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DRAINAGE REPORT STATEMENTS
Engineer's Statement:

The attached drainage plan and report were prepared under my
direction and supervision and are correct to the bhest 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
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Developer's Statement:

The Developer

has read and will comply with all of
requirements specified in this drainage report and plan.

The 0Olive Company

the

BY: 7 A

10-7-87
TITLE: Ve ewa

Date
City of Coloradc Springs:

Filed in accordance with Section 15-3-906 of the Code of the City
of Coleorado Springs, 1980, as amended.

;ﬁfcfgé;ggg%%ier /%3i%¥é£27
Conditipn:

Temporary detention facilities to be constructed and operational
prior to the installation of the street pavement.

SEE FOLLOWING PAGE FOR ADDITIONAL
CONDITIONS
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TI. PURPOSE AND SCOPE

Northgate 1is a 1500 acre mixed-use development on the nerth
side of Cclorado Springs. The first phase of Northgate consists
of the south 380 acres of the development. The purpose of this

drainage &zreport is Lo obtain approval of Vovager Parkway and

Jetstream Drive (see limits of this report on Figure 1). The
drainage facilities detailed in this report include those
facilities 1in the roads. See Figure 1 (attached} for the area
inveolved. In additicon to the facilities in the roads, two

temporary detention ponds are proposed to overdetain the excess
runcff created by the paved roads and initial development.
Initial development is discussed 1in Section 5. Following
construction of the proposed permanent dam on Black Squirrel

Creek, the temporary detention ponds will be abandoned.

Conceptual drainage subbasins and flow patterns are

presented to determine the areas tributary to the proposed roads.

Furthermore, this report is an addendum to the approved
Phase I report of September 9, 1986, Further analysis and
discussion of site drainage and detention facilities are

performed as a condition of the above mentioned approval.
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I1. SITE DESCRIPTION AND LOCATION

Northgate Phase 1 is located within the southwest quarter of
Sectieon 16, the east half of Section 17, and the northeast
guarter of Section 20, and the northwest quarter of Section 21,
Township 12 south, Range 66 west of the 6th Principal Meridian,
El Paso County, Colorado (Figure 2). Approximately 270 acres
lie within the Black Squirrel Creek Basin and approximately 20
acres lie within an unstudied basin {tributary to the area north

of existing Stout Allen Road).

The site slopes primarily from east to west at slopes of 1
to 2 percent. There are three existing discharge points from the
site downstream. The southerly discharge point 1is from the
unstudied basin between State Highway 83 and the Black Squirrel
Creek Basin. The middle discharge has the largest flow and 1is
the main channel of Black Sguirrel Creek. The northerly
discharge 1s a tributary of Black Squirrel Creek which meets the
main channel of Black Squirrel Creek just upstream of Interstate
25 (subbasin L on Figure 2). The area considered in this report
is 1limited to the unstudied basin and the main channel of Black
Squirrel Creek. The northerly discharge is presented only to show

that it is not tributary to this area.

The soils within Northgate Phase No. 1 are classified by the

U.S. Soil Conservation Service as hydrologic scil type B. Group
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B soils have moderate infiltration rates when thoroughly wetted
and consist chiefly of moderately deep to deep, moderately well
to well-drained soils with moderately fine to moderately coarse

textures.

The main channel of Black Squirrel Creek is the only
drainageway with an identified 100-year floodplain on the current
FEMA maps. The Vovager Parkway crossing of Black Squirrel Creek
is in the FEMA floodplain. The proposed crossing has been
permitted through a nationwide permit with the US Army Corps of

Engineers.
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ITI. PLANNED DEVELOPMENT

Current City of Colorado Springs criteria requires drainage
facilities to be sized for the future fully developed basin.
The US Air Force Academy 1s located downstream of Northgate. This
regquires the modification of city criteria to include detention
facilities to limit the downstream peak flows to historic levels.
The approved (City of Colorado Springs') Black Sguirrel Creek
Master Plan required three detention sites for the basin.
Developed conditions for Northgate were obtained from the
approved Land Use Map (Figure 3} for Northgate. Developed
conditions for areas outside Northgate were considered to be the
mixed wuse type of development presented in the Black Squirrel

Creek Master Plan.

At this time, the developer intends to construct Voyager
Parkway, Jetstream Drive, and the associated drainage facilities
(Figure 1). These facilities will be located within dedicated
right-of-way excluding the temporary detention facilities
It 1is the intent of this report to show conceptual drainage
patterns so that drainage can be collected and conveyed to the
three outfall points previcusly described. Drainage reports for
future plattings should present detailed calculations as to how

any additional drainage systems will operate.
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Iv. DESIGN CRITERIA

Determining runoff for a particular drainage basin needs to
consider the effects of many different variables. 1In the absence
of a reliable historic record of rainfall, runoff, and other
pertinent variables, 1t is usually necessary to use a synthetic
unit hydrograph method to determine the runoff that will occur
for a given rainfall event. The 8CS method of determining peak
flood flows and hydrographs was used to estimate direct runoff
for the major basins (@ > 500 cfs). For an explanation of the
procedures used, see the "S5C5 National Engineering Handbook,
Section 4". Due to the number of computations necessary to
determine the hydrographs and hydrologic routing of the given
storm events, the calculations were performed with the aid of the
TR-20 computer program. For minor basins (Q £ 500 cfs), storm
runoff was calculated using City of Colorado Springs criteria as
presented in the "Subdivision Policy Manual™, dated May 1980.
This analysis is in conformance with the previously approved
drainage plan and does not reflect the presently adopted criteria

of September 8, 1987.

