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I . PROJECT INTRODUCTION 

Lam Research is proposing to construct a new office building at their existing campus on SW Leveton Drive 
in Tualatin, Oregon. The new building will be located east of the existing Building C and south of Building 
B. In support of the expected additional employees on site, Lam also proposes new parking in the east 
and northwest portions of campus. The vicinity map and site plan below show the location and layout of 
the site relative to nearby geographic features. 

Figure 1: Vicinity Map 

 

Figure 2: Overall Site Plan 
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Stormwater drainage and treatment will be provided in accordance with current Clean Water Services and 
City of Tualatin standards through a series of facilities across campus: 

▪ NW Parking, west side: one (1) new vegetated swale  
▪ NW Parking, east side: one (1) new vegetated rain garden 
▪ NE Parking: one (1) new vegetated rain garden 
▪ SE Parking: two (2) new vegetated swales 
▪ Pedestrian plaza: two (2) new vegetated rain gardens and one (1) modified existing rain garden 
▪ Three (3) existing extended dry basins to remain and one (1) extended dry basin to be expanded 

with additional detention storage 

The following summarizes the design for the proposed stormwater management approach. 



 
 

 

 3 

I I .  STORMWATER QUALITY TREATMENT 

Water quality treatment at the new development on the Lam Campus will be provided through a 
collection of existing, modified, and new facilities. The following summarizes the facilities within each 
drainage basin on site: 

Drainage Basin A  

Proposed improvements within Basin A include new parking along the existing north drive aisle, located 
in areas that are currently surfaced with vegetation, gravel, and paving. Runoff from new paved areas will 
be captured in catch basins and routed to a swale at the west end of the new parking. 

▪ New impervious area: 31,704 sf 
▪ WQV: 951 cf 
▪ WQF: 0.07 cfs 
▪ Swale residence time: 19.1 minutes 

Swale calculations are provided in Appendix B of this report. 

Drainage Basin B  

Proposed improvements within Basin B include new parking along the existing north drive aisle, located 
in areas that are currently surfaced with vegetation, gravel, and paving. Runoff from new paved areas will 
be captured in catch basins and routed to a rain garden at the east end of the new parking. Rain Garden 
B-1 is sized using the Simplified Method: 

▪ New impervious area: 9,770 sf 
▪ 6% minimum facility size: 586 sf 
▪ Provided facility size: 816 sf 

Rain Garden calculations are provided in Appendix B of this report. 

Drainage Basin C  

Proposed improvements within Basin C include new parking, re-paved parking, a pedestrian plaza, and 
the proposed Building G footprint. Runoff from the new impervious surfaces will be routed to existing and 
new storm treatment facilities. 

Basin C Rain Gardens 

Existing Rain Garden C-1 was designed circa 2016 to treat runoff from approximately 9,967 sf modified 
parking south of Building A, which resulted in a facility footprint of approximately 698 sf. The rain garden 
is proposed to be modified to accommodate a new pedestrian path, and will be reduced to approximately 
385 sf, which would result in a treatment capacity of approximately 6,417 sf. This leaves approximately 
3,550 sf of existing impervious area capacity to be restored in Basin C. 

Proposed Rain Garden C-2 and C-3 will be added to treat runoff from the adjacent parking and plaza 
improvements, as well as handle treatment lost from the Rain Garden C-1 modification. 
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Proposed Rain Garden C-4 will be added to treat runoff from new parking northeast of Building A. 

Each of the new Basin C rain gardens is sized per the Simplified Method guidelines, using a 6-percent sizing 
factor on the design impervious area. 

TABLE 1: RAIN GARDEN SIZING SUMMARY 

 
Design Impervious Area 

(sf) 
Minimum Rain Garden Size 

per 6% Factor (sf) 
Provided Rain Garden Size 

(sf) 

Existing Rain Garden C-1 9,967 598 385 

Rain Garden C-2 6,319 379 615 

Rain Garden C-3 9,108 546 559 

Rain Garden C-4 14,116 847 978 

Total 39,510 2,370 2,537 

As demonstrated above, the proposed rain garden sizing within Basin C provides treatment capacity 
within the basin to accommodate approximately 39,510 sf of impervious area and make up for the 
reduced capacity of Rain Garden C-1. 

Existing Pond C 

The existing Pond C extended dry basin was designed circa 2001 and was sized at the time to 
accommodate the planned build-out of the campus, which included up to approximately 12.55 acres of 
total impervious area within Basin C. The water quality design storm has not been changed from the 0.36 
inches rainfall that was used in the 2001 calculations. 

Current site review indicates the existing Basin C comprises approximately 7.45 acres of impervious area, 
resulting in approximately 5.10 acres of impervious area runoff capacity available in the existing Pond C. 

The proposed improvements result in a total impervious area coverage of approximately 8.43 acres. Per 
Table 1 above, approximately 0.91 acres of impervious area runoff is handled in the new rain garden 
facilities in Basin C. Therefore, the added design impervious surface to Pond C is calculated as: 

∆𝐴 = (8.43 − 0.91) − 7.45 = 0.07 𝑎𝑐 

Therefore, Pond C water quality treatment capacity has approximately 5.03 acres of available impervious 
area coverage on site after the proposed development is completed.  

Drainage Basin D 

Proposed improvements within Basin D include new parking to expand the existing southeast parking lot. 
Runoff from the new impervious surfaces will be routed to existing and new storm treatment facilities. 

Basin D Swales  

Proposed Swales D-1 and D-2 will be added to treat runoff from the adjacent parking lots along the east 
side of the Lam campus. 
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TABLE 2: SWALE TABLE SIZING SUMMARY 

Development Site Swale D-1 Swale D-2 

Design Impervious Area (sf) 36,094 49,985 

Water Quality Volume (cf) 1,083 1,500 

Water Quality Flow (cfs) 0.08 0.10 

Residence Time (min) 9.27 9.16 

 

Existing Pond D 

The existing Pond D extended dry basin was designed circa 2016 and was constructed to handle runoff 
from the new southeast parking lot and adjacent paving area comprising approximately 66,647 sf of 
impervious area. 

The proposed improvements will add approximately 39,695 sf resulting in a total impervious area flowing 
to Pond D of approximately 106,342 sf. The water quality volume for Pond D is calculated as: 

𝑊𝑄𝑉 = 𝐴 ∙
0.36 𝑖𝑛

12
𝑓𝑡
𝑖𝑛

= 106342 ∙
0.36 𝑖𝑛

12
𝑓𝑡
𝑖𝑛

= 3,190 𝑐𝑓 

The existing Pond D provides approximately 2,003 cf of storage, so the pond will be expanded to the west 
approximately 80 feet to provide additional water quality storage volume in the pond. The existing outlet 
structure location at the east end of the pond will remain. 



