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. GENERAL INFORMATION

This report is being submitted as a summary of the stormwater drainage design for two plats of
the Hook Farms area called “The Retreat at Hook Farms” and “Hook Farms First Plat”, located at
the northeast corner of SW Hook Road and SW Pryor Road in Blue Springs, Missouri. Both sites
are within the “Hook Farms Preliminary Stormwater Drainage Study” (Preliminary Study) dated
March 2019 by Olsson. The purpose of this report is to verify the final design of the plats being
submitted meets the analysis and intent of the Preliminary Study. The full Preliminary Study can
be found in Appendix C of this report.

Il. THERETREAT AT HOOK FARMS

A. Site Description

“The Retreat at Hook Farms” plat encompasses 24.63 acres of the development and will contain
50 single family home lots and 5 tracts along with the public infrastructure to support those lots.
Generally, the drainage patterns, proposed grading, and proposed impervious area in the current
design remains the same as the Preliminary Study. All assumptions and statements within the
Preliminary Study remain the same. Further analysis on the water quality pond and storm sewer
is detailed below. Because the drainage patterns and impervious area are the same as the
Preliminary Study, the flow and volume generated remains the same.

B. Water Quality Pond

Per the Preliminary Study, proposed detention required is limited to the water quality storm event.
For the Retreat at Hook Farms plat area, the water quality pond required from the Preliminary
Study is called WQB3. The volume required is 12,786 cubic feet and the tributary area planned
is 12.76 acres. The proposed pond is in the same location and has 16,596 cubic feet of volume
and 13.24 acres tributary to it. The water quality volume will be held in the pond for 40 hours. The
release rate from the pond will be controlled by a square orifice cut into a steel plate on the outlet
control structure. This pond exceeds the requirements of the Preliminary Study. Final design and
supporting calculations for this water quality pond can be found in Appendix A of this report.

C. Storm Sewer System

A private storm sewer system is proposed to convey runoff generated on-site to the water quality
pond. This storm sewer system consists of HDPE pipe with sizes ranging from 18” to 36", and
several curb inlets to capture runoff. The system is designed to capture and convey the 10-year
storm event with HGL below the pipe crown and no more than 1 cfs inlet bypass flow across
intersections. In order to limit erosion of the slope into the water quality pond from any overtopping
of the curb inlet (C.1. 1-1) in Red Barn Circle that might occur in storm events larger than the 10-



year storm, the inlet and pipe just downstream were designed to convey the 100-year storm event
direct runoff and upstream inlet bypass flow. Final design and calculations for the storm sewer
system can be found in Appendix A of this report.

lll. HOOK FARMS FIRST PLAT

A. Site Description

“Hook Farms First Plat” encompasses 21.88 acres of the development of 49 single family home
lots and 4 tracts along with the public infrastructure to support those lots. Generally, the drainage
patterns, proposed grading, and proposed impervious area in the current design remains the
same as the Preliminary Study. All assumptions and statements within the Preliminary Study
remain the same. Further analysis on the water quality pond and storm sewer is detailed below.
Because the drainage patterns and impervious area are the same as the Preliminary Study, the
flow and volume generated remains the same.

B. Water Quality Pond

Per the Preliminary Study, proposed detention required is limited to the water quality storm event.
For the Hook Farms First Plat area, the water quality pond required from the Preliminary Study is
called WQB5. The volume required is 8,077 cubic feet and the tributary area planned is 8.06
acres. The proposed pond is in the same location and has 8,115 cubic feet of volume and 8.10
acres tributary to it. The water quality volume will be held in the pond for 40 hours. The water
quality volume will be held in the pond for 40 hours. The release rate from the pond will be
controlled by a square orifice cut into a steel plate on the outlet control structure. This pond
exceeds the requirements of the Preliminary Study. Final design and supporting calculations for
this water quality pond can be found in Appendix B of this report.

C. Storm Sewer System

A private storm sewer system is proposed to convey runoff generated on-site to the water quality
pond. This storm sewer system consists of HDPE pipe with sizes ranging from 18” to 36", and
several curb inlets to capture runoff. The system is designed to capture and convey the 10-year
storm event with HGL below the pipe crown and no more than 1 cfs inlet bypass flow across
intersections. Final design and calculations for the storm sewer system can be found in Appendix
B of this report.

IV. CONGLUSIONS AND RECCOMENDATIONS

The calculated peak runoff rates and volume of runoff generated for both proposed developments
of Hook Farms will be equal to or lower than the pre-development peak runoff rates planned in
the Preliminary Study. Storm sewer systems proposed will convey runoff safely to the water



quality ponds for treatment before being released to the surrounding creeks. Drainage patterns,
impervious areas, and all other assumptions made in the Preliminary Study are confirmed to be
the same with the current design of these two developments. Based on the information provided,
Olsson requests approval of this stormwater drainage report for the proposed development of The
Retreat at Hook Farms and Hook Farms First Plat.
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o1 WATER QULITY POND 2 OULET STRUCTURE
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ORIFICE RATING CURVE

Pond 2
Water Quality Orifice

PROJECT: 019-4059
DATE: 03.19.2020
BY: ROB

ORIFICE RATING
Orifice Side (in)

Square Shape
1.85

Orifice Area (sf) 0.0238
Orifice invert (ft) 940.4
Orifice Coefficient 0.65
Outlet
Stage release
(FT) (CFS)
940.40 #NUM!
940.50 0.019
940.60 0.043
940.70 0.059
940.80 0.070
940.90 0.081
941.00 0.090
941.10 0.098
941.20 0.105
941.30 0.112
941.40 0.119
941.50 0.125
941.60 0.131
941.70 0.137
941.80 0.143
941.90 0.148
942.00 0.153
942.10 0.158
942.20 0.163
942.30 0.167
942.40 0.172
942.50 0.176
942.60 0.181
942.70 0.185
942.80 0.189
942.90 0.193
943.00 0.197
943.10 0.201
943.20 0.205
943.30 0.208
943.40 0.212
943.50 0.216
943.60 0.219
943.70 0.223

Pond Invert

WQ Surface Elevation

Pond Release Curve

Incremental Depth 0.1
Required Volume 14195.00
Cumulative Incremental | Incremental | Cumulative [ Cumulative
Volume Volume Time Time Time
(CF) (CF) Seconds Seconds Hours
0 0 0 146650 40.7
4 4 92 146650 40.7
16 12 205 146650 40.7
44 28 397 146558 40.7
95 51 633 146353 40.7
182 87 970 145956 40.5
311 129 1318 145323 404
480 169 1603 144353 40.1
698 218 1938 143034 39.7
969 271 2275 141431 39.3
1301 332 2648 139493 38.7
1700 399 3037 137217 38.1
2174 474 3457 134570 374
2729 555 3892 131533 36.5
3373 644 4355 128075 35.6
4119 746 4876 124183 34.5
4947 828 5243 119828 33.3
5828 881 5414 114952 31.9
6764 936 5592 109710 30.5
7757 993 5776 104296 29.0
8810 1053 5972 98704 27.4
9928 1118 6189 92928 25.8
11112 1184 6405 86956 24.2
12368 1256 6647 80767 22.4
13699 1331 6897 74361 20.7
15113 1414 7181 67714 18.8
16593 1480 7370 60817 16.9
18119 1526 7461 53637 14.9
19694 1575 7561 46267 12.9
21317 1623 7657 38806 10.8
22990 1673 7761 31245 8.7
24714 1724 7869 23588 6.6
26485 1771 7957 15826 4.4
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1. CONTRACTOR TO VERIFY EXISTING S
CONDITIONS AND COMMUNICATE WITH 2
ENGINEER IF DIFFERENT THAN PLANS. S
2. CONTRACTOR SHALL FILL AND %
COMPACT TO 95% STANDARD DENSITY
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— -
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1. CONTRACTOR TO VERIFY EXISTING Riprap Calculations 2
CONDITIONS AND COMMUNICATE WITH Pipe Apron [Apron , S
ENGINEER IF DIFFERENT THAN PLANS. : . 2.00 2

— 6.00 End Section| Qqqo |Diameter|Class*|D50* |Length|Depth [Area 283 Yr .
2. CONTRACTOR SHALL FILL AND . 445 (cfs) | () i) | 0 | (9 | (s R :
COMPACT TO 95% STANDARD DENSITY o
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NOT FOR

CONSTRUCTION

BY

REVISIONS DESCRIPTION

REVISIONS

DATE

REV.
NO

NOTES:

1. INDIVIDUAL LOT OWNERS SHALL NOT CHANGE OR OBSTRUCT
THE DRAINAGE FLOW LINES OR PATHS ON THE LOTS, AS
SHOWN ON THE MASTER DRAINAGE PLAN, UNLESS SPECIFIC
APPLICATION IS MADE AND APPROVED BY THE CITY ENGINEER.

2. PLAT IS LOCATED IN ZONE X, "AREAS OUTSIDE THE
1-PERCENT ANNUAL CHANCE FLOODPLAINS, AREAS OF
1—PERCENT ANNUAL CHANCE SHEET FLOW FLOODING WHERE
THE AVERAGE DEPTHS ARE LESS THAN 1 FOOT, AREAS OF
1—-PERCENT ANNUAL CHANCE STREAM FLOODING WHERE THE
CONTRIBUTING DRAINAGE AREA IS LESS THAN 1 SQUARE MILE,
OR AREAS PROTECTED FROM THE 1—PERCENT ANNUAL
CHANCE FLOOD BY LEVEES. NO BASE FLOOD ELEVATIONS OR

DEPTHS ARE SHOWN WITHIN THIS ZONE”

3. BUFFER ZONE FOR NATURAL STREAMS IS LOCATED WITHIN
PLAT.

4. MLO ELEVATIONS HAVE BEEN PROVIDED AT EACH LOT
CORNER. INTERPOLATION WILL BE ALLOWED BETWEEN CORNER
MBOES SHOWN ON THE MASTER DRAINAGE PLAN, DEPENDING
ON THE LOCATION OF THE LOWEST OPENING ON THE
PROPOSED STRUCTURE.

