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SCOPE AND PURPOSE

The primary purpose of the preparation of a new Drainage

Study of the Peterson Field Basin is to update previous plans to

reflect new drainage design standards currently in effect, particularly

the requirements to provide for a 1060 year storm runoff. A secondary

objective is to modify previous plans to reflect changes required by

changes in the development of the basin.

To accomplish these objectives, a general approach to the

- overall study was established using the following elements:

1.

Analyze the topography with present and planned
development to establish drainage basin boundaries.
Calculate flow values at essential locations
using a 100 year return period, one hour
duration storm.

Inventory and analyze all existing drainage
facilities.

Study alternate plans and estimate costs

of proposed improvements.

Select the most desirable alternate plan.
Determine property status with respect

to ownership, development plans, Tee

fee status, et cetera.

Recommend fees based upon the selected

alternate and property status.



Subsequent sections of this report deal specifically with the
study elements of the final plan adopted by the Drainage Board. This
written report is to be used in conjunction with the Basin Map and the
supplemental maps of the developed portion at the 1owér end of the basin.

Study pcints and recommended improvements are shown on these maps.



BASIN DESCRIPTION

The Peterson Field Drainage Basin is an elongate area of
5,375 acres or 8.4 square miles in the southeast part of Colorado Springs.
Its boundaries enclose portions of Township 14 South, Ranges 65 and 66
West of the 6th Principal Meridian. Only the lower pért of the basin
has been extensively developed. S1lightly more than 40% of the basin
area is within the Timits of Peterson Field and thus restricted as to
the type and extent of future development.

The topography of the area is a rolling, almost treeless plain
that slopes gently to the southwest towards Fountain Creek. A soil
cover of very porous sandy soils is found over all of the basin. These
soils have developed over a thick alluvial layer of Pleistocene age.
Bedrock exposures of Cretaceous sandstone occur near the northeast
boundary of the basin.

High porosity of the so0ils in conjunction with the flat slopes
and grassy vegetation create a relatively high 1nf11trqﬁion rate and
low runoff in the undeveloped areas. Little evidence of ercsion and
few water courses are found. The natural drainage system is ill-defined
with indistinct subbasin boundaries and channels. Only in developed
areas with manmade concentration of runoff is the channelization of
stormwater evident.

Future development of the basin is anticipated to consist of
low density residential areas northeast of the airport property. An

area of commercial and light industrial development is expected between



the west airport boundary and the proposed Powers Boulevard.

The development of the Tower part of the basin should continue
as higher density residential areas. Preliminary pl-nning for future
development, when available, has been utilized in thé preparation of

this report.
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DRAINAGE BASIN BOUNDARIES

The overall boundaries of the entire basin were reviewed to
determine their current accuracy based upon additional topographic data
available for this study. Major boundary changes from those of older
studies were made in the southwest portjon of the basin based on topography
and current deve]épment. Boundary selection in the undeveloped area
of this portion is somewhat arbitrary and may be displaced by street
patterns and grading operations as it is developed.

Boundary lines of interior subbasins were established using
all available topographic information, planned development, and the
capability of existing facilities to carry the increased flow anticipated
from a 100 year storm. The location of subbasin boundaries was also

dependent upon the location of proposed facilities.



RUNOFF DETERMINATION

Flow quantities of runoff were computed by using the unit
hydrograph procedure. This procedure requires input of the following
factors:

1. Basin Size
. Basin Shape
Soil Conditions
Slope
Impervious/Pervious Area Ratio

Rainfall Intensity

~ (o)} o L) w no
. . . . .

Storm Pattern

The first four items are physical properties of the basin and
generally are not subjegt to adjustment by the hydrologist. The remainder
are not as easily defined and are usually established as a matter of
policy by the study agency. For this study the following parameters
were established:

Impervious/Pervious Area Ratio - Existing land development,

existing zoning, and projected Tand use were used to assume the

ultimate land use pattern at the time of total basin development.

Based upon this assumption, the percentages of impervious and pervious were
established utilizing accepted values for each land use category.

Rainfall Intensity - Rainfali intensity defines a rate of

rainfall for a given time interval and does not establish a storm pattern.



For this study, it was assumed that the design storm would produce a
total of 2.5 inches of rainfall in a one hour period. This value is
the maximum rainfall expected to occur in one hour on a 100 year return
basis. This does not mean that this rate of rainfall will not be
exceeded for shorter time durations (see Figure 1).

Storm Pattern - The manner in which precipitation occurs

in a storm significantly affects the amount of runcff generated from

“a given area. A 100 year storm with a duration of six hours may

produce a total rainfall of 3.5 inches while a 100 year storm lasting
only one hour would produce a total of 2.5 inches with a Tower gglgmg
~of runoff but the same peak rate of runoff. Drainage facilities are
sized on fhe basis of the peak runoff; thus, the pattern must be selected
.to produce peak runoff values consistent with the selected storm return
frequency despite the duration of the storm.