The criteria, as mentioned above requires thalt the design of
facilities where the 100-year storm exceeds 500 cfs to be for the
100-year design flow. Facilities where the 100-year storm 1is
less than 500 cfs can be designed for the 5~-year storm with a
provision that the 100-year storm can be conveyed to the major

facilities without damage +to buildings or structures. For
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example, a 5-year capacity storm sewer may be buililt if the 100-
year storm will be contained within a street right-of-way and the
storm sewer. Criteria for the major facilities (Q > 500 cfs)
will require the design to be for the greater of the peak flows
determined for the 100-year 24-hour storm and the 100-year €-hour
storm. Design of minor facilities (Q £ 500 cfs) shall be for
the 5-year 6-hour storm. The temporary detention ponds, however,
are designed to overdetain the 100-year 24-hour storm. See

Section 5 for further discussion of temporary detention ponds.

Drainage design standards and criteria reduce but do not
eliminate all flood risks. Drainage design criteria are an
indication of the presently acceptable level of risk in the
Colorado Springs area as determined by the City of Colorado
Springs. Rainfall and storms larger than the 100-vyear storm can

and do occur.

As stated in the Black Squirrel Creek Master Plan, the
5-year and 100-year peak flows at the U.S5. Air Force Academy
boundary are required to be at histeric levels or below. The
5-year and 100-year peak flows at the downstream property
boundary of Northgate will also be limited to historic levels or

below.



Northgate Phase 1 Drainage Report Page 9

V. HYDROLOGY
Time of concentration for the upstream subbasins was

determined by the following eguation:

T = 11.9 x L .385
H
where T = time of concentration in hours
L = length of longest watercourse in miles
H = elevation difference in feet
As the calculations pfoceed downstream, individual travel

times are added for each reach (minor systems) or hydrologically

routed through each reach (major systems).

The rainfall depths of 2.7 and 4.6 inches were obtained from
isopluvials for the project area for the 5-year 24-hour and 100-
year 24-hour storm events, respectively. Table 1 shows the
dimensionless precipitation distribution for the SCS Type IIA
storm. The rainfall depths of 2.1 and 3.5 inches were obtained
from the city's "Subdivision Policy Manual" for the 5-year 6-hour

and 100-year 6-hour storm events, respectively.

A. Major Drainage (Black Squirrel Creek Basin)

Figure 2 depicts the major drainage basins for Black
Squirrel Creek as presented in the master plan. The master plan
proposed a large detention pond at design point 9 (Northgate

Parkway and Black Squirrel Creek). After a preliminary



TABLE 1
24-HOUR RAINFALL DISTRIBUTICN
S5C5 TYPE IIA STORM

Time (hours) Distribution of Total Rainfall

0 0
2.00 0.010
4.00 0.030
4.50 0.050
5.00 0.060
5.50 0.100
6.00 0.700
6.50 0.750
7.00 0.780
8.00 6.820
9.00 0.840
9.50 0.850
10.00 0.860
10.50 0.865
11.00 0.870
11.50 0.885
11.75 0.888
12.00 0.890
12.50 0.900
13.00 0.905
13.50 0.910
14.00 0.915
16.00 0.940
20.00 0.980

24.00 1.000
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geotechnical investigation was performed by Woodward-Clyde
Consultants, it was determined that a deep alluvial fan occurs on
the north side of Black Squirrel Creek at the detention pond
location shown in the master plan. The alluvial fan is expected
to have low to moderate strength and moderate to high
permeability. There 1is also a potential for differential
settlement to occur for the height of the proposed dam.
Therefore, the location of the detention pond was shifted to the
east where the dam would not be placed on the alluvial fan. The
proposed detention pond location is shown on Figure 1. The shift
of the detention pond upstream requires that the pond overdetain
the 100-year 24-hour storm in order to maintain the historic peak
flows at the US Air Force Academy boundary. The 5-year 24-hour
storm peak flows will be overdetained in this pond to maintain
the historic peak flows at the Northgate west property line.
Table 2 presents the historic flows at each design point on
Figure 2 and developed flows for full development upstream of and
including Northgate. The property downstream of Northgate will
require detention of the 5-year storm 1in order to maintain
historic peak flows at the Air Force Academy boundary. The Black
Squirrel Creek Master Plan had a 5-year detention pond located
off the main channel for the downstream property. No change to

that concept is intended.
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The permanent detentiocn pond Number 2 (See Black Sguirrel
Creek Report) design will be presented at a later date. A
temporary {private) detention facility 1is proposed (within
Northgate) on an interim basis prior to construction of the large
detention pond shown on Figure 1. This facility will also be
maintained privately. The purpose of this facility will bhe to
overdetain developed flow created from the paved roads
constructed within Phase I, as well as from initial Phase 1
development. The initial Phase 1 development is assumed to be
within sub-~basin JIB which consists of 65 acres of residental
development. However, other types of development may occur in
Phase I and utilize this detention facility if sub-basin JIB is

not fully developed.

B. Minor Drainage (Black Sguirrel Creek Basin)

Figure 1 depicts the minor (@ £ 500 cfs) basins and design
points. Table 3 dis a summary of the peak flows for each
subbasin. Table 4 summarizes the flows at each design point and
delineates how much flow is picked up by each inlet, and what

flow is in the storm sewer pipe versus bypassed in the street.