5. NO BUILDING PERMITS WILL BE ISSUED UNTIL AN
AS—GRADED MASTER DRAINAGE PLAN HAS BEEN SUBMITTED
TO THE CITY AND APPROVED BY THE CITY.
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Drainage Area Design Table Drainage Area Design Table 'U—J T
10l¥ear Beturn Frequency 100 Year Return Frequency
Drainage _ Drainage ©
Inlet 1D Area ¢ Tc : K Peak Flow Inlet ID Area C Tc [ K Peak Flow g
(ac) (min) (in/hr) (cfs) (ac) (min) (in/hr) (cfs) E %.
Gl 11 0.5/ 0.51 8.01 6.53 1.00 1.90 C.l.11 0.57 0.51 8.01 9.20 1.25 3.34 °g
C.l.1-2 0.52 0.51 7.61 6.63 1.00 1.76 Cl1.1-2 0.52 0.51 761 934 1.25 3.10 % a
Cl.1-3 2.50 0.51 19.85 4.60 1.00 286 C.l.13 2.50 0.51 19.85 6.64 1.25 10.58 €L
Cl.1-4 0.40 0.51 7.06 6.77 1.00 1.38 Cl.1-4 0.40 0.51 7.06 9.53 1.25 2.43 @ <
E: i': 8'2 8-21 ;';j g'zz 1'83 1'17:1 C.1.16 0.51 0.51 7.74 9.29 1.25 3.02 85
— : - - - . - C.I.1-8 0.43 0.51 7.94 9.23 1.25 2.53
Cl. 19 0.44 0.51 13.89 235 1.00 1.20 C..1-9 0.4 0.51 13.89 7.60 1.25 2.13
Cl.2:2 0.25 0.51 >89 7.09 1.00 0.90 C.l.2-2 0.25 0.51 5.89 9.96 1.25 1.59
C.I.2-3 0.60 0.51 10.88 5.90 1.00 1.80 Cl1.2-3 0.60 0.51 10.88 .34 1.25 3.19
C.l.2-4 0.70 0.51 13.50 5.42 1.00 1.93 Cl.2-4 0.70 0.51 13.50 769 1.5 3.43
C.I.2-5 0.50 0.51 12.15 5.65 1.00 1.44 Cl.25 0.50 0.51 12.15 3.01 1.5 255
C.l.2-6 1.41 0.51 19.54 4.63 1.00 3.33 R Ll 0.51 1954 c 68 1os 6 0L NOT FOR
Cl. 27 0.44 0.51 /.14 6.75 1.00 151 C.l.2-7 0.4 0.51 7.14 9.50 1.25 2.67 CONSTRUCTION
Cl.4l 0.52 0.51 11.84 271 1.00 1.51 C.l.41 0.52 0.51 11.84 8.09 1.25 2.68
C.l.42 2.38 0.51 18.47 4.74 1.00 275 C.l.42 2.38 0.51 18.47 6.83 1.25 10.36
>
Inlet Design Table Inlet Design Table o
10 Year Return Frequency 100 Year Return Frequency
Inlet Upstream Clogging Inlet Sag Inlet Captured Downstream Inlet Gutter Gutter Ponding Inlet Upstream Clogging Inlet Sag Inlet Captured Downstream Inlet Gutter Gutter Ponding
Inlet ID Location Peak Flow Bypass Total Flow Factor Capacity Capacity Flow Bypass Flow Bypass Efficiency Depth Spread Depth Inlet ID Location Peak Flow Bypass Total Flow Factor Capacity Capacity Flow Bypass Flow Bypass Efficiency Depth Spread Depth
(Note 1) Inlet (Note 2) (Note 1) Inlet (Note 2)
(cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (%) (ft) (ft) (ft) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (%) (ft) (ft) (ft)
Cl.1-1 SAG 1.90 0.57 2.47 0.80 19.40 15.52 2.47 0.00 100.00% 0.19 6.37 C.l.1-1 SAG 3.34 2.02 5.37 0.80 19.40 15.52 5.37 0.00 100.00% 0.26 8.53
C.l.1-2 SAG 1.76 0.09 1.84 0.80 19.40 15.52 1.84 0.00 100.00% 0.21 5.78 C.l.1-2 SAG 3.10 0.27 3.36 0.80 19.40 15.52 3.36 0.00 100.00% 0.26 7.23
C.1.1-3 SAG 5.86 0.00 5.86 0.80 19.40 15.52 5.86 0.00 100.00% 0.32 8.91 C.1.1-3 SAG 10.58 0.00 10.58 0.80 19.40 15.52 10.58 0.00 100.00% 0.40 11.12
C.l.1-4 GRADE 1.38 0.33 1.71 1.00 1.47 1.47 1.47 0.24 C.l.1-1 85.84% 0.15 7.34 C.l.1-4 GRADE 2.43 1.07 3.50 1.00 2.55 2.55 2.55 0.95 C.l.1-1 72.86% 0.19 9.61 N
C.l.1-6 GRADE 1.71 0.13 1.84 1.00 1.65 1.65 1.65 0.20 Cl.1-4 89.31% 0.17 8.31 C.l.1-6 GRADE 3.02 0.41 3.43 1.00 2.76 2.76 2.76 0.67 C.l.1-4 80.51% 0.21 10.48 Z
C.l.1-8 GRADE 144 0.00 144 1.00 1.30 1.30 1.30 0.13 C.l.1-6 90.93% 0.15 7.38 C.1.1-8 GRADE 2.53 0.00 2.53 1.00 2.12 2.12 2.12 0.41 C.l.1-6 83.97% 0.18 9.12 3 9
C.I1.1-9 GRADE 1.20 0.00 1.20 1.00 1.11 1.11 1.11 0.09 C.l.4-2 92.51% 0.14 6.90 C.1.1-9 GRADE 2.13 0.00 2.13 1.00 1.84 1.84 1.84 0.29 C.l.4-2 86.42% 0.17 8.56 E (Q
C.I.2-2 GRADE 0.90 0.00 0.90 1.00 0.82 0.82 0.82 0.09 C.l.1-2 90.43% 0.11 5.41 C.l.2-2 GRADE 1.59 0.00 1.59 1.00 1.32 1.32 1.32 0.27 C.l.1-2 83.22% 0.13 6.68 g a
C.l.2-3 SAG 1.80 0.00 1.80 0.80 19.40 15.52 1.80 0.00 100.00% 0.19 6.62 C.l.2-3 SAG 3.19 0.00 3.19 0.80 19.40 15.52 3.19 0.00 100.00% 0.24 8.20 @ %
C.l.2-4 SAG 1.93 1.59 3.52 0.80 19.40 15.52 3.52 0.00 100.00% 0.25 8.51 C.l.2-4 SAG 3.43 4,99 8.42 0.80 19.40 15.52 8.42 0.00 100.00% 0.34 11.80 8
C.I.2-5 GRADE 1.44 1.13 2.57 1.00 2.11 2.11 2.11 0.46 C.l.2-4 82.00% 0.18 8.92 C.l.2-5 GRADE 2.55 3.05 5.60 1.00 3.65 3.65 3.65 1.95 C.l.2-4 65.21% 0.24 11.94 %
C.l.2-6 GRADE 3.33 0.00 3.33 1.00 2.20 2.20 2.20 1.13 C.I.2-5 66.13% 0.17 8.63 C.l.2-6 GRADE 6.01 0.00 6.01 1.00 2.96 2.96 2.96 3.05 C.l. 2-5 49.29% 0.22 10.77 %)
C.l.2-7 GRADE 1.51 0.00 151 1.00 1.25 1.25 1.25 0.26 C.l.4-2 82.72% 0.13 6.42 C.l.2-7 GRADE 2.67 0.00 2.67 1.00 1.91 1.91 1.91 0.76 C.l.4-2 71.59% 0.16 7.94 v
C.l.4-1 SAG 1.51 0.00 1.51 0.80 19.40 15.52 1.51 0.00 100.00% 0.15 7.42 C.l.4-1 SAG 2.68 0.00 2.68 0.80 19.40 15.52 2.68 0.00 100.00% 0.18 9.19
Cl.4-2 SAG .75 0.35 6.10 0.80 19.40 15.52 6.10 0.00 100.00% 0.25 12.51 C.l.4-2 SAG 10.36 1.05 11.41 0.80 19.40 15.52 11.41 0.00 100.00% 0.32 15.81 .
F.I.5-1 SAG 7.32 0.00 7.32 0.50 18.19 9.09 7.32 0.00 100.00% 1.02 F.l.5-1 SAG 12.91 0.00 12.91 0.50 18.19 9.09 9.09 3.82 70.44% 1.50 I;:
Notes: Notes: =
1. Inlet capacity at sag location has been reduced by a clogging factor of 0.80, reducing theoretical capacity to 80% capacity, as required per APWA Section 5600. 1. Inlet capacity at sag location has been reduced by a clogging factor of 0.80, reducing theoretical capacity to 80% capacity, as required per APWA Section 5600.
Both theoretical capacity and reduced capacity are shown. Both theoretical capacity and reduced capacity are shown. e
2. Inlet efficiency shown in the tables is Captured Flow/Total Flow, denoting the actual percentage of flow captured after the capacity has been reduced to 80% of theoretical capacity. 2. Inlet efficiency shown in the tables is Captured Flow/Total Flow, denoting the actual percentage of flow captured after the capacity has been reduced to 80% of theoretical capacity. x =
o
AN
o
(Q\|
From (Inlet) | To(Outlet) |[Length| Inlet Outlet |Average| Pipe |Manning's |Entrance|Exit/Bend|Additional|lnitial| Peak| Max |Travel| Design | Max Flow / Max Max
Node Node Invert Invert | Slope |Diameter|Roughness| Losses Losses Losses | Flow |Flow| Flow | Time | Flow |Design Flow|Flow Depth /| Flow N
Elevation | Elevation Velocity Capacity Ratio Total Depth |Depth =
Ratio 5 UE) N
(ft) (ft) (ft) (%) (inches) (cfs) | (cfs) | (ft/sec) | (min) | (cfs) (ft) o o E
Cl.1-1 E.S.1-0 67.47 | 942.34 942.00 | 0.5000 | 36.000 0.0120 0.5000 0.5000 0.0000 0.00 {37.93| 6.62 0.17 | 51.15 0.74 0.76 2.27 | *SIZED FOR 100—YR e < w
C.l.1-2 C.l.1-1 153.31| 943.61 942.84 | 0.5000 | 36.000 0.0120 0.5000 0.5000 0.0000 0.00 |32.56| 5.94 0.43 | 51.21 0.64 0.74 2.21 0 w LL =
Cl.1-3 C.I.1-2 34.00 | 944.45 944.11 | 1.0000 | 30.000 0.0120 0.5000 0.5000 0.0000 0.00 [19.00| 6.26 0.09 | 44.44 0.43 0.75 1.87 L_IIJ ; % -
C.l.1-4 C.1.1-3 105.72| 946.00 944.95 | 1.0000 | 24.000 0.0120 0.5000 0.5000 0.0000 0.00 |13.14] 6.35 0.28 | 24.48 0.54 0.69 1.39 m I(JfJJ O 8
M.H. 1-5 C.l.1-4 74.19 | 947.35 946.61 | 1.0000 | 24.000 0.0120 0.5000 0.5000 0.0000 0.00 [11.67| 6.59 0.19 | 2451 0.48 0.55 1.10 |<_E = T N
C.l.1-6 M.H. 1-5 245.81( 950.31 947.85 | 1.0000 | 24.000 0.0120 0.5000 0.5000 0.0000 0.00 |(11.67| 7.17 0.57 | 2451 0.48 0.51 1.03 W o - =
M.H. 1-7 C.I.1-6 239.43| 955.20 952.81 | 1.0000 | 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 241 | 4.94 0.81 | 11.38 0.21 0.32 0.48 Q) O < O
C.I.1-8 M.H. 1-7 155.13| 957.25 955.70 | 1.0000 | 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 241 | 4.86 0.53 | 11.38 0.21 0.32 0.49 < = |:
C.I.1-9 C.l.1-8 34.07 | 958.09 957.75 | 1.0000 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 1.14| 3.68 0.15 11.38 0.10 0.23 0.34 Z N E O
M.H. 2-1 C.I.1-2 209.75( 947.54 945.44 | 1.0000 | 24.000 0.0120 0.5000 0.5000 0.0000 0.00 |11.72 7.11 0.49 | 24.51 0.48 0.52 1.04 é a x a
C.l.2-2 M.H. 2-1 174.65| 949.79 948.04 | 1.0000 | 24.000 0.0120 0.5000 0.5000 0.0000 0.00 [11.72 7.02 041 | 2451 0.48 0.52 1.05 e <ZE LII_J -
C.l.2-3 C.I.2-2 102.07| 951.31 950.29 | 1.0000 | 18.000 0.0120 0.5000 0.5000 0.0000 0.00 [10.90( 6.55 0.26 | 11.38 0.96 0.89 1.34 — x % O
C.l.2-4 C.l.2-3 34.00 [ 953.34 953.00 | 1.0000 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 9.10| 5.81 0.10 11.38 0.80 0.84 1.26 L TN O 2..
C.1.2-5 C.l.2-4 180.63| 955.65 953.84 | 1.0000 | 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 5.64 | 5.65 0.53 | 11.38 0.50 0.60 0.91 g E QO |:
C.l.2-6 C.I.2-5 216.83( 960.49 956.15 | 2.0000 | 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 3.45( 6.97 0.52 | 16.09 0.21 0.32 0.49 - >
C.1.2-7 C.l.2-6 33.82 | 961.33 960.99 | 1.0000 | 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 1.29 | 3.79 0.15 | 11.38 0.11 0.25 0.37 N >
F.I.3-1 M.H. 1-5 203.52 955.33 951.26 | 2.0000 | 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 0.00 | 0.00 16.09 0.00 0.00 0.00 -
F.l.3-2 F.I.3-1 125.13| 957.08 955.83 | 1.0000 | 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 0.00 | 0.00 11.38 0.00 0.00 0.00 N
C.l.4-1 C.l.1-6 62.81 | 951.56 950.93 | 1.0000 | 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 7.74 | 5.99 0.17 | 11.38 0.68 0.69 1.02 g)
C.l.4-2 C.l.6-1 34.00 | 953.24 952.90 | 1.0000 | 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 6.10| 5.48 0.10 | 11.38 0.54 0.60 0.90 m
M.H. 4-3 C.l.4-2 111.00| 954.85 953.74 | 1.0000 | 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 0.00 | 0.00 11.38 0.00 0.18 0.26 —l
F.I.4-4 M.H. 4-3 94.00 | 957.23 955.35 | 2.0000 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 0.00| 0.00 16.09 0.00 0.00 0.00 drawn by: EM
F.l. 4-5 F.l.4-4 100.60| 959.44 957.43 | 2.0000 | 18.000 0.0120 0.5000 0.5000 0.0000 0.00 | 0.00 | 0.00 16.09 0.00 0.00 0.00 Che_‘?ked by: EM
F.l.5-1 E.S.5-0 |274.81] 953.53 | 947.48 | 2.2000 | 18.000 | 0.0120 | 0.5000 | 0.5000 | 0.0000 | 0.00 | 7.63| 890 | 0.51 | 16.88 0.45 0.49 0.72 gf,'g”cegyt,’y: EE
E.S.5-3 E.S.5-2 18.19 | 958.07 957.89 | 1.0000 | 12.000 0.0120 0.5000 0.5000 0.0000 0.00 | 0.00 | 0.00 3.86 0.00 0.00 0.00 project no.: 019-4059
0.S.7-1 E.S.7-0 315.15( 939.91 936.75 | 1.0000 6.000 0.0120 0.5000 0.5000 0.0000 0.00 [ 0.00 | 0.00 0.61 0.00 0.00 0.00 drawing nG.:GEN&TABL_ 0194059
date: 4/20/2020
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Riprap Calculations W
Pipe Apron Apron V—e—
End Section Quoo Diameter Class* D50* Length Depth Area
(cfs) (ft) (in) (ft) (ft) (SY)
WQv Outlet|  0.93 0.5 1 5 2 1.46 0.5
*PerTable 10.1 HEC 14-FHWA-Energy Dissipators Pg. 10-18
(o))
5%5)%5) i} k
4.5’ G C .5’ .
w@le; ]
=0s( i
S K |
2’ /
(N\Scale: 1"=2" ’
02 >RIPRAP OUTLET PROTECTION
o |
o
— & | —
—

s — — -~ //
d — Mm@ [WATER QUALITY BASIN | /
/ S8 |OUTLET STRUCTURE |

(SEE DETAIL, THIS SHEET)
STA: 11475.99 | /
N: 985170.47
€. 2812342.71 T
AD o> 0
954 i5a gbrbq{’;b % ° s
46" SPILLWAY | 3
ELEV = 952.50 \“I .
F:1 | LIS = /
L T T T L T T T L T I___:!_l,
00 L e T Ve i |
3! e e /
INSTALL 690 S.F. NORTH
AMERICAN GREEN SC250 /
/ e — = TURF REINFORCEMENT Y
— N — 9+7g L MATTING OVER SPILLWAY /
—— P g INSTALL 6” HDPE END SECTION /\
— = W/ CONCRETE TOE WALL.
= [ INSTALL RIPRAP PER
S~ ( - DETAILS, THIS SHEET. LN~
| STA: 10+00 RN
[ \ N: 985120.47 AN N 10
/ E: 2812173.97 — e ) )
/ N — ~— §’x6” BOLTS 3" 0.C. TO HOLD HINGE IN PLACE 1” FROM EDGE OF PLATE
= 7 —~_ _ J \ LOCATION OF STATION/COORDINATES SHOWN IN PLAN
- — — , 7 WELL SCREEN NO. 93 (US FILTER STAINLESS STEEL OR EQUAL)
5 FLOW CONTROL PLATE
N ¥ (MIN.) THICK STEEL
GROUT SLOPE 4% MIN STAINLESS STEEL
2.5’ l POND INVERT ANCHOR BOLT (TYP.)
| [ ELEV.
, T S
0 » 20" 1 %" SQUARE CUT-OUT
— — 6 - CENTERED AT INVERT
0 10 20 40’ 1 ———1————- ———— "~
WATER QUALITY OUTLET (9+50 - 12+00) SCALE IN FEET | . GROUT AT 4%, CUT
f | MATCH 4% GROUT SLOPE.
INSTALL PLATE AFTER
960 960 GROUT.
44 BAR 12" 0.C. ALL WAYS SECTION A—A
TOP OF BERM = 954.00 — SECTION B—B
PROPOSED GROUND — WQv WSE = 952.40 . A - #4 DIAGONAL (TYP.)
955 EXISTING _GROUND -+ _| 955 g X1 FLAT BAR L 44 HOOP BAR W/ 12 LAP
_’J/__ — 100—YR WSE = 952.98 MOUNT SCREEN
BN T : TO HINGE PLATE \ 44 BAR 127 0.C. ALL WAYS
—— \ v
_ — T N N
— = — JL_ A3 TTEM = 951.50 2” HINGE PLATEH - GENERAL NOTES:
950 /" _ — 950 h — 1. CONCRETE SHALL BE CLASS B
— 175.99 LF |67 PVC @ 1.0% S 2. REINFORCING BARS SHALL BE EPOXY COATED
o~ . I P AND DEFORMED, AND SHALL HAVE MINIMUM 2”
— B CLEARANCE.
~ B r S —— S _v 3. ALL MOUNTING HARDWARE TO BE STAINLESS
ol olo ° s STEEL AND PROVIDED WITH HINGES AND
945 QN o 945 LOCKABLE OR BOLTABLE ACCESS.
32 (i LOCATION OF e 7
o +o STATION /COORDINATES
2 =l SHOWN IN PLAN
—=|— B
940 92 940 A
9+50 10+00 11+00 12+00 #4 DIAGONAL (TYP.)