The unft hydrograph for each area was used to calculate the
storm hydrograph for that area for a 100 year storm. The actual
calculations were performed by a Xerox Sigma III Computer System. The
computer was so programmed that the printout gave a graphical as well
as a tabular hydrograph solution. The computer program was capable of
modifying the hydrographs on the main channel to show the effects of the

detention storage pond on Peterson Field.
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The main drainage channel for the basin, most secondary facilities,
and all bridges were sized using the peak runoff flow values from the
storm hydrographs for a 100 year storm. Some minor subbasin facilities
were sized using the Rational Method and a 50 year return storm.
Runcff hydrographs and effective rainfall determinations for
the study points indicated on the Basin Map can be found in the appendix
of this report. Peak flow values (Q) for these points are presented on

Table I.



Study Point
2

3

4 (into Detention Pond)
5

6

7d (Main Channel Flow)
8

9J

10J (Main Channel Flow)
1 |
12

21

22

23

.7J (Powers Channel)

31

320 (Open Channel)

33

TABLE I
PEAK FLOW VALUES

9J (Secondary Channel from the North)

40

320 (84" RCP)
51

53

100 (Secondary Channel from the Horth)
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9190 (cfs)
702
1,632
2,972
578
1,999
2,072
2,183
2,374
3,363
3,713
3,713
488
521
891
1,242
197
620
1,058
1,058
244
628
121
249
474



Study Point
61

62
63
64
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65
110

156



EXISTING FACILITIES

A1l major drainage facilities in existence at the time of
the study are shown on the maps accompanying this report. The majority
of these improvements were provided by the land developer and were
designed to handle the flows from a 50 year storm. Generally speaking,
most of these improvements do not have an adequate capacity to carry
the projected runoff from a 100 year storm after full 1énd development
of the basin. To protect the investment in these facilities they were
. incorporated in the proposed system when possible. This necessitated
some relocation of subbasin boundaries to balance 100 year flows with
existing capacity. Description of major facilities are provided in the
following paragraphs.

.Area Morth and East of Peterson Field

No major drainage facilities have been constructedlin this area.
Existing facilities are mainly roadside ditches and culverts which appear
to perform in a satisfactory fashion for existing conditions. Most of
this area has not been developed and future projections call for large
tract, low density development. Grass lined channels, improved roadside
ditches and culverts will be required as the area develops in the future.

Peterson Field

The present drainage facilities within the airport boundaries

have shown no serious deficiency to date. That portion of Peterson Field

-~ 12 -



occupied by the Air Force contains a storm sewer system which was
designed and constructed by the Cerps of Engineers. As this system

is also maintained by them, it is assumed that any ¢~ ficiencies will

be corrected by the Corps of Engineers. Existing facilities within

the Colorado Springs Municipal Airport portion of Peterson Field were
not analyzed in this report since a recent drainage study was pre;ared
by R. Keith Hook and Associates, Inc. for the airport. For more details
on existing and proposed facilities see "Peterson Field Airport North-
South Runway and Facilities West", July, 1973. The outfall points in
the above report were coordinated with the facilities proposed in this
basin study. The existing pond area west of the runway system is not
adequate to contain the funoff from a 100 year storm and must be enlarged.

Hanccck Crossing

The 72 inch corrugated metal pipe under Hancock Expressway
does not have the capacity to transmit the anticipated peak flows
when the basin is fully developed. However, future plans call for this
portion of Hancock to be abandoned and a new structure of adequate size
should be installed when the proposed new alignments of Hancock and
Chelton are built.

Academy Crossing

A five barrel, 5' x 9 1/2' box culvert was built by the highway
department where the present main channel crosses Academy Boulevard.
Heavy siltation has almost closed this structure. The capacity of this
structure when clear of obstruction is approximately 2,600 cfs. With

the complete development of the basin, the peak flow at this point from



a 100 year storm would be 3,713 cfs even with the proposed detention
storage upstream. The proposed realignment of the main channel to the
north will result in only minor local drainage from *he Colony Hills area -
passing through this culvert. The same situation ex{sts at the box
culvert on Colony Hills Circle which is completely blocked by silting.
While inadequate for the main channel flow it will be large enougﬁ
for the anticipated subbasin drainage.

Open Channel - Astrozon to Hancock

An existing concrete lined trapezoidal channel runs from the
intersection of Chelton and Astrozon to Hancock. This channel has
several changes in alignment and some constrictions at street crossings.
The projected 100 year peak runoff at one of the 90° bends is 574 cfs.
To prevent f?oodihg of the adjacent residential area it is proposed
that this subbasin be altered so that the drainage from the area north
and east of Chelton and Astrozon be diverted to the adjacent subbasin.
The existing channel should then be able to safely carry the anticipated
flow of 249 cfs. The present outlet of this channel is a double barrel
3' x 9' box culvert across Hancock with a capacity of 378 cfs. The
pfoposed diversion of the upper portion of the subbasin should make
this structure safe for 100 year flows.