C. Minor Drainage (Miscellaneous Basin)

Currently, the flow from the unstudied basin sheet flows
from east to west and eventually reaches an existing 24" RCP that
crosses Interstate 25 north of Stout Allen Road. Due to the

excessive cost of constructing additional pipes under Interstate
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25 and the need to maintain historic peak flows onto the U.S. Air
Force Academy, it is necessary for this unstudied basin to detain
to historic levels. Therefore, the portion of Northgate Phase 1
in the basin will only release historic flows. On-site (private)

detention will be provided for the Northgate area within this

basin. Figure 1 depicts the minor (@ £ 500 cfs) basins and
design points. Table 3 is a summary of the peak flows for each
subbasin.

Furthermore, a temporary detention facility will be

constructed on an interim basis to detain developed flow created
from the paved roads constructed within Phase I. Its proposed to
be located within the existing temporary ditch along State

Highway B83.



TRBLE 3
SUKNARY OF SUBBASIN
HYDROLOGICAL DATA

& HOUR PERY RUNODFF 24 HOUR PERK RUNDFF

BASIK AREA cy Tr 3 YR 100 ¥R 3 YR 100 YR
{acres) (hrs} {cfs} {cs} {cks) (ctsl
& 20.0 87 6.15 36.2 19.8 41.5 B9.8
B 7.9 52 0.12 20,0 3.7 22.¢ 41.4
{1 0.4 98 0.03 1.5 z.6 1.5 2.7
L2 0.3 VL 0.07 i.1 2.0 f.2 2.0
L3 0.7 98 9.06 2.6 4.4 2.7 4.8
] £.35 §2 0.11 157 1.2 12.9 25.35
Ei 1.1 7g 0.1i 4.0 7.9 4.2 7.4
E? 0.2 98 0.03 1.1 2.0 1.3 2.7
E3 0.3 %6 0.03 1.1 2.6 .2 2.0
F 9.4 92 0.1 24.4§ 48.4 27,0 33.2
B B.9 92 .11 231 45.8 25.4 0.4
Hl 1.4 98 0.0B 5.2 g 3.4 3.3
H2 0.7 28 0.45 2.6 4,5 2.7 4.8
I 13.3 92 §.08 35.3 701 3.0 26,7
3 2.0 87 0,92 3.9 B.7 i.b 10,0
Fth 108.2 a7 0.2 162.% 3a7.% 199.2 410.2
3E 54.8 72 0. 20 36.3 121.4% s2.8 157.3
K 1.0 72 0.05 4.7 15.7 7.0 0.7
i 1§ 98 1,07 3.7 £.30 3.9 &.B
i Lo 58 0.07 3.7 6.5 3.9 6.8
i 33 98 .99 12.3 216 12.8 22,4
¢ 9.5 72 0.1¢ 6.4 21.3 2.4 8.1
F 0.7 9g 0.14 2.4 4.1 2.3 i1
g .0 98 0.24 1.7 20.4 il.9 21,0
R 2.1 a8 0.13 7.4 12.% 7.3 13.3
5 2.0 B7 0.63 3.9 B.7 4.6 1.0
7 4.2 92 g.14 71.4 142.0 T80 153,54
b 6.2 52 0.07 16,5 32.7 18.2 35.8
KISCELLAREDUS BASIN
V(R 21.5 88,0 §.30 7.1 8.2 11.4 8.2
Vil 21.5 87.0 0.3 30.4 68,3 35.3 76.2
Wi 1.7 &8.0 0.10 3.3 13.9 3.8 19,3
WiD) 1.7 92,0 0.1¢ 20.3 50.7 22.8 44,5
1tH) 0.6 68.0 0.05 0.3 1.1 0.3 1.9
Hm 0.b 98.9 0.03 2.2 3.9 2.3 §.1
Y{H) 1.5 £6.0 0.14 4.9 19.1 1.8 26,1
Y (B} 11,5 72,0 0.14 28,4 35.% 30.4 &0.3

REF: Fib. #1



TABLE 4
GUMMARY OF STORM SEWER
HYDROLOBIC DATA

DIRECT
CONTRIBUTING  DRAINAGE RUNOFE
DESIGN SUBBASING & AREA __ b-HR 5-YR 8-HR 85 @ B.P, 05 typass @9 lateral 83 main
POINT BYPASS FLOW tacres)  CN STORM  Ta Ts Tp T¢ (csalind {cfs) {efs) {cts) {cfs) REMARKS

