
COI\4BII\ED PRELIN,{II\ARY Ai\D FINIAL
DRAII\AGE REPORT

for
OHA}IA SUBDIVISIO}I

EL PASO COUI\TY, COLORADO

Prepared for

Gary and Darlene Hammann
L7825 Jones Road
Peyton, CO 80831

Prepared by

Ailison Engineering
4245 Log Road

Peyton, CO 80831

March L4,2024

1



I

Design Engineer's Statement: The attached drainage plan and report were
prepared under my direction and supervision and are correct to the best of
my knowledge and belief. Said drainage report has been prepared according
to the criteria established the County for drainage reports and said report
is in conformity with the applicable master plan of the drainage basin. I
accept responsibility for any liability caused by any negligent acts, errors or
omissions on my part in preparing this report.

James L. Allison, P.E. #27338

Owner/Developer's Statement: I, the owner/developer have read and will
comply with all of the requirements specified in this drainage report and
plan.

Gary and Darlene Hammann

El Paso County Certification: Filed in accordance with the requirements of
the Drainage Criteria Manual, Volumes I and2, El Paso County Engineering
Criteria Manual & Land Development Code as amended.

Joshua Palmer, P.E.
County Engineer / ECN4 Administrator

Conditions:
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2 GENERAL LOCATION A,hiD DESCRIP'TIAN

1 Purpose
This docurnent is intended to serve as tire Preliurinary arxl Final Drainage
Report for OHANA SUBDIVISION, a rurai-residential subdivision of four
lots of approximately 5 acres each. Figure 1 is not of sufficient resolution
to be used as referencc to this report but the accompanying larger print to
this report is intended to be used to reference finer details. The purpose
of this document is to identify and analyze the on- and off-site drainage
patterns and to ensure that post development runoff is routecl through the
site safely and in a manller that satisfies the requirements set forth by the El
Paso County Drainage Criteria h4anual and pertinent parts of the Colorado
Springs Drairrage Criteria Manual" The proposed principal use for the four
lots is to be single-family residences and whatever ancillary structures are

deemed useful such as detached gara,ges, shops, barns, and other structures
common with hobby-farm types of activities. The majority of each lot will
remain low, sparse grasses typical of tire present condition. This form of use

is typical in all four directions from the proposed subdivision.

2 General Location and Description
The proposed OHANA Subdivision is located in the northwest quarter of Sec-

tioir 30, Township 13 Soutlr, Range 63 West of t]re 6th P.\,{., El Paso County,
Colorado. Adjacent roads are Nlurr Road paraileling the west property line
and Jones Road parallel to the north propertv line. The intersection of these
two county roads is shown in the upper lefb-hand corner of Figure 2. There
are no public roads within the boundary of the proposed subdivision. To the
east is the eastern dominant drainage channel of the Haegler Ranch drainage
basin within which the entirety of the proposed subdivision lies according
to the Drainage Basins for El Paso County, Colorado, 2005 copyrighted by
the Board of County Commissioners. However, the Haegler Rancli Basin
Planning Study of May 2009 for the El Paso Countv Departrnent of Trarrs-
portation by URS Corporation indicates the proposed subdivision is in part
within the Telephone Exchange drainage basin, CHNIS0200 and CHWS0200,
respectivcly. From on-site inspection of the proposed subdivision this office
concludes the western edges of the three undeveloped lots are within the de'
lineated Telephone Exchange Drainage Basin and there is presently no means

fbr that drainage to be directed into the Haegler Drainage Basin except by
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2 GENERAL LOCATION AND DESCRIPTION

,

I

&4
o15

-1

a
gl
f;E
b.
T}
;

s$si
t$

€

Figure 1: This plat plan is not intended for refererrce witir this report.
REFERENCCE THE LARGER PRINT THAT ACCOMPAI{IES THIS Rtr.
PORT.

c

,nnEs Folo
lEf-6-Xy-& *5,

x



{l

2 GENERAL LOCATION AAID DESCRIPTrcN

deep grading ofthe eastern borrow or installation ofa culvert. At present the
Telephone Exchange drainage path from the proposed subdivision would be
westward across i\{urr Road. The balance of this report will assume drainage
will follow the latter path and any future redirectiou along Murr Road is not
considerd. The Haegler Ranch Basin Planning study indicates the delin-
eation between the Haegler and Telephone Exchange basins occurs at the
645Gfoot countour. Thus, the proposed subdivision is 95% in the Haegler
and 5% in the Telephone Exchange Drainage Basin.