Northeast of Chelton and Astrozon

A combination open channel and 72 inch concrete pipe now carries

the flow from this area into the open channel discussed in the previous

- 14 -



paragraph. This flow is to be diverted into a conduit on the east side
of Chelton as previously stated. This pipe and channel are adequate for
the flow resu]ting from a 50 year storm without flooding the adjacent
streets. -

Western Meadows

A concrete 1ined channel runs through this mobile home park
from Astrozon to the south city limit. This channel and the street
crossings were designed to carry 230 cfs but full development upstream
and a 100 year storm would cause a flow far in excess of this capacity.
With a change in subbasin boundaries and the diversion of runoff east
of the proposed Powers Boulevard the area above the channel is greatly

reduced and the channel should prove adequate for the reduced flows.
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MASTER PLAN

The recommended master plan is shown on the Basin Map and
the supp]ementa1 large scale maps. Pertinent data f_~ the various
facilities are tabulated in the following tables. It should be realized
that proposed facilities in undeveloped areas were located and sized
on anticipated development. Some changes in slope, alignment, or
configuration may be desirable by the developer. Any changes from
the recommendations in this report should have an equivalent capacity
and, if open channels, sub-critical velocity should be maintained.

Drop structures will probably be required in most open channels to main-
tain the required slope for sub-critical velocities. The location and
height of these drop structures are left to the discretion of those

who prepare the detail pians.

Natural channels within the basin do not have the capacity
to transmit the large volumes anticipated from major storms without
flooding adjacent areas. Future development with its subsequent faster
concentration of runoff and larger flow quantities as more impervious
cover is added requires that new drainage facilities be installed as
growth occurs.

Several choices are available as to the type of facilities which
may be used to remove excess water resulting from a 100 year storm.
Direct construction and future maintenance costs are evident factors
in the selection of an alternate type. Other considerations are

accessibitity, efficient land utilization, esthetics, permissible



velocities, soil conditions, and natural slope of the ground surface.
While some of these items can be controlled by the designer, others must
be accepted as they exist. The various types of improvements recommended
in this report are discussed in the following paragraphs.

Grass Lines Channels

Earth or grass lined channels are probably the most esthetically
acceptable of the alternates as they most closely resemble natural
water courses. The major limitation of this type of channel is the
requirement for slow velocities to limit ercsion. This demands a
larger cross-section for equivalent capacity and thus requires a Tlarger
area of land be reserved for drainage use. Even though lower initial
costs can be expected, these channels require frequent maintenance
to control erosion and undesirable vegetation.

The main channel upstream from the west bourdary of Peterson
Field is the only major channel recommended to be of this type within
the basin. This channel should be designed with a maximum depth of
six feet (including freeboard) and 3:1 side slopes. An allowable
velocity of 7 fps requires that the sides and bottcm of the channel
have a good dense grass cover to minimize erosion. The recomnended right-
of-way width includes 32 feet outéide the channel proper for maintenance
access.

Concrete Lined Channels

Concrete 1ined open channels are a feasible compromise for

Jarge flows between grassed earth channels and covered conduits. Although
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more expensive to construct than earth channels and with a less pleasing
appearance, they offer considerable savings in surface area requirements
and in future maintenance costs. Although the 1ining prevents erosion,
velocities should be restricted to the sub-critical range as a safety
measure and to prevent hydraulic jumps with subsequent overtopping of
the 1ining.

The concrete lined channels proposed were sizéd with a six
foot wide flat bottom for convenience in maintenance. Side slope
ratios of 2:1 were used and the velocities were restricted to 10 fps
except for the main outfall below Academy where 13 fps was used.
The right-of-way requirements were based on the top width of the channel
plus 16 feet on either side for construction and maintenance access.

Fnclosed Conduits

Enclosed conduits, whether pipe or cast-in-place, bffer a
most desirable long term solution for removal of runcff. They require
a minimum amount of property for construction and use, cannot be seen,
and are relatively maintenance free. These advantages are offset by
high installation costs, especially for the larger facilities needed
to transmit high peak runoff volumes. A1l concrete pipe shown on this
plan was sized by following the slope of the existing ground surface.

Detention Storage

Facilities for the temporary storage of excess runoff with

a controlled rate of discharge over a longer period of time can result



in substantial cost savings for downstream channels. The maximum
discharge rate from the storage pond becomes the controlling factor
rather than peak runoff rates. The net savings are dependent upon the
availability of an adequate area for the detention pénd and the
topographic suitability of the area. In the Peterson Field Basin the
availability of large clear areas on the airport property near the main
channel makes this alternative feasible. The 16cation chosen for the
detention pond is an existing basin and will require a minimum of
excavation to provide the required 300 acre-feet storage capacity.
Construction of this pond can be incorporated in future airport
expansion in this Qicinity or it can be a separate project when develop-
ment of the area east of the airport causes excessive runoff to the
main channel. A1l peak flows downstream from this storage pond were
calculated with a maximum release rate from the storage porid of 160 cfs.

