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OLIVER E. WATTS, PE-LS

CONSULTING ENGINEER. INC.
614 ELKTON DRIVE
COLORADO SPRINGS, COLORADO 80907
719-593-0173

July 21, 1988

City Engineering
30 South Nevada Ave #403
Colecrade Springs, CO 80903

ATTN: Mr. Chris Smith

SUBJECT: Neal Ranch Master Drainage Plan Update
Broadmoor QOaks Filings 3,4,7,8,9 & 10.

Gentlemen

Transmitted herewith is the subject reoprt, which has been —
revised in accordance with your review comments of July.1l,; 1988: .

All hydrographs were computed at Broadmoor Bluffs Driwso as
to route through proposed culverts, then they were routed to
the hydrograph points at the boundary, where combined hydrographs
were computed. This was done for both the developed and historic
runoffs, each done for both the 10 and 100-year runoffs. Only
one of the proposed culverts needed modification, being hydrograph
point no. 12- where a 54" insert into a 96" riser is placed on the
inlet to the 78" CMP, which is inserted into the ultimate 90"
CMP .

3

All culvert locations are routed, based on the iégé& design
configuration, including those in filings 4 and which were
previously accepted. Detailed sheets are included which show:
the proposed high water marks, so that easements may be written
above the 100-year water level,

One again, it is clearly shown that the historic runoffs for
both the 10 and 100-year storms will not bhe EAC66ued by the
facilities:-as proposed.

17 additional pages of computations are enclosed, with revised
sheets for all culvert installations (sheets 8A, 8B, 8C, and 9A}.
A summary of all runoff conditions is revised on page 7 of the
report.

Please contact me if I may provide further information or answer
any questions you may have.

Sincerely

-

Oliver E, Watts
Consulting Engineer
Encl



OLIVER E. WATTS, PE-LS

CONSLULTING ENGINEER, INC.
614 ELKTON DRIVE
COLORADO SPRINGS, COLORADO BOS07
719-593-0173

June 24, 1988

City Engineering
30 South Nevada Ave $#403
Colorado Springs, €O 80903

ATTN: Mr, Chris Smith

SUBJECT: Neal Ranch Master Drainage Plan Update
Broadmoor Oaks Filings 3,4,7,8,9 & 10.

Gentlemen

Transmitted herewith is the subject report, which has been
revised in accordance with our meeting of June 23, 1988.

A detailed hydrograph routing procedure has been performed for
hydrograph point No. 10. The original report showed a very
slight increase in runoff over the historic, while this detailed
analysis shows that the developed outflow from the culvert
installation will be virtually the same as the historic runoff.
Two pages of additional computations are enclosed.

A summary of the runoffs from the existing development has

been added to the report on page 7, It is clearly shown that
the existing proposed filings will not increase the runoff over
that of the histeoric conditions.

Please contact me if I may provide further information or answer
any questions you may have.

Sincerely

Oliver E. Watts
Consulting Engineer

Encl



OLIVER E. WATTS, PE-LS PMFE'CEFV 5

G ENGINEER, INC.
COst’S'-I':TéNLKTON DRIVE Cour Ok qf’fN@nggMNE
COLORADC SPRINGS, COLORADO BOSO7 5 cold
718-593-0173 M A
i AY 1§ 198y
May 5, 1988 8 9
190 11, fq viw& . agy

City Engineering
30 South Nevada Ave #403
Colorado Springs, CO 80903

ATTN: Mr., Chris Smith

SUBJECT: Neal Ranch Master Drainage Plan Update
Broadmoor Oaks Filings 3,4,7,8,9 & 10,

Gentlemen

Transmitted herewith for your review and approval is the master
drainage plan update for Neal Ranch, concerning Broadmoor Oaks
Filing 3, 4, 7, 8, 9, and 10.

Please contact me if I may provide any further information or
answer any gquestions you may have.

Sincerely

U5k

Oliver E. Watts
Consulting Engineer

Encl:
Drainage Report
Computaions, 15 pages
HP Details, 5 sheets
Ares Drainage Map
Area 50ils Map
Soils Interpretation Sheets- 4
Reference Sheets- 18
dwg 88-1713-02, Highway 115 Culvert Details
dwg 88-1713-01, Master Drainage Plan
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Neal Ranch Master Drainage Plan Update
May 5, 1988
Page 1

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 by the City for drainage
reports and said report is in conformity with the master plan
of the drainage basin. I accept responsibility for any lia-
bility caused by any negligent acts, errors or omtsslegg on

my part in prgparing thls report. 9‘-f - “53
/,g ‘i:?; »V o ,\ 3
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Developer's Statement:

The developer has read and will comply with all of the require-
ments specified in this drainage report.

DAVIDR. SELLON Co.
By: \f_,;/f; //7 é(iiiiéizix
Title: , .

225 Bast Cheyenne Mountain Boulevard
Colorado Springs, CO 80906

City of Colorado Springs:

Filed in accordance with Section 15-3-906 of the Code of the

City of Colorado Springs, 1980, as amended.

da?b/

"SEE ATTACHED CONDITIONS OF APPROVAL"




CITY OF COLORADO SPRINGS
The “America the Beautiful” City

DEPARTMENT OF PUBLIC WORKS CITY ENGINEERING DIVISION (719) 578-6606

RE:

30 S.NEVADA SUITE 403 P.O.BOX 1575
COLORADO SPRINGS, COLORADO 80901

August 1, 1988

CONDITIONS OF APPROVAL FOR THE PARTIAL UPDATE OF THE
NEAL RANCH MASTER DRAINAGE PLAN INCLUDING THE BROADMOOR
OAKS FILING NO. 3, 4, 7, 8, 9 AND 10.

The Drainage Report and Facility Design for Broadmoor
Oaks No. 7,8, 9 and 10 by Donnel Jeffries as referenced
in this report is considered preliminary as of this
date and is subject to final review by the City.

The review of historic runoff rates and temporary on

site detention will consider Broadmoor Qaks Filings 3,
4, 7, 8, 9 and 10 only in this report.

Prior to the approval of the final drainage report and
construction drawings, a detailed pond analysis is to
be submitted for the proposed temporary on-site
detention facilities to establish volumes, elevations,
and construction requirements for the 10-year and
100~year design storms.

Where the temporary detention facility analysis
indicates water levels causing potential building site
flooding on the Broadmoor Oaks plattings, building
permits for the effected lots will not be issued until
the detention control devices are removed.

Adequate drainage easements will be required to
accommodate the floodplans caused by the 100-year
design storm within the Broadmoor 0Oaks boundaries.

' Drainage facility construction providing temporary

detention will not be accepted by the City for
maintenance until the temporary detention devices are
removed.

No flows over historic rates and form will allowed to
discharge downstream of the Neal Ranch Development for
the l0-year or 100-year storm unless drainage easements
are procured from downstream ownerships extending to
State Highway 115. No flows over historic rates will
be allowed to discharge into the Fort Carson property.



Page 2
August 1, 1988
NEAL RANCH DRAINAGE

6.

8.

The sizing and location of any proposed ultimate
detention facility downstream of the Neal Ranch
Development in this report is considered conceptional
and will be designed on the basis of total tributary,
fully developed conditions. Allowable discharge at
Highway 115 will be subject to the Colorado Department
of Highways.