BLACY SQUIRREL CREEK BASIN

1 A 20,06 97 0,99 618 0.15 1179 36.2 36,2 OFFSITE RUNGFF
2 3,Ci B3 923 L33 0.12 0.12 1220 2.4 (3.4 18,0 &'k B'D-10-R"S
8,8, 8.3 8.4 08 9.13 .06 0.71 1080 50. 1 (5.4 5.7 PIPE FLON
3 0,02 +B.P. 46 924 L3 0.11 0.11 1250 12.9 + 3.4 (8,51 5.7 10" b-19-R
A,B,£1,£2,0 [ 82 L2 0.1 0.10 .25 1000 57.9 (6.5 51.4  PIPE FLON
3 F,El 1.5 %4 L7 0.11 0.1 1250 28.1 (11.2) 16,9 22' 3-10-R
A,B,L1,E2,0,E5,F  43.6  90.0 LB 0.15 0,12 0.7 90 7.2 (11.21+14.5) 59.4  PIPE FLON
5 E2 +B.7. 0.3 980 197 0.05 0.05 1280  f.1+11.2 14,91 7.4 &' D-10-R
A,8,00,£2,0,E1,E2,F 439 90.0 LB 0.15 0.15 .30 920 .5 (3.714(6.51 £3.1  PIPE FLOW
& £3,6 +E.7, 9.2 9.2 L3 0.11 0,11 128 241+ A9 111.6) 17.4 22" 1-10-R
4,3,01,2,0,6,F,6 551 904 L.20 Q.15 0.16 0.31 910 90.6 (41,6} 79.0  PIFE FLOW
&3 L3 +B.7. 0.7 W0 L.E7 0.06 0.06 1280 2.6+ 6.5 (3.8 5.5 ¥ D-10-R
8,8,8,0,E,F,B 5.6 90.5 122 0.5 8.7 0,32 900 92.3 {11.8143.8) 7.1 PIPE FLOK
&C # +B.P. LA S0 L 0.08 0,08 1280 5.2 4 1L+ 3.6 (8. 12.2 18' 0-10-R
AB,C,0,E,FBH 552 907 L23 0.15 0.20 0,35 880 91.2 8.2} 83.0 PIPE FLOW 70 CBC
8 15l 8.0 753 0.4 0.07 0.03 010 1280 7.0 (2.8! 52 4 D-10-R #
IkLMNZE 2.8 733 638 0.07 0,03 0,80 1780 16.6 16.6  PIPE FLOW 4
9 §i 2.0 9.0 1,87 0.10 0.10 1280 7.5 (3.0 4.5 45 6 D-10-R & STREET SLOPE=3%
1 Hz,P 1.8 .0 187 0.14 0.14 1180 £.9+8.2 0.9 13.0 10° SUMP D-10-R GVER CBC
1 2R 48 98.0 .67 0.24 .24 1000 14,0 14.0 B SUMP D-10-R
12 h 8.2 87.0 0.9 0.26 0.26 970 152.4 162.4 OFFSITE RUNGFF
314,118 1730 BL.d .49 0,46 0.8 740 1429 142.0 TOTAL INFLON TD CHANNEL
i3 ALL OF BLACK SOUERREL CREEK BASIN TO THIS POINT (FROM TR-20 RUN} 730 {5-1R]
4050 (100-YR}
MISCELLANEDLS BASEN
1 v 1.5 88 0.7 0.30 0.30 920 T.1% 7.+ DFFSETE RUNOFF
15 (X 2.2 AT 0.3 .30 0.02 0,32 900 t5.8 16,8  FLOW @ EAST SIDE OF LODP RD.
1 06 9B 1.87 0.05 0.05 1280 2.2 8.0 2.2 190 2-4" SUMP 9-10-R°S & 35"
v, 8, M3 T 061 0.30 0.09 .35 820 323 32,3 FUTURE ONSITE FACELITY
16 V1LY 0.3 8 0.3 0.3 0.09 0.39 820 12.2+ 1225 FLON LEAVING SITE

#FLGNS ENTERING OR LEAVING SITE MUST BE MAINTAINED TO HESTARIE LEVELS, REVISED 10/4/87

#3FUTURE ORAINAGE FACILITIES TO BE ADDRESSER IN WORTHBATE PH. 2 DRAINAGE STUDY
REF: FIG. ¥
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VI. RECOMMENDED STORM DRAINAGE IMPROVEMENTS
A. Major Drainage ({Black Squirrel Creek Basin)

The only major drainage (Q 2 500 cfs) associated with the
Northgate site are those facilities on the Black Sgquirrel Creek
main channel. All other subbasins for Northgate Phase 1 have a
filow of less than 500 cfs for the 100-yvear storm. A concrete box
culvert 1is proposed under Vovager Parkway along with the
entrance and outlet. The outlet lies in El Paso County. The
design of the barrel and upstream entrance to the concrete box
culvert was done 1in accordance with the U.S. Department of
Transportation, Federal Highway Administration's "HEC No. 13 -
Hydraulic Design of Improved Inlets for Culverts", dated August,
1872. The use of a slope-tapered inlet to the double 14*' by 10
concrete box culvert reduced the overall cost of the culvert and
inlet. The CBC was designed for the ultimate outlet to the
future concrete-lined channel delineated in the Black Squirrel
Creek Master Plan. At the present time, a temporary riprap
outlet will be constructed. The design of the temporary outlet
was done in accordance with the Denver Regional Council of
Governments' "Urban Storm Drainage Criteria Manual", Volume II,
Major Drainage, Section 5.6. The design calculations for the
concrete box culvert (including entrance and outlet structures)

are presented in Appendix A.

A temporary detention facility is proposed at the location

shown on Figure 1. This temporary detention pond will overdetain
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excess runoff due to the paved streets and other initial Phase I
development. A pond with a storage capacity of 5.0 acre-feet is
proposed, with an uncontrolled 42" outlet bipe. Excess storage
capacity 1s provided by providing 0.5 feet of freeboard.
Calculations for the design of the temporary detention pond are

presented in Appendix B.
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B. Minor Drainage

Minor drainage systems are proposed for the facilities

required 1in Voyager Parkway and Jetstream Drive, Figure 1
(attached) and Table 5 delineate the proposed drainage
improvements.

For the unstudied {miscellaneous) basin, proposed

improvements include two inlets at the low peint on the Loop Road
and a cross-culvert/ storm sewer pipe crossing the road. The 36"
cross-culvert will be used to carry the flow in the ditch section
of State Highway 83 and the inlet flow across the Loop Road.
Temporarily, the ditch will be diverted into this pipe and a
drainage easement will be provided for the portion of the ditch

on Northgate property.