All four of the proposed lots slope downward to the east toward the Haegler
Ranch drainage way except a small portion of the three undeveloped lots
which slope to the west. The grade in its descent does not exceed 10% and
is unbroken by erosion, cliffs, escarpments or any other feature which would
indicate recent erosion or lack of conservation care.

The three undeveloped lots have portions that slope downward to the west
towards the Telephone Exchange drainage way. The grade in its descent
does not exceed 10% and is unbroken by erosion, cliffs, escarpments or a^rry

other feature wliich would indicate recent erosion or lack of conservation care.

The proposed subdivision encompasses 19.3101 acres of undeveloped land
aside from the single homesite in the northwest corner closest to the in-
tersection of Jones and Murr Roads. The homesite has been occupied for
generations, dating at least to the start of the 20th century. Buildings on
this, which is proposed as lot 1 in the plat pian, include a recently remod-
eled residence with a detached garage, two barns, and small greenhouse not
suitable for commercial use but instead for hot-house fruits and vegetables.

The proposed Lot t has a current address of L7825 Jones Road, which since
the entrance is from Murr Road will be reassigned within the process of sub-
dividing.

Referring to Figure 2, on the north, east, and south sides, the land use is
the same as that on this parcel, rural residential of 20 acres or more. Land
use to the west across Murr Road is the BIue Sage Subdivision consisting of
2.5-acre lots.
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3 SOILS

Figure 2: Satellite view of the proposed subdivion, the outlines of which are

apparent from mowing and land uses differing from those to the south and
east.

3 Soils

The single soil type of this subdivision is Blakeland loamy sand. The de-

scription provided in the El Paso County U. S. Department of Agriculture
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Figure 3: Context satellite photo showing land uses on the four sides of the
proposed subdivision.

Soil Conservation Service Soil Survey is compatible rvith that observed in
the course of the field work for the geological soil rcport for this subdivision
performed by Allison Engineering. The USDA soils map for this proposed

subdivision is provided as the first appendix of this report.
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3 SOrLS

Field examination of the area covered by Blakeland loamy sand finds consis-

tent the slopes of "... 1to 9 percent ... somewhat excessively drained soil ...
extending to a depth 60 inches." From the field examination we found the
depth of the soil as stated in the U. S. DoA Soii Survey to be shallower than
that observed. This is likely owing to the limited depth the survey examined.

The "excessively drained" characteristic of this soil is amplified with further
Soil Survey comments such as "[p]ermeabilitv of this Blakeland soil is rapid'."
With further ernphasis the "[a]vailable water capacity is low to moderate."
Gir,-en the docurnent provides such characterization it is apparent surface
runoff will be very low. Noted in Figure 3 there are no surface markings on
the eastern slope of the property where the land descends toward the main
drainage of the Haegler Ranch defined drainage path. Such. if they existed,
would indicate any recent erosion. In fact the Soil Survey gives credence by
stating "fs]urface runoff is slow, the hazard of erosion is rnoderate."

Figure 4: Photo of the east side of the proposed subdivsion showing the
absence of any erosion or defined drainage path.

a
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5 FOUR STEP PEOCESS

For residential, light agricullure use such as are typicai of hobby-farm ac-

tivities, the Soil Survey warning that the "hazard of soil blowing is severe"
is noteworthy. With the survey statirrg "[m]ost areas of this soil are used

for range, homesites and wildlife habitat" it is an easy conclusion that over-
grazing or initiated erosiorr could set in motion wind erosion. The survey
substantiates the above by concluding: "Soil blowing is a hazard if protec-
tive vegetation is removed. Special erosion control practices must be provided
to nrinimize soil losses." An assigrtrnent of capability sul:class VIe is made in
the survey.