Where runoff over historic rates is discharged
downstream, the Broadmoor Oaks Development is subject
to any additional requirements of El Paso County.

Floodwater Management Structure will be subject to the
State Engineers interpretation for jurisdictional dams.
Outlet works and spillways will be subject to any
additional City/County requirements.

A final Drainage Report and Construction Cost
Estimates are required prior to the platting of
Broadmoor Qaks Filing No. 7, 8, 9 and 10.

ineer Date



Neal Ranch Master brainage Plan Update
May 5, 1988
Page 2

1. Location and Description: The Neal Ranch is located in
Sections 12 and 13, T155, R67W of the 6th PM in the City of
Colorado Springs, as shown on the enclosed drainage plan.

The site is bordered on the West by Norad properties and some
undeveloped land, on the North by previous Broadmoor Oaks filings,
on the South by undeveloped Broadmoor Qaks properties and the
Norad Road, and on the east by the J L Ranch, now totally unde-
veloped,

The site lies in an unstudied drainage basin shown on the encloszed
area drainage map. Panel 290 B of the FEMA mapping indicates$ that
none 0f the site falls within a designated flood plain or flood
hazard area.

2. Purpose and Scope: This study will update the master drainage
plan of Neal Ranch, prepared by G.J. Welss, dated June 24, 1987,
and the effects of existing platted Broadmogr Oaks filings on
the historic runoff within €he basin, and recommended steps to
mitigate any increased in runoff,

Drainage reports have been previously submitted and filed by the
City for the following subdivisions:

Broadmoor QOaks 3 and 4 ELB and ASsociates October 19, 1987
Broadmoor Oaks 7, 8, 9 & 10 Donnel Jeffries January 25, 1988

This report will offer minor changes to the above to mitigate
increases in runoff and examine their effect, and provide further
analysis of the capacities of existing outfall structures and
master plan facitiies in that area. No changes to the abhove
approved reports are intended, except where -~specifically called
out and mentioned, and are only minor and temporary in nature,

3. Criteria: All drainage computations have been prepared in
accordance with the criteria prescribed and adopted by the City
of Colorado Springs and are enclosed for reference and review,
10 year and 100 year runoffs were computed using the 24-hour
storms of 3.3 inches and 4.6 inches of rainfall, respectively,
as described in detail 1in a later section.

Soils mapping of the area has been prepared by the local USDA/
SCS office and is enclosed for reference. Major hydrologic groups
are shown on the enclosed drainage plan. ’

4, Hydrologic Computations: The drainage ba&dins originates on the
top of Cheyenne Mountain and ocutfalls through existing culverts on
Colorado Highway 115. The terrain is very rugged and generally
steep, and the basins are relatively long and slender, which rules
out many typical hydrologic:=techniques.




Neal Ranch Master Drainade Plan Update
May 5, 1988
Page 3

The methodology used is the same as prepared by me for G.J. Weiss
in the approved master drainage plan. Individual basins are
computed by the SCS synthetic hydrograph procedure. Detailed
hydrographs are computed at significant points to analyze the
historic and developed (through the existing filings) runoffs
and the amount of detention required to stage any increase to
peak historic wvalues. Channel routing techniques were employed
for results that will be realistic with the terrain characteris-
tics. Tt may be seen that the upper basin runoffs are very high
and the hydrographs steep and short, and that they flatten out
as. the terrain levels out in the lower reaches of the basin. In
basins of this nature it is not unusual for runoffs to decrease
from upstream to downstream when this occurs,

- All applicable portions of the c¢riteria manual and other infor-
mation used is enclocsed for reference and review.

5. Detailed Computations:

A

a. Hydrograph Point No. 8: This is the Southernmost outfall point
of the existing development and occurs on the Soutteast corner of
filing 8, as shown on the enclosed drainage plan. A small portion
of filing 9 is drained also.

[

btes

As described in the master plan, the total Neal Ranch development
will increase the runoff from a historic value of 664 cfs to 705
cfs, requiring 82,622 Cubid Feet of detention storage. Donell
Jeffries has specified a 120" CMP culvert on Broadmoor Bluffs Drive,
which has not yet had a final design. It may be represented sche-
matically as shown on Page 8A of the HP details, and will require
improvements in the approach channel to develope sufficient inlet
headwater to accomodate bthe design runeff of 705 c¢fs.

&

The drainage basin limits have been modified slightly as designed

by Donnel Jeffries and the runoff recomputed to determine the effect
of existing platted ground. The historic runoff of 639 cfs will

be increased only slightly to 646 cfs, requiring only 15,121 CF
detention at this time.

When sufficient inlet headwater is developed to accomodate the
design rufoff of 705 cfs, the existing 100-year runoff of 646
cfs will create enough headwater and detention to lower the peak
to the historic value of 639 cfs, The ultimate requirement of
82,622 CF detention will not be available, however, so additional
development will require further examination., For the present
filings, however, 28,120 CF storage is available, significantly
more than the 15,121 CF required.

Foe. Binar Vowes . Sos FHav pro

b. Hydrograph Point No. 10: This is the outfall of parts of




Neal Ranch Master Drainage Plan Update
May 5, 1988
Page 4

Filings 7 through 10, and Donell Jeffries has propcsed a 90" CMP
on Broadmoor Bluffs Drive, having a detailed design shown on
Page 8B of the HP details. The Master plan shows that 232,045
CF detention storage will be necessary to lower the final peak
runoff of 488 c¢fs to the historic runoff of 394 cfs, This total
storage is not available before the road overtops, however the
existing runoff will increase from 413 cfs to 448 cfs, requiring
only 70,649 CF runoff,

Under Jeffries ultimate design the 448 cfs will create a headwater
elevation of 35.44, with 14,464 CF detention. This creates the
peculiar situation of the ultimate design reguirements being to
great to do any good for the present situation. It is recommended
that one Jjoint of 78" CMP be inserted into the 90" with a cutout
plate to restrict the opening so that the existing 100-year
developed runoff would be accomodated without overtopping the

rocad to elevation 39.0, creating 67,601 CF detention storage.

The sums of the storage available from HP #10 and HP #8 are within
4% of the total reguirement, so that the combined peak outflow
will be virtually the same as the historic under these conditions.

As shown on the detail HP sheet 8C, however, this additional
headwater depth will create special problems with lots 74 and 75
(master plan numbering) by possibly inundating the building sites.
These lots should be held back from sale for this interim period
until downstream detention, discussed in a later section, can be
arranged., This period is not expected to be longer than one year.

c. Hydrograph Point No. 13: This is the outfall for most of

filings 3 and 4, where a 60"CMP and a 78" CMP have been constructed

on Broadmoor Bluffs Drive to accomodate the ultimate design runoff
of 690 cfs. The increase from the historic 536 cfs would reguire
370,905 CF detention storage according to the master plan. The
ultimate design situation would create a headwater elevation of
61.14, with a detention of 111,700 CF.