 
 

 

 6 

I I I .  STORMWATER QUANTITY MANAGEMENT  

The proposed development at the Lam Research campus will add impervious surface to each of the four 
(4) drainage basins on site. Mitigation of increased peak flows will be provided through increased 
detention capacity in Pond D, which will be expanded toward the west. 

Ponds A, B, and C, and D were designed in 2001 and 2017 under prior Clean Water Services regulations 
which required that runoff from the developed Lam Research site be mitigated through detention to 
match the pre-development peak rates for the 2-year through 25-year storm events. 

Current standards require assessment of hydromodification risk based on the project site and 
development footprint. Per Clean Water Services standards, the proposed development falls into 
Category 2. 
 

Figure 3: Project Site Hydromodification Map 
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Figure 4: Hydromodification Risk Assessment 

 

Under current Clean Water Services Category 2 hydromodification standards, new development shall 
provide detention to reduce the 2-year storm developed peak flow to match one-half of the pre-
developed 2-year storm peak runoff, and to match pre-development peak flows for larger storm events.  

In order to calculate the required detention and mitigated release rate from the campus development 
under blended standards, we calculated the allowable peak flows from existing (pre-2019) development 
on campus and new (2022 proposed) development. Pre-development peak flows are calculated using on 
a curve number of 73. The following table summarizes the allowed peak flow from the site. 

TABLE 3: PRE-DEVELOPMENT PEAK FLOWS 

Site Coverage Basin Area (ac) 
2-year Storm Pre-

Developed Maximum 
Allowed Flow (cfs) 

25-year Storm Pre-
Developed Maximum 

Allowed Flow (cfs) 

Pre-2019 Existing Campus 51.54 3.184 1.681 

Proposed 2022 
Development Area 

6.47 0.200 13.39 

Total Campus 58.01 3.384 15.07 

Post-development runoff is calculated using curve numbers of 98 for impervious areas (building roofs, 
paving, gravel), 76 for existing landscape areas, and 74 for new landscape areas. The runoff from each 
drainage basin on site is calculated based on the proposed site coverage, and calculated for flow through 
the existing detention ponds.  
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TABLE 4: POST-DEVELOPMENT SITE COVERAGE SUMMARY 

 Basin A (ac) Basin B (ac) Basin C (ac) Basin D (ac) Total Site (ac) 

Impervious 10.13 10.59 8.43 4.42 33.57 

Existing Landscape 5.89 4.19 10.09 1.04 21.21 

New Landscape 0 0 1.43 1.80 3.23 

Total Area 16.02 14.78 19.95 7.26 58.01 

The overall site flow is calculated as the combined flow from the four ponds, and the Pond D storage will 
be adjusted to reduce the post-development total flow to match the pre-development limits listed above. 
The following table summarizes the flow from each pond and the total site outflow. 

TABLE 5: DETAINED RELEASE FLOW SUMMARY 

 Pond A (ac) Pond B (ac) Pond C (ac) Pond D Total Site (ac) 

Post-Development 
Flow (cfs) 

2-yr: 5.92 
10-yr: 9.58 

25-yr: 11.34 

2-yr: 6.20 
10-yr: 9.63 

25-yr: 11.26 

2-yr: 5.15 
10-yr: 9.30 

25-yr: 11.38 

2-yr: 2.51 
10-yr: 4.14 
25-yr: 4.94 

2-yr: 19.76 
10-yr: 32.64 
25-yr: 38.91 

Detained Release Flow 
(cfs) 

2-yr: 0.93 
10-yr: 2.76 
25-yr: 4.15 

2-yr: 1.02 
10-yr: 1.35 
25-yr: 1.48 

2-yr: 1.11 
10-yr: 1.58 
25-yr: 1.91 

2-yr: 0.32 
10-yr: 1.25 
25-yr: 2.10 

2-yr: 3.32 
10-yr: 6.74 
25-yr: 9.04 

The existing Ponds A, B, and C will remain as-is, and Pond D will be expanded to provide additional 
detention storage. Approximately 20,600 cf of additional storage is required within Pond D, which is 
provided by extending the west edge of the pond approximately 80 feet. No modifications to the existing 
outlet structure or orifice are required. Detailed detention calculations are provided in Appendix C of this 
report. 
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IV.  CONCLUSION 

The proposed building and parking expansion at Lam Research will increase the impervious area coverage 
on campus by approximately 4.27 ac. Stormwater runoff from the new impervious area will be treated for 
water quality through existing extended dry basins, new swales, and new rain gardens.  

Detention will be provided to new Clean Water Services standards to meet hydromodification 
requirements for new impervious area. The existing detention ponds will be supplemented with 
expansion at Pond D to provide storage to meet new detention requirements. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

APPENDIX A 

BASIN MAPS 
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Project Name: SJS

Project Number: 8/15/2022

From WQF and WQV Calculator

Required Treatment Area (A): A = 31,704 ft
2

Water Quality Volume (WQV): WQV = 951 ft
3

Water Quality Flow (WQF): WQF = 0.07 ft
3
/s

User Entry Variables Vegetated Swale Design Criteria

Slope S = 0.016  ft/ft Minimum Slope = 0.005 D&CS 4.09.4.c.4

H = 4 D&CS 4.09.4.c.8A

V = 1

Swale Length Ls = 220 ft Minimum Swale Length = 100 feet D&CS 4.09.4.c.3

Swale Bottom Width w = 2.5 ft Minimum Flat Bottom Width = 2 feet D&CS 4.09.4.c.5

Manning's N-Value n = 0.24 Manning's n-value = 0.24 D&CS 4.09.4.b.5

Calculations Minimum Freeboard = 1 foot D&CS 4.09.4.b.4

Swale Cross-Sectional Area A = 0.34 ft
2

θ = 76 °

L = 0.16  ft 

Water Quality Depth d = 0.133  ft Maximum Depth = 6 inches D&CS 4.09.4.c.6

Velocity v = 0.19 ft/s Maximum Velocity = 2 ft/s D&CS 4.09.4.b.6

Residence time t = 19.12 min. Minimum Residence Time = 9 minutes D&CS 4.09.4.b.2

Manning's Equation AR
2/3

 = 0.084

Manning's Equation AR
2/3

 = 0.085

Equations

Clean Water Services
Vegetated Swale Calculator

Per 2019 Clean Water Services Design & Construction Standards (D&CS)

Lam Research - Swale A-1 By: Checked: BDN

2220087.00 Date: Date: 8/16/2022

Side Slopes Maximum Side Slopes = 4 :1
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Project Name: SJS

Project Number: 8/15/2022

User Entry Variables Notes/Design Criteria

Impervious Area 9,770              ft
2

Maximum Contributing Impervious Area 15,000 ft
2

Infiltration Rate 0.5                  in/hr Sizing factors assume a maximum infiltration rate of 2 in/hr