4 Flood Plain Statement
According to the Federal Emergency Management Agency (FEN{A) Flood
Insurance Rate Map (FiRJvI) Panel No. 08041C0590 G with an eflective
date of December 7, 2018; encompa,ssing the entiret}, of the proposed sub-
division, Zone A only ciips the northeast corner of proposed Lot 1. This is
shown in Figure 4, which is a focus on that part of the FIR\tI encompassing
the proposed subdivisiorr. The spatial extent of this zone is a triangular area

with dimensions of 170-feet along the north boundary and 256-feet along the
east boundary. The total arca of zone A in proposed Lot 1 is 21,760 square
f'ect or slightly less than \f Z-acre. This area will be a "no-build area on thc
plat. No revisions are recorded for his FIRlvI.

5 Four Step Process

qjgp_1j Ernploy R,urroff Reduction Practices - Approxirnately an additional
0.5 acres of the proposed 19.3101-acre subdivision will be impermeable sur-
face once the thrce proposed and yet-to-be developed lots are fully developed
with homes and outbuildings. This additional 0.5 acres of impermeable sur-
face will be distributed across the three undeveloped lots. Among those
structures, roof drains will likely onlv be placed on the homes. Drains there-
from are to be directed away frorn the home and onto level and stabilized
grade a minimum of 1O-feet from the residence.

Per ECN4 I.7.1.b.5, all low density (rural) housing af 2.5 acle or lager lots
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5 FOTIR STEP PROCESS

?5
.)i.

Figure 5: Closeup of the FIRM map which includes the area of the proposed

subdivision.

need not consider W'ater Quality Capture Volume (WQCV), as discussed in
DCM2. However, other permanent BMPs rnay be required as appropriate.
Each lot within the proposed sutrdivision is larger than 2.5 acres.

Step 2: Stabilize Drainage ways * Hay bales and silt fences placed prior to, and
maintained during construction are anticipated to lead to stabilized drainage
paths adjacent to impervious surfaces.

Step 3: Provide Water Quality Capture Volume - Water capture will not be
required as explained in Step 1.

Step 4: Consider Need for Industrial and Commercial BMP's - This site is
not being developed for industrial or comrnercial use and BMP's on that
trasis are not necessarv.
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6 EXISTI TG DRAI TAGE COI\IDI"IOIIS

6 Existing Drainage Conditions
The Rational Model calculations are showrr in the second appendix, Section
14, Rational Model Calculations, of this report for the existing drainage con-
ditions.

Surficial markings do not indicate defined erosion. As explained with refer-
ence to the El Paso County Soil Survey in the section of this report titled
"Soils," the soil is sufficiently porous, runoff is unlikely. If a surface flow
were to develop, the majority of the drainage would be to the east and into
the main drainage path of the Haegler drainage basin. A lesser surface area
would drain to the west and irrto the Telephone Exchange drainage basin.
The flow into the Telephone Exchange drainage basin wouid be expected to
enter the barrow drainage parallel to Murr Road and then flow north toward
Jones Road where any flow in this road barrow ditch makes a right-turn to
the east, then downhill to the east channel of the Haegler Drainage channel.
Since the drainage path from the proposed subdivision into the Telephone
Exchange drainage basin has no outlet to the north towards Jones Road, any
such drainage is damed by Murr Road until a sufficient volume of drainage
accumulates to allow over-topping of Murr Road. A field inspection following
the extraordinary rains of 2023 did not find any evidence this occured.

The only potential drainage into the area of the proposed subdivision would
be along the south boundary line which would be sheet flow and of limited
extent owing to the porous nature of the soil.