14 )Scole: 1"=1"
01 WATER QUALITY BASIN OULET STRUCTURE
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ORIFICE RATING CURVE

Pond 2
Water Quality Orifice

PROJECT: 019-4061
DATE: 06/04/2020
BY: NH

ORIFICE RATING
Orifice Side (in)

Square Shape
1.250

Orifice Area (sf) 0.0109
Orifice invert (ft) 951
Orifice Coefficient 0.65
Outlet
Stage release
(FT) (CFS)
951.50 0.038
951.60 0.042
951.70 0.046
951.80 0.049
951.90 0.052
952.00 0.055
952.10 0.058
952.20 0.061
952.30 0.063
952.40 0.066
952.50 0.068

Pond Invert

Spillway Elevation

Pond Release Curve

Treated Area

Incremental Depth

Required Volume

8.12 ac

0.1 ft

8,135 (1001.88 cf/ac from Macro)

Area Cumulative | Incremental | Incremental [ Cumulative | Cumulative
Volume Volume Time Time Time

(SF) (CF) (CF) Seconds Seconds Hours
8394.5 0
8519.28 846 846 20186 150004 41.7
8644.06 1704 858 18836 150004 41.7
8768.84 2575 871 17787 129819 36.1
8893.62 3458 883 16945 110982 30.8
9018.4 4353 896 16252 93196 25.9
9143.18 5261 908 15673 76251 21.2
9267.96 6182 921 15180 59999 16.7
9392.74 7115 933 14757 44326 12.3
9517.52 8060 946 14389 29145 8.1
9642.3 9018 958 14066 14389 4.0




USER: nheiser
C_PBASE_0194061 C_FBASE_0194061 C_PSTRM_0194061 C_PSURF_0194061 C_PUTIL_0194061

C_XBASE_0194061

C_PBNDY_0194061

XREFS: C_PTBLK_0194061_34x22

F:\2019\4001—-4500\019—-4061\40—Design\AutoCAD\Final Plans\Sheets\GNCV\Street and Storm Plans\C_STM01_0194061.dwg
10:13pm

Jun 08, 2020

DWG:
DATE:

Riprap Calculations
Pipe Apron Apron
End Section Qo0 Diameter Class* D50* Length Depth Area
(cfs) (ft) (in) (ft) (ft) (SY) -
ES.1-1 48.24 3 3 10 15 2.00 23.3
*Per Table 10.1 HEC 14-FHWA-Energy Dissipators Pg. 10-18

INSTALL 23.3 S.Y.
OF CLASS 3 RIPRAP

Cl. 1=2
5 X 3 CURB INLET

STA: 10+94.79

STORM LINE 1

STA: 29+83.51, 31.92 RT
SW HOOK FARM DRIVE

N: 985311.990 =

E: 2812362.539

SW HOOK FARM DRIVE

Cl 1-4

5 X 3’ CURB INLET
STA: 12+42.35
STORM LINE 1

Cl 1-5
5 X 3" CURB INLET
STA: 14+14.86

SS——— <

SS

<5-‘R%‘\—‘%“—‘%\—_ﬁg\_“$‘

! - STORM LINE 1
STA: 30+77.17, 17.00 LT B AGHE. STA: 32+49.64, 20.94 LT
SW HOOK FARM DRIVE SW HOOK FARM DRIVE
N: 985427.165 N: 985599.604
E: 2812334.501 / E: 2812339548
[ ) \A/
|\/ \AJ
13400 \
SS\SS\SS\SS

SS——————SS————553

FARM FIELD COURT

SW HOOK FARM DRIVE

/ STORM LINE 1
//—W 7+‘O

30

j

W W W <7

S
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olsson

o ————— T ————— = +5—UE— — —
5 / //
10’ 9%7§2f #3 — - §W\\\\\\ ////// 7
oD - e ]
o 36" FES h W - /
STA: 10+00 - % Cl. 1=-3
STORM LINE 1 R - 5 X 3 CURB INLET
STA: 29+74.86, 121.35 RT S STA: 12+08.35
5 SW HOOK FARM DRIVE ~ STORM LINE 1
_—Nf N: 985219.629 _— STA: 30+77.17, 17.00 RT
E: 2812383.862 _ SW HOOK FARM DRIVE
2.5’ — — — N: 985425.394
| E: 2812368.455
’ Py N N
o 100 20 40’ > _h 4%
SCALE IN FEET
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4.00_ + .
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_ — @ 0,85% e ———
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Inlet Design Table

10 Year Return Frequency

Drainage Area Design Table

10 Year Return Frequency

Inlet Upstream Clogging Inlet Sag Inlet Captured Inlet Gutter Gutter Ponding
Inlet ID Location Peak Flow Bypass Total Flow Factor Capacity Capacity Flow Bypass Flow| Efficiency Depth Spread Depth
(Note 1) (Note 2)
(cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (cfs) (%) (ft) (ft) (ft)
C.1. 1-2(L) SAG 0.60 0.16 8.12
C.l. 1-2(R) SAG 1.43 0.14 6.86
Cl.1-2 SAG 3.08 1.89 4.97 0.80 19.40 15.52 4,97 0.00 100.00%
Cl.1-3 GRADE 4.80 0.00 4.80 1.00 3.01 3.01 3.01 1.79 62.65% 0.21 10.54
C.l. 14 GRADE 1.09 0.11 1.19 1.00 1.06 1.06 1.06 0.13 89.12% 0.13 6.26
C.l.1-5 GRADE 1.09 0.00 1.09 1.00 0.98 0.98 0.98 0.11 90.13% 0.12 6.04
F.l.1-6 SAG 0.90 0.00 0.90 0.80 18.67 14.93 0.90 0.00 100.00% 0.07
C.l.1-7 GRADE 1.54 0.00 1.54 1.00 1.49 1.49 1.49 0.04 97.14% 0.14 6.54
C.l.1-8 GRADE 1.16 0.00 1.16 1.00 1.15 1.15 1.15 0.01 98.84% 0.13 5.89
PLUG 1-9 SAG 9.46
C.l. 21 GRADE 1.05 0.00 1.05 1.00 0.95 0.95 0.95 0.10 90.49% 0.12 5.96
C.l.2-2 GRADE 2.25 0.00 2.25 1.00 1.80 1.80 1.80 0.45 79.97% 0.16 7.94
F.1.2-3 SAG 1.58 0.00 1.58 0.80 18.67 14.93 1.58 0.00 100.00% 0.10
F.l.31 SAG 0.68 0.00 0.68 0.80 18.67 14.93 0.68 0.00 100.00% 0.05
C.l.4-2 GRADE 1.39 0.00 1.39 1.00 1.24 1.24 1.24 0.15 89.36% 0.13 6.62
C.l.4-3 GRADE 2.81 0.00 2.81 1.00 2.20 2.20 2.20 0.61 78.28% 0.17 8.63
C.1. 4-4(L) SAG 2.51 0.17 8.27
C.l. 4-4(R) SAG 0.00 0.00 0.00
Cl. 44 SAG 3.08 0.09 3.17 0.80 23.28 18.63 3.17 0.00 100.00%
C.l.4-6 GRADE 1.01 0.00 1.01 1.00 0.92 0.92 0.92 0.09 90.84% 0.12 5.88
C.l.4-7 GRADE 2.25 0.00 2.25 1.00 1.80 1.80 1.80 0.45 79.97% 0.16 7.94
C.1. 4-8(L) SAG 0.64 0.12 6.05
C.l. 4-8(R) SAG 0.00 0.00 0.00
C.l1.4-8 SAG 1.09 0.45 1.54 0.80 19.40 15.52 1.54 0.00 100.00%
C.l.4-9 GRADE 0.71 0.00 0.71 1.00 0.67 0.67 0.67 0.04 93.77% 0.10 5.16
C.1.4-10 GRADE 2.03 0.00 2.03 1.00 1.66 1.66 1.66 0.37 81.81% 0.15 7.63
Cl 411 GRADE 0.68 0.00 0.68 1.00 0.64 0.64 0.64 0.04 94.15% 0.10 5.05
C.l1.5-1 GRADE 1.01 0.34 1.35 1.00 1.18 1.18 1.18 0.17 87.71% 0.13 6.55
C.l.6-1 GRADE 1.76 0.17 1.93 1.00 1.59 1.59 1.59 0.34 82.61% 0.15 7.49
Cl.7-2 GRADE 0.64 0.61 1.25 1.00 111 111 1.11 0.14 88.63% 0.13 6.36
F.l.7-3 SAG 5.29 0.00 5.29 0.80 18.67 14.93 5.29 0.00 100.00% 0.22
F.I.7-4 SAG 7.72 0.00 7.72 0.80 18.67 14.93 7.72 0.00 100.00% 0.28
C.l.82 GRADE 1.35 0.00 1.35 1.00 1.18 1.18 1.18 0.17 87.69% 0.13 6.55
C.l1.83 GRADE 4.16 0.00 4.16 1.00 2.77 2.77 2.77 1.40 66.43% 0.20 9.99
F.l.9-1 SAG 8.70 0.00 8.70 0.80 18.67 14.93 8.70 0.00 100.00% 0.30
Notes:

1. Inlet capacity at sag location has been reduced by a clogging factor of 0.80, reducing theoretical capacity to 80% capacity, as required per APWA Section 5600.
Both theoretical capacity and reduced capacity are shown.
2. Inlet efficiency shown in the tables is Captured Flow/Total Flow, denoting the actual percentage of flow captured after the capacity has been reduced to 80% of theoretical capacity.
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Inlet Design Table
100 Year Return Frequency
Inlet Upstream Clogging Inlet Saginlet Captured Inlet Gutter Gutter Ponding
Inlet ID Location Peak Flow Bypass Total Flow Factor Capacity Capacity Flow Bypass Flow| Efficiency Depth Spread Depth
(Note 1) (Note 2)
(cfs) {cfs) (cfs) {cfs) {cfs) (cfs) {cfs) (%) {ft) (ft) (ft)
C.I.1-2(L) SAG 1.05 0.22 11.16
C.l. 1-2(R) SAG 2.50 0.17 8.62
Cl.1-2 SAG 5.40 4.84 10.24 0.80 19.40 15.52 10.24 0.00 100.00%
C.l.1-3 GRADE 8.42 0.00 8.42 1.00 3.89 3.89 3.89 4,53 46.18% 0.26 13.02
C.l.1-4 GRADE 191 0.33 2.24 1.00 1.79 1.79 1.79 0.45 80.07% 0.16 7.92
Cl.1-5 GRADE 191 0.00 1.91 1.00 1.58 1.58 1.58 0.33 82.79% 0.15 7.46
F.I.1-6 SAG 1.58 0.00 1.58 0.80 18.67 14.93 1.58 0.00 100.00% 0.10
C.l.1-7 GRADE 2.70 0.00 2.70 1.00 2.46 2.46 2.46 0.24 91.0%% 0.18 8.08
C.l.1-8 GRADE 2.04 0.00 2.04 1.00 1.93 1.93 1.93 0.11 94.57% 0.16 7.28
PLUG 1-9 SAG 16.61
Cl. 2-1 GRADE 1.84 0.00 1.84 1.00 1.54 1.54 1.54 0.31 83.34% 0.15 7.36
C.l. 2-2 GRADE 3.95 0.00 3.95 1.00 2.68 2.68 2.68 1.27 67.78% 0.20 9.80
F.I.2-3 SAG 2.76 0.00 2.76 0.80 18.67 14.93 2.76 0.00 100.00% 0.14
F.I.3-1 SAG 1.18 0.00 1.18 0.80 18.67 14.93 1.18 0.00 100.00% 0.08
C.l.4-2 GRADE 2.43 0.00 2.43 1.00 1.97 1.97 1.97 0.46 81.03% 0.16 8.17
C.l.4-3 GRADE 4.94 0.00 4.94 1.00 3.21 3.21 3.21 1.73 65.04% 0.21 10.65
C.1. 4-4(L) SAG 4.41 0.20 10.21
C.l. 4-4(R) SAG 0.00 0.00 0.00
C.l.4-4 SAG 5.40 0.29 5.68 0.80 23.28 18.63 5.68 0.00 100.00%
C.l.4-6 GRADE 1.78 0.00 1.78 1.00 1.49 1.49 1.49 0.29 83.91% 0.15 7.26
C.l.4-7 GRADE 3.95 0.00 3.95 1.00 2.68 2.68 2.68 1.27 67.78% 0.20 9.80
C.I. 4-8(L) SAG 1.12 0.16 8.18
C.l. 4-8(R) SAG 0.00 0.00 0.00
C.l.4-8 SAG 1.91 1.32 3.23 0.80 19.40 15.52 3.23 0.00 100.00%
C.l.4-9 GRADE 1.25 0.00 1.25 1.00 1.11 1.11 1.11 0.14 88.61% 0.13 6.37
C.1.4-10 GRADE 3.55 0.00 3.55 1.00 2.50 2.50 2.50 1.05 70.36% 0.19 5.42
C.l.4-11 GRADE 1.18 0.00 1.18 1.00 1.06 1.06 1.06 0.13 89.22% 0.12 6.24
C.l.5-1 GRADE 1.78 1.07 2.85 1.00 2.15 2.15 2.15 0.70 75.34% 0.17 8.67
Cl.e-1 GRADE 3.09 0.50 3.59 1.00 2.52 2.52 2.52 1.07 70.12% 0.19 5.45
C.l.7-2 GRADE 1.12 1.73 2.84 1.00 2.14 2.14 2.14 0.70 75.38% 0.17 8.66
F.I.7-3 SAG 9.28 0.00 9.28 0.80 18.67 14.93 9.28 0.00 100.00% 0.31
F.I.7-4 SAG 13.55 0.00 13.55 0.80 18.67 14.93 13.55 0.00 100.00% 0.40
C.l. 82 GRADE 2.37 0.00 2.37 1.00 1.87 1.87 1.87 0.50 79.02% 0.16 8.09
C.l. 83 GRADE 7.30 0.00 7.30 1.00 3.69 3.69 3.69 3.62 50.4%9% 0.25 12.34
F.I.9-1 SAG 15.26 0.00 15.26 0.80 18.67 14.93 14.93 0.33 97.84% 0.44
Notes:
1. Inlet capacity at sag location has been reduced by a clogging factor of 0.80, reducing theoretical capacity to 80% capacity, as required per APWA Section 5600.
Both theoretical capacity and reduced capacity are shown.
2. Inlet efficiency shown in the tables is Captured Flow/Total Flow, denoting the actual percentage of flow captured after the capacity has been reduced to 80% of theoretical capacity.