If infiltration rate exceeds 2 in/hr, the simplified method may be oversizing your facility

From WQF and WQV Calculator

Required Treatment Area (A): 9,770              ft
2

Calculations

LIDA Facility Size (WQ ONLY) 586                 ft
2

Sizing factor = 6% CWS Design & Construction Standards - Section 4.08.4b

LIDA Facility Size (WQ + Hydromodification) 1,172              ft
2

Sizing factor = 12% CWS Design & Construction Standards - Section 4.08.4c

LIDA Facilities to be used with Simplified Sizing

Flow-Through Planter LIDA Swale Vegetated Filter Strip

CWS LIDA Handbook Dwg No 794 (2016) CWS LIDA Handbook Dwg No 795 (2016) CWS LIDA Handbook Dwg No 796 (2016)

Lam Research - Rain Garden B-1

2220087.00

By:

Clean Water Services

Simplified LIDA Sizing

Per 2019 Clean Water Services Design & Construction Standards

Checked: BDN

Date: Date: 8/16/2022



Project Name: SJS

Project Number: 8/15/2022

User Entry Variables Notes/Design Criteria

Impervious Area 6,319              ft
2

Maximum Contributing Impervious Area 15,000 ft
2

Infiltration Rate 0.5                  in/hr Sizing factors assume a maximum infiltration rate of 2 in/hr

If infiltration rate exceeds 2 in/hr, the simplified method may be oversizing your facility

From WQF and WQV Calculator

Required Treatment Area (A): 6,319              ft
2

Calculations

LIDA Facility Size (WQ ONLY) 379                 ft
2

Sizing factor = 6% CWS Design & Construction Standards - Section 4.08.4b

LIDA Facility Size (WQ + Hydromodification) 758                 ft
2

Sizing factor = 12% CWS Design & Construction Standards - Section 4.08.4c

LIDA Facilities to be used with Simplified Sizing

Flow-Through Planter LIDA Swale Vegetated Filter Strip

CWS LIDA Handbook Dwg No 794 (2016) CWS LIDA Handbook Dwg No 795 (2016) CWS LIDA Handbook Dwg No 796 (2016)

Lam Research - Rain Garden C-2

2220087.00

By:

Clean Water Services

Simplified LIDA Sizing

Per 2019 Clean Water Services Design & Construction Standards

Checked: BDN

Date: Date: 8/16/2022



Project Name: SJS

Project Number: 8/15/2022

User Entry Variables Notes/Design Criteria

Impervious Area 9,108              ft
2

Maximum Contributing Impervious Area 15,000 ft
2

Infiltration Rate 0.5                  in/hr Sizing factors assume a maximum infiltration rate of 2 in/hr

If infiltration rate exceeds 2 in/hr, the simplified method may be oversizing your facility

From WQF and WQV Calculator

Required Treatment Area (A): 9,108              ft
2

Calculations

LIDA Facility Size (WQ ONLY) 546                 ft
2

Sizing factor = 6% CWS Design & Construction Standards - Section 4.08.4b

LIDA Facility Size (WQ + Hydromodification) 1,093              ft
2

Sizing factor = 12% CWS Design & Construction Standards - Section 4.08.4c

LIDA Facilities to be used with Simplified Sizing

Flow-Through Planter LIDA Swale Vegetated Filter Strip

CWS LIDA Handbook Dwg No 794 (2016) CWS LIDA Handbook Dwg No 795 (2016) CWS LIDA Handbook Dwg No 796 (2016)

Lam Research - Rain Garden C-3

2220087.00

By:

Clean Water Services

Simplified LIDA Sizing

Per 2019 Clean Water Services Design & Construction Standards

Checked: BDN

Date: Date: 8/16/2022



Project Name: SJS

Project Number: 8/15/2022

User Entry Variables Notes/Design Criteria

Impervious Area 14,116            ft
2

Maximum Contributing Impervious Area 15,000 ft
2

Infiltration Rate 0.5                  in/hr Sizing factors assume a maximum infiltration rate of 2 in/hr

If infiltration rate exceeds 2 in/hr, the simplified method may be oversizing your facility

From WQF and WQV Calculator

Required Treatment Area (A): 14,116            ft
2

Calculations

LIDA Facility Size (WQ ONLY) 847                 ft
2

Sizing factor = 6% CWS Design & Construction Standards - Section 4.08.4b

LIDA Facility Size (WQ + Hydromodification) 1,694              ft
2

Sizing factor = 12% CWS Design & Construction Standards - Section 4.08.4c

LIDA Facilities to be used with Simplified Sizing

Flow-Through Planter LIDA Swale Vegetated Filter Strip

CWS LIDA Handbook Dwg No 794 (2016) CWS LIDA Handbook Dwg No 795 (2016) CWS LIDA Handbook Dwg No 796 (2016)

Lam Research - Rain Garden C-4

2220087.00

By:

Clean Water Services

Simplified LIDA Sizing

Per 2019 Clean Water Services Design & Construction Standards

Checked: BDN

Date: Date: 8/16/2022



Project Name: SJS

Project Number: 8/15/2022

From WQF and WQV Calculator

Required Treatment Area (A): A = 36,094 ft
2

Water Quality Volume (WQV): WQV = 1,083 ft
3

Water Quality Flow (WQF): WQF = 0.08 ft
3
/s

User Entry Variables Vegetated Swale Design Criteria

Slope S = 0.045  ft/ft Minimum Slope = 0.005 D&CS 4.09.4.c.4

H = 4 D&CS 4.09.4.c.8A

V = 1

Swale Length Ls = 100 ft Minimum Swale Length = 100 feet D&CS 4.09.4.c.3

Swale Bottom Width w = 8 ft Minimum Flat Bottom Width = 2 feet D&CS 4.09.4.c.5

Manning's N-Value n = 0.24 Manning's n-value = 0.24 D&CS 4.09.4.b.5

Calculations Minimum Freeboard = 1 foot D&CS 4.09.4.b.4

Swale Cross-Sectional Area A = 0.42 ft
2

θ = 76 °

L = 0.06  ft 

Water Quality Depth d = 0.052  ft Maximum Depth = 6 inches D&CS 4.09.4.c.6

Velocity v = 0.18 ft/s Maximum Velocity = 2 ft/s D&CS 4.09.4.b.6

Residence time t = 9.27 min. Minimum Residence Time = 9 minutes D&CS 4.09.4.b.2

Manning's Equation AR
2/3

 = 0.057

Manning's Equation AR
2/3

 = 0.058

Equations

Clean Water Services
Vegetated Swale Calculator

Per 2019 Clean Water Services Design & Construction Standards (D&CS)

Lam Research - Swale D-1 By: Checked: BDN

2220087.00 Date: Date: 8/16/2022

Side Slopes Maximum Side Slopes = 4 :1
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Project Name: SJS