The only existing culvert is that beneath the driveway entrance into the
presently developed Lot 1 from Murr Road on the west. That culvert is an
lGinch circular, corrugated metal cuvert. The Rational Method was used
in the appendix to calculate the flow into this culvert. The flow was found
to be well below the capacity of the 16-inch culvert though the owners are
alilrare of the county requirernent for an 18-inch culvert and intend to replace
it accordingly. While the north end of the culvert is open, the south end is
covered with soil which does not appeax to have been deposited by storm
flows but likely placed as fill from road maintenance operations.

Flow along Murr Road paralleling the proposed subdivision between the
south subdivision property line and the crest L22 feet north of the culvert at

t2



6 EXJSTIIfG DRAINAGE COI\IDII'IONS

the entance to Lot 1 settles in a flat area centered approximately 473 feet
from the south property line. From the crest the flow would proceed 722 f.eet
to the buried cuivert inlet, then 40 feet over or through the culvert followed
by 123' to the intersection of the I'Iurr and Jones Road's barrows. FYom that
intersection, flou, proceeds east for 504 feet to the boundarv of Zone'A' of
the 100-year flood plain of the Haegler Ranch basin. Figure 6 diagrams part
of the preceding explanation.

1D
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6 EXISTING DRAINAGE CO]VDITIOIVS

Murr

Mox.

Burrow

I

Culvert lnlet

Culvert

Figure 6: Diagram of tire a,rea drained at the existirrg 16-inch culvert.
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6.1 Extsting Roadside Ditch 8 WATER QUALITY

There are no previous reports and therefore) none that need to be adhered to.

6.1- Existing Roadside Ditch
As expained in the preceeding paragtaph, flows from the south property line
to the crest 122 feet north of the culvert all flow into a low area between
those two points and would accumulate until sufficient volume is realized to
allow over-topping of Murr Road, then flow would continue further into the
Telephone Exchange drainage basin"

Flom the south ridge of the Telephone Exchange basin to the intersection
of the ditch paraileling Jones Road, the distance consists of t22 feet to the
buried inlet of the culvert then 40 feet of supposed culvert followed by 123

feet to the Jones Road ditch.

The ditch along the north side of the proposed subdivision extends for 504
feet until entering Zone 'A' of the 100-year flood plain.

7 Proposed Drainage Conditions
The Rational Model calculations are shown in the second appendix, Section
14, Rational Model Calculations, of this report for the proposed drainage
conditions.

No alteration of the existing drainage conditions will result from the place-
ment of residences on the three yet undeveloped lots. Each of those lots will
have driveways entering from Murr Road with minimum l8-inch culverts.
The residential structures and ancillary buildings during construction and
until re-establishment of native grasses and any landscaping could lead to
erosion without erosion fences and hay bales; these are required as part of
the erosion control plan.

8 Water Quality
The principal form of water quality runoff enhancement is the use of erosion
fences and hay bales to slow or stop water from construction areas developing

15



Basin Drainage Fee Bridge Fee

Haegler Ranch $13,971 $2,062
Telephone Exchange $13,947 8327

11 DRAINAGE FEES

Table 1: Relevant Fees for the Subdivision

sufficient volume and speed to result in erosion. The effect of these measures

will be to slow runoff, promote infiltration. thus reducing peak volumes.
As described above in the 'Soils' section of this document, the soil is very
permeable.

I Erosion Control
Erosion control measures are to be impiemented prior to grading or construc,-

tion and shall be rnaintained during all subsequent phases of construction.
Erosion control measures will consist of silt fencing those portions of the
property being developed, tracking control measures at the access points
to the site, installatiorr of hay bales at grass swales and re-vegetation with
appropriate plant species.

10 Construction Cost Opinion
It is the opinion of the abovc signcd engineer that silt fencing and hay bale
placement and maintenance will not exceed $800.00 for each of the three lots
yet to be developed within this proposed subdivision.

11 Drainage Fees

Drainage fees presented in the 2024 Fee Study by the City of Colorado
Springs, which also includes the fee schedule for El Paso County, dated
September 13, 2023, shows the following fees for the two drainage basins
of the proposed Ohana Subdivision.