The existing developed runoff would increase to 593 cfs, creating
a requirement of 64,821 CF detention. This runoff will create

a headwater elevation of 58.58, with a detention of 64,254 CF,

so that the outflow is virtually the same as the historic and no
further improvements will be reguired until development progresses
further.

d. Existing Development Summary: With the above describegjminor
modification to the inlet of the 90" CMP above HP #10, the culverts
‘as now designed will create 144,711 CF of detention storage,
where 150,591 CF would be required, being within 4% of the require-
ment. This is well within the range of tolerance of the computa-
tions. so that it may be said that the outflow from the existing
development is virtually the same as the historic value, No

Fon. favar Mﬁmg,&@ﬂﬂﬁp Gpse s -E2

p———



Neal Ranch Master Drainage Plan Update
May 5, 1988
Page 5

additional mitigation will be necessary for the existing development
conditions.

e, Dutfall Point Analysis: As shown on drawing 88-1713-02, 2
84" CMP culverts across Colorado Highway 115 represent the outfall
structures of the drainage basin. The culverts across the Norad
off-ramp are 52.7 feet long, with headwalls and wingwalls, while
the culverts across the main highway and the North-bound on-ramp
are 216.4 feet long, with beveled entries matching the paved
end slopes. A hydrograph at this point (#16} was computed to.
have a peak runoff of 1781 cfs, under historic conditions.

The main culverts have a capacity of 700 cfs under inlet control
conditions before runoff will cvertop the highway at a point a
couple of hundred yards to the South, The total historic runoff
of 1781 cfs will create an covertopping of the travelled lanes

to a depth of 0.40' for a duration of 71 minutes,

The Norad off-ramp culverts have a capacity of 960 cfs, with
inlet control conditions again governing. The remaining historic
runoff will overtop the off-ramp to a depth of 0.67' for 21
minutes.,

As discussed previously,. the existing development is totally
mitigated for increased runoff by culverts as designed and only
modified slightly, so that the developed munoff at the outfall point
has the same peak as the historic value, and no mitigation at

this point is required. Even though the culverts will not handle
histcocric runcff, this is a concern only to the Highway Department
and not the preoblem ¢f the developer. As illustrated ahove, the
inconvenience to driving is much less that can be anticipated from
snowstorms that occur several times annually.

f. Master Planned Detention Pond: As described in the master
plan; a total of 685,572 CF of detention storage would be required
to lower the various peak outflows to the historic values. This
figure represents the value at the outfall of the Neal Ranch
development, and will logically be lowered significantly when
routed to highway 115, but for the time being and approximate
sizing may be made for the structure, at least from a feasibility
standpoint,

Under ultimate development conditions, headwater on the above
described culverts will provide 171,195 CF detention, so that a
balance of 514,377 CF or less will be required. The existing
culverts on highway 115 do not have enough headwater storage to
approach this figure, so a tentative structure has been designed
and is shown on Sheet 14A of the HP details, drawing 88-1713-02,
and the master drainage plan. This should be a roadway culvert
that would provide detention advantages without falling under



Neal Ranch Master Drainage Plan Update
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the dam requirements of the State Engineer's office., This deten-
" tion pond would require re-examination for each major phase of
development. within the basin, and a detailed hydrologic investi-
gation would be warranated then and at the time of final design.

Preliminarily the culverts would be designed for the passage of
the historic runoff of 1781 cfs onto the highway right of way,
while provided sufficient detention for the anticipated increase
in runoff so that the detention would not overtop the roadway.

Iin this case, the water surface would be elevation 64,93, with the
roadway at 66,00 minimum, with two 108" CMP's appearing to be the
most economical culverts, governed by inlet control conditions.

6. Cost Estimate:

Temporary modifications to the 90" CMP on Broadmoor Bluffs Drive
would not be credited against the basin fees, so they would not
change the approved cost/fee relationship for previously approved
drainadge plans. The estimate of this cost would be as follows:

78" inlet to 90" CMP ' $2000.00

10% engineering 200.00
Total Estimated Cost $2200.,00

The master planned detention facility would be a permanent facility
to be constructed when needed and perhaps modified periodically to
meet specific needs of progressing development conditions. The
total ultimate facility is estimated to cost as follows:

Roadway Embankment . 6510 CY @s 2,00 % 13,020.,00
108" CMP 216 LF 220,00 47,520.00
Headwalls 2 EA 3500.00 7,000.00
Subtotal $ 67,540,00
10% Engineering 6,754.00

Total Estimated Cost S 74,294.,00



Neal Ranch Master Drainage Plan Update

July 21, 1988
Page 7

7.'Summary of Runoff;

As requested, the following is a summary of the 100-year and the

10-year design runcffs:

Hvdrograph Point

Developed Runoff -cfs-

and Location: Inflow

100~vear Runoffsi’

8 @ BM Bluffs Rd:
@ East Bndry:

10 BM Bluffs Rd:

East Bndry:

78"CMP BM B R&:
60"CMP BM B Rd:
Fast Bndry:

[
(W8]
W o o

10-Year Runoffs:

8 @ BM Bluffs Rd:
@ East Bndry:

10 @ BM Bluffs Rd:
13:@-78"CMP.BM B Rd:

@ 60"CMP BM B RAd:
@ East Bndry:

682
599

452
410

377
160
554

432
388

236
209

206
67
285

Outflow

634
599

4290
410

361
160
554

418
388

215
209

206
67
285

Ultimate

Historic Runoff Design

~cfs—- Runoff

681

639 705

428

413 488

374

152

564 690

402 N/A

212 N/A

205

62

290 N/A
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TABLE 16.--S0IL AND WATER FEATURES--Continued
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Sea footnote at end of table.




