1.22 140 1.90
TOTAL|™
F 169.5 264 6100 1.155]200 52 93 .810|| 2.20 347 2.16
G 1 47.7 075]2300 .4361 1200 .16 86 , 66 0.82 45 1.76
2 116.6 18214200 .796] 90ll .35l 2750 .0327] 89 .85 1.00 104 2.27
TOTAL| x |
G 164.3 .257] 6500 1.231|310{ .42 88 L7521 1.82 301 2.01
TOTAL
BASIN 6582.7| 10.286
HYDROLOGIC COMPUTATIONS - Basic Data LINCOLN-DeVORE TESTING TARORATORY, INC,




R T BASE BASE DITCH T, at] T, of A g
om| | Tap Tp L ST | phrnT| NEXT Tio | (o8) REMARKS
A 11| 1370 .728| 9500} .0226|.189| .917 ,
1.05 | .97 | ‘
B 11 | 2506 | 1.050 1,02 | .o17| 1.11 [[3783]  cCombine
1.26 | .90 Add E
11| 16| 2783| 1.05 | 8900{.0180}.206|1.13 .780| 1.45 J4623|  outlet (1} North
1.18 | .92
Cc&b 2211710 870 112100} .02401.310(1.09 .90 1.2153221 outlet (2) South
HYDROLOGIC COMPUTATIONS - Stream routing LINCOLN-DeVORE TESTING LABORATORY, INC.
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Fro RASE | BASE DITCH Tp at | T of RATI %E
M} TO dp, Ty L S | Time|l POINT | NEXT O} (cfs) REMARKS
Basin 40 .64 .65
1 & 2} (1) 48 .61 | 2650}.1358] .066 .62 .94 8¢
Basin 31 .69 ‘
4 & 51 (2} 22 .67 .67 .69 .97 52
(1} | (3) 86 | .62 | 2350/ .0851] .065 .68 ]
2y 1 (3 s2 | .67 | 1250/ .0880| .035] .71
.68 - Combine-assume paved
.70 .71)136 |  ditch after Pt. 3
.69 1.13 _
(3) (4) 136 .70 3950/ .0329| .091 .78 .77 1.03 394 Add 6 & 7
.84 | .65 293
4 7 394 .78 2600| .0365} .060 .78 1.201510 Add 8
Basin 62 68 91 . 88
2 .81 .99
1,2.3] 6 707l 585 | 9350| .1390] .236] .80 2231 <1714 190
Basinh
4 6 190 .80 . 80 .69 1.16 {265 Corbine all at (6) |
. B6 .88 Assume paved ditch E
(S 6A 265 30 2630 .0570| .061 .76 .66 . 151508 of (6). Widen bottom
to reduce V
. 86 .98
GA 7 508 76 4100/ .0427) .095 .84 .72 1.171592
.78 (1.05 | Combine Basins A & B
.82 .84 .98 (091 at this point. Pt. 7
HYDROLOGIC COMPUTATIONS - Stream routing LINCOLN-DeVORE TESTING LARORATORY, INC.
Sheet 7 of 12 ° e oo e Coloradc Springs, Colcorado
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L |F - . DITCH ﬂ | R q
iy ‘ TO BASE BASE — T.. at T.. of AT
ROy : L S [Time | & p To | ¢

B
cfs REMARKS
POINT NEXT ) MA

Basin . 94 Local basin 6. Add
R 6A e 131 .72 1 2600! .0538 .0506 .73 .08 1.07 254 6C, assume paved inve

Rasin .93
5B 7C 1556 .71 | 235071 .0638 .050 .71 3 1.13 2601

.6
.73 .99
7 Combine at 7C

o
-
Ut
p—t
[

n channel fiow-

k-wﬁ \0 '—>J
oo ad

ie Mai
- i 3y ) - oy - J—D ] Y
D 0@l a2 1 29501 LC1RA 068 53 2 T2plie2l] Combine all,
i

tn
L
2
o
o}

o)
e

. N . o ’ 1.20

4’ N T £ A L2 Fs 5 o o ) .