REVISIONS DESCRIPTION
REVISED PER CITY COMMENTS

DATE
2020.06.01

REV.
NO.
1

DRAINAGE TABLES

STREET AND STORM SEWER PLANS

Drainage
InletID Area C Tc i K Peak Flow
Storm Sewer Design Calculation Table
(ac) (min) {in/hr) (cfs) 10 Year Return Frequency
C.l. 1-2(L) 0.16 0.51 5.00 7.35 1.00 0.60 Upstream Downstream Upstream | Downstream Manning's Upstream Upstream
C.l. 1-2(R) 0.38 0.51 5.00 7.35 1.00 1.43 Structure Structure Length Invert Invert Slope | Diameter n Total Flow | Velocity | Capacity | Flow Depth | Struct. HGL | Top Elev.
C.l. 1-2(B) 0.28 0.51 5.00 7.35 1.00 1.05 PP P (£t) (%) 1 __(in) | (cfs) (ftfs) | (cfs) | aq P (I I
Cl.1-2 0.82 0.51 5.00 7.35 1.00 3.08 C.l. 82 E.S.8-1 114.701 969.58 970.73 1.00 15 0.01 3.95 5.74 8.41 0.60 971.53 977.94
Cl13 1.28 0.51 5.00 7.35 1.00 4.80 C.I.83 C.I.82 ' 39.926 971.33 972.13 200 [ 15 0.01 2.77 6.02 11.88 0.41 972.80 978.21
- IN AN N
C.l.1-4 0.29 0.51 >.00 7.35 1.00 1.09 ol ) 198,000 1 657,10 ) ) 00T 65T 1 asa [ 8der T 7r 1953477 T 961,69 |
C.l.1-5 0.29 0.51 5.00 7.35 1.00 1.09 w r r r r r | r r r
C.l.4-3 C.l.4-2 48.464 953.28 952.60 1.40 30 0.01 15.30 7.93 63.16 0.87 954.60 962.09
F.l.1-6 0.24 0.51 5.00 7.35 1.00 0.90 W b w W r w r r r r
1 17 0.41 051 00 e 100 154 C.l. 4-4 C.l.4-3 38.184 954.35 953.78 1.49 30 0.01 13.17 7.48 65.14 0.82 955.57 961.79
e - . : : - : v d r v r r r r r 4
ClLis 031 051 =00 735 100 116 M.H. 4-5 C.l. 4-4 (208035 [ 957.97 [ 954.79 153 [ 24 001 [ 88 [ 651 [ 3635 [ 078 [ 95003 [ 966.88
PLUG 1-9 2.34 0.55 5.00 7.35 1.00 9.46 C.l. 4-6 M.H. 4-5 i 49.062 i 959.31 L 958.57 1.51 i 24 0.01 i 7.23 i 6.93 I 36.11 i 0.61 i 960.26 i 968.31
cl.2-1 0.28 0.51 5.00 7.35 1.00 1.0 C.l.4-7 C.l.4-6 34.000 960.31 959.80 1.50 18 0.01 6.31 7.01 16.72 0.64 961.28 968.31
Cl.22 0.60 0.51 5.00 7.35 1.00 2.25 C.l. 4-8 C.l.4-7 [ 38184 | 961.38 | 960.81 1.49 [ 18 001 | 451 [ 631 [ 1668 | 053 [ 96219 | 969.18
F.I.2-3 0.42 0.51 5.00 7.35 1.00 1.58 C.l.4-9 C.l.4-8 F117.300 [ 963.64 | 961.88 1.50 [ 15 001 | 297 [ 575 [ 1028 [ o046 [ 96433 [ 972.29
F.l.3-1 0.18 0.51 5.00 7.35 1.00 0.68 C.l. 4-10 C.l.4-9 " 34000 [ 96465 | 964.14 1.50 [ 15 001 | 230 [ 532 [ 1028 [ o040 [ 96526 [ 972.29
E-:-:; 8-3; 8-21 g-gg ;ig i-gg ;Zi’ C.l. 4-11 C.l.4-10 | 45486 | 96583 |  965.15 1.49 [ 15 001 | o064 | 366 [ 1026 | 021 [ 96614 [ 973.57
o : : : : : : C.l.1-2 E.S. 1-1 " 94790 [ 952.45 [ 951.50 1.00 [ 36 001 | 2803 [ 884 [ 868 [ 117 [ 95416 960.78
C.l. 4-4(L) 0.67 0.51 5.00 7.35 1.00 2.51 v v w v r v 4 r v 4
Cl.1-3 C.l.1-2 113.558 | 954.42 953.45 0.85 24 0.01 18.05 8.13 27.17 1.19 955.95 962.86
C.I. 4-4(R) 0.00 0.51 5.00 7.35 1.00 0.00 b b b b b L L L L
C1.44(B) 015 0.51 =00 735 100 056 C.l. 1-4 Cl. 13 34.000 955.21 954.92 0.85 24 0.01 15.04 7.64 27.16 1.06 956.61 962.86
o N . . . N . [ w r > r v > > r 4
cl a4 0.82 0.51 5 00 735 1.00 3.08 C.l.1-5 C.l. 1-4 (172513 [ 957.18 [ 955.71 085 [ 18 001 [ 1398 [ 791 [ 1260 [ 150 [ 959.02 [ 967.44
Cl 46 0.97 0.51 5.00 735 1.00 101 F.l. 1-6 C.l. 15 137.631 [ 958.85 | 957.68 0.85 18 001 [ 1300 [ 7.36 12.59 1.50 960.66 968.80
C.l.47 0.60 0.51 5.00 7.35 1.00 2.25 C.l.1-7 F.l. 1-6 " 161.082 | 960.72 959.35 085 [ 18 0.01 12.10 690 [ 1259 [ 150 [ 96216 | 968.91
C.l. 4-8(L) 0.17 0.51 5.00 7.35 1.00 0.64 C.l.1-8 Cl. 17 7 54000 | 961.68 | 961.22 085 [ 18 001 | 1061 [ 678 [ 1260 [ 124 [ 96293 [ 96891
C.l. 4-8(R) 0.00 0.51 5.00 7.35 1.00 0.00 PLUG 1-9 C.l.1-8 © 23000 [ 96241 | 962.18 1.00 [ 18 001 | 946 | 732 [ 1365 [ 092 [ 963.60 967.43
C.l. 4-8(B) 0.12 0.51 5.00 7.35 1.00 0.45 C.l.2-1 C.I.1-3 [ 127.746 | 955.65 |  953.95 1.33 [ 18 001 | so1 [ 634 [ 1575 [ 058 [ 95651 | 962.40
E':'ig g'is 8‘21 g'gg ;: 1'38 é'gi’ C.l.2-2 Cl.221 [ 34.068 | 956.66 | 956.15 150 [ 18 001 [ 406 | 611 [ 1670 | 050 | 95743 | 962.42
- : ; : ; : : F.l. 2-3 C.l.2-2  138.000 | 961.30 | 957.16 3.00 [ 18 001 [ 226 [ 606 [ 2365 [ 031 [ 96187 [ 967.32
C.1.4-10 0.54 0.51 5.00 7.35 1.00 2.03 b b b b . b . b , L,
Lo 018 051 = 00 2 100 o6 F.l. 3-1 F.l.2-3 219.038 | 964.43 961.80 1.20 18 0.01 0.68 3.46 14.96 0.22 964.74 969.23
wla = - - . - - . ' ' ' r ' ' '
L 51 0.27 051 500 735 100 101 C.l.6-1 M.H.45 [ 34000 [ 95961 [ 95871 265 [ 15 001 [ 159 [ 496 [ 1366 | 032 960.11 966.88
cl 61 0.47 0.51 500 235 1.00 176 C.l.7-2 es.7-1 [ 31830 [ 95166 [ 95134 Lo1 [ 24 001 [ 1417 [ 553 [ 2948 [ 178 953.01 959.82
cl.7-2 0.17 0.51 5.00 7.35 1.00 0.64 k.l 7-3 C.l.7-2 23.540 952.40 952.16 1.02 18 0.01 13.01 8.32 13.79 1.16 953.75 956.08
F.1.7-3 1.41 0.51 5.00 7.35 1.00 5.29 F.l. 7-4 F.l.7-3 292,600 [ 957.84 [ 952.90 169 [ 15 001 [ 772 [ 771 [ 1001 [ o085 958.94 963.40
F..7-4 3.00 0.35 5.00 7.35 1.00 7.72 C.1.5-1 C.l. 4-4 " 34.000 [ 956.27 | 955.62 1.91 [ 15 001 | 118 [ 462 [ 1161 [ 027 [ 95670 961.79
Cl.&2 0.36 0.51 5.00 7.35 1.00 135 F.l.9-1 E.S. 9-1 97.38 963.07 962.58 0.50 18 0.010 8.70 5.02 9.68 1.50 964.45 967.57
C.1.83 1.11 0.51 5.00 7.35 1.00 4.16
F.l. 9-1 3.38 0.35 5.00 7.35 1.00 8.70
Drainage Area Design Table
100 Year Return Frequency
Drainage
Inlet ID Area C Tc i K Peak Flow
Storm Sewer Design Calculation Table
{ac) {min) (in/hr) (cfs) 100 Year Return Frequency
C.I. 1-2{L) 0.16 0.51 5.00 10.32 1.25 1.05 Upstream Downstream Upstream | Downstream Manning's Upstream Upstream
C.I. 1-2(R) 0.38 0.51 5.00 10.32 1.25 2.50 Structure Structure Length Invert Invert Slope | Diameter n Total Flow | Velocity | Capacity | Flow Depth | Struct. HGL | Top Elev.
C.l. 1-2(B) 0.28 0.51 5.00 10.32 1.25 1.84 \/\,(f-t)\/\/-\/-\fﬁt)\/\, (fI) [%) \/\,(ml/\/ (;fS) (ft/s) \/-\LC@\/ (fI) \/-\/-(@)\/\,f\/-\(ﬁt)\/\,-
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1.0 GENERAL INFORMATION

Hook Farms is a proposed 258-lot single-family residential development on approximately 160
acres. The project is located at the northwest corner of Hook Road and Pryor Road, and is
adjacent to the Eagle Creek and Monarch View developments. The project lies in the southeast
corner of Section 23, Township 47 North, Range 32 West, Lee’s Summit, Jackson County,
Missouri.

Stormwater from Hook Farms is conveyed into the Mouse Creek Watershed primarily via Mouse
Creek (which flows east to west through the property), Mouse Creek Tributary M5 (which flows
south to north through the property), and Mouse Creek Tributary M4 (which flows through the
northwest corner of the property).

L — Mouse Creek Tributary M4

/— Mouse Creek

»

Project Location
Mouse Creek Tributary M5 —

Figure 1. Location Map
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1.1 FEMA Floodplain Classification

The Federal Emergency Management Agency (FEMA) Flood Boundary and Floodway Map
Community Panel Number 29095C0531G classifies portions of the Hook Farms property as “Zone
AE” and portions as unshaded “Zone X” area. See Exhibit 1 in Appendix A for the location of the
site in relation to FEMA flood boundaries.

1.2 Soil Classifications

Soil maps published by the Natural Resources Conservation Service (NRCS) Web Soil Survey
were used to categorize soils on the Hook Farms property (see Table 1). Exhibit 2 in Appendix A
shows a map of soils on the property.

Table 1. Soil Classifications.

Symbol Name Slopes HSG
10000 Arisburg silt loam 1-5% C
10024 Greenton-Urban land complex 5-9% D
10082 Arisburg-Urban land complex 1-5% C
10116 Sampsel silty clay loam 2-5% C/D
10117 Sampsel silty clay loam 5-9% C/D
10128 Sharpsburg-Urban land complex 2-5% D
10180 Udarents-Urban land-Sampsel complex 2-5% C
10181 Udarents-Urban land-Sampsel complex 5-9% C
36083 Kennebec silt loam 1-4% C

*HSG = Hydrologic Soil Group

2.0 METHODOLOGY

This drainage study has been prepared to evaluate the hydrologic impact generated by
development of Hook Farms. The base data for the models has been obtained from available
online maps and aerial imagery. Stormwater quantity management is based upon methods and
objectives defined in the “Kansas City Metropolitan Chapter American Public Works Association
(KC-APWA) Section 5600 Storm Drainage Systems & Facilities” (2011).

The following methods were used in this study to model existing and proposed conditions for
stormwater runoff:

United States Army Corps of Engineers Hydraulic Engineering Center Hydraulic Modeling
System (HEC-HMS) Version 4.3

* Loss Method: SCS Curve Number
* Transform Method: SCS Unit Hydrograph
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e 2-year, 10-year and 100-year Return Frequency Storms
* 24-Hour SCS Type Il Rainfall Distribution

United States Department of Agriculture WinTR-55 Small Watershed Hydrology
* SCS TR-55 methods for determination of Time of Concentration and Travel Time.
Where specific data pertaining to channel geometry is not available, “Length &
Velocity” estimates for channel flow Travel Time is used per Section 5600, KC-
APWA Standard Specifications and Design Criteria.

Stormwater runoff models were created for the 2-, 10-, and 100-year design storm events. The
precipitation depths used in the analysis have been interpolated from the “Technical Paper No.
40 Rainfall Frequency Atlas of the United States” (TP-40) isopluvial maps (May 1961). Table 2
summarizes the rainfall depths used in this analysis:

Table 2. Precipitation Depths.

Return Period 24-Hour Precipitation Depth
(year) (inches)
2 3.60
10 5.34
100 7.90

3.0 EKISTING CONDITIONS

To quantify the effects of development of this project, the following areas and points of interest
have been used for existing and proposed conditions analysis. See Exhibit 3 in Appendix A,
Existing Conditions Drainage Area Map.

Watershed A discharges to Mouse Creek. The total area modeled within this watershed is
approximately 1,808 acres, of which 8.4 percent is within the Hook Farms overall property
boundary and therefore considered “on-site.”