) —
™ 1] . . . . . - - . . . . . . .
oy LT} [ ] L] @ [\l ] a a O @ 3
L2l o) ) ) L] 4 a8 +3 iy ] R Y 2 .mw_ .W .W_ aw
£ 0t a @ m ] ] 1] @ o] m 1 @ ol @ © ] @ @
Ly - k. “ i - n |5 I [ [ . 1 S L [ - ] [ 5
e ] = 1] @ W - £ Faj @ @ T @ [ L 1 - = v 2] @ €L t o Q@
[=] L] g = o = x x 1 s ] ] - he} he] bl 2 bl vl kyl he] o 2 o
=¥ — =3 (=] (=} [=] Q -— e = [} 2] [»] [=] =} =] ial o] O ] Q Qo Q
j= =g = = -5 ) - T feng = - = = ; = - X = 2 = = = =
W
7] 1] w L ) @
v 1 t — ' — - 1 1 I ! ] 1 1 1 — ] | 1 1 T 1 ] ~
5] ) | o] 1 o o I 1 1 s 1 1 1 1 o 1 | 1 ] i ] ] e
o ¥ 1 © ! o [ 1 [ 1 3 1 1 r ' [ 1 ] 1 3 | ] 1 T
L = o Q el o, Q
K @ a [= Y 5 [5) a
4] & - =t ot m - el
o o < < =4 o o
r|||||||||||r||||||r|||-|,i||||||!...i.|-|..|-|-|||;||||||1..|||||||..|||||-|n....l.|||f||||||1-||||||||r-lnlnsnlnlljf||||||||-||:|..|||1.,||||||..|||||..||||n|
T
%
faa}
= =] [= T [} [ o
-3 o = o = Y o [ I [ o o o o ) N O o < S o ' o =
G = W v r ¥=3 ] 1 e K=RY el e 0w 1 1 ! el r=} v=3 W0 1 [¥a) 1
G ] oA ~ =] ~ Do ~ A A ~ A~ ~ ~ =3 1 S A ~ ~ AN 1 N [=]
[=3 — o e — - Y
-
o
= ||||||||-...||||.i!.||||.i..||..-..!.l..rl-..-..!...|||||a|.i-|n|||||u-.||||..l|||..|l|..a|-||..!.||-|r|n|-..-|r|-|||-r|||..||-|-||.-....-|||!.|..||||-|..||..-|r..|||l|||||.-|l
=
-t
[} -+
S
250
L) £
o ] = 1 ' ) ' ) 1 1 1 ¥ t ' ] 1 1 i 1 ' ' | 1 b ) 1 1
[} ] o i 1 ] 1 ] ] 1 1 1 ] ] I 1 1 I ] ? ] 1 1 I t ) |
- %) =] 1 1 ! 1 1 t T 1 1 1 1 1 ! 1 1 1 ' 1 H 1 i 1 ] 1
€3] =
g &
w
< = )
2
4 o«
[£1) [cle) o
W 2ol o
|t
4 = || oW 1 ' t 1 ' 1 1 1 t 1 1 1 1 ) ' 1 3 t 1 1 T 1 1 1
ﬁw. =] o] 1 1 1 1 1 ’ ’ ] 1 1 1 1 1 1 1 1 ' 1 ] 1 ! | ] ]
o o] “ ] 1 1 ) 1 1 t 3 1 1 1 1 i + ! 1 1 i r 1 ] 1 t ]
@ = |~ 35
O = ] A
o 4
] =
b (=) |||...|||..|||..|..||||..||1|..-l||||-|...|-|||-|;|..|-||||..|..n|-lu.,||r..||..|||.:.|..1||||||r||||||||f|||-| T e e e e e e
p, @ r ] 1 ! 1 1 t 1 1 1 1 [ 1 1 1 I T r ) ] 1
) ! ] t ] ) ) 1 t 1 ] t 1 t 3 1 | 1 1 ] | 1
] 1 1 L] 1 1 r ) ] 1 1 t ] 1 1 1 | 1 t i 1 1 1 1
- = ] [ ] I 1 1 | 1 | 1 1 1 1 ] 1 i 1 ] i 1 ) i
H e o 1 @ ) ' | I | o | | 1 } | 1 | i I T i )
— o 1 = t 1 ! 1 1 1 I i ' 1 1 ! 1 1 k 1 1 r 1 t
[ 1 1 1 t 1 3 1 1 1 1 1 1 ! 1 1 t 1 ] 1 1 T 1 1
Lx3 > ' o ] 1 1 1 1 1 1 1 1 1 ] 1 1 1 1 1 3 ] 1 | 1 ]
= o ! + ] 1 ! 1 1 ! t ' i ' 0 1 1 ' 1 ' 1 ¢ t 1 T ]
i m @ 1 I 1 t 1 ! 1 t ] r 1 ) t | ] t i 1 1 1 ]
3 < 5. L © w L1 « a o LY @ L Q@ @ L1} o .} @ o ) @ @ L] u
[ <9 = c = [=d o o o e = = o o =] o = (=] o o [ o o =
=] < =] L= O o] o] Q Q Q o] Q 2] =] o o] o o o o o [=]
= = = = s = prad == ol - o = = iT = = = = = = r =3
1o oo Y
[ ]
L oel 0 (8] [&] o o o o [s9] m (8] (&3 [=e] m =2} [ =1 fan] (&) [na] m m m - fas] (5]
7O L
5 o)
- 1
| | 1 1 1 1 1 ' | 1 1 i ) 1 ! 1 1 1 1 ' 1 1 1 1
] 1 t 1 1 1 1 1 T 1 n 1 1 1 ) ] ! 1 1 1 5 1 1 1
1 1 I ) 1 1 1 1 1 ] 1 ] 1 1 1 1 1 t 1 1 1 i 1 t
- 1 ] ] 1 I ] ] i) I i § ] I 1 ot - ] 1 [] ] 1 ] ] 1
© 1 1 ] | 2o 1 W 1 ! 1 ] FL [+ 2] . 1 1 > 1 1 3 1
&~ ] t ] ' b . 1 a 1. 1 ¢ a t = oo a 9 ' 1 LW | 1 1
fs] ] 1- ] i 113 m 1 Q, a ] 1 | 4 31 [0} =2 m } 1 ) 1 ~ 0 [} )
Qo ] ™ i | j= B a. 1 L ] | o] [ L) el } 42 (=9 | ) o, m L] ] ]
B e 1 ree LY ¥ ] 1 a) 1 1 Q, 1 = s 20 | 3t @ L | t an o, > 1 1 ]
M > 1 a5 ] T ! o — i — o4 i [} €1 o] [ [«I ] %] — | ] o= g 1 t
=3 7] 1 — -~ 1 [ o @ LE] ~ =2 ) | bl an w o= =2 . =} o =t ' w0 =) [ | 1 1
LTI | oo PR | m .- 5] L2 Q@ o el = t — o o =] = e i) ia > W | e - g o [ o or
' — o 1 [N o] ] — ! =R oo} > T i =] = o m 3@ v @ 2] =4 =} ot [~j¥e! ™ e 1 s b e e
-~ 9 W@y m o [ o QL Jo+] ~ O 3] L | ) - =] v o-- o 0 o C W m =1 o] -a r =~ %] [
o E = q N~ ] w 1 vIg = =l - o = [~ = Q@ = N O = o Mo e L= = = = - (=5 v ! =2 O -
W jo N o o o= heaTy — o [Tl c o =0 p] s BN+ =0 L Eagtel ¥+ =0 —— N ey
T i T A @ 1N @ — QU - I HD e~ c— L— [TRY=4 DD — Bl S B @ o~
= = = = = = = o 9 o a. a. a, o o=

See footnote at end of tahle.