’ _C 621 83 | 1400} .0271} .030 -84 9 1.42 }1829 Combine 6E Main chan.
Basin

12 G is8 £1 1 1850] .0368| ,043 . 6% 168 ~

Combine 12 & 8

¢ < 1829 84 | 210 1 58 6 .46 :
8 9 329 .84 | 2100] .0190| .058 .89 .62 78 12040 Main chanmel

9 10 | 2040 .89 | 1800] .0235] ,045 .94 .65 1,45 (2105 Add 9

.68 1.44 Add 10 & 11
10 i1 £10% .94 | 17001 .0230] .043 .98 .75 L.31 (2325 BotlLom of Basiy

§~
W

HYDROLOGIC COMPUTATICNS - Stream routing LINCOLN-DeVORE TEETING LABORATORY, INC.
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LIN -FRO 7O | BASE| BASE DITCH Tp at Ty of RATT d
E M gp Tp L S | Time POINT| NEXT (c ) REMARKS
Basir .67 .97 |
E 1 13 103 .62 1800| .0222] .050 .65 .64 1.02 262 Conbine 1 & 2
Basin 65 .98
4 s | a3l el ) 64 61 1.05] 391 add 4a B ]
et privuits sl Sy ——— == O 5 l | ) ‘ ’ pr——e j i gt
. . . 95 3950] 02711 074 o &1 1,72 Maim‘llne ~ add 3
11 i s i i teYo L72 1.46 2558 & combine above
e e = = = =
72 1.51
| L 1s 14 |2558| 1.05]  1750] .0210!.044 | 1 09 63 | 1.73 || 2647 || add 5 & 4b N
14 i5 12647 1.09 14501 ,0207] .040 1.13 59 1.92 2666 Add 6
Basin - " Side line-Basin 7-
| 7/ 17A °%) 60 2200] .0182}.078 .68 .78 . 87 148 Add 8B
68 |1.76 ‘Main line-add 8B & 8A
15 16 {2e65) 1.13 25001 .0240) .069 1.20 66 2765 End ~ North line

HYDROLOGIC COMPUTATIONS

Sheet 9 of 1
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. | Fg . DITCH T, at| T of] Rp q
Ng| Tom | TO BQEE BQEE T S Time| POINT| NEXT Tio| (Em)|  rEMARKS
Basif ‘ .60 1.03 Add 1 & 3B, All points
C 1 119 62| .63 1230§ .0488; .031 .62 .63 .98 175 assumed paved after 18
) .65 .97
19 | 20| 1i75| .e2)| 1080| .0417) .027| .63 | .55 1,15 264 add 3a
.75 | 1.05
20 | 21| 264| .e3] 5100/ .0588) .1i8] .79 .82 | .96 | 594 add 5
' .83 .98
21 | 22| 594| .79| 1700] .0412| .03¢9 .81 .70 1.16 650 add Fa ]
- Add Fc
22 23 250| .81 800 .0313] .020 . 83 .61 1.36] 659 Hold feor second branch |
Basin ' - ' .68 .91 " "Add 2 & 4, all points N
2 | 25| 41| .62| 2050{.0780!( .057 .62 .5 1.071 le4 _after 24 paved.
' ’ ‘ ’ .73 .90 - -
25 | 26| 164| .62] 4500|.0556} .113 .66 .62 1,061 400 2dd 6 ) B
26 | 27| 4o00| .e6| 950|{.0358]| .024] .68 .62 | 1,10} 424 add 7b
| ' ‘ ‘ o ' ’ .72 .97 |
27 {231] 424| .68| 1750/ .0286]| .041 .70 .63 1.11] 528 Add 7d
.83 .93
77 .70 1.10}1163 Combine at 23 (& C)
HYDROLOGIC COMPUTATIONS - Stream routing LINCOLN-DeVORE TESTING LABORATORY, INC.
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COMPUTATIONS - Stream routing