In additicen, a temporary detention "pond" is proposed within
the existing temporary ditch alcng State Highway 83, as shown on
Figure 1, The temporary pond will require a storage capacity of
0.025 acre-feet for the 5 year storm, and an uncontrolled 15"
outlet pipe. Calculations for the design o©f +the temporary

detention pond are presented in Appendix B.

The area 1in Black Squirrel Creek Basin south of the main
channel will be routed into the main channel by way of a storm
sewer system 1in Jet Stream Drive, a storm sewer system in the

proposed dralnage and trail easement east of Voyager Parkway,
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and the sheet flow where the drainage subbasin flows directly to
the creek. The storm sewer system will discharge directly into

the Black Squirrel Creek box culvert.

The area north of the main channel of Black Squirrel Creek
that flows to the main channel will mainly be picked up by an on-
site drainage system. The height of f£ill required for Vovyager
Parkway in this area would prevent runcff from entering the road.
The proposed storm sewer in Vovager Parkway will pick up flow

in the road and subbasins J, K, and O.

The area that flows to the North Tributary of Black Squirrel
Creek will drain through the future site to the northwest side of

Phase 1 (see Figure 1).
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VII. FINANCIAL SECTION
A. Drainage Fee

Permanent drainage improvements presented in this report and
located within dedicated right-of-way or easements are considered
to be reimbursable from the basin drainage fund. Private storm
drainage facilities located outside dedicated right-of-way or
easements, or temporary drainage and detention facilities are not

reimbursable from the basin drainage fund.

Proposed storm drainage improvements are listed in Table &
together with corresponding estimated costs. Reimbursable storm
drainage improvements within the Black Sguirrel Creek Basin and
the Miscellanecus Basin are estimated to cost $257,938.00 and
$18,307.00 respectively. Total non-reimbursable storm drainage
improvements are estimated to cost $89,576.00.

The required drainage fee within the Black Squirrel Creek
basin is $44,410.75 based on 8.845 acres of platted roads. The
required drainage fee within the Miscellaneous Basin is $1,397.41

based on 0.454 acres of platted roads. 8Since the drainage fee is

less than the estimated drainage construction costs, for Dboth

basins, the owner must post a letter of c¢redit covering the
improvement costs. The 1987 fees for Black Squirrel Creek Basin
and Miscellaneous Basin are §5021/acre and $3078/acre,

respectively.



TRELE &
DRAINAGE AND BRIDGE COSTS

ITEN APPRDX. URIT ITEH
Nb. ITEK DESCRIPTION OUANTITY  UNMIT cest CosT
BLACK SGUIRREL CREEK BASIN
f#.DRAINABE FACILITY COSTS (RETMBURSABLE)
REINFORCED CONCRETE PIPE

1, 18" D4 585 L.F. 38,00 22,268
2 24 DA % L.F. 51,00 2,858
3. 30° DIA 1,510 L.F. 66,00 99,460
4, 36° DA Hi  LE. 76.00 8,434
5, 42* DIA 7t LR 93.00 43,803

D-10-R CURB INLETS
b. 4 t EA.  1,700.00 £,700
1. 8 2 EA. 1,800.00 3,600
B, 8 3 EA. 2,300.00 5,900
9. 10" 2 A 2,760.00 5,400
10, T i EA.  4,500.00 4,500
. 22' 2 EA. 5,500.00 11,000
WYES & BENDS
2. 18" X 45 BEND I EA 500. 00 500

e §2* § 45 BEND I EA.  1,000.00 1,000
14, 36 ¢ 18 WIE I EA. 1,000.00 £,000
15, 36 ¥ 24° WYE I EA.  1,100.00 f,100
14. 42% ¢ 18* WYE I Eh. 1,200.00 1,200
7. 4' DIA. MANHOLES b ER. 1,400,00 8,400

TOTAL

3% CONSTRUCTION CONTINGENCY
10% ENGINEERING

TOTRL DRAINAGE FACILITY EOSYS

B.BRIDBE COSTS (REIMBURSABLE)

18. IMPROVED INLET & WINGHALLS 1 EA. 43,642,00 43,642
19, {14'-14")x 10' RCB ! EA.  157,703.00 157,703
20. EARTHWARK+ 7,300 YDS. 1.3 11,250

TOTAL

3% CONSTRUCTION CONTINBENCY
10% ENGINEERINS

TOTAL DRATHAGE FACILITY COSTS

# EARTHWORK REGUIRED TO DIRECT FLON INTO INLET

TOTAL
COST

$223,383

$11, 164
$23,449

$257,938

$212,595

$10,630
$22,322

$243,547



TRBLE 4-BRIDGE AND DRARINAGE CDSTS fcont’

C.NON-REIMBURSIBLE COSTS
TENPORARY IMPROVENENTS

21, EBC OUTLET WEINGWALLS
¥ RIPRAP

22, TEHPORARY DETENTION
FACILITY

MISEELLANEDUS BASIN
R.DRRINAGE FACILITIES [REIMBURSABLEI
REIKFORCED CONCRETE PIPE

1. 8" DIA.
. & 36" DIA.
5 367 x 18" WYES

I-10-R CURB INLETS
i, i

B.BRIDGE COSTS {REIMBURSABLE)
NONE

C.NON-REIMBURSABLE COSTS
TEMPORARY IHPROVEMENTS

4 RIPRAP B30=9",t=18"
b, TEHPORARY DETENTIGN
FACILITY

d

L.5. L.5. 45,%40.00

t.5. L.8. 18,370.00 18,370

SUBTDTAL
3% LONSTRUCTION CONTINBENEY

TOTAL NON-REIMBURSAELE CGSTS

75 LF. 38,00 2,850
100 L.F. 76.00 7,600
7 EA. 1,000.00 2,000
7 A 1,700.00 3,400
SUBTDTAL
54 CONSTRUCTION CONTINGENCY
107 ENBINEERING