—
. . . . - . - - B - . - . . . . .
= [} Q v ['}] Q [ [LE] [}] @ 5] L ] LH) o 1] Q Q@
w0 o PR L R o ) - 2w 4 PR ) Pl s Ut
[~ =] o] © ] m [} (] o 2] ] [ Q o] m m@ T ] m ] ]
B “ . - 1 fe 1 L s £ . i [ 5. . L |5 [ t L S =
Lol 4] @ (] . = ] (3] Q L) Q@ L = @ a w Q@ Q o] L5 . t @ (5] 7]
o © o bl x =1} hel b ] o el [=in] o o = = o o = = =z -l o hel
a, [ Q o o [} Q o] =] [a] -l Q (=] =] [=] O [s] Q o] L] ] ° [=}
= = - X = = = = = o = = = = o = = — = = = =
n
% 1..._1.“ i 1 ] t ] [} t ] r ° I I ] it h e v
— — — ' —
£ L Eel ] ] fal ] 1 ! ] ' L2 ] | ] ] =] M M ..._IU.
5 m ] 1 1 © ] 1 1 1 1 o ] 1 t 1 o [ © @
[ oo o 2. - o o o ™ =8 Q, o oo
A [} (=% o, ~ =3 | N =3 L |- = (=1 (=3 a .
< ja el — - 1] - ] - © ] m -~ o~ o -~
o = o fnd o = =] = =] == o o o -3
rl..||||||||||r||||||l||..r|||||||||||||||||||1..r|||||||..|..I.:||||||l!.||_.||||l||£..||||||-|..r..| T T T T T e e e e e e e L
o
8
al .
= o <o (=) o =] o o o] < o (=] o o
-+ = o 3% [} | el oy =] =] (=} o o AT o [} o < L oy 1 (3] o = L=
[~ -1 | ] = 1 1 | ) O v W Y] 1 v o | O i ] 1 1 [ 1 1
1] — [=] < =+ ~ 1 o o A ~ ~ ~ ~ (=) ~ ~ [= =] e [=] (s r [=] (=] (=] [«
o Y] — = Lnd o &N - Y] (4%} oy
w
[}
=3 [ e e e e e e e R AR e — e T s s S e e A e e e e e e L A e ———— - — = - Ill'lll‘ll.lllll.l:lllllll.lltl-llllvl.lll.llIlll.rllnlllllll.lI
=
)
i)
S
s 1] 2
L&)
1 Fal ] 1 1 1 ] ) ] ] 1 1 ] [] ] ] 1 ] ] i ] ) ) ] ] )
1 = I ] ) ] ] 3 3 \ } ] ] ] ] I r 1 ] 1 1 ] 3 ] 1 1
V] (=} 1 i 1 I ! 1 ! r ' ] i 1 1 i 1 ] 1 ' 1 1 ! i ) 1
| £5] =
==
=
I
B oW -|||||-||:|:-1||-|-|||..r-..-..||-|!.-..-:-|-|I-:u-:-ul-u-l;..-|as-..||||-1,-....-n-u-ll-:-l-n---:u-::.-:I-..-..-----|-..||-|-|-..r|||-|:|-..r|||!.|..|..||||
=
5 5 | «
N = |2 o
S sl
S = |5 @ 1 ' ' ) 1 ] 1 1 t r 1 1 ' 1 1 t 1 ) 1 1 ) 1 ' ]
= [=} ol 1 r t ] 1 ) 1 1 ) 1 | ] 1 1 1 i ! 1 ] 1 1 | ] §
@ A [o <= Voo [ [T T i 1 o T ! [ 1 I : H i 1 HE
o= 41 s
-t Lz, [=]
1
=
o 5 et e e S e e e e e e e e e e e e
o t 1 i 1 ' ) ] ! ] 1 ) 1 1 ' 1 ! | ! ] 1 1 1
] ] 1 ] 1 1 t I t ] | t ] I I H 1 [} [} ] ) ] 1
1 1 1 t 1 ) 1 1 1 1 1 1 r 1 1 | 1 ) 1 t r ] 1
. = ] 1 1 1 1 1 ! 1 1 1 1 1 ' 1 1 1 1 1 t 1 1 ¥
N o b | 1 1 1 1 1 1 i I 1 1 1 1 1 t ' ' i 1 T i
— I 1 1 1 1 1 ) 1 1 1 1 ' 1 T 5 | ! 1 1 | ] | I
« ) 1 1 1 I 1 I I t 1 1 t 1 1 t 1 1 1 1 1 | | 1 1
A o 1 1 1 1 1 1 1 r t 1 1 | 1 1 1 ) 1 1 i 1 ! } 1 )
] o ] ] ] I 1 1 1 1 1 ] ] 1 I 1 1 ] ] I 1 1 ] I 3 )
m © ! 1 1 1 1 1 1 1 i r i 1 1 1 | ! I 1 1 1 1 1
o 5. ) w w Q Ly w © w @ « o v © o ] L] © L+ @ W o @ .
= te, = =1 = = =) o [ c = c = = c c < < = = = o 2 c L1
O o O Q o] Q o [} =] =] = [=] o] o o C =] =] o C =] =] —
= = = = = = = = == == = = = = = = = = = = a
s;:lu..l..|....||..|||||l||||||!.s|-..||..|n|||-|||-||..-|||;[|..s|..||||..||-|||||..|n|||-|-||...:.u..ulu..ll-|-||||.-J||||-|||||r|..|!.|||..|..||..|||||r||||||||!|..|l..r @
«“w
Y e, e ———, L%
= A\.\ >, & 5 o
Lo [} fine) o m a o [= T m m [= a3 m =L [ om m (o) m L&) ) ) fanl [=2] fea] (%]
o oL . } S g o
Xl e L =
= @
T [ T T e e e e e e e e e e e e e e e e e A e e e o e o T T T T e e e e e e
] 1 | i ' b 1 1 1 1 1 ' I t t | 1 1 t ) 1 ! 1 ' o
1 1 1 1 1 - 1 t 1 1 1 1 1 1 - 1 1 1 1 1 ) 1 ) I
1 V ' ' ' N 1 I 1 1 1 ) | 1 9 ! 1 1 1 1 1 1 I 1 o
- . ' | Y Q| @ I 1 1 W [ 1 1 m 1 ' 43 1 [<N t ) ) ] Fx]
= 1 + F] [ o1 o W 1 1 i I o 1 ] o, P E 1. @ 1 o 1 1 1 ! Q
0 s r. T ® .- Lo T I ) I o ST ) [ ! ® ot 1 1 R ] =
a C a & o a o Y © ' I == [ 1 [~ @ 1 B e T [Cl] 1 1 1. I -
D D ] o, =3 Q + ) L (= ! 1 = o 1 o] 2 1 - = 1 ) o © (o]
EE on [ o S © 1 ] o] @ ] =TI .2 | @ @1 =] t 1 = o =3
T = . [} — 1353 Q| I ol 1 t 2 — - ] [ | i — el (=% L7 | oo T ] 1
= @0 [ m N — = o [3) @ e o1 = r— “ E e o — m E 1 - =] Lo - [} 1 o [
o > . o a3 v = s © o @ @ o [ a e @ W =] o X - 1 [ =3 [
— o .- ~ L] o ™ o =] O o P — [ Lo - > £ = N @ O o] L L oo o, = @ @ 0 m ~ ! e i oy A
- I P o~ N o=e o o - O o] =} wol o o g [ 9] o —~ . @ U 3 ome 1 . O 0 o, @ | -l L] ] 2]
5 E She = DO E®E =T M= [ [=9] T o~ =y = moyd e Lo~ Y m S -~ 0wl (| oo n | [ — o
fem) ] N~ N b= U b~ Em Lo @ £ TmMm oo O\ P Ny Lo o
et m— —_— Qro @ o G b~ - [*iad oo — e el @ &0 e -
~ o= = ] oy o [} %] %o} 723 |l =




1000

Peak Discharge In
csm Per Inch of Runoff
Versus
Time of Concentration, Tc
. Typé Il Storm Distribution, 24 Hour
Type iI-A Storm Distribution, 24 Hour

900

100

500

B00

30

3.2 0.5 0.4 05 0.8 0T 0800 2 3 4 3 L] 7 8 % 10
= R ESas: B
=gl H P == = S e A H HETH
- E 1 :: I'TH == L £ pemils Ny Sl e - i i r 1 HIH s
wS=aeTRSTEREIHE ER T ifiiiti
E R Y E H HEEHE
H T +
g = HHIHHT He==3kss
RANAYSN ! «ITH a8 i HI1H Ilqrr
H I HHHHHH il
Cer adait A T
il
HAH I EZaEgisdl
i H i fi
St ; e
I3 E [Ty T
H H i =L is H
4 ST i = H -
e e el e SESE SRSt i
18- AU H 1 i L] JHHELE

100

Peak Dlscharge — csm/inch

- 100 b S
( o EEEEH H ZESINENEE ===t F - EREE HTHTT CEETE| TR 2
0 e H HH iy e e R =yha 'T'-L S.LF
0 ER it 113 £ HEPEE E=sspsaidlin 341:": I
E HHH IE SEE R HA T TR Rl
0 LLEH F ; = S A e
o0 BTl 1 nfumed (843 A E H
ETH I T HH L
= H HHHIT HillRakes |
a0 =L UL L L ]
B IETHi FEETEE §iE
= S i + g
! B%e sy LIH Hit 1 ‘L 1 H 3
ol SE st soasd A EERI A SEis i nalnl I
i S T Hp i S E SHIRIBESS 1
e B R SEHIBEIHH IR T A TR JEHIH
i e i _
TR R A i FEEL M
20 i HH -HHHTH
il RETpEstpInl H LT LTHE
I It T
gagsnaifist i TR AREERRIsti vt i htltlmsuafydd 16
ANQERRRARINITY I RANERASRRERERIN 1
o | ik I [

Q.