poo—s T o gmeny

12 Ll i CRANE &

L1y |FRy | 10 | BASE|BASE DITCH T, at] T, of| Raq q
E M Gp | Tp | b S Time | pOINT| NEXT To| (ci3| RrEMARKS
Basin T
D 1 23p 135! .72{ 1200] .0283} .033] .75 135 o
.82 .99
S - " . .75 .
23 | 23p 1163| .77| 1950].0205| .049) .81 21 19830 1422| Main line - add i above
. and 3
g3 .94
29 117 51 3150] .028¢& 080 78 72 1.08 207 Add 2 & 6
L ~ o - 523 1?%9 ] Main line -
23p | z& | 1422 .81l) 2700} .025% .068| .87 89 1.261{ 1650 add 4 & 5
.91 .98 '
[ s >y = S 9 [ . 3 963 1041
34 29 | 1650 .B7 18501 .021¢ , 043 .89 78 i 14l 1887 Add 7 & 2 & 6 above
Basin .70 .96
8A 30 88| .64| 2650| .0640] .057| .67 .64 1.05 168 Add 8a, 8b
, 0 7 .60 1.55 _ Main line - add 10 &
35 30 1887 .89 1600| .0250 037, .93 .67 1339p 2014 8a, 8b above
' ' .64 1.53
36 31 2014} .93 2000].021i0 046 98 .60 1.634 2113 Add 9 & 11
37 32 1 2113| .98 2000f .0330f .056|1.04 .65 1.60 2166 End basin C/D
HYDROLOGIC LINCOLNwDeVQRE TESTING LABORATORY, INC.

Colorado Springs, Colorado




F T. ati T_ of | R a

I R 7o | BASE| BASE DITCH p ° A o

N (0] , ,

E M dp Te [T S [Time |poINT| NEXT Io| (cfs)| REMARKS

Basin .74 1.08

G 1 34 45 .66 |27501.0327| .085]| .80 .85 .94 147 Add Basin 2
Rasin - 7 273 0939

Folios 232 s | .65 |2750|.0327| .076| .72 - 72 - 99 (

&, 2 / < d 71 1.01|l 252 Add 3

HYDROLOGIC COMPUTATIONS - Stream routing LINCOLN-DaVORE TESTING LABORATORY, INC.
Sheet 12 of 12 6 YU AR ‘Colorado Springs, Colcrade




GREENBELT INVENTORY - NORTH DOUGLAS CREEK A-1

POINTS DESIGN BOTTOM REQUIRED RECOMMENDED
FROM TO FLOW WIDTH DEPTH ACCESS R/W LENGTH COMMENTS
1 3 172 6’ 3 16° 35 1750°
3 4 580 247 3t l6° 50° 3850°
4 7 1022 25¢ a4r le® 60" 2400'
¢ 1o%<) 770 24° 3¢ 16° 50° 1400°
ba 7 898 33¢ 3¢ 16’ 70° 3700°
7 Wilsecn
entry 1880 63" 4! 16° 100° 1340
Wilson Enters
entry 7d 2387 55°* 5 le’ 100" 1250 Centennial
7d 8 2530 50" 51 - 100" 1000" Centennial 70'
8 9 2820 .66’ 5° - ic0* 2200 Centennial 80'
9 1io0 2962 59" 5° - 10G* 178G° Centennial 75°
10 11 3245 50! 6 16" 100" 1750
‘ R/W exists
11 13 3398 66" 51 16° 150° 3450 ditch-earth
(not dedicated)
13 14 3523 57' 6! 16’ 150" 2250'
14 15 3541 58" 6! 16" 150" 1350
15 16 3605 60" 6 le” is0° 1140° 75° width exists

of R/W



GREENBELT INVENTCRY - SOUTH DOUGLAS CREEK A-2

POINTS DESIGN BOTTOM REQUIRED RECOMMENDED
FROM TO FLOW WIDTH DEPTH ACCESS R/W LENGTH COMMENTS
20 w21 489 13" 3 16" 40" 4330

A21 21 716 24’ 3! 16" 50" 1700

21 23 798 30" 3! 16" 55" 2660

25% 26 482 15" 3 16" 40" 3780

26*% 23 646 27" 3 16" 55" 2390

23* 23p  1gg7 a1 4 16" 100" 2040

23b* 28 2196 44’ 5 16" 100" 2150

28% 2% 2340 501 5 16" 130" 1620

23¢c 29 460 21" 3! 16° 50" 2550

29¥ 30 2688 54 50 16" 150" 1800

307 31 2797 59° 5° 16" 150" 1820

31 32 2893 50° g 16° 150" 1840'  Probably 100' is

all possikbkle.