TOTAL DRAINAGE FACILITY COGTS

20.00 LC.Y. $35,00 100
L.8. 300.00 300
SUBTOTAL

3% CONSTRUCTION CONTINBENCY

TOTAL NON-REIMBURSABLE COSTS

$84,310

488,524
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B. Bridge Fee

Arterial Dbridges reguired within the Black S8Squirrel Creek
Basin are designated in the Master Plan. The proposed arterial
bridge under Voyager Parkway and costs are presented in Table

6. Total arterial bridge costs are estimated to be $245,547.00

The required bridge fee is $6,129.592 based on 8.845 acres of
platted roads within Black Sguirrel Creek Basin. Since the fee
is less than the estimated construction cost, the owner must then
post a letter of credit covering the improvement cost. The 1987

bridge fee for Black Sguirrel Creek Basin is $693/acre.
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APPENDIX A:

Concrete Box Culvert Calculations
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DATE 4-29-8¢ py___ CLP CHECKED BY
CLIENT ___THE ©OLIVE Co.

PROJECT _NORTHGATE DRAINAAE REPAORT
suplecT _MATOR DRAINAGE - LRC LINDER NORTHEATE PrwY

{date)

CORPORATION
MAKING TECHNOLOGY WORK™

PEF: HEC-12 "HYDRALLIC PESIaN
OF IMPROYED [NLETS FoE
CULYERTS!" BY FHWA

.W@_-_ Hoso CFES

TRY (d'-14) x 16" cRC

f_s N czﬁfg Ad

(FRoM CHART 5)

Do = 8.6 £ 10! | ok

TRY INLET CONTROL NomoGRAPH (CHART 7)
Hem = [ HT (30°- 75° WINGWALL FLARE)
He = 4. 7! (Too HiaH)

SLOPE TAPERED INLET
TRY THROAT CoNTROL CURVE (CHRART 14)

<Y Hoso

NBDS[-;' - (2)((4} CIOJI.’S’ - 1-1‘:5"7

Hifp = (.31

Hy = 13,1

TRY FACE CcONMTROL CHURYE C(CHART 16)

USE He/p= 1.0

_Q -
q4oso _
e (z2.75)(10)"* He. 6
WtTH 4z TAPER
L, = (HGe.6 - 28) () = 3172 use 38 (Be= #41')
Z
CHECK OLTLET ConNTROL . '
AN = 2025 CF5
Ke = 0-2-
A = JY4OSF
L = (g2’
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DATE 4-29-%G py__ _CLP

CLIENT _THE o©OLIVE _CoOo.

URS

CORPORATION

CHECKED BY

date)

MAKING TECHNOLOGY WORK™

PROIECT

NORTHGATE

DRA /INAGE REPogT

MATOR DRAINAGE - CBC LUNDER NORTHGATE PruwY.

SUBJECT
| H =
H, =

H.6!

D+ D = _(10')+(8.6") _
G 2

9.3’

HEAD PROVIDED (W/ 3,5' DROP) = 5.5' > HEAD REQUIRED, OK

ANALYZE CRBC PERFORMANCE GRAPH
(THROAT) (THROAT) ( FACE) (FACE) | (ThRoAT) CFACE),
Q Qmer® | "t H2/o /g % He/p HW Huw
/OO o] ©£.Q8 .67 0.97 —_ .7
. 300 0,34 0.23 0.20 .18 —_— /.8
- 500 J.56 0.32 0.34 0. 23 —_ 2.3
SO0 o.90 0.4 ©.54 0.32 o.7 3.2
|200 /.36 0.57 0.81 O.43 2.0 4.3
leoo /.81 .71 /.08 ©0.53 3.4 5.3
2000 2.26 0.82 /.35 0.c2 H.5 6.2
2500 2.82 0.5 /68 o. 72 5.8 7.2
3000 3.39 l.o7 z2.0Z O 82 7.0 €.2
3500 2.95 [l 8 2.35 0,90 &,/ 2,0
Hooo 4,52 /.30 2.69 0.98 9.3 2,8
4500 5.08 1.4/ 3.03 {077 lo.4 (0.7
A TO OBTAIN MW ABoVE FACE, sUBTRacT 3.7’

IFOR ALL FLOWS CONSIDERED, FACE CONTROLS THE HW
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URS JOB NO. 5206
DATE 4-29-86gy_CLP
CLUENT _THE OLIVE Co.
PROJECT NORTHEATE DRAINACE REPORT

PAGE 2 OF

CHECKED BY

(date)

DRAINAGE - CRC HNDER NORTHGATE Pikwy.