A Centerra Company
- I .

0.2 03 0.4 0.5 08 07 0309 | 2 3 4 L] s T a 912

Time of Concentratlon Tc—Hours

D

"HOR Infrastructurs, Inc.

Dats

1P Count
The City of Colorado Springs IE aso County OCT 1987 |

alnage Crtteria Manual

| Figure

5-1id




Open spaces,

Land Use

cemeteries, etc.

Commercial and business areas (B5% impervious)

Good condition:

Fair conditon:

TABLE 5-5
RUNOFF CURVE NUMBERS -

FOR HYDROLOGIC SOIL-COVER COMPLEXES

URBAN AND SUBURBAN CONDITIONS 1/ .
(For Antecedent Moisture Condition II)

(From: U.S. Department of Agriculture,

. S0i1 Conservation Service, 1977}

lawns, parks, golf courses,

grass cover on 75% or
more of the area

grass cover on 50% to
75% of the area

Industrial districts 72% impervious)

Residential:2/

Acres per Dwelling Unit

Average %
1m9ervious3/

1/8 acre or less
1/4 acre
1/3 acre
“1/2 acre
1 acre

Paved parking lots, roofs, driveways, etc.

Streets and roads:

paved with curbs
gravel
dirt

For a more detailed description of agricultural land use curve numbers,

and storm sewers

NOTE:

THIS TABLE.TO
BE USED FOR 24-HOUR':
_STORM ONLY.

£

Hydrologic Seil Group

A

39*

49*%
8g*
81*

77*
61*
57*%
54*
51*

98
88

76%
72%

refer to in the National Engineering Handbook (U.S.
Soil Conservation Service, 1972).
Curve numbers are computed assuming the runoff from the house and driveway
is directed towards the street with a minimum of roof water directed to

lawns where additional infiltration could occur.

8

61

69
92
88

85
75
72
70
68

98
98

85
82

Dept.

C

74

79
94
91

90
83
8l
80
79

98
98

89
87

D

80

84
95
93

98

91
89

&

of Agr1cu]ture,

The remaining pervious areas (lawn) are considered to be in good pasture
condition for these curve numbers. o

5-29 ©
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TABLE 5-4

RUNOFF CURVE NUMBERS FOR HYDROLOGIC
SOIL-COVER COMPLEXES--RURAL CONDITIONS

(Antecedent Moisture Condition II, and I, = 0.2
U.S. Dept. of Agriculture,

Hydrolagic

Condition

(From:
Soi1 Conservation Service, 1977)
Cover
Treatment
Land Use or Practice
Fallow Straight Row
Row crops Straight Row

Small grain

Close-seeded
legumes 1/
or
rotation
meadow

Pasture or range

Meadow

Woods

Farmsteads

Roads (dirt) 2/

Straight Row
Contoured
Contoured

Cont. and terraced
Cont. and terraced

Straight Row

Contoured

Cont. and terraced

Straight Row
Straight Row
Contoured
Contoured

Cont. and terraced
Cont. and terraced

Contoured
Contoured
Contoured

(hard surface) 2/

1/ Close-drilled or broadcast
: 2/ Including right-of-way

Poor
Good
Poor
Good
Poor
Good

Poor
Good
Poor
Good
Poor
Good

Poor
Good
Poor
Good
Poor
Good

Poor
Fair
Good
Poor
Fair
Good

Good
Poor

Fair
Goed

5-28

S)

NOTE:

THIS TABLE TO

BE USED FOR 24-HOUR,
STORM ONLY.

Runoff curve number
by Hydrologic soil group

A

77

8
86

T 0
91 94
88 91
85 89
84 88
82 86
80 8z
78 81
84 88
83 87
82 85
81 84
79 a2
78 8l
85 89
81 85
83 85
78 83
80 83
76 80
86 89
79 84
74 80
81 88
75 83
70° 79
71 78
77 83
73 79
70 77
82 86
87 89
90 92




C Herbaceous

I C Oak-aspen

Juniper- grass

Sage - grass
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TABLE 9-1

Entrance Loss Coefficients

Outlet Control, Full or Partly Full

Type of Structure and Design of Entrance

Pipe, Concrete

Projecting from fi11, socket end (groove end)
Projecting from fill, square-cut end
Headwall or headwall and wingwalls
Socket end of pipe (groove end)
Square -edged
Rounded {radius = 1/120)
Mitered to conform to fill slope
*end section conforming to fill slope
Beveled edges, 33.7-degree to 45-degree bevels
Side- or slope-tapered inlet

Pipe, or Pipe-Arch, Corrugated Meta]

Projecting from fill (no headwall)
Headwall or headwall and wingwalls square-edge
Mitered to conform to fill slope, paved or
unpaved slope
*End section conforming to fill slope
Beveled edges, 33.7-degree to 45-degree bevels
Side~ or slope-tapered inlet

Box, Reinforced Concrete

Headwall paraliel to embankment (no wingwalls)
Square-edged on 3 edges

Rounded on 3 edges to radius of 1/12 harral
dimension, or beveled edges on 3 sides

Wingwalls at 30 degrees to 75 degrees to barrel
Square-edged at crown

Crown edge rounded to radius of 1/12 barrel

dimension, or beveled top edge
Wingwall at 10 degrees to 25 degrees to barrel
Square-edged at crown
Wingwalls parallel (extension of sides)
Square-edged at crown
Side- or slope-tapered inlet

*Note: End sectfons conforming to fi11 slope are the sections commonly
available from manufacturers. From limited hydraulic tests, they
are equivalent in operation to a headwall in both inlet and outlet
control. Some end sections incorporating a closed taper in their

Coefficient ka

oo
Y
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design have a superior hydraulic performance.