NOTE: All basins should ke fully paved except those marked with (*) which need to be
paved only on the sides, and those marked with {(¢) which do not need to be paved.



MAJOR DLPCH INVENYORY -~ NORTH LOUGLad Chook B0

EXISTING REQUIRED
SUR NEAER DESIGN ROTTOM BOTTCM . REQUIRED RECOM.
BASIN POINT FLCW WIDTH DEPTH R/W WIDTH DEPTH R/W LENGTH COMMENTS
A-7 4 246 Ncone 14 3 50" 1500 Change stream
course
B=5a 6a 283 None 24" 3 50" 1400 Remove dam
B-6¢C 7c 235 None 10" 3 35! 2100
B=64 Ta 276 None i1 3! 40" 2000"
B=7a 74 511 None 38" 3 65" 540"
B-7b N& 187 None 8" 3 30! 750"
B-8 9 185 None 8' 3 30° 1450"
: » , . \ Ditch only-14"'
B=10 il 123 None 0 5 30 3850 V 13.5 top
E-1 i2 82 None 4" 3! 15" 600" Roadside
E-2 13 82 None 3 3! i5° 100"
E-4a i3 30 None 2! 3! i5° 200"
E-4a 14 10" 2! None Not required
E-4b 14 74 None 3.5 3! 15" 575"
i . . , called for, but
E-~-4b 14 87 None 2 3 15 400 not builf
E-6 15 159 6' | .2 None 5’ 2 (RR) 800" Line exist,
exist. ditch .
E=8b E1i7 B85 10", 2! None &' 3 (RR) 1670° Line exist,
exist., ditch
E-8a E17 220 8! 3 None 8! 3 (RR) 1920° Line exist.
G-1 33 22 5 5 None - - - 2840 Line exist

SOUTH DOUGLAS CREEK

C-3a 20 175 None o' 3¢ 35" 780" Change stream
coufse
D-4 23b 146 Ditch-no sha ; 3 0 ' :
1 no gragg 5 3 30 1310 11 d
D-6 29 20 None 0 1 25" 720t S3tig fﬁr but
V 6
D-8b 30 150 None 2’ 5 20" 470"
D-9 31 109 None 3 4" 20° 940"

D~-12 E31 130 9! 1.5' None 1N



BRIDGE INVENTORY - NORTH DOUGLAS CREEK

(including concrete boxes)
APPROX. REQUIRED
LOCATION STRUCTURE
SUB  NEAR EXISTING 50-yr. 100-yr, (RCB) ESTIMATED
BASIN POINT STREET STRUCTURE FLOW FLOW OPEN WIDTH COMMENT CQST
A-B 7 Wilson R4, 1 2-1/2 v 1091 1523 1 6'x36° 44" Replace $21,384.00
7' box
B-7a Y Wilson Reh. yone 1880 1 6'x44'  40° 23,760.00
entry road
B-7b  7d Centennial None 2387 1 7'x43'  50° 33,860.00
Boulevard
B-8 N¢S Technology None 2820 1 8'x40° 50 36,000.00
Drive
B=-9 9 Centennial . . ,
soulevard None 2962 1 8'x46 56 46,368,00
a h Replace-
E-3 3~ Garcden of CMPp arc 3298 1 10'x356' 150' storage 89,100.00
Gods Road 10.6'x17.5" inadequate
E-5 14  Chestnut 1 8'x50' RCB 3523 18'x54' 70" OK
Street
E-6 15 125 L 7ixibT; 3541 1 8'x56' 240" OK because
alt, overflow of alt
railroad box o
E-8a RR RR main 7'x9' RR arch 3605 1 12'x32' 40 RR