Non-Specified Facilities

Facilities other than those specifically mentioned in this report
will be required as the basin is developed. In general, internal facilities
such as inlets, catch basins, and a conveyance facility to the major
drains will be needed. While it is not possible to identify specific
requirements until development p1ané are completed, general cost
estimates are possible based upon comparisons with similar areas. Using
this approach those undeveloped areas remotely located from identified
improvements were measured and the acreage multiplied by an estimated

cost per acre.
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Reach

1 -
2 -

74

9J -
10J-

2
3

7d

9J
10
[N
12

Q100 (cfs)

702
1,000
1,632
2,972

578
1,999
2,072
2,183
2,374
3,363
3,713
3,713

TABLE II
MAIN CHANNEL IMPROVEMENTS

Lining Size* Slope Velocity R.0.HW.

Grass 13 x 49 x 6 0.0076 7 fps 81 feet
Grass 24 x 60 x 6 0065 7 fps 92 feet
Grass 46 x 82 x 6 . 0056 7 fps 114 feet
Grass 94 x 130 x 6 .0050 7 fps 162 feet
Grass 8.5 x 44,5 x 6 .0084v 7 fps 77 feet
Grass 60 x 96 x 6 .0053 7 fps 128 feet
Concrete 6 x 50 x 11 .0014 10 fps 82 feet
Concrete 6 x 50 x 11 .0014 10 fps 82 feet
Concrete 6 x 50 x 11 L0014 10 fps 82 feet
Concrete 6 x 60 x 13.5 .0010 10 fps 92 feet
Concrete 6 x 64 x 14.5 .0010 10 fps 96 feet
Concrete 6 x 64 x 14.5 .0010 10 fps 06 feet

Detention Pond with 300 acre-feet capacity at Point 4,

*Bottom x Top x Depth
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Reach

20 -
21 -
22 -

30

31
32d-
33 -

40 -
41

60 -

61
62

63 -

21
22
23
7J

31
324
33
8d

47
324

10J

61
62
63
€4

TABLE III

SECONDARY CHANNEL IMPROVEMENTS

Q (cfs)  Type
488 RCP
521 RCP
891 RCP
1,242 RCP
197 RCP
620 Concrete
channel
1,058 RCP
1,058 Concrete
' channel
RCP
628 RCP
474 Concrete
channel
45 Grass
65 Grass
110 Grass
156 Grass

Size

66 1in.

78 1in.

78 & 90 in.

96, 102,

48 in.

6 x 38 x

96 1in.

6 x 30 x

72 1in.
84 dn.

6 x 25 x

. 24.5

& 108 1in.

8

6

x 2.5

(0N
o

Slope Velocity
0.0257 _
.0125 _
.0100 -
.0102 ;
.0204 .
.0023"“ 9 ?p§¢;
.0136 -
.0157 3
.0088 .
.0024 9 fps
L0150 5 fps
.0150 5 fps
.0067 7 s
0049 7 fps

20 feet
20 feet
25 feet
25 feet

20 feet
25 feet
25 feet

65 feet

20 feet
25 feet

42 feet

23 feet
24.5 feet
30 feet
34 feet



ESTIMATED CONSTRUCTION COSTS

The estimated costs of facilities including a ten percent
contingency factor are summarized on the following pages. These estimates
will probably fequire periodic adjustment to reflect inflationary,

pressures. The unit costs used in calculating these estimates are as

follows:
Item Unit Cost
Structural Excavation $2.00 per C.Y.
Unclassified Channel Excavation $0.60 per C.Y.
Structural Concrete $135.00 per C.Y.
Concrete Lining $85.00 per C.Y.
RCP Conduits $0.80 per inch diameter

per 1ineal foot



PETERSON FIELD

ESTIMATED COSTS

DRAINAGE

Reacn Type Cost + 10% Developer City Airport
1-2 Grass Channel $21,440 $ 21,440

2 -3 Grass Channel 67,030 67,030

3-8 Grass Channel 39,910 | $39,910
4 -5 Grass Channel 40,180 40,180
5-6 Grass Channel 25,890 25,890
6 - 7J Concrete Channel 257,380 257,380

7J- 8 Concrete Channel 300,970 300,970

8 - 9d Concrete Channel. 175,400 175,400

8j- 104 Concrete Channel 242,370 242,370

103-11 Concrete Channel 167,560 161,560

11 - 12 Concrete Channel 373,040 373,040

20 - 21 66" RCP 82,940 82,940

21 - 22 76" RCP 69,190 69,190

22 -~ 23 78" & 90" RCP 155,230 155,230

23 - 74 96", 102" & 108" RCP 348,480 308,880 $39,600

BRIDGE

Bridge Location

Cost + 0%

Marksheffel Rd.