Per the ECM Appcndix L - DRAINAGE CRITtrRIA I\,{ANUAL 1 ADDtrN-
DUM. Table 3.1. the percent irnpervious for 5 acre single-family lots is stated

16



11 DRAINAGE FEES

Table 2 Areas for Lot 1

Table 3: Areas for Subdivision

a^s 7Ya. However, we understand actual impervious areas can be used in the
caluclation, which for lots 2,3, and 4 would be the 770, b:ut for Lot 1 is the
actual area tabulated in the table below.

The table below shows the areas, percent impervious, and total impervious
for tlre proposed subdivisiorr. The table uses the 770 allowed for 5-acre lots
except for Lot 1 where the actual area of irnperious development is used as

calculated frorn the above table

By the tabulation in the above table, thc percent impervious for the proposed
subdivision is 49,018 I 847,158 : 5.8Ta

Per section 3.10,2a of the same document, Fee Reductions for Low Density
Lots, "A land developer rnav qualify for a 25 percent reduction in drainage
basin fees if he is developing an area into 2.5 acre and/or 5.0 acre lots."
I)evelopment only exists or is proposed for the Haegler Ranch Basin, therefore
the calculation of fees is:

Haegler Ranch Basin:
Irnpervious area : 5.8% X 20 acres X75% X $13,971 : $12,154.77

77

Home 1 0q,LA!J.)

Garage 579

Garden Cottage 286

Shop 2033

Congete Slab 1430

Total 5561

Lot Lot Area
s.f.

Impervious Area
s.f.

Lot 1 220,334 5561

206,961LoL 2 L4,487

Lot 3 206,947 14,486
Lot 4 206,9L6 1_4,484

Total 841,158 49,019



12 SUMMARY

Telephone Exchange Basin:
Impcrvious area:0 acres X75% X $13,947: $0

It is understood bridge fees do not get adjusted and stand at ttre values listed
in the above table. Therefbre. the total fee will amount to:
$72,154.77 + $2,062 + $327 : $14,543.77

L2 Summary
Development of the OHANA SUBDIVISIOT{ FILING NO. 1 (Lots 1,2,3,
and 4) will not adversely affect the surrounding developments per this the
combined preliminary and final drainage report with no negative impact
on the existing developments on any side of this project. The proposed
drainage facilities will adequatelv convey, detain and route runoff from the
tebe-developed structures within this proposed subdivision, The Haegler
Drainage Basin will not be further burdened by the development and erosion
to its banks will not occur with reasonabie compliance to the drainage plan of
this report. There will be no net irnpact to the Telephone Exchange Drairrage
Basin.

i8

CDurham
Text Box
Bridge Fees:Haegler Ranch Basin5.8% x 20 acres x $2062 = $2391.92Telephone Ranch Basin:0 acres x $327 = $0                                                       Total Bridge fees = $2391.92

CDurham
Text Box
Total Drainage Fees = $12,154.77

CDurham
Text Box
Do not combine Drainage & Bridge Fees.



13 APPENDIX
USDA SOIIS MAP

13 Appendix
USDA Soils M.p
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Soil MapEl Paso County Area, Colorado
(Ohana Subdivision)
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Soil i,,lap--El Paso
(Ohana

County Area, Colorado
Subdivisi0n)
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Soil Map-El Paso County Area, Colorado Ohana Subdivision

Map Unit Legend

Map Unlt $ymbol Map Unit Name Acres in AOI Percent of AOI

I Blakeland loamy sand, 1 to I
percent slopes

20.9 89.2o/o

10 Blendon sandy loam, 0 to 3
percenl slopes

2.5 10.9o/o

Totals for Area of lnterest 23.5 100.0%

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil $urvey
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11 APPENDIX
RATION AL NTODEL C ALCU LATIONS

L4 Appendix
Rational Model Calculations
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14.1 Culvert
14 APPENDIX

RAT I O I'{ AL NI O D EL C AL C U L A?IONS

L4,L Culvert
Along the perimeter of the proposed Ohana subdivision, the only existing
culvert within the drainage ways of either Jones Road or Nlurr Road is the
one berreath ttre drivewaS, leading into tire developed Lot 1. Beirrg only a

16-inch corrugated metal culvert it does not strictly meet the requirements
noted in the EI Paso County ECM and DCNI as the requirement is for an
l8-inch culvert.