BRIDGE INVENTORY - SOUTH DOUGLAS CREEK A-5
(including concrete boxes)
APPROX. REQUIRED
LOCATION: STRUCTURE
SUB NEAR EXISTING 100-yr. (RCB) ESTIMATED
BASIN POINT STREET STRUCTURE FLOW OPEN WIDTH COMMENT {OST
D=7 E28 Centennial None 2340 1 8'x32" 85" $48,960.00
Boulevard
D-7 29 Heclland Park Nene 2503 1 8'x38" 70" 47,880.00
Boulevard
D-9 W37 Chestnut 96" JCMP 2797 1 12'x18" 90" probably
Street adequate-
storage
robabl
D-9 37 125 1 12'x14' 2797 1 14'x14' 200" ° Y
adequate- OK
RCB storage
robabl
D-12 E37  Sinton 1 14'x24° 2810 1 14'xl6'  45° gdequatz_
Road wood bridge storage  35,438.00
D-12 W38 RR main 1 12'x24' 2893 1 12'x30° 30 RR

plate girder



MAJOR CULVERT

INVENTORY - NORTH DOUGLAS CREEK

cfs
SUB  NEAR EXISTING 50-yr. 100-yr.
BASIN POINT STREET STRUCTURE FLOW FLOW REQUIRED LENGTH COMMENT
Pikeview
A-2 Wl Quarry Rd. None 72 160 54" 55"
A-2 1 Eiﬁ?i;eﬁd None 86 172 66" 50"
. Pikeview . . - - Not on
A=3 NW3 Qiarry gd. Nene 104 - 54" 55 Greenbelt
a-7 4 Z&Siiéeﬁd Norne - 246 78" 64"
V . Flying W - : Not on
BE-3 g None 80 - 45" ¢ 50°
Ranch Rd. z Greenbelt
B-5a  6a §§¥éﬁgR§ None - 770 120"¢ 66"
A-8 7 g;éggano 30" JCMP - - None Remove
Road not A " Not on
B-6C 78 Lamed None 131 - 54" J 44 Greenbelt
A - Road not AT ——_—— i ; Neot on
B-6d Tb  [amed Ncne 156 66" 7 46 Greenbelt
s Wilson o . " . Not on
B-7a ic Ranch R4, None 742 ik 120 Qj 50 Greenbelt
E - Wilson A (A f _ A | Ht., not on
B-7b W8 giﬁizsgigl None 187 —— 60" ¢ 48° To Greenbelt
_ Wilson W K " . Ht. not on
B-12 8a Road 24" gcup 168 T 60" 48 Greenbelt
1 1
B-12 88a po-o°" 27"x42" CMP 33 ——- oK
B-10 S8a ggigon 30" gemp 30 — oK
Centennial N i Not on
B-8 W9 Boulevard  None 185 - 66" 0 54 Greenbelt
B~-10 W11 Cent ig1l .
BouIevard®: mene 123 B 5410 140"



MAJOR CULVERT INVENTORY - NORTH DOUGLAS CREEK (cont.) A-7
cfs
SUB NEAR EXISTING 50~yr, 100=~yr.
BASIN POINT STREET STRUCTURE  FLOW FLOW REQUIRED LENGTH COMMENT
E-6 El4 RR Spur None 75 —_—— 54"
G-1 33 1-25 24" JRCP 22 ——— OK
G-1 833 1-25 36" JRCP 26 —— OK
N q- Point of o Plugged now Not

G-l 833 Pines 18" geup ugged required

- Garden of arch 1 i
E-8b E17 Gods na” 16758 cMp 103 - 54" 85 OK
E-8a BEl5 29 DIBE agugemp 220 — 720 55"