Point 6
Powers Blvd.

Chelton Rd.

Academy Blvd.

$ 11,900

36,610
52,990
30,280

70,550



._-'VZ..

DRAINAGE BRIDGE :
Reach Type Cost + 10% Developer City Alrport Bridge Location Cost + 10%
30 - 31 48" RCP $67,420 $67,420
31 - 323 Concrete Channel 124,040 124,040
32J- 33 96" RCP 137,500 68,750 - $68,750
33 - 94 Concrete Channel 62,520 62,520
Point 40 Inlet section at $ 5,500
Fountain Blvd.

40 - 43 72" RCP 172,560 172,960
41 - 324 34" RCP 159,120 159,120
53 - 10J Concrete Channel 52,100 52,100
Non-specified 495,000 495,000

Improvements
Detenticon Pond 715,000 238,334 238,333 238,333
Colony Grass Channel 6,000 4,040 1,960

Hills Outfall -
TOTAL $4,352,670 $3,500,594 $507,763 $344,313 - $207,830



FEE DETERMINATION

Both a Drainage Basin Fee and a Bridge Fee are required to
be paid by developers to pay the costs of required improvements in the
basin. Certain costs are also to be paid by the City of Colorado Springs
to increase the capacity of the existing drainage system so that flows
from a 100 year storm can be transmitted. The area enclosed by Peterson
Field itself was not used in determining the fee structure and the costs
of drainage facilities required on the airport are to be borne by the
airport except for the costs of the detention pond which are to be shared
edua]]y by the airport, the city, and developers.

The following table shows the derivation of the Drainage Fee
and the Bridge Fee. The net acreage for fee assessment was derived by
subtracting the area of city owned property and the afea on which Drainage
Fees have been previously paid from the gross area of the basin. The
costs for improvements on the airport property and the costs to be
paid by the city for upgrading to the 100 year storm capacity were
subtracted from the gross cost estimates of improvements within the basin.
The unit fees were then calculated by dividing the net costs to developers

by the net acreage available in the basin for future development.

- 28 -



FEE DETERMINATION

Gross Basin Area
Area of Peterson Field within Basin

Net Area in Basin Available for Development

Estimated Cost of Bridges in the Basin

Bridge Fee:
$207,830 + 3,200 acres = $65.00 per acre

Net Basin Area Available for Development
Area Previously Developed or Drainage Fee Paid

Net Area to be Assessed Drainage Fee

Estimated Cost of Drainage Improvements to Developers

Drainage Fee:
$3,500,594 + 2,720 acres = $1,289 per acre

5,375

acres

acres

- 2,175

3,200

$207,830

3,200
Y

2,720

acres

acres

acres

acres
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NELSON, HALEY, PATTERSON and QUIRK. INC. CGREELEY, COLORADO

D et AL 7 O 491N et Gt — s

INPUT I ~-8

PETERSBN FIELD RASIN N8. &PD

» (.00 000 0+00

x  0eCO 0s00 0«00

¥ 2430 350 450

* 10C 0 0 0 0
2C50.3

» 6000 1000

¥ $¢50

»* 030 0«10
065 Ds25
304 1+97
& {00 0s00
% 3 1
DATA SET NAa,. 1
USE THESE DATA SET N&e IF UPDATES ARE NEEDFD

T7I-8 DETFRMINATION OF EFFECTIVE RAINFALL
PETERSON FTELD BASIN N8+ 6PD

DESTIGN STARM! 100 YEAR RECURRENCE INTERVAL

4;i4&4¥4¥»l&¥¥4¥v¢444444v*&44m¥44¥~¥&4¥~¥m~444&¥4¥¥;4»#%4*44¥~¥¥4¢4¥#&¥¥»4¥4¥¥¥¥¥&¥¥!n#

AR R IR ISR TR SR YR YR Y R T P g g g
| ] + +
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1 { + PERVIOUS AREA  #5% + IMPERVIAUR AREA 35% + TarvaL
TIME 1 TOTAL | INCREMe | RFARRANGED +--—--u-----~-~*~-~~w~-~~~-—---~----~---~----~--v--—~-----------~-----‘------ + AVERAGE
(MIN} PRECIPe PRECIP. INCREM + MAX. | DETENTIEN 1EFFEC, | 65 X + DETENTION I LESS )} EFFECs | 35% 4+ EFFECTIVE
| (INe) | {INs) | PRECIP. + INFILe & DEPRESSTIANIPRECIP| EFFECs +& DEPRESSIAN! (INs)t PRECIP| EFFECS + PRFCIP.
| I | {IN«) + (INe) | STARAGF I (INe} | PRECIPs+ STARAGE | | (INe) § PRECIP. + (TN )
t | { + f [INe} | ! {INe) + (INe) ! | | (INs) +
-BNu.‘ﬂﬁ-lxﬂxﬂﬂ-ﬂﬂﬂzlﬂ-:{-=H3I:=B==R.B}ﬂnﬂ-ﬂﬂtz==ﬂ!ﬂﬂut===
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10 1 1.383 13831 Q034 + 0,083 | 0001 I 0.0001 0.000 + 0084 I 00041 0+000 | 0.000 + C+000
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I 20317 Q01221 1383 + 04083 | 0.000 ! 1.299¢ 04845 + 0+000 1 00691 1314 0+460 + 1304