Project Number: 8/15/2022

From WQF and WQV Calculator

Required Treatment Area (A): A = 49,985 ft
2

Water Quality Volume (WQV): WQV = 1,500 ft
3

Water Quality Flow (WQF): WQF = 0.10 ft
3
/s

User Entry Variables Vegetated Swale Design Criteria

Slope S = 0.04  ft/ft Minimum Slope = 0.005 D&CS 4.09.4.c.4

H = 4 D&CS 4.09.4.c.8A

V = 1

Swale Length Ls = 100 ft Minimum Swale Length = 100 feet D&CS 4.09.4.c.3

Swale Bottom Width w = 10 ft Minimum Flat Bottom Width = 2 feet D&CS 4.09.4.c.5

Manning's N-Value n = 0.24 Manning's n-value = 0.24 D&CS 4.09.4.b.5

Calculations Minimum Freeboard = 1 foot D&CS 4.09.4.b.4

Swale Cross-Sectional Area A = 0.57 ft
2

θ = 76 °

L = 0.07  ft 

Water Quality Depth d = 0.057  ft Maximum Depth = 6 inches D&CS 4.09.4.c.6

Velocity v = 0.18 ft/s Maximum Velocity = 2 ft/s D&CS 4.09.4.b.6

Residence time t = 9.16 min. Minimum Residence Time = 9 minutes D&CS 4.09.4.b.2

Manning's Equation AR
2/3

 = 0.084

Manning's Equation AR
2/3

 = 0.084

Equations

Clean Water Services
Vegetated Swale Calculator

Per 2019 Clean Water Services Design & Construction Standards (D&CS)

Lam Research - Swale D-2 By: Checked: BDN

2220087.00 Date: Date: 8/16/2022

Side Slopes Maximum Side Slopes = 4 :1
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APPENDIX C 

DETENTION 

CALCULATIONS 



Hydrograph Return Period Recap

Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph

No. type hyd(s) Description

(origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 SCS Runoff ------ ------- 3.584 ------- 7.964 10.91 15.07 ------- ------- Pre-Dev Overall Site

2 SCS Runoff ------ ------- 0.400 ------- 0.888 1.217 1.681 ------- ------- Pre-Dev New/Modified Site

3 SCS Runoff ------ ------- 3.184 ------- 7.075 9.694 13.39 ------- ------- Pre-Dev Undisturbed Site

5 SCS Runoff ------ ------- 5.919 ------- 8.215 9.576 11.34 ------- ------- Basin A - Dev

6 SCS Runoff ------ ------- 6.196 ------- 8.359 9.629 11.26 ------- ------- Basin B - Dev

7 SCS Runoff ------ ------- 5.151 ------- 7.719 9.296 11.38 ------- ------- Basin C - Dev

8 SCS Runoff ------ ------- 2.509 ------- 3.533 4.144 4.937 ------- ------- Basin D - Dev

10 Combine 5, 6, 7,
8,

------- 19.76 ------- 27.83 32.64 38.91 ------- ------- Full Site - Developed

12 Reservoir 5 ------- 0.933 ------- 1.803 2.756 4.153 ------- ------- Pond A Outflow

13 Reservoir 6 ------- 1.019 ------- 1.236 1.350 1.482 ------- ------- Pond B Outflow

14 Reservoir 7 ------- 1.107 ------- 1.418 1.579 1.909 ------- ------- Pond C Outflow

15 Reservoir 8 ------- 0.315 ------- 0.755 1.253 2.099 ------- ------- Pond D Outflow

17 Combine 12, 13, 14,
15,

------- 3.320 ------- 5.148 6.736 9.040 ------- ------- Total site outflow

Proj. file: Hydraflow storm calcs.gpw Tuesday, 08 / 16 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Summary Report

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 3.584 2 498 119,526 ------ ------ ------ Pre-Dev Overall Site

2 SCS Runoff 0.400 2 498 13,331 ------ ------ ------ Pre-Dev New/Modified Site

3 SCS Runoff 3.184 2 498 106,195 ------ ------ ------ Pre-Dev Undisturbed Site

5 SCS Runoff 5.919 2 480 86,804 ------ ------ ------ Basin A - Dev

6 SCS Runoff 6.196 2 480 88,568 ------ ------ ------ Basin B - Dev

7 SCS Runoff 5.151 2 482 83,209 ------ ------ ------ Basin C - Dev

8 SCS Runoff 2.509 2 480 37,379 ------ ------ ------ Basin D - Dev

10 Combine 19.76 2 480 295,959 5, 6, 7,
8,

------ ------ Full Site - Developed

12 Reservoir 0.933 2 700 59,839 5 141.62 23,045 Pond A Outflow

13 Reservoir 1.019 2 674 62,077 6 138.65 23,468 Pond B Outflow

14 Reservoir 1.107 2 686 66,295 7 137.50 17,368 Pond C Outflow

15 Reservoir 0.315 2 816 14,110 8 137.04 15,366 Pond D Outflow

17 Combine 3.320 2 806 202,321 12, 13, 14,
15,

------ ------ Total site outflow

Hydraflow storm calcs.gpw Return Period: 2 Year Tuesday, 08 / 16 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 1

Pre-Dev Overall Site

Hydrograph type =  SCS Runoff Peak discharge =  3.584 cfs
Storm frequency =  2 yrs Time to peak =  8.30 hrs
Time interval =  2 min Hyd. volume =  119,526 cuft
Drainage area =  58.010 ac Curve number =  73
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  30.00 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484
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Hyd. No. 1 -- 2 Year

Hyd No. 1



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 2

Pre-Dev New/Modified Site

Hydrograph type =  SCS Runoff Peak discharge =  0.400 cfs
Storm frequency =  2 yrs Time to peak =  8.30 hrs
Time interval =  2 min Hyd. volume =  13,331 cuft
Drainage area =  6.470 ac Curve number =  73
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  30.00 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484
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Hyd. No. 2 -- 2 Year

Hyd No. 2



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 3

Pre-Dev Undisturbed Site

Hydrograph type =  SCS Runoff Peak discharge =  3.184 cfs
Storm frequency =  2 yrs Time to peak =  8.30 hrs
Time interval =  2 min Hyd. volume =  106,195 cuft
Drainage area =  51.540 ac Curve number =  73
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  30.00 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484
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Hyd. No. 3 -- 2 Year

Hyd No. 3



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 5

Basin A - Dev

Hydrograph type =  SCS Runoff Peak discharge =  5.919 cfs
Storm frequency =  2 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  86,804 cuft
Drainage area =  16.020 ac Curve number =  90*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.250 x 98) + (8.150 x 98) + (5.890 x 76) + (0.730 x 98)] / 16.020
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Hyd. No. 5 -- 2 Year