Federal Highway Administration, HEC No. 13

9.34



— 8000
- 4000
3000 — T-_.-_/—.:~—\______W
"
- e — -
- _* | ne .
-2000 )
o ' bhiitiiad Shaps Som T o ST
o SUBMERGED OUTLET CULVERT FLOWING FULL
o For oullat crvwn nod whmerged, Hw
-_ 1000 12x12 miiheds dotcrided i e drsiga ::mm“ vy L)
-_800 .3
2 10X10 100 k=~ .
- 1 w
[ so0 ,. X Te0l .
L 5 - - ‘
—200 w B8X84 .
[ 406 = [ 3 1.0
400 z X750 5 Lk
E - [0 2 o
o B = 40 ™
L300 g exe z w
or w -30 % z
z - 3 o @ =F3
~F200 X SX& T z
or o i a
-t n ~20 % «
w = - o w
o 5 4xe¢ o 2r3
it B
C F-4 i
5 l-100 ©35x35-{ 5 4
2F,, = [0 &
380 W oaxyLl
. 3 B
L a — &
&0 - : .
. 2sx28 E |
| 9180 —— [ 7 7] 10
- 40— = 34+
L PR e
2X2— g
30
i H 20
=20 5
: >
o =
- =
- =
r 2
—10
2
— 4
—3

HEAD FOR
CONCRETE BOX CULVERTS
FLOWING FULL
naQ,0i2

BUREAL OF PUSLIC ROAODE JAN M)

./5/ The Clty ot Colorado Springs / Ei Paso County Dote
55\/ Dralnage Criterla Manuai - _ OCT. 1987
Figure
HOA Intrastructure, Inc. 9 - 21

A Centerra Company




-1 - [
- Hw |
N . LT A
: g - T Stors Soo— e aeco SR f.
000 z 5 SUBMERGED OUTLET CULYERT Fiowimé FuLL -5
F 3 )
N = -
n 800 120 For oullet crown nol mibmarged, compule HW by —-8
I y maidads deecribad m I dasigs  procadury
b .
- r= 08 "~
C 600 —.8
=500 98 -
i a1 g
5-400 - 54 :
E 300 r
L -T2 —
- — 638 b
,-'_—200 80 ﬁ — 2
w f wi
Wb 54 z[
L o —-F
=z L g - 48 x :~3
2 Lioo 2| 2 :
w a8 - 42 w4
£ o> = *r
g o Sl -3
o 89 L ~ ¢
O tag = '
! t; -30 N
- 40 pr] —8
L a-2e7 - -
H10
- 30 P r
b 13 L 20
10 ]
-8
-8 —12
-3
— 4
HEAD FOR
CONCRETE PIPE CULVERTS
FLOWING FULL
RACA F MALK POADS Jih, 1943 n=0,012

:.’é"

S8

HODR Infrastructure, Inc,
A Centerra Cornpany

The City of Colorada Springs / El Paso County

Dralnage Critaria Manual

Date

OCT. 1987
(Figure

® - 22

|




I - B iy A w— ~a
| HM " —wr— -
- 1000 HE o — ho 3
- 800 2 S Boom pa TURANE L o :-.6
:‘ 120 SUBWERGED OUTLET CULYERT FLOWING FuLl
- 800 - - -
F300 10 rtn sieToed e e ™ ¥ °
:-400 - 9§ - L
_—300 84 V Q+’ :
izoo T2 2 :-
E 8 qo 'u_.l:._z
" - &G wi
(1 bﬁ L
S0 54 zr
- 100 7] ~r
N £
o 80 g a al
= z At «l
wFeo  z[ " P g
@l = L
G0 5 ~ L&
=18 =4 -1} r i
I P -
ar = _—30._75______ EXAMPLE -
30 = ‘,{,1.1 _.._..— .
F .E(: =27 3
- 20 24 :'10
r 23 )
:IO -ia E
& — 20
- s 18
-5
I~ 4
i L | 2
3
L2
HEAD FOR
STANDARD
C. M. PIPE CULVERTS
FLOWING FULL
BURLA OF PUBLIC ROADS A, 1943 n L 0'024
o The City of Colorado Springs / El Paso County Oute
SV Drainage Criterla Manual
Y, g OCT. 1987
Figure
HOA tnfrsstructure, Inc. 9 - 23

A Centerra Company




[~ 4000 HW T

PR
TG Y PR a—, B e v

— 3000
F SUSMERGED OUTLET CULVERT FLOWING FULL
- 1 -
- &0 For sutiel trown met wbmaryed, compute MW by
o  ee metheds dasorided m The sesige procedwry B
- 2000 |

- 158

/

T

~.}f 144
L _\‘\\ o
L g [
s o e b
L ZL -
L—IOQ‘C'E - 120 r
_" LEne w "
- wr
'“ s 800 v 08 wt
w =700 E .
.. W L
o 3 s00 :; - 102 TE s
- =
£ - 94
? F E af- 8
QB0 al g Ing
N L..____ ) = 7
$Ew e - e
z[ = - 78 S‘ — 9
or g o -
%[ soo o ~ 10
s8¢ 28 -
: - 86 Ca—LC
- 200 2 18
- 80
: L
C 20
- 100 [ 30
Olem. n 40
8 0.0328
r 0.0320 P
1 10 0.0t L
18 0.0308 0
L 50 HEAD FOR

STRUCTURAL PLATE
CORR. METAL PIPE CULVERTS
FLOWING FULL
n= 00328 TO 0.0302

DUREAY OF PUGBLIC ROADE Jii, 1963

Jov The City ot Colorado Springs / El Paso County Dese
W , Dralnage Criteria Manu_al ' OCT. 1987
., Figurs
HDR Infrastructure, inc. 9 - 2 4

A Centerra Company




— 2
— 600
- e Uy @ 3
|, - 500 EXAMPLE ~8 9 o
e - 400 B'x2 Bex QsTScts 7 — 8 -
- ‘:' a/B s 1Befafry . — 7 - 8
— 9 - 300 Inlet L'D!- f':‘:' 3 - & ~ 7
N - ] - &
C tn LTE L8 4 -8 i
8 ;_ 200 11} 190 38 - 4 r — 5
- F m 0B 40 e d I
o 3 X >y
- 7 nd Cs T C
| : N
N B B 3
h - L
- 100 r
- 8 3 - 3 -
: - 80 Q_=_2 % I
L - x - L2 I
. &1 eo S S ok
- o PaE:
L - 50 i
. S 3 s P g aa L
L 4 r il K- r
uujr : - 40 / |.£| I i s
w o « w F
Z 4 ‘9\: - 30 y o | i i
— = F o w | |
=) e F e P -
= | o - 20/ wi
o =k ~ [0 B o
o = —/ L
5 e.F 1. o Fio
-3 A w [ Angla of /ﬁ_ -l - b
X / O L wWinguesll o
= € g  Flare — w| o - —29
w yd o S A al 5 -
- 2 - [ - -} — .a
e s N7
- s x A L
pd v r at
. ] <t
pd ol HW oo g WINGWALL A
7 Ere D FLARE T .6 | i
o n 30° t4 78* L
-3 {2} 20%and 15° — & — &
I Y D {axiensiens - .5
L. 2 of siden) i r
g £ r ST
- Te us
S Fa b}
r \ D snd O scules, or raveran as
| Iustruted,
- .8 - -.4 .4
- .8
L, - L 30 L 3% L 33
HEADWATER DEPTH
FOR BOX CULVERTS
WITH INLET CONTROL
BUREAU OF PUBLIC RCADS JAK. 143
D
4 The City of Colorado Springs / El Paso County o
) Dralnage Criterla Manual -
v 9 OCT. 1987
Figure
HOR Infrastruciure, inc., 5 : . ' 9 - 28

A Ceniarra Company




=10

- 4.5

HEIGHT OF BOX (D) IN FEET

-y

F23

EXAMPLE

3'x 8" pOX

Uusss0 crs/FT

TINLET  HW MW
/0 (FEET)
0 141 T.1
2} .33 eT
—
’/

—_—

cﬁ"‘?’/

//

QUREAU OF PUBRLIC AOADE AN 4]

v
Y
5#

Q= 250 CFS

RATIO OF DISCHARGE TCO WIDTH (QINB}\IN CFS PER FOOT

r 400
- 300

ACALE ERTRARCE TYPE

{1} 43° WINGWALL FLAIR

Lun.