MAJOR CULVERT INVENTORY - SOUTH DOUGLAS CREEK
¢-5 S20 Tour Rd. None - 489 96" J 45"
c-5 W21 Tour Rd. None - 640 108"g 45"
c-5 21 Wilson RA. 30"@CMP - 716 120"% 55" Replace
arch
c-7a 22 18"x29"CMP - 792 120"g 80" Replace
c-6 E25 Tour Rd. None S 266 84" ¢ 48"
c-6 26 Wilscon R4, 30"ZcMP - 482 108"g 60" Replace
: arch
c-70 27  §3rden ot Soiiane - 522 108" ¢ 80'  Replace
Centennial N .
D-6 S523¢  golilevard  None -~ 288 72" 95
_ Main line "

F-3 W37 nailrond 72" JCcMP OK
F-3 w37  Main line  gyugenp OK

Railroad



STORM SEWER SYSTEMS INVENTORY - NORTH DOUGLAS CREEK A-B

EXISTING REQUIRED
SUB NEAR LOCAL|PIPE OUTLET | PIPE
BASIN POINT FLOW |SIZE TYPE LENGTH CB STRUC. ! SIZE TYPE LENGTH CB OUTLET
E-4a 13 30 NOIIE = = m m e - 36"g  CMP 125 3 curb pipe to
dabeh
0 .1 diteh P
E-2 W13 82 Nope-—--- e 36" CMP 1000 5 olvp
1 pipe to
NOTI@ = == = o mh e o e e 427 CMP 740' 3 ecurb  ditch +
3 curb
pave
E-4b N14 51 NODE = = — = = e e oo 30"@  CMP 50 3 curb n
1l pipe to
NORE = ——mm e = mm = m 48" CMP 120" 2 curb gltch +
curb
pave
E-4b El4 74 21"¢ RCP 90' 2-(6°) O o m e o
24" RCP 60' 1-(8") OKmmmmm e m e e
30"g RCP 75" 1e§%§§h OK = m e
36"¢# RCP 500' (1 MH) OK = m e e e e
a2"¢g ®rCP 160 —— o-to O o e e oot em o e e add 2
ditch Surk
NOf@== === = == mmmm e e 48" RCP 160 3 curb
E~-5 SwWl4 ig"¢g ¢cMP  250' 15-30" OK-mmm=m— e
(NOTE: exact
size & 48 24"@ CMP 540" if sized as believed-——=c———me——ux
length could
not be n 3 1] " n "
deteymined. 27 30"% CMP 540° oo e
Shown as it
should be} 71 36"@ cMP 1060’ o-to " " " e pave
ditch outlet
E-7 17 62 21" RcP 70 1-(6') O R m o m o e -
g:gb ;g " 243 CMP 120' 2 grates O I o e o e e e e e —_———
74 42'¢g cmp 1360' ¥ SRELES® 97T ORe o
159 42"¢ cMp 1750' 1 grate O=tok OR e o o e
2 culvert C¥e€



STORM SEWER SYSTEMS INVENTORY - NORTH DOUGLAS CREEK (cont.) 2A-9
EXISTING REQUIRED
SUB NEAR LOCAL|PIPE OUTLET| PIPE
RASIN POINT FLOW |SIZE TYPE LENGTH CB STRUC.| SIZE TYPE LENGTH CB OUTLET
E-8b E32 22 27'x43" cMP  900'+ L OiECh Ozke
1_(3'¥ ditch OK == i e o e e — e e e pave outlet
E-8b E32 26 27'x43" cMP  900'+ loSiESh o-to
l‘(3'§ i O pave outlet
STORM SEWER S¥STEMS INVENTORY - SOUTH DOUGLAS CREEK
Add 1(6")
D-1  W32a 18"¢ RCP  200' 5-(3') QK m o m = mom e e south
24"  RCP 80' 2-(3") OKmmm e mmm e
36"  RCP 50° 1-(3"') OKmmmmmm e e
27"¢  RCP 1060’ - QK== mmmm e
54 36"@% RCP  870° - OKmmmmmm e e
open
42"%  RCP 1130' 3=3° intake OK-—m—m—m—-mmommm e e S ———
- Add 3-76")
125 2-34"x52"RCP 200" out t0 OK-eemm—m—mmm e m e m e ‘ ME
ditch pave ditc
D-&  W23c NOTIE = = m m e o e e e ie"g  CMP 300° 5=(6')
52  NOR@==———mmmm— o e 36"J  CMP 750"
) 1 ditch
74  NON@-=—m=—m— = e 48"  CMP 780' 2-(&'}) pave
D-8b W30 NORE = — 18"7  RCB 480" 12-6°
67 NONE ~—~———m e e e 36"%  RCB 440°
¥ N OI @ e o 425 RCB 370"