Hyd No. 5



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 6

Basin B - Dev

Hydrograph type =  SCS Runoff Peak discharge =  6.196 cfs
Storm frequency =  2 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  88,568 cuft
Drainage area =  14.780 ac Curve number =  92*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(3.350 x 98) + (7.020 x 98) + (4.190 x 76) + (0.220 x 98)] / 14.780
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Hyd. No. 6 -- 2 Year

Hyd No. 6



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 7

Basin C - Dev

Hydrograph type =  SCS Runoff Peak discharge =  5.151 cfs
Storm frequency =  2 yrs Time to peak =  8.03 hrs
Time interval =  2 min Hyd. volume =  83,209 cuft
Drainage area =  19.950 ac Curve number =  85*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(2.040 x 98) + (4.050 x 98) + (10.090 x 76) + (0.750 x 98) + (1.590 x 98) + (1.430 x 74)] / 19.950
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Hyd. No. 7 -- 2 Year

Hyd No. 7



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 8

Basin D - Dev

Hydrograph type =  SCS Runoff Peak discharge =  2.509 cfs
Storm frequency =  2 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  37,379 cuft
Drainage area =  7.260 ac Curve number =  89*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  2.50 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.240 x 98) + (1.040 x 76) + (3.180 x 98) + (1.800 x 74)] / 7.260
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 10

Full Site - Developed

Hydrograph type =  Combine Peak discharge =  19.76 cfs
Storm frequency =  2 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  295,959 cuft
Inflow hyds. =  5, 6, 7, 8 Contrib. drain. area =  58.010 ac
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 12

Pond A Outflow

Hydrograph type =  Reservoir Peak discharge =  0.933 cfs
Storm frequency =  2 yrs Time to peak =  11.67 hrs
Time interval =  2 min Hyd. volume =  59,839 cuft
Inflow hyd. No. =  5 - Basin A - Dev Max. Elevation =  141.62 ft
Reservoir name =  Existing Pond A Max. Storage =  23,045 cuft

Storage Indication method used.  Exfiltration extracted from Outflow.
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Hyd No. 12 Hyd No. 5 Total storage used = 23,045 cuft



Pond Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Pond No. 1 -  Existing Pond A

Pond Data

Contours -User-defined contour areas. Conic method used for volume calculation. Begining Elevation = 139.75 ft

Stage / Storage Table

Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 139.75 10,363 0 0
0.25 140.00 10,849 2,651 2,651
1.25 141.00 12,851 11,835 14,486
2.25 142.00 14,909 13,866 28,352
3.25 143.00 17,024 15,953 44,305

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  5.26 0.00 0.00 0.00

Span (in) =  5.26 0.00 0.00 0.00

No. Barrels =  1 0 0 0

Invert El. (ft) =  139.75 0.00 0.00 0.00

Length (ft) =  0.00 0.00 0.00 0.00

Slope (%) =  0.00 0.00 0.00 n/a

N-Value =  .013 .013 .013 n/a

Orifice Coeff. =  0.60 0.60 0.60 0.60

Multi-Stage =  n/a No No No

Crest Len (ft) =  0.00 2.00 0.00 0.00

Crest El. (ft) =  0.00 141.92 0.00 0.00

Weir Coeff. =  3.33 3.33 3.33 3.33

Weir Type =  --- Rect --- ---

Multi-Stage =  No No No No

Exfil.(in/hr) =  1.000 (by Contour)

TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 13

Pond B Outflow

Hydrograph type =  Reservoir Peak discharge =  1.019 cfs
Storm frequency =  2 yrs Time to peak =  11.23 hrs
Time interval =  2 min Hyd. volume =  62,077 cuft
Inflow hyd. No. =  6 - Basin B - Dev Max. Elevation =  138.65 ft
Reservoir name =  Existing Pond B Max. Storage =  23,468 cuft

Storage Indication method used.  Exfiltration extracted from Outflow.
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Hyd. No. 13 -- 2 Year

Hyd No. 13 Hyd No. 6 Total storage used = 23,468 cuft



Pond Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Pond No. 2 -  Existing Pond B

Pond Data

Contours -User-defined contour areas. Conic method used for volume calculation. Begining Elevation = 136.75 ft

Stage / Storage Table

Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 136.75 10,363 0 0
0.25 137.00 10,849 2,651 2,651
1.25 138.00 12,851 11,835 14,486
2.25 139.00 14,909 13,866 28,352
3.25 140.00 17,023 15,953 44,304
4.25 141.00 18,697 17,852 62,156

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  5.48 0.00 0.00 0.00

Span (in) =  5.48 0.00 0.00 0.00

No. Barrels =  1 0 0 0

Invert El. (ft) =  136.75 0.00 0.00 0.00

Length (ft) =  0.00 0.00 0.00 0.00

Slope (%) =  0.00 0.00 0.00 n/a

N-Value =  .013 .013 .013 n/a

Orifice Coeff. =  0.60 0.60 0.60 0.60

Multi-Stage =  n/a No No No

Crest Len (ft) =  0.00 2.00 0.00 0.00

Crest El. (ft) =  0.00 140.97 0.00 0.00

Weir Coeff. =  3.33 3.33 3.33 3.33

Weir Type =  --- Rect --- ---

Multi-Stage =  No No No No

Exfil.(in/hr) =  1.000 (by Contour)

TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 14

Pond C Outflow

Hydrograph type =  Reservoir Peak discharge =  1.107 cfs
Storm frequency =  2 yrs Time to peak =  11.43 hrs
Time interval =  2 min Hyd. volume =  66,295 cuft
Inflow hyd. No. =  7 - Basin C - Dev Max. Elevation =  137.50 ft
Reservoir name =  Existing Pond C Max. Storage =  17,368 cuft

Storage Indication method used.  Exfiltration extracted from Outflow.
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Hyd. No. 14 -- 2 Year

Hyd No. 14 Hyd No. 7 Total storage used = 17,368 cuft



Pond Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Pond No. 3 -  Existing Pond C

Pond Data

Contours -User-defined contour areas. Conic method used for volume calculation. Begining Elevation = 135.52 ft

Stage / Storage Table

Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 135.52 7,150 0 0
0.48 136.00 7,894 3,609 3,609
1.48 137.00 9,427 8,648 12,257
2.48 138.00 11,038 10,221 22,478
3.48 139.00 12,729 11,872 34,350
4.48 140.00 14,519 13,613 47,963
4.98 140.50 15,405 7,479 55,442

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  5.65 0.00 0.00 0.00

Span (in) =  5.65 0.00 0.00 0.00

No. Barrels =  1 0 0 0

Invert El. (ft) =  135.52 0.00 0.00 0.00

Length (ft) =  0.00 0.00 0.00 0.00

Slope (%) =  0.00 0.00 0.00 n/a

N-Value =  .013 .013 .013 n/a

Orifice Coeff. =  0.60 0.60 0.60 0.60

Multi-Stage =  n/a No No No

Crest Len (ft) =  0.00 2.00 3.00 0.00

Crest El. (ft) =  0.00 140.06 140.45 0.00

Weir Coeff. =  3.33 3.33 3.33 3.33

Weir Type =  --- Rect Rect ---

Multi-Stage =  No No No No

Exfil.(in/hr) =  1.000 (by Contour)

TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 15

Pond D Outflow

Hydrograph type =  Reservoir Peak discharge =  0.315 cfs
Storm frequency =  2 yrs Time to peak =  13.60 hrs
Time interval =  2 min Hyd. volume =  14,110 cuft
Inflow hyd. No. =  8 - Basin D - Dev Max. Elevation =  137.04 ft
Reservoir name =  Modified Pond D Max. Storage =  15,366 cuft

Storage Indication method used.  Exfiltration extracted from Outflow.
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Hyd. No. 15 -- 2 Year

Hyd No. 15 Hyd No. 8 Total storage used = 15,366 cuft



Pond Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Pond No. 5 -  Modified Pond D

Pond Data

Trapezoid -Bottom L x W = 190.0 x 25.0 ft,  Side slope = 3.00:1,  Bottom elev. = 134.63 ft,  Depth = 5.00 ft

Stage / Storage Table

Stage (ft) Elevation (ft) Contour area (sqft) Incr. Storage (cuft) Total storage (cuft)

0.00 134.63 4,750 0 0
0.50 135.13 5,404 2,538 2,538
1.00 135.63 6,076 2,869 5,407
1.50 136.13 6,766 3,210 8,617
2.00 136.63 7,474 3,559 12,176
2.50 137.13 8,200 3,918 16,094
3.00 137.63 8,944 4,285 20,379
3.50 138.13 9,706 4,662 25,041
4.00 138.63 10,486 5,047 30,088
4.50 139.13 11,284 5,442 35,530
5.00 139.63 12,100 5,845 41,375

Culvert / Orifice Structures Weir Structures

[A] [B] [C] [PrfRsr] [A] [B] [C] [D]

Rise (in) =  1.16 0.00 0.00 0.00

Span (in) =  1.16 0.00 0.00 0.00

No. Barrels =  1 0 0 0

Invert El. (ft) =  134.63 0.00 0.00 0.00

Length (ft) =  0.00 0.00 0.00 0.00

Slope (%) =  0.00 0.00 0.00 n/a

N-Value =  .013 .013 .013 n/a

Orifice Coeff. =  0.60 0.60 0.60 0.60

Multi-Stage =  n/a No No No

Crest Len (ft) =  0.00 3.00 0.00 0.00

Crest El. (ft) =  0.00 136.95 0.00 0.00

Weir Coeff. =  3.33 3.33 3.33 3.33

Weir Type =  --- Rect --- ---

Multi-Stage =  No No No No

Exfil.(in/hr) =  1.000 (by Contour)

TW Elev. (ft) =  0.00

Note: Culvert/Orifice outflows are analyzed under inlet (ic) and outlet (oc) control.  Weir risers checked for orifice conditions (ic) and submergence (s).
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 17

Total site outflow

Hydrograph type =  Combine Peak discharge =  3.320 cfs
Storm frequency =  2 yrs Time to peak =  13.43 hrs
Time interval =  2 min Hyd. volume =  202,321 cuft
Inflow hyds. =  12, 13, 14, 15 Contrib. drain. area =  0.000 ac
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Hydrograph Summary Report

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 10.91 2 492 241,352 ------ ------ ------ Pre-Dev Overall Site

2 SCS Runoff 1.217 2 492 26,919 ------ ------ ------ Pre-Dev New/Modified Site

3 SCS Runoff 9.694 2 492 214,434 ------ ------ ------ Pre-Dev Undisturbed Site

5 SCS Runoff 9.576 2 480 136,145 ------ ------ ------ Basin A - Dev

6 SCS Runoff 9.629 2 480 135,426 ------ ------ ------ Basin B - Dev

7 SCS Runoff 9.296 2 480 139,303 ------ ------ ------ Basin C - Dev

8 SCS Runoff 4.144 2 480 59,381 ------ ------ ------ Basin D - Dev

10 Combine 32.64 2 480 470,255 5, 6, 7,
8,

------ ------ Full Site - Developed

12 Reservoir 2.756 2 548 103,407 5 142.31 33,341 Pond A Outflow

13 Reservoir 1.350 2 714 99,737 6 139.91 42,836 Pond B Outflow

14 Reservoir 1.579 2 814 114,183 7 139.31 38,509 Pond C Outflow

15 Reservoir 1.253 2 544 35,019 8 137.19 16,630 Pond D Outflow

17 Combine 6.736 2 548 352,345 12, 13, 14,
15,

------ ------ Total site outflow

Hydraflow storm calcs.gpw Return Period: 10 Year Tuesday, 08 / 16 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 1

Pre-Dev Overall Site

Hydrograph type =  SCS Runoff Peak discharge =  10.91 cfs
Storm frequency =  10 yrs Time to peak =  8.20 hrs
Time interval =  2 min Hyd. volume =  241,352 cuft
Drainage area =  58.010 ac Curve number =  73
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  30.00 min
Total precip. =  3.45 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Q (cfs)

0.00 0.00

2.00 2.00

4.00 4.00

6.00 6.00

8.00 8.00

10.00 10.00

12.00 12.00

Q (cfs)

Time (hrs)

Pre-Dev Overall Site
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Hyd No. 1



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 2

Pre-Dev New/Modified Site

Hydrograph type =  SCS Runoff Peak discharge =  1.217 cfs
Storm frequency =  10 yrs Time to peak =  8.20 hrs
Time interval =  2 min Hyd. volume =  26,919 cuft
Drainage area =  6.470 ac Curve number =  73
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  30.00 min
Total precip. =  3.45 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 3

Pre-Dev Undisturbed Site

Hydrograph type =  SCS Runoff Peak discharge =  9.694 cfs
Storm frequency =  10 yrs Time to peak =  8.20 hrs
Time interval =  2 min Hyd. volume =  214,434 cuft
Drainage area =  51.540 ac Curve number =  73
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  30.00 min
Total precip. =  3.45 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 5

Basin A - Dev

Hydrograph type =  SCS Runoff Peak discharge =  9.576 cfs
Storm frequency =  10 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  136,145 cuft
Drainage area =  16.020 ac Curve number =  90*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  3.45 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.250 x 98) + (8.150 x 98) + (5.890 x 76) + (0.730 x 98)] / 16.020
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 6

Basin B - Dev

Hydrograph type =  SCS Runoff Peak discharge =  9.629 cfs
Storm frequency =  10 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  135,426 cuft
Drainage area =  14.780 ac Curve number =  92*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  3.45 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(3.350 x 98) + (7.020 x 98) + (4.190 x 76) + (0.220 x 98)] / 14.780
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 7