The maijority of Watershed A is off-site and located upstream of the property. Point 1 is a point
approximately 1,460 feet downstream of the property boundary, where Mouse Creek converges
with Mouse Creek Tributary M4 and includes all on-site and off-site drainage areas. Point 2 is a
point approximately 2,210 feet upstream of Point 1 and is a convergence point where discharge
from subareas A6, A5, and A4 via Mouse Creek and discharge from subareas A3 and A2 via
Mouse Creek Tributary M5 converge.

Runoff from Subarea A5 enters the property from the east via Mouse Creek through an existing
box culvert located under Southwest Pryor Road. Runoff from Subarea A6 enters the property
from the southeast via an unnamed tributary and runs through an existing box culvert located
under Southwest Hook Road and Southwest Pryor Road. Runoff from Subarea A3 enters the
property from the south via Mouse Creek Tributary M5 that flows under an existing bridge at
Southwest Hook Road. The entirety of these three subareas are considered off-site and remain
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unchanged in the proposed conditions analysis. Drainage area, curve numbers, and time of
concentration for Watershed A can be seen in Table 4.

Watershed B discharges to the southwest via Mouse Creek Tributary M4. The total area modeled
within this watershed is approximately 368 acres, about 2 percent of which is within the Hook
Farms overall property boundary and considered “on-site.” Where development occurs along the
ridgeline between Watershed B and Watershed A, approximately 1.5 acres is expected to be
redirected to the south from Watershed B to Watershed A. Drainage area, curve numbers and
time of concentration for Watershed B can be seen in Table 4.

To provide a direct comparison between the existing and proposed conditions models, the points
of interest have been kept consistent throughout the analysis.

Tables 3, 4, 5, and 6 summarize the results of the existing conditions analysis. The proposed
conditions data will be compared to these results in Section 4 of this report. Refer to Appendix B
for existing conditions TR-55 results. Refer to Appendix C for output and a schematic of the
existing conditions HEC-HMS model.

Curve numbers were determined based on the soil classifications outlined in Section 1.2 and
existing land use. Land use was determined from Geographic Information System (GIS)
information provided by the City and updated per recent aerial imagery. Curve numbers were
assumed as shown in Table 3.

Table 3. Curve Numbers.

Land Use HSG CN
Single-Family Residential C 83
Multifamily Residential C 90
Public / Semi-Public Use Cc 86
Road / Right-of-Way C 90
Undeveloped C 74
Agricultural C 79
Commercial Cc 94
Single-Family Residential D 87
Multifamily Residential D 92
Public / Semi-Public Use D 89
Road / Right-of-Way D 92
Undeveloped D 80
Agricultural D 84
Commercial D 95

*HSG = Hydrologic Soil Group, *CN = Curve Number
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Table 4. Existing Conditions Subarea Data.

Onsite Area Offsite Area Total Area
(acres) (acres) (acres) Weighted CN

A1 31.01 55.18 86.19 0.346 82
A2 35.13 3.68 38.81 0.270 80
A3 0.00 592.18 592.18 0.765 80
A4 86.02 28.20 114.22 0.399 80
A5 0.00 857.89 857.89 0.781 80
A6 0.00 118.35 118.35 0.446 79
Total A 152.16 1,655.48 1,807.64

B1 8.58 358.99 367.57 0.623 81
Total B 8.58 358.99 367.57

*Tc = Time of Concentration, *CN = Curve Number

Table 5. Existing Conditions Point of Interest Peak Flow Rates.

Qz Q10
Point of Interest (cfs) (cfs)
Point 1 2,222 4,259 7,229
Point 2 1,810 3,474 5,878

*Q = Flow Rate, *cfs = cubic feet per second

Table 6. Existing Conditions Point of Interest Onsite Area.

Total Area Onsite Area
Point of Interest (acres) (acres) Percent Onsite
Point 1 2,175.21 160.74 7.4%
Point 2 1,721.45 121.15 7.0%

Mouse Creek and Mouse Creek Tributary M5 fall within the requirements of KC-APWA Section
5605.3 Stream Preservation and Buffers Zones. This approach to designating the stream buffer
width includes defining the Ordinary High-Water Mark (OHM) and defining a width of preservation
zone from the OHM on either side of the channel. The OHM for each channel was roughly defined
using GIS contours and aerial data.

Mouse Creek and Mouse Creek Tributary M5 flow through the site and are located within
Watershed A. Mouse Creek flows into the site on the eastern property boundary with
approximately 858 acres of contributing area. Mouse Creek Tributary M5 enters the site on the
southern property boundary with approximately 592 acres of contributing area. The confluence of
Mouse Creek and Mouse Creek Tributary M5 is located on-site at Point 2, with approximately
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1,721 acres of total contributing area. Per KC-APWA Table 5605-1, the stream buffer width for
both channels is defined as 100 feet measured outwards from the OHM in each direction.

Mouse Creek Tributary M4 is located within Watershed B. The channel flows from northeast to
southwest through the northwest corner of the site before the confluence with Mouse Creek at
Point 1 and has approximately 368 acres of contributing area. Per KC-APWA Table 5605-1, the
stream buffer width is defined as 100 feet measured outwards from the OHM in each direction.

4.0 PROPOSED CONDITIONS

The proposed conditions section of analysis assumes completion of the entire Hook Farms
development. A shift of ridgelines within the property boundary because of anticipated grading
activities shifts the drainage boundaries between subareas A1, A2, A4, and B1; in addition,
subarea A4 has been divided into two subareas (A4-1 and A4-2) and subarea A1 has been divided
into three subareas (A1-1, A1-2, and A1-3). The overall drainage area contributing to Point 1
remains 2,175 acres, of which 161 acres is considered on-site. The modeled subareas A3, A5,
and A6, and the points of interest remain the same as the existing conditions model. See Exhibit
4 in Appendix A, Proposed Conditions Drainage Area Map. Table 7 contains a summary of the
subarea data for proposed conditions. Runoff curve numbers, times of concentration, routings,
and tributary regions that are outside the property boundary remain the same as in Section 3.
Refer to Appendix D for proposed conditions TR-55 results.

Table 7. Proposed Conditions Subarea Data.

Onsite Area Offsite Area Total Area

Subarea (acres) (acres) (acres) Weighted CN
A1-1 0.00 29.22 29.22 0.173 84
A1-2 47.88 0.47 48.35 0.280 84
A1-3 0.00 27.98 27.98 0.197 89
A2 33.22 1.21 34.43 0.241 83
A3 0.00 592.18 592.18 0.765 80
A4-1 71.19 6.11 77.30 0.343 84
A4-2 0.00 22.09 22.09 0.198 85
A5 0.00 857.89 857.89 0.781 80
A6 0.00 118.35 118.35 0.446 79
Total A 152.29 1,655.50 1,807.79

B1 8.45 358.97 367.42 0.623 81
Total B 8.45 358.97 367.42

*Tc = Time of Concentration, *CN = Curve Number
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4.1 Detention Analysis

The existing conditions HEC-HMS model was updated to reflect the changes outlined in Section
4.0 to analyze the effects of detention for the developed site. Conceptual basins were input into
the model for subareas A1-2, A2 and A4-1 and sized based on the extreme flood event control
release rates outlined in APWA Section 5608.4 (100-year storm peak rate less than or equal to
3.0 cfs per site acre, 10-year storm peak rate less than or equal to 2.0 cfs per site acre). All three
conceptual basins meet the allowable release rates for the 10-year and 100-year events aside
from Basin A1-2, which does not meet the allowable release rate for the 10-year event by 2 cfs.
Subarea B1 was not analyzed for detention due to the minimal amount of onsite area and site
restrictions. Possible locations for the conceptual basins can be seen in Exhibit 5 of Appendix A.
Tables 8 and 9 summarize the results of the detention analysis. Refer to Appendix E for output
and a schematic of the detention analysis HEC-HMS model.

Table 8. Detention Analysis Flow and Volume Data.

Return Period Peak Q In Peak Q Out | Allowable Q Peak Storage
(VEED) (cfs) (cfs) (cfs) (acre-feet)

Basin A1-2

2 109 62 N/A 12.00 12.25 22

10 192 99 97 12.00 12.25 4.0

100 309 139 145 12.00 12.25 6.7

Basin A2

2 77 44 N/A 11.92 12.17 1.4

10 141 69 69 11.92 12.25 27

100 231 97 103 11.92 12.25 4.7
Basin A4-1

2 162 94 N/A 12.00 12.25 35

10 290 152 155 12.00 12.33 6.2

100 470 215 232 12.00 12.33 10.6

*Q = Flow, *cfs = cubic feet per second, *Tp = Time of Peak

Table 9. Detention Analysis Point of Interest Peak Flow Rates.

Q; Tp2 Q1o Tp10 Q100
Point of Interest (cfs) (hour) (cfs) (hour) (cfs) Tp100 (hour)
Point 1 2,250 12.42 4,277 12.42 7,205 12.42
Point 2 1,839 1242 3,508 1242 5,892 12.42

*Q = Flow, *cfs = cubic feet per second, *T, = Time of Peak
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Table 10 compares the results of the detention analysis to the existing conditions analysis from
Section 3, at the points of interest. Negative values indicate a reduction in peak flow rate, while
positive values indicate an increase. Flow rates for the 100-year event are lower for the detention
analysis than for existing conditions at Point 1, and higher at Point 2.

Table 10. Detention Analysis vs. Existing Conditions.

AQ; AQ; AQ1o
Point of Interest (cfs) % (cfs)
Point 1 28 1.26 18 0.42 -24 -0.29
Point 2 29 1.60 34 0.98 14 0.24

*AQ = Change in Flow Rate, *cfs = cubic feet per second

4.2 Free Release Analysis

Peak flow rates to the points of interest were also analyzed for free release conditions or without
detention basins onsite. Runoff curve numbers, times of concentration, routings, and tributary
regions remain the same as in the detention analysis. Table 11 summarizes the results of the free
release analysis. Refer to Appendix F for output and a schematic of the free release analysis
HEC-HMS model.

Table 11. Free Release Analysis Point of Interest Peak Flow Rates.

Q Q1o Q100
Point of Interest (cfs) (cfs) (cfs)
Point 1 2,193 4,188 7,098
Point 2 1,790 3,428 5,793

*Q = Flow Rate, *cfs = cubic feet per second

Table 12 compares the results of the free release analysis to the existing conditions from Section
3, at the points of interest. Table 13 compares the results of the detention analysis to the existing
conditions from Section 4.1, at the points of interest. Negative values indicate a reduction in peak
flow rate, while positive values indicate an increase.

Table 12. Free Release Analysis vs. Existing Conditions.

AQ; AQ; ’ AQqo AQqo AQ100 AQ100
Point of Interest (cfs) % (cfs) % (cfs) %
Point 1 -29 -1.31 -71 -1.67 -131 -1.81
Point 2 -20 -1.10 -46 -1.32 -85 -1.45

*AQ = Change in Flow Rate, *cfs = cubic feet per second
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Table 13. Free Release Analysis vs. Detention Analysis.

AQ; AQ; AQqo AQqo AQ100 AQ100
Point of Interest (cfs) % (cfs) % (cfs) %
Point 1 -57 -2.60 -89 -2.13 -107 -1.51
Point 2 -49 -2.74 -80 -2.33 -99 -1.71

*AQ = Change in Flow Rate, *cfs = cubic feet per second

The proposed development results in increased curve numbers and decreased times of
concentration for subareas A1-2, A2 and A4-1. While this causes an increase in peak discharges
for these subareas, it also changes the timing of the peak discharges. In proposed conditions
peak discharges from subareas A1-2, A2, and A4-1 occur prior to the peak discharges within
Mouse Creek, causing an overall decrease in peak discharges to Point 1 and Point 2 compared
to existing conditions.

Construction of detention basins would delay the timing of the peak discharges from the site to
closer coincide with peak discharges in Mouse Creek; thus, causing an increase in peak
discharges to Point 1 and Point 2.

A waiver is requested for the peak attenuation of stormwater discharge for the proposed
development, which has been provided in Appendix G. The free release peak discharges at the
comparison points will be reduced to less than existing conditions and less than in the detention
analysis. This waiver is also requested due to several challenges in relation to detention design,
described below.

» The proposed site is very flat, making it difficult to construct basins to the necessary depth.

» Two tributaries flow through the project site, which results in stormwater generally sheet
flowing directly to the tributary, instead of channelizing to create points of discharge where
detention can be effective.

« Detention within the channel is not advisable.

» The channel is protected by a stream setback zone and should not be disturbed unless
necessary.

» Construction of a dam would provide a barrier for aquatic organism passage and would
restrict the travel of aquatic organisms in Mouse Creek and its tributaries.

» Existing sanitary sewer lines follow along both channels and would be located underneath
any new detention facility in the channel.

4.3 Extended Detention

In addition to mitigation of peak flow rates, KC-APWA Section 5608.4 also requires 40 hour
extended detention of runoff from the local 90% mean annual event (1.37”/24-hour rainfall). Five
basins have been graded, locations of which can be seen in Exhibit 6 of Appendix A. Basin sizing
and calculations have been provided in Appendix H.
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4.4 Impacts to Stream Buffer

Much of the defined stream buffer is not impacted by development. However, a few
encroachments have been made to accommodate the proposed layout.

Watershed A

Impacts to the stream buffer within Watershed A will occur toward the middle of the site on the
west side. The proximity of the lots to the stream will require an impact to the stream buffer. An
asphalt trail will also be constructed as part of the development and will encroach on the stream
buffer toward the middle of the site on the east side. The trail is planned just south of a number
of lots that are within proximity to the stream. A minimum of 25-foot width of the stream buffer will
remain undisturbed, and an equal or greater amount of native vegetation adjacent to the stream
buffer will be designated as preserved stream buffer to mitigate for the impacts. Small
encroachments made for the installation of storm and sanitary sewers will be replanted with native
grasses to restore the vegetation as much as possible.

Watershed B

Impacts to the stream buffer within Watershed B will occur at the northwest corner of the site. The
proximity of the lots to the stream will require an impact to the stream buffer. A minimum of 25-
foot width of the stream buffer will remain undisturbed, and an equal or greater amount of native
vegetation adjacent to the stream buffer will be designated as preserved stream buffer to mitigate
for the impacts. Small encroachments made for the installation of storm and sanitary sewers will
be replanted with native grasses to restore the vegetation as much as possible.

9.0 SUMMARY

This stormwater drainage study was prepared to evaluate the hydrologic impact generated by the
development of Hook Farms and to provide recommendations for a comprehensive stormwater
management plan. The project is a 258-lot single family residential development on approximately
160 acres.