T
-~
BEVEL d

3 BEVEL ANGQLE -
[

L 200 WITH d3 043D
E (2) 18°TO 30.7* WINGWALL
L FLAIR WITH 4= 0830
L
L
- 100
L -
b /_’/,
5 ///
/—‘
o511
- 40
L
- 30
20 TOP EDGE
r BEVEL ANGLE
L REQUIRED
s 4/0 ANGLE
L 0.042 45°
L 0.083 18%337°
L 1o FACE 45% om 33.7°
9 ToPEEVEL d
i HEIQHT DM FELT
LT

N

4.0

3.0

G

L4
{0

HEADWATER DEPTH AT THE CULVERT FACE IN TERKS OFHEIGHT{(HW /D) IN FL PER FT,

=30

(2)

HEADWATER DEPTH FOR INLET CONTRCL
Ly RECTANGULAR 80X CLLVERTS

FLARED WINGWALLS 18*°TO 33.7* 4 45°
WITH BEYELED EDSE AT 0@ CF ILET

The City of Colorado Springs / El Paso County
Dralnage Criterla Manual :

HDR Infrastructure, Inc,

A Centerra Company

Date
OCT. 1987

Flgure

9 - 31




— 180 — 10,000

a8 9,000 EXAMPLE (@ @
[ — t— &,
;— 156 - 8,000 g:::ol::ﬂ (3.9 Teat) i — &,
I LT ) - 3,000 -3, 3 7
- |- 4,000 R —& — 8.
—~ 132 L ll; oot B [_ o 5
- . 5,000 1 2.8 s — 8 F 4,
— 120 o 2 000 @ L 7.4 i - -
[ E e A 4—F a
— 108 - ™ s — 3. C.
L - 0 In teat L B ™ 3.
—9¢ - 1,000 -3+ [
i [~ a00 /:____“__“____
~ 84 | 800 - =2 =g
- o — - -
- 500 / - B -
o Q - 2 - |
w72 - 400 V/ = -
[¥] 9, rr -
5 | 3 300 t."y =1 — 1.8 L |5
x : n [ et 3
g L s e o wls
= zfE Wt -
o - 54 e < | - -
- gt a
- 100
G |- 48 /"g'; - zt L 3
> ~~  m[-80
3| =3 =T
o S eo o —1.0 | Lo
w I° 42 2 [ 5o . 8
Fa =Tt HwW SCALE ENTRANCE 1o L B
« — 40 o TYPE E
Y] . 33 - = I "'.9 l . 9
Lo - 30 th Sqsare edge wilh «
l':" I hagdwall g —.9
<[ F «
_ - PO {2) Groovs and wih Wl
| B 5 headwall T —~.8 |8
= {3 Greeve sné — .8 i
g7 - prejesiing A N
= 10 7
- = =T
g4 — 8 -7
— ] To wne vocle {2) er {3) prejest - L
L o1 -8 horlzentaliy te saslu (1}, 1hen -
= [ 8 Wea stralght Inclined llne through
| D snd Q scstes, o ravarss o8 ]
- 3 iHustrated, - .8 .8
- 2 A - 5
— 19 3
: |l 5 . .5 — .8
— .0
- 12 HEADWATER DEPTH FOR

weaowten scaves zas CONCRETE PIPE GULVERTS
REVISED MAY 1964 WITH INLET CONTROL

BUREAY Of PUBLIC ROADS AN riaS

A The City of Colorado Springs / El Paso County ome
5.;5/ Drainage Criterla Manual L PR OCT. 1987
' : Figure .- ..,
HODR Infrastructure. ing, 9 - 32

A Canterra Company




3 i £ 3_,000.
g Eo
E‘ 5— 2,000
a F
'.;\-_ -
- o
] fo
&
|-
-

1]

DISCHARGE

DIAMETER OF CULVERT (D} IN INGHES

— 60
- 42 // - 50
? / . 140
is e 30
aﬁl - 33 ::'_20
— 30 =
¥ . E
g -
o 27 C 10
E: “ —
gm 2 |, - ®
. H s
_"_-5
- 24 .._4
— 3
— 18 C
:—2
Y F
"~ 1.0
1Ly,

BUREAU OF PUSLIC ROADS VAN, 983

e 38 Inehen (3.0 ooy _e. (2
Qs ll sl : L *
H L
. tfaen _ s e.
t C 8.4 - T i
4] [ %] - ’ ~ 8.
™ L. 3 C4
0 In tant “ :__ 3. I [ 4.
o m-B [
- 3 - 3.
S T [
“7-—-—- —b-— ——
el 2 be
t Sl R -
Tl i L
L. L8 5
W - A
| .
L a
= -
.
o i i
-
1. — 1.0
£L s
Ty — 1.0
Ll N —.9 T~
. « 5
\ \TYPE AN - L »
\ 3 .. = *
RN munu\ . 2 Lo i
(EI Witered ¥ cantyrm 3
-ta slope - T I o —~ .8
) Projecting '
N . —~ .7 = i
i = .7
T ube scale (2) or (3) prejeat \\ B B
horlzeniatly to seeie (11, then -8
VR direlght inclingd llae through — .6
D snd Q scales, or unru [ 1] . - .8
Hivatreted. . '
A Y i -
\_\
\ Y — .5
\ \ — .3 .
Ay — .5
A‘ \
\ Y

EXAMPLE

HEADWATER DEPTH FOR
C. M. PIPE {CULVERTS
\ WITH INL ET CONTROL

\

The G[ty of Coiorado Sprlngs !/ El Paso
‘Drainago Crltorla Manua!




i e s e . e e e ) o |ATEfSYM REVISION RECORD AUTH.|DR.| CK.

Co=nolCFy

. 59350
> 8 :
B8 o
N E
¥R Q¢ :
¥y X
N g 35940
o - ‘
3[8S kX 38 3
- V-h "\; 3 b,
S| xx PIINN gix Pty -
I olxX SR ~ -
5930 22 24 2

5930
S

“—_-_-

O
=
4
o
=
O

HLHON

1LVLS 0710
o

®)
{ Z
M/‘{ D
Q
[Ti ® :
z |
= !
@) .
=
[amin gy e ) e < SR 200
[— +— —_ _— —_— — — — | et T —_
| . t . —_— —_— — — —_— ""‘Q i -
98,21 O [
QO , !
T D | oierances BROADMOOR OAKS DRAINAGE PLAN
E ko (EXCEST AS NOTEDS HIGHWAY 115 CULVERTS
—< r\‘ DECIMAL OLIVER E . WATTS SCALE DI;AWN By
- : CONSULTING ENGINEER| 1"=50 ' QLW
o Iz COLORADO SPRINGS S4-58 Ok
e ' j[FrAacTionaL ) - o

|FPOR: pavID R. senrON
# “"COLORADO SPRINGS &

JanGuLar ;. |paTE DRAWING NUMBER

5-4-88 . . 88-1713-02. . .

aNnosg.

91{}!

- e e et g e 1

H"E CRYSTALENME & 11x17

: [ . MADE IN U.S.A. .
ENGINEERS' STANDARD FORM o