The culvert does not have riprap outlet or outlet protection and the inlet end
of the culvert is buried from apparent fill liom road maintenance operations
and not from silting.

For the Rational Method, the runoff coefficient is to be an area weighted
average.

Using Table 5-1 from the Drainagc Criteria manual and a recognition the
hydrologic soil type within the proposed subdivision is A/8, thc N,Iurr Road
gravel roadway has a C; of 0.80 and 0.85 for the 10- and 100-year events re-
spectively. The Murr Road burrow area is characterized as pasture/meadow
and is a^ssigned 0.15 and 0.35. respectively, fbr the two event types.

For the single existing culvert, the drainage area is measured from the accorr-
panying proposed subdivsion plot plan to be 0.12 acres of whicir lvlurr Road
right-of-way is a standard 50 ft. county profile conforming to Figure14.1, the
graveled roadway area scrviced by the currently installed culvert is 122 ft"
by 16 ft. for an area of 0.05 acrcs. The balance of the 0.12 acres scrviced by
the sutrject culvert is 0.07 acres.

The slcrpe of the area serviced by the cuivert is generally 2% and the longest
reach is 122 feet.

The Rational method for the cuivert flow is thus:
The Rational Method coefficients for the area setviced bv the culvert are
composit and calculated below.

Cto : (0.63X0.05 ac + 0.75X0"07) 10.12acC16 : 9.35 (1)

24



14.1 Culvert
14 APPEIVDIX

RATION AL MOD EL C AL CU L ATIO.^\IS

Figure 7: Road profile from the ECN4 showing assumptions used in the cal-
culation of surface area fed to 16-irrch existing culvert.

Croo : (0.70X0.05ac * 0.35X0.A7) /A.DacC16o : 6.59 (2)

Post devciopment, it is assumed each lot will contribute 6000 square feet of
impermeable surface for a total of 24,000 square-feet or 0.55 acres. Of that
area none wili be in the Telephonc Exchange basin. The Rational N'Iethod
calculations for this reduced permeability are shr.iwn in the table below.

The Rational Method coefficients for the post developed Haegler Ranch area
are composite and calculated below.

9

CL !$

OF sLlE

Roadway Design Paramalers
Design Speedr 50 Bph
Posled Speed: 45 mph

l,,laximum ADT 199
Design Vehicler WB-50

SCALE: NOT iO SCALE

sl 16/1o

Andr6 P. Brockin

Rurol Grovel Locol Roodwoy

Stondord Cross Section o.-;iW
1 2/8/ 15 sD_2- 1 0
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14.2 Post &, Prior Flows
14 APPENDIX

RATION AL MODEL C ALCUL ATTOATS

Area Cs A L S ti L C, S V tt t.
2Culvert 0.29 122 2.8 0 2.8

0.08 202 t) 3.2 0 3.2Telephone Exchauge

Haegler Ranch 0.08 300 q 3.4 286 I 10 I 30 9.5 72.9

A C t. I aArea/Event
Culuertn 0.12 0.35 2.8 7 0.3

TelephoneErchange16 4.3 0.15 3.2 6.8 4.4
15.7 0.15 12.9 6.7 15.8H aegler Ru,nchlspr"
15.7 0.18 12.9 6.7 18,9H aegler Raruchnprrl

Culuertfis 0.t2 0.50 2.8 7 4.4

4,3 0.15 3,2 6.8 4.4TelephoneErchangerco
Haeqler R,arlChnspyp 15.7 0.35 12,9 6.7 36.8
'I aegler Ra'ilch1ssp67 15.7 0.37 12.9 6.7 38.9

cn : (0.96x0.55 + 0.15X15 .1) l15.7acC10 : 0.18 (3)

Croo : (0.92X0.55 -1- 0.35X15.1)ll5.7acC100 : 0.37 (4)

L4.2 Post & Prior Flows

The voiumes of water for Cro and C16s are so small the current 16-in diant-
eter culvert is sufficient though the subdivision owners are not opposed to
installing an 18-in culr,'ert. The flow of 0.4 cfs for the l0Gyear event will not
require inlet riprap protection.