50 | 2ebi6 0+0931 0351 + Ce0R3 ) 0.000 { 0+2681 0174 + 0000 I 0018 0334 | 0+117 4+ 0+291

60 | 24500 | 00841 0.099 + 04083 1| 0.000 ° I 00161 04010 + 0+000 ! 0%0051 0+094 | 0+033 + 0043
I?8388"'-4m=="aﬂnaEnBu=:a:ux:zz::nzansn::-z:=s-=z=a=nn::mana-==-:zn:na:na::uuxuzn:xza:-.u-:uaz===-=-=nz--n---lununsa:-amnznu:n
TOTALS 2¢300 2+500 2+500 0.500 0300 1+700 14105 0100 0125 24279 0798 1.903
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NELSON, HALEY, PATTERSCHN and QUIRK, INC. GREELEY, COLORADO

STHRM HYDROGRAPH
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& - 23
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160 YEAR RECURRENCE INTERVAL

R AR R LR R R e R R T X R Y N g g B I v U UV SV

PO Sy

| ! + + *
! + PERVIBNS AREA 6% + IMPERVIAUS AREA 34% + TOTAL
TIME | TBT AL i INCREMS | REAPRANGED o o R 1 s e e O B P T Y e g e + AVERAGE
{MINVE PRECIPe | PRFCIP.! INCREM, + MAX, ! DETENTIAN JEFFEC, | 66 % + DETENTION | LOSS | EFFECe | 34% + EFFECTIVE
PoOtINGY 1 tINe) ) PRECIP. & INFIL. I DEPRESS/(ANIPRECIPs| EFFECe +& DEPRESSIBN| (INs) | PRECIPe! EFFEC, s PRECIP,
i ! ! (INe) 4 {INs) | STORAGE | (INs) | PRECIPe+ STERAGE | I (INe) | PRECIPs 4+ ({INs)
! i I " i {INs) ! I (INe) + {INe) I | 1 LING) «
:,-gu.ﬂxlxIl-l.--l----uB-B-i-.gﬂ::uunagnslzsza==:.-::xnxuzs:E:xa-::-l!|==usuu;nxl-:::ntcnn--:::::ul::l-ta=:--=u=x:-==uﬁ-8-l--nn=E-Uuinlzlslxl.
0 1 0e«000 0«000 1 0000 4+ 0.000 | 0000 I 040001 0a000 + 0000 | 0+0001 0+000 | 0+c00 + 0000
10 | 1383 13831 0+084 + 0.083 1 0+001 I 0+.0001 04000 + 0084 I 0«0041 0+000 | 0000 + 0000
20 1844 Os4b11i 012 + 0083 | 0039 ! 0.0001 0.000 + 0016 | 0+0061 0+100 | 0+034 + 0+C34
B PRI < ke YA e e L L - ke i T I STt s I A 1 BRI S Dl N NI s 1 i A Mt d . M e b A s W ea 0 i e e L -ty hn e .
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MEosud, hanct, Coan BB and GUIRK, el . {EEL.., CCu. . ADC