12

o

/000

ZO0D oo HYooo Spoo

QR CLFs)



Mailing Address:
3955 Eaat Exposition Avenue * Suite 300 - Denver, Colorado B0209 « 303/744-1861

uRsNO. __S5 206 BY __CCP PATE _3-Z8-8C _CHECKED BY _ DATE
CLUENT_THE OLIVE Co, PROJECT NORTHGATE DRANACE

SUBJECT ULTIMATE CRBc OUTLET DEStaN

(H-.!’-IH‘)_ Xx (o' RcB

HofSo

]R = Ho5o CFS %= e = tY4¥4,s CFS/ET
D, = ( %" 73 /(144 6)*
F] 32.2
DC, = 8: GG’
Ve = 6.7 FPS
ENTRANCE TRANSITION
FRoMmM HEC -13 INLET ANALYSIS

100 YR, wW.s. EL, = CT721.42 @ FACE ©F TRANSITIoN

(o) 4ogo
= = = . F P
Y A {10)(47.0) 6.8 >
ENBRGY GRADELINE = &722.58

LUSE ENERGY ~ EQUATION To APPROXIMATE THE
DEPTH W THE THrRoAT oOF THE Beox

z 2
Z, + ¥ "'o‘r-;/—"-?- ::‘-Z:z_-f-yz-f-os__\_;% + he

het Y, + a2 .;/__’-_ (2,~%&2) +Y, + o M

7 25
ASSUME:
o, ¢ = 1,0
N
he = CeYa
7

Ce = 0.3

Y 1
Yz + /'3-—;‘ H.83 + /0.00 + (8B&* _ ;o o
s 2(zz.2)
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DATE 3-3(-86 gy CLFP CHECKED BY.
CORPORATION cLENT _THE oLIVE Co. faate)
¢ MAKINGTECHNOLOGY WORK™ ™ oot/ " e DRA /N A GE

SUBJECT HLTIMATE CBRC OUTLET DESIGN

i - < & ' T
| smeE w = & = oy :

Yz Yz Yz %lz
8. 0 18,1 14,6’
7.5 . /9.2 5.0’
“.0 20.7 15.6'
z.9 AN /15.8'
.8 21.3 /5.’
6.7 2.6 /6.1’

TRY S= 0.B0O%s FoR Box , LSE MANNING'S Eax

Dy = 7.06' G = yo50 CFs
A = 197.7 sF nh=o.0s
vV = 20.5 FPs
Fo = /.3C
TRY Sz 0,70% FoR Box, LIsE Masasinhagl’s Ean .4_1'&-1-5
Dy = 7.42 Q=4o50 CFs

Laoe A A
v — errwriga

A = 207.85F
vV = (9.5 FPs
Fo= /.26

OUTLET TRANSITION

_ FLOW INTO CONCRETE-LINED CHANNEL (UWLTIMATE)
B= 20 Q=Ho5O CFs

‘“ T2 = 1.5 h= o,0/5
1 S = 0.59 2
D= ¢&.5¢ PDe= B.67'
{ A= (857 SF A = 286.2 sF
Y= 20.7 FPSs Y= [4.2 FPS
Fo= /.42
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paTe Ho(-%¢ gy CLP CHECKED BY
CORPORATION N THE OLIVE Co o
MAKING TECHNOLOGY WORK PROJECT NORTHGATE DRAINA GE

SUBJECT UBLTIMATE CBC OWdTLET DESIGN

|
TMOMENTUM EQUATION
[~}

P - P, + w/s-n(e—/ﬁ: = ng (4%, - 4.V,)

Py

PRESSURE FORCES ACTING OAMN LULUPSTREAM
f DOWNSTREAM ENDS OF CONTROL VOLUME

WHERE ¢ P,

H

W =2 WEIGHT OF WATER (WITRHIAN CENTROL VOLUME

G = CHANNEL SLOPE

Fe = SHEAR FORCES ON CHANMNEL BOWUNDARY
= DISCHARGE (CFs)

a
¥ = LWNIT WEIGHT O0F WwWATER
§= GRAVITATION CONSTANT

‘Y'lpJ‘\‘IL: AVERAGE ElLOiv VELOCITIES AT
SECTIONS | & Z

B ,®z = MoMEMTLUM DISTRIBUTION COEFFICIENTS

SIMPLI FYING ASSUMPTIOANS
{} HYDROSTATIC PRESSUERE DISTRIBLU TioAN

2) WSING = Fg FOR SMALL &

3) ‘BJ"-'ﬁ‘a‘- /'O

n

KOCH -CARSTANTEN EQUATION (INCLUDES CENTERWALL
OF Box)

it XAV: | b P+ xavs
? g
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DATE H4-1-86 gy_ CLP CHECKED BY
CORPORATION cLEnT __THE OLIVE Co,

(date)

MAKINGTECHNOLOGY WORK™ ' ™ | . ATE DRA/ACE

SUBJECT UL TIMATE CRC O©OWHTLET PpeESIGN

. SECTION 2 £ 3

i

7

/

k | 2o’ r! D )] 4

0

14 i gt
For Bz 2.42!
Pt ¥QVa = (@ f2)(ezuX7.42)(28)) ) (L2.4) (4050)( I9-5)
9 = 7 (32.2)

= 201/,I42 LB

Ps ~Pp + ¥YRYs _ Dy (e2.4)P3(29) + 2(Ds=-3)(62.4)(Dg-3)%(/.5)
g Z 3 z

~ Dy (62.4)(P3)(1)
Z

+ (&2.4) (Hogo)(Hoso)

(zz.2) {Zo-rl.SDs)D_-;
: - Ty
i Ds Pa Pp M;" Fo-pp+ 2272
. 6.90' 4,928 I4es 15,786 195,229
wi-1-¥ 6,322 (529 /48,882 193¢ 8¢
G. 80 H2,550 1HH 3 154,782 196,890
6. 60 Ho 869 1359 {1,073 200,583
¢.55" Ho,z 1y 1329 (e2,7i! 201,587
¢.56 He,3du 1343 162,38 zol, 383