Basin C - Dev

Hydrograph type =  SCS Runoff Peak discharge =  9.296 cfs
Storm frequency =  10 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  139,303 cuft
Drainage area =  19.950 ac Curve number =  85*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  3.45 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(2.040 x 98) + (4.050 x 98) + (10.090 x 76) + (0.750 x 98) + (1.590 x 98) + (1.430 x 74)] / 19.950
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 8

Basin D - Dev

Hydrograph type =  SCS Runoff Peak discharge =  4.144 cfs
Storm frequency =  10 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  59,381 cuft
Drainage area =  7.260 ac Curve number =  89*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  3.45 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.240 x 98) + (1.040 x 76) + (3.180 x 98) + (1.800 x 74)] / 7.260
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 10

Full Site - Developed

Hydrograph type =  Combine Peak discharge =  32.64 cfs
Storm frequency =  10 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  470,255 cuft
Inflow hyds. =  5, 6, 7, 8 Contrib. drain. area =  58.010 ac
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 12

Pond A Outflow

Hydrograph type =  Reservoir Peak discharge =  2.756 cfs
Storm frequency =  10 yrs Time to peak =  9.13 hrs
Time interval =  2 min Hyd. volume =  103,407 cuft
Inflow hyd. No. =  5 - Basin A - Dev Max. Elevation =  142.31 ft
Reservoir name =  Existing Pond A Max. Storage =  33,341 cuft

Storage Indication method used.  Exfiltration extracted from Outflow.
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Hyd No. 12 Hyd No. 5 Total storage used = 33,341 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 13

Pond B Outflow

Hydrograph type =  Reservoir Peak discharge =  1.350 cfs
Storm frequency =  10 yrs Time to peak =  11.90 hrs
Time interval =  2 min Hyd. volume =  99,737 cuft
Inflow hyd. No. =  6 - Basin B - Dev Max. Elevation =  139.91 ft
Reservoir name =  Existing Pond B Max. Storage =  42,836 cuft

Storage Indication method used.  Exfiltration extracted from Outflow.
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Hyd No. 13 Hyd No. 6 Total storage used = 42,836 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 14

Pond C Outflow

Hydrograph type =  Reservoir Peak discharge =  1.579 cfs
Storm frequency =  10 yrs Time to peak =  13.57 hrs
Time interval =  2 min Hyd. volume =  114,183 cuft
Inflow hyd. No. =  7 - Basin C - Dev Max. Elevation =  139.31 ft
Reservoir name =  Existing Pond C Max. Storage =  38,509 cuft

Storage Indication method used.  Exfiltration extracted from Outflow.
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Hyd No. 14 Hyd No. 7 Total storage used = 38,509 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 15

Pond D Outflow

Hydrograph type =  Reservoir Peak discharge =  1.253 cfs
Storm frequency =  10 yrs Time to peak =  9.07 hrs
Time interval =  2 min Hyd. volume =  35,019 cuft
Inflow hyd. No. =  8 - Basin D - Dev Max. Elevation =  137.19 ft
Reservoir name =  Modified Pond D Max. Storage =  16,630 cuft

Storage Indication method used.  Exfiltration extracted from Outflow.
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 17

Total site outflow

Hydrograph type =  Combine Peak discharge =  6.736 cfs
Storm frequency =  10 yrs Time to peak =  9.13 hrs
Time interval =  2 min Hyd. volume =  352,345 cuft
Inflow hyds. =  12, 13, 14, 15 Contrib. drain. area =  0.000 ac
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Hydrograph Summary Report

Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 15.07 2 492 306,623 ------ ------ ------ Pre-Dev Overall Site

2 SCS Runoff 1.681 2 492 34,198 ------ ------ ------ Pre-Dev New/Modified Site

3 SCS Runoff 13.39 2 492 272,424 ------ ------ ------ Pre-Dev Undisturbed Site

5 SCS Runoff 11.34 2 480 160,144 ------ ------ ------ Basin A - Dev

6 SCS Runoff 11.26 2 480 158,032 ------ ------ ------ Basin B - Dev

7 SCS Runoff 11.38 2 480 167,245 ------ ------ ------ Basin C - Dev

8 SCS Runoff 4.937 2 480 70,130 ------ ------ ------ Basin D - Dev

10 Combine 38.91 2 480 555,550 5, 6, 7,
8,

------ ------ Full Site - Developed

12 Reservoir 4.153 2 524 126,143 5 142.51 36,436 Pond A Outflow

13 Reservoir 1.482 2 808 117,852 6 140.51 53,417 Pond B Outflow

14 Reservoir 1.909 2 808 137,895 7 140.14 50,056 Pond C Outflow

15 Reservoir 2.099 2 508 45,410 8 137.30 17,521 Pond D Outflow

17 Combine 9.040 2 514 427,299 12, 13, 14,
15,

------ ------ Total site outflow

Hydraflow storm calcs.gpw Return Period: 25 Year Tuesday, 08 / 16 / 2022

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 1

Pre-Dev Overall Site

Hydrograph type =  SCS Runoff Peak discharge =  15.07 cfs
Storm frequency =  25 yrs Time to peak =  8.20 hrs
Time interval =  2 min Hyd. volume =  306,623 cuft
Drainage area =  58.010 ac Curve number =  73
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  30.00 min
Total precip. =  3.90 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 2

Pre-Dev New/Modified Site

Hydrograph type =  SCS Runoff Peak discharge =  1.681 cfs
Storm frequency =  25 yrs Time to peak =  8.20 hrs
Time interval =  2 min Hyd. volume =  34,198 cuft
Drainage area =  6.470 ac Curve number =  73
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  30.00 min
Total precip. =  3.90 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 3

Pre-Dev Undisturbed Site

Hydrograph type =  SCS Runoff Peak discharge =  13.39 cfs
Storm frequency =  25 yrs Time to peak =  8.20 hrs
Time interval =  2 min Hyd. volume =  272,424 cuft
Drainage area =  51.540 ac Curve number =  73
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  30.00 min
Total precip. =  3.90 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 5

Basin A - Dev

Hydrograph type =  SCS Runoff Peak discharge =  11.34 cfs
Storm frequency =  25 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  160,144 cuft
Drainage area =  16.020 ac Curve number =  90*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  3.90 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.250 x 98) + (8.150 x 98) + (5.890 x 76) + (0.730 x 98)] / 16.020
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 6

Basin B - Dev

Hydrograph type =  SCS Runoff Peak discharge =  11.26 cfs
Storm frequency =  25 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  158,032 cuft
Drainage area =  14.780 ac Curve number =  92*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  3.90 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(3.350 x 98) + (7.020 x 98) + (4.190 x 76) + (0.220 x 98)] / 14.780
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 7