STORM SEWER SYSTEMS INVENTORY - SOUTH DOUGLAS CREEK (cont.) A-10

EXISTING REQUIRED
SUB NEAR LOCAL |PIPE OUTLET| PIPE
BASIN POINT FLOW |SIZE TYPE LENGTH CB STRUC. | SIZE TYPE LENGTH Ch OUTLET

D-8bt W30 112 None-———————— e 48"¢  RCB 420"
1 ditch
133 NORe-=———mmm——m—mm S 54" RCB 290" 3567y
4-30"
F-1 35 38 24"¢  cMP 100+  q_a1 O m e e e
38 30"%  cMP  120'+ ggggﬁ OKm—m— = m e
38 24"@  RCP 200'+ 85%6h OK~—mmmmmm e e pave ditch
1 ditech
15 24"¢ CMP 700 + inlet OK---=-=——————---———~ pave 1inlet
5-30"
F-2 36 75 24"@  CMP 100'+  1-4° OKm e e — SR
48"@  CMP 120'+ 2 grates Conc.
: l g apron OK-=—=—=———————— oo
24"F RCP  200'+ SiEeh 4gug(OK if rec. pave ditch
. can be used)
. . 1 ditch
24"%  RCP 30'+  inlet . pave inlet
30 30"Z RCP  580'+ 36"J* RCP 580"+
D-12a S36 17 24"¢ CMP 120'+ 2 grates Conc, OK = e m e e e e e e
N dhten
24"J  RCP 200'1_1 diten oni OK =~ mmm oo m e pave ditch
30" RCP 30°%  inlet OK—m—m e pave inlet
55 30"d  RCP 970+ 42" J* RCP 970 '+
" : \ ditch
55 36"  RCP 50'+ 1-(3') out 42"  RCP 50+ pave ditch

*ignoring highway



INDEX TO PHOTOGRAPHS

View of the northwest quarter of Section 22, looking southeast.
Note water gap in Dakota sandstone (left center) and developing
north-south trellis drainage in the Morrison and Lykins formations.
The alluvial gravel pediment (uplands at right) is being stripped
away by headward erosion, exposing the less permeable older rocks.
Erosion here is via short, steep gullies extending into the gravel.
Vegetation includes scrub oak, mountain mahogany, cedar and
ponderosa pine.

Same area:; closeup of water gap, looking due east. Niobrara
limestone forms ridge in middle distance. Note the extreme con-
striction of the channel, as well as the abrupt 90° turn in the
water course. The channel is further blocked by the workings of
an abandoned quarry in the Dakota ridge (out of sight behind trees
at center).

Same area: looking northwest. Relatively level area is a gravel
pediment - verdos Alluvium - while steeper slopes in distance are
Pikes Peak Granite. The gravel is highly permeable and infiltration
is high even during intense rainstorms. The pediment is, however,
being destroyed by headward erosion of streams - note lengthy

major channels and short, steep gullies in a random, but generally
west~to-east pattern.

Same area:; looking north. Shows break between gravel pediment
and exposed older rocks. Note ridge and water gap in Lyons sand-
stone (right center). Picture shows how the random, west-east
drainage on the pediment is being replaced by the north-south
trellis drainage as the gravel is removed. The north-south
pattern is caused by the relatively greater erodability of the
softer formations as compared to the harder, ridge-~forming rocks.

view of central portion of valley, looking north from the Mesa.
Shows transition from granite mountains to alluvial flats. Pedi-
ment - water gap area of photos 1 - 4 is immediately out of
picture to left. Garden of the Gods Road and Wilson Road run
across the middle of the picture. Dakota hogback forms a sharp
ridge with two peaks, against mountains in upper left corner.
Smaller Niobrara ridge (below Dakota hogback) is partially buried
by an ancient landslide derived from the Dakota (near horizon,
above bush in foreground). The horizon in the center is occupied
by a low gravel ridge of Verdos Alluvium; it is separated from
the old landslide by a wide, flat valley, trending north-northwest,
which is fault controlled and which may have once carried the

main channel of Douglas Creek in the early Ice Ages. The ridge

in the upper right corner is Pope's Bluff, of the Laramie Formation.