6,57 Ho,475 1347 /62,083 201,18 A
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o

. CHECK ERITICAL MOMENTUM @ SEcTion S

Dc = 8e67‘

—————

Py—Pp +'§%§ = 182,426 L P, 4+ BRYe oK
]
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3955 East Exposition Avenue - Suite 300 : Danver, Colorado 80209 - 303/744-1881

URS COMPANY pacE____ 7 oF
URsNo.__S206G 8Y cLP DATE _H-7-8C CHECKED BY DATE
CLENT_THE OCLIvYE Co. PROJECT __NORTHEATE DRA/ANVAGFE

supecT___ T E MPORARY CBC OHTLET DESIGN

OUTLET FoR (t4'-14')x 10" RCR (SEE DRCoG "LRBAN STorRM
. ' DRAINAGE CRITERIA

W= 28 , PANLALY)

Yu = “7.42

H = 1of

Ha. = Wz (H+ Y= 8.7

t

i

a2 qoso
—_— = = H8.0
W HS (28)(&.71)%

Yt/Ha - "6(;%_“)— = O.He

FrRom Fla. £-¢g

USE TYPE VH RiIP-RaP ( Dso = zd" )

(THIS 18 ALse TRUE FoR Yi/ua= Ho AS RECOMMENDED
IE A  POSSIBLE HYDORAULIC TLUMP couLD ©ccuR)

K _ HoSo _
w H™ (28) (8.7 = 5.6

FRomM Fla.. S -1o

!

zteno = B

FOR A VvELOCITY oF 5.5 KFPs

A = H4oso = F
”® . 732& S

FRoM EQUATIoN 5-9
L= ) (5 - w)

L= U'e)("qi—za): ze!’

SINCE
L > jon LHSE L=tloHd = oo
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Maiting Address:
3955 East Exposition Avenue - Sulte 300 + Danver, Colorado 80209 - 303/744-1861

URS COMPANY PAGE I O OF
ursNo. 5 206 gy CLP  pate 3-2%-B& cHECKED BY DATE__
cuent__T HE oSLivE Co, PROJECT NORTHGATE DRA/WVAGE
sussect___CBC CoSTS

use (d4'-1y') v 10! TYPrE ‘A" RCR

BARREL CosTS

CONCRETE = (162')(4.07771 ee)(® (80 /C¥) = 45::9, sas
STEEL - (‘szj(sqz_q LS/;_;-.-J(-:O-S’O/LB) = ¥ 31, 825

sTRUcTuRAL = (1620¢3')(1')/27  (*3.00/cx ) = ¥ =
ExceavaTioN

STRUCTURAL = (/6T )(T29F)fp (Fl12.00icx} = $ £,184
BACKFILL

HEADWALL ¢ TOEWALL
CONCRETE = 2(310(0.085 c¥/ie)(#i80/cx) = $ 49
STEE L. = 2(21') (26 LBILF ) ($o0.50/3)=$  BOC

INLET TRANSITION

CONCRETE = 3(32.2)(0.60ud cviue) ($i180/cv) =% J2,785
STEEL = 3(31.2')(67.3Bhe)(do.50/8)=% 3957
CONCRETE = (28+H47.0} (38)(1') (%iso/cy) = $ 9gsoo

F:Looa 2 (27)
ucT .
i?c:i:if“ = 2(89.2')(69.25%) (Fi2.00/cx) =¥ 24/5
27

INLET RiINGWALLS

CoONCRETE = 2(4S')O.coucvice) ($120/cy) = $ HBAZ

2

STEEL = 2(480{CT7.3:8/F) ($o.50ks) =3 1514
Z

STRUCTURAL = 2(y5')(C].35F) (32.00/cy) = (386

CONCRETE < (70')(48.5+88. 5)“/!2)(5 !edcr) $ 4567
FLoo R 2 (27)

RIP-RAP = (12')(Be.5+ (12.5)(2')($23.u0ky) =¥ 2040
2 (27)

RiP-RAP = (l2!) (585 + 12.5) ¢ =
BEOD/AN G ¢ >(z.(z7) (1')(¥i1z2.00kx) = $ 536
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URS JOB NO.
DATE H-F-86pgy__CcLt¥ CHECKED BY
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MAKING TECHNOL: "
OLOGY WORK pROJECT _NORTHGATE DRAINAGE
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/00 YEAR oOUTLET CosT (TEMPORARY)
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3
¢
H

WINGWALLS
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CosT OF Rip-RAP = (So')(3)(106.5+ 184) s¢ _

@ 1.5 Dsozit T2 ($z3.40lcx) = % 18,883

COST 6F RIP-RAP = (1p0')(;') (29 + 18
FILTER RLANKET = (’D"’)(’)C?_C—u;ﬂ ($12.00lcy) = $ 4733
Fo5,940
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3955 East Exposition Avenua « Sulte 300 - Denver, Colorado 80209 « 303/744-1881

URS COMPANY PaGE__ M oF

UAS NO. S2o0b BY CLP DATE & 2§ —¥4 cHECKED BY nare

CcuenT__T HE OoLIvE Co, ___PROJECT__ NORTHGATE DRANAGCE RE PORT
SUBJECT

STD. VERTICAL WINGWALLS
q-mmc. HT, =]t +

RN e

' En PORARY

CoNETRUCT oA

SECTion RBR=-F -
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