Basin C - Dev

Hydrograph type =  SCS Runoff Peak discharge =  11.38 cfs
Storm frequency =  25 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  167,245 cuft
Drainage area =  19.950 ac Curve number =  85*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  3.90 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(2.040 x 98) + (4.050 x 98) + (10.090 x 76) + (0.750 x 98) + (1.590 x 98) + (1.430 x 74)] / 19.950
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Hyd No. 7



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 8

Basin D - Dev

Hydrograph type =  SCS Runoff Peak discharge =  4.937 cfs
Storm frequency =  25 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  70,130 cuft
Drainage area =  7.260 ac Curve number =  89*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  User Time of conc. (Tc) =  15.00 min
Total precip. =  3.90 in Distribution =  Type IA
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(1.240 x 98) + (1.040 x 76) + (3.180 x 98) + (1.800 x 74)] / 7.260
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 10

Full Site - Developed

Hydrograph type =  Combine Peak discharge =  38.91 cfs
Storm frequency =  25 yrs Time to peak =  8.00 hrs
Time interval =  2 min Hyd. volume =  555,550 cuft
Inflow hyds. =  5, 6, 7, 8 Contrib. drain. area =  58.010 ac
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 12

Pond A Outflow

Hydrograph type =  Reservoir Peak discharge =  4.153 cfs
Storm frequency =  25 yrs Time to peak =  8.73 hrs
Time interval =  2 min Hyd. volume =  126,143 cuft
Inflow hyd. No. =  5 - Basin A - Dev Max. Elevation =  142.51 ft
Reservoir name =  Existing Pond A Max. Storage =  36,436 cuft

Storage Indication method used.  Exfiltration extracted from Outflow.
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Hyd. No. 12 -- 25 Year

Hyd No. 12 Hyd No. 5 Total storage used = 36,436 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 13

Pond B Outflow

Hydrograph type =  Reservoir Peak discharge =  1.482 cfs
Storm frequency =  25 yrs Time to peak =  13.47 hrs
Time interval =  2 min Hyd. volume =  117,852 cuft
Inflow hyd. No. =  6 - Basin B - Dev Max. Elevation =  140.51 ft
Reservoir name =  Existing Pond B Max. Storage =  53,417 cuft

Storage Indication method used.  Exfiltration extracted from Outflow.
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Hyd. No. 13 -- 25 Year

Hyd No. 13 Hyd No. 6 Total storage used = 53,417 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 14

Pond C Outflow

Hydrograph type =  Reservoir Peak discharge =  1.909 cfs
Storm frequency =  25 yrs Time to peak =  13.47 hrs
Time interval =  2 min Hyd. volume =  137,895 cuft
Inflow hyd. No. =  7 - Basin C - Dev Max. Elevation =  140.14 ft
Reservoir name =  Existing Pond C Max. Storage =  50,056 cuft

Storage Indication method used.  Exfiltration extracted from Outflow.
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Hyd. No. 14 -- 25 Year

Hyd No. 14 Hyd No. 7 Total storage used = 50,056 cuft



Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 15

Pond D Outflow

Hydrograph type =  Reservoir Peak discharge =  2.099 cfs
Storm frequency =  25 yrs Time to peak =  8.47 hrs
Time interval =  2 min Hyd. volume =  45,410 cuft
Inflow hyd. No. =  8 - Basin D - Dev Max. Elevation =  137.30 ft
Reservoir name =  Modified Pond D Max. Storage =  17,521 cuft

Storage Indication method used.  Exfiltration extracted from Outflow.
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Hydrograph Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Hyd. No. 17

Total site outflow

Hydrograph type =  Combine Peak discharge =  9.040 cfs
Storm frequency =  25 yrs Time to peak =  8.57 hrs
Time interval =  2 min Hyd. volume =  427,299 cuft
Inflow hyds. =  12, 13, 14, 15 Contrib. drain. area =  0.000 ac
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Hydraflow Rainfall Report

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2021 Tuesday, 08 / 16 / 2022

Return Intensity-Duration-Frequency Equation Coefficients (FHA)
Period

(Yrs) B D E (N/A)

1 0.0000 0.0000 0.0000 --------

2 6.3201 2.1000 0.6144 --------

3 0.0000 0.0000 0.0000 --------

5 7.9532 1.6000 0.6153 --------

10 12.9652 3.7000 0.6766 --------

25 16.1446 4.6000 0.6900 --------

50 23.8777 6.0000 0.7457 --------

100 24.1258 5.6000 0.7114 --------

File name: CWS  IDF curve.IDF

Intensity = B / (Tc + D)^E

Return Intensity Values (in/hr)
Period

(Yrs) 5 min 10 15 20 25 30 35 40 45 50 55 60

1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

2 1.90 1.37 1.10 0.94 0.83 0.75 0.69 0.63 0.59 0.56 0.53 0.50

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 2.49 1.76 1.41 1.20 1.06 0.95 0.87 0.80 0.75 0.70 0.66 0.63

10 3.00 2.21 1.79 1.52 1.34 1.20 1.09 1.01 0.94 0.88 0.82 0.78

25 3.39 2.54 2.07 1.77 1.56 1.40 1.28 1.18 1.09 1.02 0.96 0.91

50 3.99 3.02 2.47 2.10 1.84 1.65 1.50 1.37 1.27 1.19 1.11 1.05

100 4.50 3.42 2.80 2.40 2.12 1.90 1.73 1.59 1.48 1.38 1.30 1.23

Tc = time in minutes. Values may exceed 60.

Rainfall Precipitation Table (in)

Reports & Calc Templates\Calc Templates\Stormwater\Hydraflow Stormwater Precipitation Data\CWS precipitation.pcp

Storm
Distribution 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

SCS 24-hour 0.00 2.50 0.00 3.10 3.45 3.90 4.20 4.50

SCS 6-Hr 0.00 1.05 0.00 1.25 1.55 1.70 1.80 1.90

Huff-1st 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-2nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-3rd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-4th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-Indy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Custom 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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1" = 60'-0"

SITE DATA
EXISTING

COVERAGE (AC)
PROPOSED

COVERAGE (AC)

TOTAL PROPERTY AREA 58.01 58.01

BUILDING AREA 6.31 7.06

PAVED IMPERVIOUS AREA 22.91 24.55

TOTAL IMPERVIOUS AREA 29.22 31.61

LANDSCAPE AREA 28.79 26.40

PARKING DATA
TYPE EXISTING PARKING

REMOVED
ADDED

PARKING
TOTAL

SPACES

STANDARD PARKING 1336 33 578 1881

ACCESSIBLE PARKING 29 4 8 33

LOADING BERTHS 13 0 2 15

CARPOOL SPACES 12 2 2 12

COMPACT SPACES 0 0 0 0

TOTAL PARKING 1377 37 586 1926
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