A decrease in peak flow rates downstream of the project site is a result of the proposed
development. Detention of peak flow rates is not recommended for the proposed development.
However, water quality basins will be constructed to provide extended detention of runoff for the
local 90% mean annual event.

Stream buffers will be designated based on watershed size, per KC-APWA standards. Where
encroachments are necessary, the impacts will be mitigated with preservation of adjacent native
vegetation elsewhere on the site, and within the same watershed.

6.0 CONCLUSIONS AND RECOMMENDATIONS

This proposed stormwater management plan was designed to achieve compliance with current
design criteria in effect for the City of Lee’s Summit, Missouri; however, a waiver is requested for
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the peak attenuation of stormwater discharge for the proposed development. A final macro and
first plat micro stormwater drainage study will be required with the submittal of the first plat of this
development.

The results of the analysis demonstrate that the future stormwater management plan for the
project achieves compliance with design criteria or the requested waiver. We therefore request
approval of this Hook Farms Preliminary Stormwater Drainage Study. This approval is conditional
and should be substantiated with each future plat of Hook Farms.
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Location: F:\2018\1501-2000\018-1853\40-Design\GIS\MXD\018-1853 Soils Map.mxd
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Existing Conditions TR-55
Inputs and Results



Subarea A1

Length

(ft)

Slope
(Ft/ft)

Surface
(Manning’s n)

Velocity
(ft/s)

Grass -Range

Sheet 100 0.0250 Short (0.15) 0.143
Shallow Concentrated 145 0.0700 Unpaved 0.009
Channel 4,887 7.000 0.194
Total 5,132 4.1201 0.346
Subarea A2
Length Slope Surface Velocity Time
(ft) (Ft/ft) (Manning’s n) (ft/s) (hr)
Grass -Range
Sheet 100 0.0200 Short (0.15) 0.156
Shallow Concentrated 554 0.0380 Unpaved 0.049
Channel 1,650 7.000 0.065
Total 2,304 2.3704 0.270
Subarea A3
Length Slope Surface Velocity Time
(ft) (ft/ft) (Manning’s n) (ft/s) (hr)
Grass Dense
Sheet 100 0.0100 (0.24) 0.300
Shallow Concentrated 861 0.0140 Unpaved 0.125
Channel 8,567 7.000 0.340
Total 9,528 3.4597 0.765
Subarea A4
Length Slope Surface Velocity Time
(ft) (ft/ft) (Manning’s n) (ft/s) (hr)
Grass -Range
Sheet 100 0.0230 Short (0.15) 0.148
Shallow Concentrated 150 0.0400 Unpaved 0.013
Channel 5,987 7.000 0.238
Total 6,237 4.3421 0.399




Subarea A5

Length

(ft)

Slope
(Ft/ft)

Surface
(Manning’s n)

Velocity
(ft/s)

Grass Dense

Sheet 100 0.0060 (0.24) 0.368

Shallow Concentrated 266 0.0170 Unpaved 0.035

Channel 9,537 7.000 0.378

Total 9,903 3.5222 0.781
Subarea A6

Length Slope Surface Velocity Time

(ft) (Ft/ft) (Manning’s n) (ft/s) (hr)

Sheet 100 0.0200 Gra(s; 2[23”33 0.227

Shallow Concentrated 483 0.0120 Unpaved 0.076

Channel 3,593 7.000 0.143

Total 4,176 2.6009 0.446
Subarea B1

Length Slope Surface Velocity Time

(ft) (ft/ft) (Manning’s n) (ft/s) (hr)

Sheet 100 0.0190 Gra(s; 2[23”33 0.232

Shallow Concentrated 570 0.0190 Unpaved 0.071

Channel 8,061 7.000 0.320

Total 8,731 3.8929 0.623




Existing Conditions HEC-HMS
Model Inputs and Results



Existing Conditions HEC-HMS Model Schematic

Foint 3 to Point 2

Faint 2

[ Adto Point 2

Existing Conditions HEC-HMS Inputs

Sub-Basin Inputs

A1 A2 A3 A4 A5
Area (MI?) 0.1347 0.0606 0.9253 0.1785 1.3405
Downstream Point 1 Point 2 P%?ntto2 Point 2 Pe)?ntto3
Loss Method SCS Curve Number
Transform Method SCS Unit Hydrograph
Curve Number 82 80 80 80 80
Graph Type Standard (PRF 484)
Lag Time (MIN) 12.5 9.7 27.5 14.4 28.1

Adto Point 3

Foint3

AB to Point 3

A6

0.1849

A6 to
Point 3

79

16.1

B1
0.5743

Point 1

81

224



Reach Inputs

A6 to A5 to Point 3 to A3 to Point 2
Point 3 Point 3 Point 2 Point 2 to Point 1
Downstream Point 3 Point 3 Point 2 Point 2 Point 1
Time Step Method Automatic Fixed Interval
Length (FT) 1,137 1,141 1,861 1,465 2,225
Slope (FT/FT) 0.0126 0.0076 0.0048 0.0082 0.0033
Manning’s n 0.048 0.048 0.048 0.048 0.048
Shape Eight Point
Left Manning’s n 0.048 0.048 0.048 0.048 0.048
Right Manning’s n 0.048 0.048 0.048 0.048 0.048
Cross Section A§ to A§ to Poiqt 3to Ai": to Poiqt 2
Point 3 Point 3 Point 2 Point 2 to Point 1
Junction Inputs
| Point 3 Point 2 Point 1
‘ Downstream ‘ Point 3 to Point 2 ‘ Point 2 to Point 1 ‘ None ‘
Meteorological Models
’ SCS 2-Year SCS 10-Year SCS 100-Year
Precipitation SCS Storm
Unit System U.S. Customary
Replace Missing Abort Compute
Method Type 2
Depth (IN) 3.6 5.4 7.9

Control Specifications

24-Hour Storm

Start Date (dd/MMM/YYYY) 01Jan2018
Start Time (HH:mm) 00:00
End Date (dd/MMM/YYYY) 02Jan2018
End Time (HH:mm) 01:00
Time Interval 5 Minutes




Paired Data (Cross-Section) Table 1

A6 to Point 3

Data Source Manual Entry

Units FT:FT
Station (FT) Elevation (FT)

144.05 953.42

170.24 947.63

180.07 949.00

193.16 948.86

212.81 949.89

225.90 951.69

242 .27 950.88

261.94 951.410

Paired Data (Cross-Section) Table 2

A5 to Point 3

Data Source

Manual Entry

Units

FT:FT

Station (FT)

Elevation (FT)

91.64 949.55
94.36 949.46
97.33 948.76
110.31 940.97
116.80 940.37
155.73 949.20
171.95 949.36
188.18 951.24




Paired Data (Cross-Section) Table 3

Point 3 to Point 2

Data Source Manual Entry

Units FT:FT
Station (FT) Elevation (FT)

52.37 943.93

104.74 943.13

130.93 938.58

150.56 932.79

176.75 938.61

193.12 942.31

232.39 943.17

255.31 943.03

Paired Data (Cross-Section) Table 4

A3 to Point 2

Data Source

Manual Entry

Units

FT:FT

Station (FT)

Elevation (FT)

25.81 944.02
70.99 941.56
106.49 943.59
122.62 938.98
141.98 937.01
161.34 943.78
190.27 942.52
280.07 943.76




Paired Data (Cross-Section) Table 5

Point 2 to Point 1

Data Source Manual Entry

Units FT:FT
Station (FT) Elevation (FT)

68.18 938.05

97.39 933.21

100.64 933.21

136.35 936.26

146.09 935.85

152.58 936.23

162.32 935.96

168.82 936.86

Existing Conditions HEC-HMS Results

Results — Point 1

2-Year 10-Year 100-Year
Peak Discharge (CFS) 22222 4,259.0 72285
Volume (IN) 1.73 3.26 555
Date/Time 01Jan2018, 12:25 01Jan2018, 12:25 01Jan2018, 12:25
of Peak Discharge

Results — Point 2

2-Year 10-Year 100-Year
Peak Discharge (CFS) 1,810.1 3.474.2 5878.4
Volume (IN) 1.71 3.23 552
Date/Time 01Jan2018, 12:25 01Jan2018, 12:25 01Jan2018, 12:25
of Peak Discharge




Proposed Conditions TR-55
Inputs and Results



Subarea A1-1

Slope

(Ft/ft)

Surface
(Manning’s n)

Velocity
(ft/s)

Grass-Range

Sheet 100 0.0800 Short (0.15) 0.090
Shallow Concentrated 176 0.0247 Unpaved 0.019
Channel 2,310 10.000 0.064
Total 2,586 4.1522 0.173

Subarea A1-2

Slope

(Ft/ft)

Surface
(Manning’s n)

Velocity
(ft/s)

Grass-Range

Sheet 100 0.0182 Short (0.15) 0.162
Shallow Concentrated 566 0.0285 Unpaved 0.058
Channel 2,166 10.000 0.060
Total 2,832 2.8095 0.280

Subarea A1-3

Surface

(Manning’s n)

Velocity
(ft/s)

Grass-Range

Sheet 100 0.0274 Short (0.15) 0.138
Shallow Concentrated 146 0.0690 Unpaved 0.010
Channel 1,753 10.000 0.049
Total 1,753 2.8187 0.197
Subarea A2
Length Slope Surface Velocity Time
(ft) (ft/ft) (Manning’s n) (ft/s) (hr)

Sheet 100 0.0225 %rﬁjftga:‘gf 0.149
Shallow Concentrated 300 0.0225 Paved 0.027
Channel 1,650 7.000 0.065
Total 2,050 2.3628 0.241




Subarea A3

Slope

(Ft/ft)

Surface
(Manning’s n)

Velocity
(ft/s)

Grass Dense

Sheet 100 0.0100 (0.24) 0.300
Shallow Concentrated 861 0.0140 Unpaved 0.125
Channel 8,567 7.000 0.340
Total 9,528 3.4597 0.765

Subarea A4-1

Slope

(Ft/ft)

Surface
(Manning’s n)

Velocity
(ft/s)

Grass-Range

Sheet 100 0.0339 Short (0.15) 0.126
Shallow Concentrated 561 0.0345 Unpaved 0.052
Channel 4,162 7.000 0.165
Total 4,823 3.9059 0.343

Subarea A4-2

Surface

(Manning’s n)

Velocity
(ft/s)

Grass-Range

Sheet 100 0.0259 Short (0.15) 0.141
Shallow Concentrated 150 0.0402 Unpaved 0.013
Channel 1,596 10.000 0.044
Total 1,846 2.5898 0.198
Subarea A5
Length Slope Surface Velocity Time
(ft) (ft/ft) (Manning’s n) (ft/s) (hr)

Sheet 100 0.0060 Gra(sg 233”36 0.368
Shallow Concentrated 266 0.0170 Unpaved 0.035
Channel 9,537 7.000 0.378
Total 9,903 3.5222 0.781




Subarea A6

Length Slope Surface Velocity
(ft) (Ft/ft) (Manning’s n) (ft/s)
Grass Dense
Sheet 100 0.0200 (0.24) 0.227
Shallow Concentrated 483 0.0120 Unpaved 0.076
Channel 3,593 7.000 0.143
Total 4,176 2.6009 0.446
Subarea B1
Length Slope Surface Velocity Time
(ft) (Ft/ft) (Manning’s n) (ft/s) (hr)
Grass Dense
Sheet 100 0.0190 (0.24) 0.232
Shallow Concentrated 570 0.0190 Unpaved 0.071
Channel 8,061 7.000 0.320
Total 8,731 3.8929 0.623




Detention Analysis
HEC-HMS Model Inputs and Results



Detention Analysis HEC-HMS Model Schematic
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Detention Analysis HEC-HMS Inputs
Sub-Basin Inputs
\ A1-1 A1-2 A1-3 A2 A3 A4-1 A4-2 A5 A6 B1
Area (MP2) 0.045 0.075 0.043 | 0.053  0.925 0.120 0.034 1.340 0.184 @0.574
7 5 7 8 3 8 5 5 9 1
Detent Detent | A3to @ Detent A5 to A6 to Point
Downstream A1 -ion A1 -ion Point -ion A4 Point Point 1
A1-2 A2 2 A4-1 3 3
Loss Method SCS Curve Number
Transform .
Method SCS Unit Hydrograph
Curve Number 84 84 89 83 80 84 85 80 79 81
Graph Type Standard (PRF 484)
Lag Time (MIN) 6.3 10.1 71 8.7 275 12.3 71 28.1 16.1 22.4

Junction Inputs

| Point 1

Downstream

Point 1

Point 2

Point 3 to Point 2

Point 2 to Point 1 ‘ None




Reach Inputs

A6 to A5 to Point 3 to A3 to Point 2
Point 3 Point 3 Point 2 Point 2 to Point 1
Downstream Point 3 Point 3 Point 2 Point 2 Point 1
Time Step Method Automatic Fixed Interval
Length (FT) 1,137 1,141 1,861 1,465 2,225
Slope (FT/FT) 0.0126 0.0076 0.0048 0.0082 0.0033
Manning’s n 0.048 0.048 0.048 0.048 0.048
Shape Eight Point
Left Manning’s n 0.048 0.048 0.048 0.048 0.048
Right Manning’s n 0.048 0.048 0.048 0.048 0.048
Cross Section A§ to A&} to Poir!t 3to A:": to Poin't 2
Point 3 Point 3 Point 2 Point 2 to Point 1

Reservoir Inputs

Detention A1-2 Detention A2 Detention A4-1
Downstream A1 Point 2 A4
Method Outflow Structures
Storage Method Elevation Area
Elev-Area Function A1-2 A2 A4-1
Initial Condition Inflow = Outflow
Main Tailwater Assume None
Auxiliary None
Time Step Method Automatic Adaptation
Outlets 1 1 1
Spillways 0 0 0
Dam Tops 0 0 0
Pumps 0 0 0
Dam Break No No No
Dam Seepage No No No
Release No No No
Evaporation No No No




Reservoir Outlets

Detention A1-2 Detention A2 Detention A4-1
Method Culvert Outlet
Direction Main
Number Barrels 2 2 2
Solution Method Automatic
Shape Circular
Chart 1: Concrete Pipe Culvert
Scale 1: Square Edge Entrance with Headwall
Length (FT) 100 100 100
Diameter (FT) 2.5 2 3
Inlet Elevation (FT) 940 940 940
Entrance Coefficient 0.4 04 0.4
Outlet Elevation (FT) 939 939 939
Exit Coefficient 1 1 1
Manning’s n 0.013 0.013 0.013