By referencing Table 5 it can be seen the difference between pre" and post-
developrnerrt off-site flows into the Haegler Ranch basin are likewise relatively
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smail for the 100- and lGyear events being 3.1 and 2.1 cfs, respectively. Cal-
culated as (38.9 - 36.8 : 3.1 cfs) and (18.9 - 15.8 : 2.L cfs), again, respec-
tively.

Flow in the only culvert within the proposed subdivision at the entrance to
Lot 1 was calculated using the Manning equation with necessary adjustments
to the Manning coefficient, n, using the method proposed in 1946 b5, T.R,
Camp. The text by Steel noted in the references documents the methodology.

As an iterative approach is the only means to solve the non-closed-form Man-
ning equation for depths in culverts, the code in the Reference section of this
document must be run iteratively to arrive at values of 2.613 inches for a
100-year 0.4 cfs flow and 2.281 inches for a 1O-year 0.3 cfs flow,

L4.3 Outfall Locations
The outfall location for offsite drainage into the lower Telephone Excahange
basin is on the west property line 550 feet north of the proposed south prop-
erty line.

The outfall location for offsite drainage into the lower Haegler R^a,nch basin
is on the east property line 605 feet north of the proposed south property line.

Both outfall locations are shown on the plat plan that accompanies this
report. That plat plan is referenced in Figure 1.

15 References

1. "Drainage Basins, El Paso County, Colorado 2005', Copyrighted by
Board of County Commissioners

2. "haegler Ranch Basin Drainage Basin Planning Study", May 2009 for
County Department of Transportation by URS Corporation, 9960 Fed-
eral Drive, Suite 300

3. FEMA FIRM Panel No. 08041C0590 G
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4. "El Paso County and City of Colorado Springs Drainage Criteria Man-
ual".

5. "SCS Soils Map for El Paso County"

6. Flood Insurance Rate NIap (FIRM), Federal Emergency \,{anagement
Agency, Eff'ective date N4arch 17. 7097.

7. Steel, E.W. & McGhee, T.J., Water Supply and Sewage, 5th Ed., Irlew
York, McGraw-Hill Boom Company, 1979

R-language code used to calculate height of flow in drivcway culvert of Lot
1, the onlv existing culvert wihtin the area of the proposed subdivision.

install . packages ( " dplyr " )
library ( "dplyr" )

Q = 0'3
S = 0.0333
RHS = Q / (1.49 * sqrt(S))
print (RHS)

n0 = 0.022
h = 2.28 / L2

D = 1.5
r=D/2
theta = 2 * acos((r * h) / r)
A = r * r * (theta - sin(theta)) / 2

P=r*theta
Rh=A/P
if (between(0 , h/D, 0.03))
{

n=n0* (1 + (h/D) /0.3)
) else if (between(O.03, h/D, 0.1))
t

n = n0 * (t.1 + (h/D - 0.03) * (12 / 7))
) else if (between(0-1, h/D, 0.2)) {

n = n0 * (t.22 + (b/D - 0.1) * 0.6)
] else if (between (0 , 2 , hlD, 0 . 3) ) {

n = n0 x 1.29
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] else if (between(0.3,
n=n0*(t.29-$

I else if (between(O.5,
o=n0*(t.25-(h

)
LHS=A*Rh**e/3)/
print (LHS)

b,/D, 0.5) ) {
/o-0.3)*0.2)
h/D, 1) ) {
/D-0.5)*0.5)

n
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