SR

DETERMINATIAN 8F EFFECTIVE RAINFALL
107 -\ PETE FIELD
DESIAN STARM! 100 YEAR RECURREMCE INTERVALL

LY A L P TR R Y R R R Yy Y Y F e PN Y I TS PY T PR R T OTPR R T2 T Y P P ey P TP e T T YT T P YV Y F P YT Ty Y YT T Y T3

. i } . % * >
: ! 1 S 4 PERVIOUS AREA . 63% + IMPERVIAUS AREA 37X + TaTal
TIME TOT AL | INCREMe | REARRANGED ¢t ovumncanmanmeme et n ot s s a e n e e e tr e e tu e et e ey g St et aSw e raRevatsenun ¢ AVERAGE
(MIM3 ) PRECIPe | PRECIPe} INCREM, 4+ MAXe | DETENTION IEFFECe | 63 X + DETENTION | LASS | EFFECs | 37%x + EFFECTIVE
{ {INe) | tINe) ) PRECIP, + INFILe 18 DEPRESSTANIPRECIPel EFFECe +&§ DEPRESSION} (INe)| PRECIPe| EFFECs + PRECIP,
4 ! b {INs) + (INe) | STORAGE I (INe) | PRFCIPe+ STERAGE | b (INe) | PRECIPs + (INs)
I } 1 + i {INe} ! i (INe) {INe) | ! { {INe) «+
m--n.uﬂﬁﬂI!.-I--'u--n:n:-—n--.asu'l-t-qu--:-sn:--‘--nﬂnnmmunn---l-;---nn-.a-:--u-n-ﬂsl-n-..l.-sn.-.t--‘-.--p--a-------II----.--
a ' 06+000 } 0«000 | N«000 ¥ 0000 1 0.000 I Qe0C01 0.D00 <+ 0«000 I Q«000Q) 0000 1} Q.000 + 0000
10 1 1383 1383 | 0+08% + N.083 1 0,001 I 0sQ001 GC.000 + 0+084 { 0«CO41 0000 | 0.000 + 0000
20 1 1e88s Qedbt | Qe122 -+ 00083 | 0.039 I 00001 Q.000 + 0016 | 0+0061 00100 | 0.037 + 00137
g I 2195 0+351 1 Oekol + 0s08R3 | 0+241 b 001171 0074 + - 0000 | 00231 0+438 | 0162 + 0+236
40 L 2317 0s.122 | 1383 *+ 0Q+0R3 | 0+300 | 12931 0.819 + 0+.000 I 00631 1314 | Qek86 + 14305
€0 1 2e%1& ) 0eQ29 ) 0+351 ¢+ 0.083 ] Q.000 . I 002681 0+169 + 0+000 1 0s0181 04334 i 0+123 + 0+292
6G L 2500 0.084% | 0.039 ¢ 0.083 1 0,000 ! 00161 0.010 + 0000 ] 00031 0+09% | Q035 + 01045
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PETERSEN FIELD

CETERMINATION OF EFFECTIVE RAINFALL

DESIGN STORMS

100 YEAR RECURRENCE INTERVALL
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C+089 ¢+ 0083 | 0.000 t 0e0161 0,003 + 0000 I 00051 0+C3% | 0075 +
MW ANEEA AN e N N I N AR A M SN I X S N I A A N ZE RN SN A AN S NN S AN N S A S E NN D N AN A AN NS S N S N NS N XA S U NS NN N AU RN RA NI N E SRS SRS
2.500 0500 0300 1700 0.340 0100 g+1235 24279 1.823
T,




iy e

“p-p

TR s w0

AT P R PE I s  Th AP R B e W

e

.

ﬁﬁLSUhL HAL:Y_pATiuHSON and Ou“-: HS qug_iF\ \M?’Ohﬁ..

()

180001

»nlS

R LRI Y . P © et e fa e R N

STBRH HYDRSGRAPH

20 -2\ PETERSON FIELD
100 YEAR STORM

) TIME TG PEAK=40+0 MIN. PEAK'RUNOFF- 488.3 CFS RUNEBFF V8L em 2R+6 ACRE FEET
300000”"'”"-*---'---'--v'-------‘o-------------------u-.-nncvu-----------------------------n---------------.n.-----
880001 ! | | i | | ! I } |
360001
840001
820.001
8004001,
7504001
7600001
7400001
7204001 | i I ! I | | I ' ]

ORI LA Al D P Y P T Y P L D PR P L D P A PR P P P P T L L L P R DL L L DL DL P DL DL L L DR L DL L L L L L DL DL Ll AL AL L DL L L L]
6804001 ] t ! b [ } 1 ). 1
660001
640001
6204001
&00.001
£80.001
56u+001]
S540.0CH
520004 I I | | { i i | i !
500.OU--Q-O----.Q------—--------.-----------.--.------.---.----.--a---------a-c------.-..-.-----—--.-------.-------.
w80eQ01 ]
4460001 )
440001 |
420001 |
400001 |
!
!
I

— o = - - -
— - — -
— e - —— -

-— -~ — o ——

|
!
t
3
i
!
|

—_—— e a = —

— - ———
B oo m e o m e | e e e e e -

A80.0CH
3604001
340001
320-001 }
30000 vewarvensnare e
280001 §
26Ue001 i
240+CC)! {
220001 ]

!

|

I

- v - —— —— w—

! ] i ] 1 | | )

2004001

1650001
140001 ’ .
120001 . 1 o | ! '
100000""“"--r—----.—-----ucnsv-.---~----.-¢--n.-'----—-->,-i-.---.------------.--—------.----.---.--.--.-----.-n-
80001 ,
602001
40001
2QeCOl
0eQ0Q

[2 e e il B

o IR p———

o
~

1C0.
L ]

(SX21AL05¢I%,0X)) (v - : : : .