Meteorological Models

’ SCS 2-Year SCS 10-Year SCS 100-Year
Precipitation SCS Storm
Unit System U.S. Customary
Replace Missing Abort Compute
Method Type 2
Depth (IN) 3.6 5.4 7.9

Control Specifications

Start Date (dd/MMM/YYYY) 01Jan2018
Start Time (HH:mm) 00:00
End Date (dd/MMM/YYYY) 02Jan2018
End Time (HH:mm) 01:00
Time Interval 5 Minutes




Paired Data (Cross-Section) Table 1

A6 to Point 3

Data Source Manual Entry

Units FT:FT
Station (FT) Elevation (FT)

144.05 953.42

170.24 947.63

180.07 949.00

193.16 948.86

212.81 949.89

225.90 951.69

242 .27 950.88

261.94 951.41

Paired Data (Cross-Section) Table 2

A5 to Point 3

Data Source

Manual Entry

Units

FT:FT

Station (FT)

Elevation (FT)

91.64 949.55
94.36 949.46
97.33 948.76
110.31 940.97
116.80 940.37
155.73 949.20
171.95 949.36
188.18 951.24




Paired Data (Cross-Section) Table 3

Point 3 to Point 2

Data Source Manual Entry

Units FT:FT
Station (FT) Elevation (FT)

52.37 943.93

104.74 943.13

130.93 938.58

150.56 932.79

176.75 938.61

193.12 942.31

232.39 943.17

255.31 943.03

Paired Data (Cross-Section) Table 4

A3 to Point 2

Data Source

Manual Entry

Units

FT:FT

Station (FT)

Elevation (FT)

25.81 944.02
70.99 941.56
106.49 943.59
122.62 938.98
141.98 937.01
161.34 943.78
190.27 942.52
280.07 943.76




Paired Data (Cross-Section) Table 5

Point 2 to Point 1

Data Source Manual Entry

Units FT:FT
Station (FT) Elevation (FT)

68.18 938.05

97.39 933.21

100.64 933.21

136.35 936.26

146.09 935.85

152.58 936.23

162.32 935.96

168.82 936.86

Paired Data (Elevation-Area) Table 1

Data Source

Manual Entry

Units FT:AC
Elevation (FT) Area (FT)
940.0 0.40
952.0 1.03

Paired Data (Elevation-Area) Table 2

Data Source

Manual Entry

Units FT:AC
Elevation (FT) Area (FT)

940.0 0.22

952.0 0.68




Paired Data (Elevation-Area) Table 3

Data Source

A1-2
Manual Entry

Units FT:AC
Elevation (FT) Area (FT)
940.0 0.40
952.0 1.03

Detention Analysis HEC-HMS Results

Results — Point 1

2-Year 10-Year 100-Year
Peak Discharge (CFS) 2,249.7 4,276.5 7,204.8
Volume (IN) 1.76 3.30 5.59

Date/Time of Peak Discharge

01Jan2018, 12:25

01Jan2018, 12:25

01Jan2018, 12:25

Results — Point 2

2-Year 10-Year 100-Year
Peak Discharge (CFS) 1,839.0 3,508.4 5,891.7
Volume (IN) 1.73 3.26 5.55

Date/Time of Peak Discharge

01Jan2018, 12:25

01Jan2018, 12:25

01Jan2018, 12:25




Free Release Analysis
HEC-HMS Model Inputs and Results



Free Release Analysis HEC-HMS Model Schematic

= Foint 3
Faint 2

Free Release Analysis HEC-HMS Inputs

Sub-Basin Inputs

A1-1 A1-2 A1-3 A2 A3 Ad-1 A4-2 A5 A6 B1

Area (MI2) 0.0457  0.0755 0.0437 0.0538 0.9253 0.1208  0.0345 1.3405 0.1849 @ 0.5741
. A3 to A5 to A6 to .

Downstream A1 A1 A1 Point 2 Point 2 A4 A4 Point 3 Point 3 Point 1
Loss Method SCS Curve Number
Transform .
Method SCS Unit Hydrograph
Curve Number 84 84 89 83 80 84 85 80 79 81
Graph Type Standard (PRF 484)

Lag Time (MIN) 6.3 10.1 7.1 8.7 27.5 12.3 71 281 16.1 22.4



Reach Inputs

Point 3 to A3 to Point 2
to Point 1

A6 to A5 to

Point 3 Point 3 Point 2 Point 2

Downstream Point 3 Point 3 Point 2 Point 2 Point 1

Time Step Method Automatic Fixed Interval

Length (FT) 1,137 1,141 1,861 1,465 2,225
Slope (FT/FT) 0.0126 0.0076 0.0048 0.0082 0.0033
Manning’s n 0.048 0.048 0.048 0.048 0.048
Shape Eight Point
Left Manning’s n 0.048 0.048 0.048 0.048 0.048
Right Manning’s n 0.048 0.048 0.048 0.048 0.048
Cross Section A§ to A&} to Poir!t 3to Ai": to Poir!t 2
Point 3 Point 3 Point 2 Point 2 to Point 1
Junction Inputs
A1 A4 Point 3 Point 2 Point 1
‘ Downstream ‘ Point 1 ‘ Point 2 ‘ Point 3 to Point 2 ‘ Point 2 to Point 1 ‘ None ‘
Meteorological Models
’ SCS 2-Year SCS 10-Year SCS 100-Year
Precipitation SCS Storm
Unit System U.S. Customary
Replace Missing Abort Compute
Method Type 2
Depth (IN) 3.6 5.4 7.9

Control Specifications

24-Hour Storm

Start Date (dd/MMM/YYYY) 01Jan2018
Start Time (HH:mm) 00:00
End Date (dd/MMM/YYYY) 02Jan2018
End Time (HH:mm) 01:00
Time Interval 5 Minutes




Paired Data (Cross-Section) Table 1

A6 to Point 3

Data Source Manual Entry

Units FT:FT
Station (FT) Elevation (FT)

144.05 953.42

170.24 947.63

180.07 949.00

193.16 948.86

212.81 949.89

225.90 951.69

242 .27 950.88

261.94 951.41

Paired Data (Cross-Section) Table 2

A5 to Point 3

Data Source

Manual Entry

Units

FT:FT

Station (FT)

Elevation (FT)

91.64 949.55
94.36 949.46
97.33 948.76
110.31 940.97
116.80 940.37
155.73 949.20
171.95 949.36
188.18 951.24




Paired Data (Cross-Section) Table 3

Point 3 to Point 2

Data Source Manual Entry

Units FT:FT
Station (FT) Elevation (FT)

52.37 943.93

104.74 943.13

130.93 938.58

150.56 932.79

176.75 938.61

193.12 942.31

232.39 943.17

255.31 943.03

Paired Data (Cross-Section) Table 4

A3 to Point 2

Data Source

Manual Entry

Units

FT:FT

Station (FT)

Elevation (FT)

25.81 944.02
70.99 941.56
106.49 943.59
122.62 938.98
141.98 937.01
161.34 943.78
190.27 942.52
280.07 943.76




Paired Data (Cross-Section) Table 5

Point 2 to Point 1

Data Source Manual Entry
Units FT:FT
Station (FT) Elevation (FT)
68.18 938.05
97.39 933.21
100.64 933.21
136.35 936.26
146.09 935.85
152.58 936.23
162.32 935.96
168.82 936.86
Free Release Analysis HEC-HMS Results
Results — Point 1
2-Year 10-Year 100-Year |
Peak Discharge (CFS) 2,193.0 4,187.5 7,098.1
Volume (IN) 1.76 3.30 5.60
Date/Time of Peak Discharge 01Jan2018, 12:25 01Jan2018, 12:25 01Jan2018, 12:25

Results — Point 2

2-Year 10-Year 100-Year
Peak Discharge (CFS) 1,789.7 3,427.6 5,792.9
Volume (IN) 1.73 3.26 5.55
Date/Time of Peak Discharge 01Jan2018, 12:25 01Jan2018, 12:25 01Jan2018, 12:25




Waiver Request



LS

LEE'S SUMMIT

MISSOURI

DESIGN AND CONSTRUCTION MANUAL DESIGN
MODIFICATION REQUEST

PROJECT NAME: Hook Farms

PREMISE ADDRESS: 2020 SW Hook Road, Lee’s Summit, MO 64082

PERMIT NUMBER:

OWNER’S NAME: Hunt Midwest Real Estate Development, Inc.

TO: The City Engineer

In accordance with the Lee’s Summit Design and Construction Manual (DCM) Section 1002.A, | wish to
apply for a modification to one or more specification (s). The following articulates my request for your
review and action. (NOTE: Cite specific code sections and engineering justification and drawings.)

A waiver is requested for detention at the site (outlined in Section 5608 of KC-APWA 5600). The peak
discharges at the points of interest for free flow are lower than the peak discharges with detention.
Detention basins would also be difficult to construct due to several site limitations, which are outlined in
the drainage study.

SUBMITTED BY:

NAME: Brian Ladd ( ) OWNER (x) OWNER’S AGENT

ADDRESS: 7301 West 133" St, Suite 200 Tel.# (913) 381-1170

CITY, STATE, ZIP: Overland Park, KS 66213

Email: bladd@olsson.com SIGNATURE: é % M

FORWARDING MANAGER: RECOMMENDATION  ( ) APPROVAL ( ) DENIAL
SIGNATURE: DATE:

GEORGE BINGER Ill, P.E. = CITY ENGINEER: ( ) APPROVED ( ) DENIED

SIGNATURE: DATE:

COMMENTS

A COPY MUST BE ATTACHED TO THE APPROVED PLANS

Development Services
220 SE Green Street | Lee's Summit, MO 64063 | P: 816.969.1200 | F: 816.969.1221 | cityofLS.net



Extended Detention Calculations



Note: 1001.88 CF of storage required per acre per PondPack (TR-55)

Water Quality Basin 1 - Drainage Area = 9.95 acres, Required Storage = 9,971 cf

Elevation Area | A1+A2+SQR[A1*A2] Volume Volume Sum | Volume Sum | Area
(ft) (sf) (&) (cf) (cf) (ac-ft) (ac)
934.0 16,948 0 0 0 0.00 0.39
935.0 1,8511 53,171 17,724 17,724 0.41 0.43

Water Quality Basin 2 - Drainage Area = 9.20 acres, Required Storage = 9,219 cf

Elevation Area | A1+A2+SQR[A1*A2] Volume Volume Sum | Volume Sum | Area
(ft) (sf) (&) (cf) (cf) (ac-ft) (ac)
944.0 10,013 0 0 0 0.00 0.23
945.0 11,536 32,297 10,766 10,766 0.25 0.27
Water Quality Basin 3 - Drainage Area = 12.76 acres, Required Storage = 12,786 cf
Elevation Area | A1+A2+SQR[A1*A2] Volume Volume Sum | Volume Sum | Area
(ft) (sf) (sf) (cf) (cf) (ac-ft) (ac)
944.0 15,882 0 0 0 0.00 0.37
945.0 17,323 49,792 16,597 16,597 0.38 0.40
Water Quality Basin 4 - Drainage Area = 24.46 acres, Required Storage = 24,503 cf
Elevation Area | A1+A2+SQR[A1*A2] Volume Volume Sum | Volume Sum | Area
(ft) (sf) (sf) (cf) (cf) (ac-ft) (ac)
941.5 18,531 0 0 0 0.00 0.43
942.0 20,841 59,024 9,837 9,837 0.23 0.48
943.0 23,212 66,048 22,016 31,853 0.73 0.53
Water Quality Basin 5 - Drainage Area = 8.06 acres, Required Storage = 8,077 cf
Elevation Area | A1+A2+SQR[A1*A2] Volume Volume Sum | Volume Sum | Area
(ft) (sf) (sf) (cf) (cf) (ac-ft) (ac)
955.5 5,798 0 0 0 0.00 0.133
956.0 6,681 18,703 3,117 3,117 0.07 0.153
957.0 7,635 21,458 7,153 10,270 0.24 0.175




KCMO TR-55

CM-1

CM-1

0-2

Table of Contents

Master Network Summary
Time-Depth Curve, 1 years

Runoff CN-Area, 1 years

Unit Hydrograph Equations

Unit Hydrograph Summary, 1 years

Unit Hydrograph (Hydrograph Table), 1 years

Addition Summary, 1 years

11



Subsection: Master Network Summary

Catchments Summary

Label Scenario Return Hydrograph Time to Peak Peak Flow
Event Volume (hours) (ft3/s)
(years) (ac-ft)
[CM-1 | Base | 1] 0.023 | 12.000 | 0.34 |
Node Summary
Label Scenario Return Hydrograph Time to Peak Peak Flow
Event Volume (hours) (ft3/s)
(years) (ac-ft)
0-2 Base | 1] 0.023 | 12.000 | 0.34 |
Bentley Systems, Inc. Haestad Methods Solution Bentley PondPack V8i
2019.03.20.WQV.Basins.ppc Center [08.11.01.56]
27 Siemon Company Drive Suite 200 W Page 1 of 12

3/27/2019

Watertown, CT 06795 USA +1-203-755-1666



Subsection: Time-Depth Curve

Return Event: 1 years
Storm Event: WQ STORM

Label: KCMO TR-55
Time-Depth Curve: WQ STORM
Label WQ STORM
Start Time 0.000 hours
Increment 0.100 hours
End Time 24.000 hours
Return Event 1 years
CUMULATIVE RAINFALL (in)
Output Time Increment = 0.100 hours
Time on left represents time for first value in each row.
Time Depth Depth Depth Depth Depth
(hours) (in) (in) (in) (in) (in)
0.000 0.0 0.0 0.0 0.0 0.0
0.500 0.0 0.0 0.0 0.0 0.0
1.000 0.0 0.0 0.0 0.0 0.0
1.500 0.0 0.0 0.0 0.0 0.0
2.000 0.0 0.0 0.0 0.0 0.0
2.500 0.0 0.0 0.0 0.0 0.0
3.000 0.0 0.0 0.1 0.1 0.1
3.500 0.1 0.1 0.1 0.1 0.1
4.000 0.1 0.1 0.1 0.1 0.1
4.500 0.1 0.1 0.1 0.1 0.1
5.000 0.1 0.1 0.1 0.1 0.1
5.500 0.1 0.1 0.1 0.1 0.1
6.000 0.1 0.1 0.1 0.1 0.1
6.500 0.1 0.1 0.1 0.1 0.1
7.000 0.1 0.1 0.1 0.1 0.1
7.500 0.1 0.2 0.2 0.2 0.2
8.000 0.2 0.2 0.2 0.2 0.2
8.500 0.2 0.2 0.2 0.2 0.2
9.000 0.2 0.2 0.2 0.2 0.2
9.500 0.2 0.2 0.2 0.2 0.2
10.000 0.2 0.3 0.3 0.3 0.3
10.500 0.3 0.3 0.3 0.3 0.3
11.000 0.3 0.3 0.3 0.4 0.4
11.500 0.4 0.4 0.5 0.6 0.8
12.000 0.9 0.9 1.0 1.0 1.0
12.500 1.0 1.0 1.0 1.0 1.0
13.000 1.1 1.1 1.1 1.1 1.1
13.500 1.1 1.1 1.1 1.1 1.1
14.000 1.1 1.1 1.1 1.1 1.1
14.500 1.1 1.2 1.2 1.2 1.2
15.000 1.2 1.2 1.2 1.2 1.2
15.500 1.2 1.2 1.2 1.2 1.2
16.000 1.2 1.2 1.2 1.2 1.2
16.500 1.2 1.2 1.2 1.2 1.2
17.000 1.2 1.2 1.2 1.2 1.2
17.500 1.2 1.3 1.3 1.3 1.3

2019.03.20.WQV.Basins.ppc

3/27/2019

Bentley Systems, Inc. Haestad Methods Solution

Center

27 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA +1-203-755-1666

Bentley PondPack V8i
[08.11.01.56]
Page 2 of 12



Subsection: Time-Depth Curve

Label:

KCMO TR-55

Time on left represents time for first value in each row.