10.

11.

12.

13.

View of southern portion of valley, looking east from the Dakota
ridge. Shows pattern of development in the valley. Note peculiar
double drainage - the north part of the valley drains along Pope's
Bluff (upper left corner), north of the industrial buildings, and
the south part drains along the base of the Mesa (upper right corner).
The valley floor is formed of alluvial material of various types.
Pope's Bluff is of the Laramie Formation, and the bluffs in the
distance are of the Dawson Formation.

Closeup view of photo No. 5, showing ancient landslide, wide
valley and alluvial ridge.

View of northern part of valley, looking west. The mountains are
Pikes Peak Granite; the quarry is in an isolated remnant of Manitou
limestone. The large canyon in the mountains (upper left corner)
is the main channel of Douglas Creek. Water movement across the
flats is mainly sheet flow; channels are only vaguely defined.
Concentration into channels begins to be apparent towards the

right center of the picture - note the conspicuous nick point at
the head of the gully. This nick point is located in the north-
east guarter of Section 10.

Closeup of nick point shown in photo No. 8. Note the poorly de-
veloped channels across the alluvium above the nick point.

view of gully containing Douglas Creek crossing Wilson Road in the
southwest quarter of Section 11, looking west. The flow is
channelized only a short distance west of the road - note sheet
flow area in background. The small culvert under Wilson Road here
is an example of one which will be grossly undersized in the event
of development of this part of the basin.

View of same gully, looking downstream from general location of
calvert in photo No. 10. The gully is incised in the very young,
poorly permeable Piney Creek Alluvium, and becomes gradually
deeper to the south.

vView of same gully at point of maximum depth in the northwest
quarter of Section 14, looking south. South of this point,
Douglas Creek gradually loses its gully attributes and takes on
the characteristics of a "normal" stream channel.

General view of area covered in photos No. 10 and 11. Douglas
Creek emerges from the mountains and foothills (upper left corner),
degenerates into sheet flow, and is reconcentrated into a channel
near Wilson Road. Flying W Ranch is at extreme left.

ii



14.

15.

16.

17.

18.

vView of north part of basin, looking northwest. Area is north
of Flying W Ranch; level ridge at right is north boundary of
basin. This is a close view of the flat area of sheet flow
between the mountain channels and the lower basin channels. Note
sparsity of vegetation (other than weeds) and presence of water-
worked coarse gravel and cobbles.

vView of dam across North Douglas Creek, northwest of Kaman Sciences

property, lcoking southeast. This dam is proposed for removal.
Original spillway was cut through to South Douglas Creek (to the
right). Newer construction has breached the dam and diverted
flow into an unlined ditch, seen along the edge of the channel
(upper left corner).

View of south end of existing drainage structure on Garden of the
Gods Road in the extreme northeast corner of Section 27. Large
half-culvert is a surface drain from the road; small opening be-
neath hammer is a 27" x 42" pipe-arch culvert. This blocked
culvert theoretically carries almost the entire flow of subbasin
C - more than 1000 cubic feet per second!

view of Denver and Rio Grande Western Railroad structure across
North Douglas Creek, looking east. This structure is much under-
sized; in floods, water dams up behind the embankment, placing
water in the structure under a considerable head.

View of culvert containing the trackside drainage ditch under
the Rusina Valley Railway spur immediately north of North Douglas
Creek and west of the junction with the railroad mainline. This
culvert is blocked by weeds and debris, and is typical of many
structures needing maintenance.

iii
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