9




TR

B el

s

NEL;‘H:-“.' H)“ |z\;' pf?'”ﬁi“»ﬁ@sc‘-}u -\na M‘“?K, ‘17»_.,;-“ #«mo}ELr\, .:QL»-Af:.,.,DO

DETERMINATION OF EFFECTIVE RAINFALL
21-22. PETERSON FIELD
PESIGN STORM! 100 YEAR RECURRENCE INTERVALL
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' | + PERVIBUS AREA 20% + IMPERVIAUS AREA g0% . TOTAL
TIME | TOTAL | INCREMs | REARRANGED #ewmermveemcecnunnecccerersrrurcaunanesnasrmeecrereesnoanancannansencasnasncee + AYERAGE
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STORM HYDRUGRAPH
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NELSON, HALEY, PATTERSON and QUIRK, INC. GHEELE% COLORADO

oo

OETERMINATION OF EFFECTIVE RAINFALL
22 -2a  PETERSON FIELD
DESIGN STURM! 100 YEAR RECURRENCE INTERVALL
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| | + + +
! 1 v PERVIBUS AREA 21X + IMPERVIAUS AREA 73% + TOTAL
TIME | TOTAL | INCREMes | REARRANGED T e om0 T D gy T T 0 e TP e 1 N TR R D TR R U T o 0 G O i 0 e e e e O Y O o O O e O e W e + AVERAGE
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! I | + 1 “{INs) | I LINe) + (INe) | | | (INe) +
B-.----ﬂ.---lsuﬂﬂliltzﬂ’RISIHIBBIBEIB.-II.IBEI.’8.8_:832&..3.1.!!.:82.lzﬂz-.IZIII--IH-SII-.-.S.ﬂ.ﬂ---ﬂaI-..-.---.’---------I---.
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TOTALS 2¢500 2+500 20500 0¢500 0+300 1700 0+357 Osi00 0125 24279 1+8014 ce158
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NELSCON, HALEY, PATTITRSON and QUIRK, INC. Gli('lf" EY, COLORADO
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DETERMINATION OF EFFECTIVE RAINFALL

X3-77F . PETERSON FIELD

- DESIGN STURM: 1n0 YEAR RECURRENCE INTERVALL

R R L R Yy e Yy N P T el Il It T I LTI T Ty

! ! + + +
| t + PERVIBUS AREA 21% + IMPERVIAUS AREA 79% +  T687aAlL
TIME | TOTAL ! INCREMe | REARRANGED 4ocmrmrecuca e et o cnmartn e n s e ncrsumrwrn e e nsar e e as e m asenamcnnnennewnnwwnan + AVERAGE
{MIN) ] PRECIPs | PRECIP.) INCREM. + MAXe | DETENTION {EFFECs | 21 X + DETENTION 1 LOSS | EFFECs | 79% + EFFECTIVE
I tINe) I {INe} I PRECIP. + INFILs 1& DEPRESSIANIPRECIPe| EFFECe +4& DEPRESSION! (INe)| PRECIPe)l EFFECe + PRECIP,
f ! } (INs) + {INe) | STORAGE I {INe} t+ PRECIPe+ STORAGE | I CINe} | PRECIPe & {INs)
! . j | + | (INe) ! b {INe) + {INe) ! | - (INe}) +
mu-as-"uﬂu-EHBﬂ-l-',I-lasun-l--nzn:-a-l!.-ult::---nuau:-=u-nl--llus-I:--:===-nas-nt.-xl=an-a:n:n&-:-n-.:3------xn---i---n--:----
01 0000 | 0.000 | 0.000 + 0.000 | 0.000 P 0000t 0.000.4+ 0000 I 00001 04000 | 0000 + 0+000
10 4 14383 13231 0+084 + 0+.083 1| 0001 I 0+0001 040004+ 0«084% ! 0+0041 Q000 | 0+000 + 0000
20 | 1¢844 Oeb b1} O+122 + 0.083 | 0.039 I 00001 0000 #+ 0+016 t 040061 0100 | 0079 + 0:079
30 | 241395 | 03511 Qo461 + 04083 | 0261 I 0el117) 04025 + 0000 I 00231 0438 | 0346 + 0+370
50 |} 2e317 | 0el1221 1383 + 0.083 | 0.000 I 142931 04273 + 0000 I 0e0631 1314 | 10038 + 14311
50 | 20316 | 00891 0351 ¢ 0+083 | 0«000 I 0+2681 (04056 + 0+000 I 00181 0334 | 04264 + 0320
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n-n-ﬂn--ﬂI---!I---------::--a’unlza.!l:lal:n:zu:l.‘.zn!ls.n-w-uln--u--I-ls!-nal..-l-lnl---m-lnlll-n---l---.-----l-‘l.-l---ﬂ-l---
TOTALS 24500 24500 2.500 0+500 0+300 1700 0357 0elCy 0+125 24279 1+301 2+158
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STBRM HYDROGRAPH
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DETERMINATION OF EFFECTIVE RAINFALL

20-B1 PETERSHON FLIELD

DESIGN STARM! 100 YEAR RECURRENCE INTERVALL
PP T T L LI L Y T T L L L E T T Ty R P Y PR P P Y N Y R Ry L LA P L R R R L P L Ll Lt
| : | . + + +
| 1 + PERVIBHS AREA 60X R IMPERVIBUS AREA 40X + ToTal
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