Time
(hours)

18.000
18.500
19.000
19.500
20.000
20.500
21.000
21.500
22.000
22.500
23.000
23.500
24.000

CUMULATIVE RAINFALL (in)

Output Time Increment = 0.100 hours

Depth
(in)

1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.4
1.4
1.4

Depth
(in)
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.4
1.4

(N/A)

Depth
(in)
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.4
1.4

(N/A)

Depth

(in)

1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.4
1.4
1.4

(N/A)

Return Event: 1 years
Storm Event: WQ STORM

Depth

(in)

1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.3
1.4
1.4
1.4

(N/A)

2019.03.20.WQV.Basins.ppc

3/27/2019

Bentley Systems, Inc. Haestad Methods Solution

Center

27 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA +1-203-755-1666

Bentley PondPack V8i
[08.11.01.56]
Page 3 of 12



Subsection: Runoff CN-Area Return Event: 1 years
Label: CM-1 Storm Event: WQ STORM

Runoff Curve Number Data

Soil/Surface Description CN Area C uc Adjusted CN
(ft2) (%) (%)

pervious 74.000 28,314.000 0.0 0.0 74.000

impervious 98.000 15,246.000 0.0 0.0 98.000

COMPOSITE AREA & WEIGHTED CN ---> (N/A) 43,560.000 (N/A) (N/A) 82.400
Bentley Systems, Inc. Haestad Methods Solution Bentley PondPack V8i
2019.03.20.WQV.Basins.ppc Center [08.11.01.56]
3/27/2019 27 Siemon Company Drive Suite 200 W Page 4 of 12

Watertown, CT 06795 USA +1-203-755-1666



Subsection: Unit Hydrograph Equations

Unit Hydrograph Method (Computational Notes)

Definition of Terms
At

Ai

Ap
CNi
CNp
fLoss
gKs
Md
Psi
hK
fo

fc

Ia

dt

UDdt
D(t)

Ks

Lag

Pa(t)
Pi(t)
ap

Qu(t)
Q(t)
Rai(t)
Rap(t)
Rii(t)
Rip(t)
R(t)
Rtm
Si

Sp

Tc
Tb
Tp
Tr

2019.03.20.WQV.Basins.ppc
3/27/2019

Total area (acres): At = Ai+Ap

Impervious area (acres)

Pervious area (acres)

Runoff curve number for impervious area
Runoff curve number for pervious area

f loss constant infiltration (depth/time)
Saturated Hydraulic Conductivity (depth/time)
Volumetric Moisture Deficit

Capillary Suction (length)

Horton Infiltration Decay Rate (time”-1)
Initial Infiltration Rate (depth/time)
Ultimate(capacity)Infiltration Rate (depth/time)
Initial Abstraction (length)

Computational increment (duration of unit excess rainfall)
Default dt is smallest value of 0.1333Tc, rtm, and th
(Smallest dt is then adjusted to match up with Tp)

User specified override computational main time increment
(only used if UDdt is => .1333Tc)

Point on distribution curve (fraction of P) for time step t

2 /(1 + (Tr/Tp)): default K = 0.75: (for Tr/Tp = 1.67)
Hydrograph shape factor = Unit Conversions * K: = ((1hr/3600sec) *
(1ft/12in) * ((5280ft)**2/sq.mi)) * K

Default Ks = 645.333 * 0.75 = 484

Lag time from center of excess runoff (dt) to Tp: Lag = 0.6Tc
Total precipitation depth, inches

Accumulated rainfall at time step t

Incremental rainfall at time step t

Peak discharge (cfs) for lin. runoff, for 1hr, for 1 sq.mi. = (Ks * A * Q) /
Tp (where Q = 1lin. runoff, A=sq.mi.)

Unit hydrograph ordinate (cfs) at time step t

Final hydrograph ordinate (cfs) at time step t

Accumulated runoff (inches) at time step t for impervious area
Accumulated runoff (inches) at time step t for pervious area
Incremental runoff (inches) at time step t for impervious area
Incremental runoff (inches) at time step t for pervious area
Incremental weighted total runoff (inches)

Time increment for rainfall table

S for impervious area: Si = (1000/CNi) - 10

S for pervious area: Sp = (1000/CNp) - 10

Time step (row) number

Time of concentration

Time (hrs) of entire unit hydrograph: Tb =Tp + Tr

Time (hrs) to peak of a unit hydrograph: Tp = (dt/2) + Lag
Time (hrs) of receding limb of unit hydrograph: Tr = ratio of Tp

Bentley Systems, Inc. Haestad Methods Solution Bentley PondPack V8i
Center [08.11.01.56]
27 Siemon Company Drive Suite 200 W Page 5 of 12

Watertown, CT 06795 USA +1-203-755-1666



Subsection: Unit Hydrograph Equations

Unit Hydrograph Method
Computational Notes

Precipitation

Column (1) Time for time step t

Column (2) D(t) = Point on distribution curve for time step t
Column (3) Pi(t) = Pa(t) - Pa(t-1): Col.(4) - Preceding Col.(4)
Column (4) Pa(t) = D(t) x P: Col.(2) x P

Pervious Area Runoff (using SCS Runoff CN Method)

Column (5) Rap(t) = Accumulated pervious runoff for time step t
If (Pa(t) is <= 0.2Sp) then use: Rap(t) = 0.0
If (Pa(t) is > 0.2Sp) then use:

Rap(t) = (Col.(4)-0.2Sp)**2 / (Col.(4)+0.8Sp)
Column (6) Rip(t) = Incremental pervious runoff for time step t
Rip(t) = Rap(t) - Rap(t-1)
Rip(t) = Col.(5) for current row - Col.(5) for preceding row.

Impervious Area Runoff

Column (7 & 8)... Did not specify to use impervious areas.

Incremental Weighted Runoff

Column (9) R(t) = (Ap/At) x Rip(t) + (Ai/At) x Rii(t)
R(t) = (Ap/At) x Col.(6) + (Ai/At) x Col.(8)

SCS Unit Hydrograph Method

Column (10) Q(t) is computed with the SCS unit hydrograph method
using R(t) and Qu(t).

Bentley Systems, Inc. Haestad Methods Solution Bentley PondPack V8i
2019.03.20.WQV.Basins.ppc Center [08.11.01.56]
3/27/2019 27 Siemon Company Drive Suite 200 W Page 6 of 12

Watertown, CT 06795 USA +1-203-755-1666



Subsection: Unit Hydrograph Summary

Label: CM-1

2019.03.20.WQV.Basins.ppc
3/27/2019

Storm Event WQ STORM
Return Event 1 years
Duration 24.000 hours
Depth 1.4in
Fime of Concentration 0.150 hours
Area (User Defined) 43,560.000 ft2
Computational Time

Tt 0.020 hours
Time to Peak (Computed) 12.020 hours
Flow (Peak, Computed) 0.35 ft3/s
Output Increment 0.050 hours

Time to Flow (Peak
Interpolated Output)

Flow (Peak Interpolated

12.000 hours

3
Output) 0.34 ft3/s
Drainage Area
SCS CN (Composite) 82.000
Area (User Defined) 43,560.000 ft2
Maximum Retention .
. 2.2'in
(Pervious)
Maximum Retention 0.4in
(Pervious, 20 percent) '
Cumulative Runoff
Cumulative Runoff Depth .
(Pervious) 0.3in
Runoff Volume (Pervious) 0.023 ac-ft

Hydrograph Volume (Area under Hydrograph curve)

Volume 0.023 ac-ft
SCS Unit Hydrograph Parameters

Time of Concentration

(Composite) 0.150 hours

Computational Time

Increment 0.020 hours

Unit Hydrograph Shape

Factor 483.432

K Factor 0.749

Receding/Rising, Tr/Tp 1.670

Unit peak, qp 7.55 ft3/s

Unit peak time, Tp 0.100 hours

Bentley Systems, Inc. Haestad Methods Solution

Center

27 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA +1-203-755-1666

Return Event: 1 years

Storm Event: WQ STORM

Bentley PondPack V8i
[08.11.01.56]
Page 7 of 12



Subsection: Unit Hydrograph Summary Return Event: 1 years
Label: CM-1 Storm Event: WQ STORM

SCS Unit Hydrograph Parameters

Unit receding limb, Tr 0.400 hours

Total unit time, Tb 0.500 hours
Bentley Systems, Inc. Haestad Methods Solution Bentley PondPack V8i
2019.03.20.WQV.Basins.ppc Center [08.11.01.56]
3/27/2019 27 Siemon Company Drive Suite 200 W Page 8 of 12

Watertown, CT 06795 USA +1-203-755-1666



Subsection: Unit Hydrograph (Hydrograph Table)

Label: CM-1

Time on left represents time for first value in each row.

Storm Event

Return Event

Duration

Depth

Time of Concentration

(Composite)

Area (User Defined)

WQ STORM

1 yea

rs

24.000 hours

1.4in

0.150 hours

43,560.000 ft2

HYDROGRAPH ORDINATES (ft3/s)
Output Time Increment = 0.050 hours

Return Event: 1 years
Storm Event: WQ STORM

Time Flow Flow Flow Flow Flow
(hours) (ft3/s) (ft3/s) (ft3/s) (ft3/s) (ft3/s)
11.650 0.00 0.00 0.01 0.04 0.09
11.900 0.19 0.29 0.34 0.33 0.25
12.150 0.16 0.11 0.09 0.08 0.07
12.400 0.07 0.06 0.06 0.05 0.05
12.650 0.05 0.04 0.04 0.04 0.04
12.900 0.04 0.04 0.04 0.03 0.03
13.150 0.03 0.03 0.03 0.03 0.03
13.400 0.03 0.03 0.03 0.03 0.03
13.650 0.03 0.03 0.03 0.02 0.02
13.900 0.02 0.02 0.02 0.02 0.02
14.150 0.02 0.02 0.02 0.02 0.02
14.400 0.02 0.02 0.02 0.02 0.02
14.650 0.02 0.02 0.02 0.02 0.02
14.900 0.02 0.02 0.02 0.02 0.02
15.150 0.02 0.02 0.02 0.02 0.02
15.400 0.02 0.02 0.02 0.02 0.02
15.650 0.02 0.02 0.02 0.02 0.02
15.900 0.02 0.02 0.01 0.01 0.01
16.150 0.01 0.01 0.01 0.01 0.01
16.400 0.01 0.01 0.01 0.01 0.01
16.650 0.01 0.01 0.01 0.01 0.01
16.900 0.01 0.01 0.01 0.01 0.01
17.150 0.01 0.01 0.01 0.01 0.01
17.400 0.01 0.01 0.01 0.01 0.01
17.650 0.01 0.01 0.01 0.01 0.01
17.900 0.01 0.01 0.01 0.01 0.01
18.150 0.01 0.01 0.01 0.01 0.01
18.400 0.01 0.01 0.01 0.01 0.01
18.650 0.01 0.01 0.01 0.01 0.01
18.900 0.01 0.01 0.01 0.01 0.01
19.150 0.01 0.01 0.01 0.01 0.01
19.400 0.01 0.01 0.01 0.01 0.01
19.650 0.01 0.01 0.01 0.01 0.01
19.900 0.01 0.01 0.01 0.01 0.01
20.150 0.01 0.01 0.01 0.01 0.01

2019.03.20.WQV.Basins.ppc

3/27/2019

Bentley Systems, Inc. Haestad Methods Solution

Center

27 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA +1-203-755-1666

Bentley PondPack V8i
[08.11.01.56]
Page 9 of 12



Subsection: Unit Hydrograph (Hydrograph Table)

Label: CM-1

Time on left represents time for first value in each row.

Time
(hours)

20.400
20.650
20.900
21.150
21.400
21.650
21.900
22.150
22.400
22.650
22.900
23.150
23.400
23.650
23.900

HYDROGRAPH ORDINATES (ft3/s)
Output Time Increment = 0.050 hours

Flow

(ft3/s)

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

Flow
(ft3/s)
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

Flow
(ft3/s)
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

Flow
(ft3/s)
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
(N/A)

Return Event: 1 years
Storm Event: WQ STORM

Flow
(ft3/s)
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
(N/A)

2019.03.20.WQV.Basins.ppc

3/27/2019

Bentley Systems, Inc. Haestad Methods Solution

Center

27 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA +1-203-755-1666

Bentley PondPack V8i
[08.11.01.56]
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Subsection: Addition Summary
Label: O-2

Summary for Hydrograph Addition at '0O-2'

Upstream Link
<Catchment to Outflow Node> CM-1

Upstream Node

Node Inflows

Inflow Type Element Volume Time to Peak Flow (Peak)
(ac-ft) (hours) (ft3/s)
Flow (From) CM-1 0.023 12.000 0.34
Flow (In) 0-2 0.023 12.000 0.34

Bentley Systems, Inc. Haestad Methods Solution
2019.03.20.WQV.Basins.ppc Center
3/27/2019 27 Siemon Company Drive Suite 200 W
Watertown, CT 06795 USA +1-203-755-1666

Return Event: 1 years
Storm Event: WQ STORM

Bentley PondPack V8i
[08.11.01.56]
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