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HUNSAKER 
& ASSOCIATES 
I R V I N E , I N C . 

PLANNING 

ENGINEERING Preliminary Sewer System 
SURVEYING 

GOVERNMENT RELATIONS Hydraulic Analysis 
IRVINE Date: July 9, 2024 

LOS ANGELES 

RIVERSIDE For:     City of Brea By: Katie O'Connor, P.E. 
SAN DIEGO Public Works Hunsaker & Associates Irvine, Inc.

            Brea, CA 

Project:Greenbriar 

Hunsaker & Associates Irvine, Inc. (H&A) is pleased to submit the Preliminary Sewer 
System Hydraulic Analysis for the Greenbriar development. This analysis has been 
prepared to describe the proposed sewer system for the aforementioned residential 

FOUNDING PARTNERS: development project and examine the existing sewer system in the City of Brea. The 
RICHARD HUNSAKER project lies within the jurisdiction of the City of Brea and their standards have been 

TOM R. McGANNON used for this report. Hydraulic models were prepared using Bentley Systems modeling 
JOHN A. MICHLER software to model the peak flows the proposed sewer systems would experience. 

DOUGLAS G. SNYDER 

THE EXISTING AND PROPOSED SEWER COLLECTION SYSTEM FOR THE 
GREENBRIAR PROJECT MEETS THE DESIGN STANDARDS SPECIFIED BY THE 
CITY OF BREA. This evaluation is based on existing and known conditions and 
should be re-evaluated if these conditions change or new information becomes 
available. Any interpretation of the information presented in this report should be 
referred to H&A to ensure the integrity of the results. 

PRINCIPALS: Project Location 
FRED GRAYLEE 

BRADLEY HAY The Greenbriar project is a proposed 179 unit residential development located 
PAUL HUDDLESTON adjacent to the 57 freeway, south of Greenbriar Lane, and west of Associated Road. 

KAMAL H. KARAM The project is north of the existing Brea Plaza commercial development. 
DOUGLAS L. STALEY 

KRIS WEBER Summary of Findings 
JOSEPH E. WIGHTMAN 

1. The development will include 99 multifamily residential units and 80 high density
residential units on approximately 9.5 acres.

2. The proposed sewer system schematic is shown on the attached “Greenbriar
Preliminary Sewer Exhibit – Figure 1.” The exhibit identifies points of sewer
connection, sewer reaches, manholes, proposed and existing sewer mains that are
affected by the proposed development.

3. The proposed onsite private sewer collection system consists of 6-inch diameter
mains to be constructed at slopes of one percent or greater. The existing sewer mains
examined include an 8-inch sewer main in Greenbriar Lane and 12-inch sewer mains

Three Hughes in Associated Road.Irvine, California 

92618-2021 4. The proposed sewer system is a private system. At the direction of the City of Brea,
(949) 583-1010 PH public sewer flow criteria and design criteria were used to design the proposed sewer
(949) 583-0759 FX system.

www.hunsaker.com 
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5. The proposed development is on the site of the existing Mercury Insurance Complex.
City of Brea Sewer Master Plan (November 2021) provides a unit flow factor of 4,805
gallons per day per acre for Administrative and Professional Office land uses.
Excerpt from the Sewer Master Plan (November 2021) can be found in the Appendix.
Based on the duty factors and peaking equation provided in the City of Brea Sewer
Master Plan (November 2021), the existing commercial site adds the flows below into
the existing system:

Table 1: Mercury Insurance Complex Existing Sewer Flows
CITY OF SITE AVERAGE PEAK DRY PEAK WET 

BREA (acres) DRY WEATHER WEATHER 
UNIT WEATHER FLOW (PDWF) FLOW 

FLOW FLOW (PWWF) 
FACTOR (ADWF) 

(MGD) 

EXISTING 
MERCURY 

INSURANCE 
COMPLEX 

4,805 
gallons 
per day 
per acre 

9.5 ADWF = 

Unit Flow 
Factor*acre 

=4,805 
gpd/ac*9.5 ac 

=0.046 MGD 

PDWF = 
1.777*ADWF^0.92

=1.777*0.046 
MGD^0.92

=0.105 MGD 

PWWF = 
1.25*PDWF 

=1.25 * 0.105 
MDG 

=0.131 MGD 

6. The total estimated sanitary sewer flows for the proposed Greenbriar residential
development are based upon Table ES-1 of the City of Brea Sewer Master Plan
(November 2021). The City Average Dry Weather Flow factor is 210 gpd/DU for high
density residential with a density of 12.1-24.89 DU/AC. The proposed project is 18.84
DU/acre. The table below summarizes the City of Brea Design Criteria as provided in
the Table ES-2 of the Sewer Master Plan (November 2021).

TABLE ES-2 SUMMARY: CITY OF BREA DESIGN CRITERIA
AVERAGE DRY 

WEATHER 
FLOW (ADWF) 

PEAK DRY 
WEATHER FLOW 

(PDWF) 

PEAK WET 
WEATHER FLOW 

(PWWF) 

FLOWS ADWF = Unit 
Flow Factor*DU 

PDWF = 
1.777*ADWF^0.92

PWWF = 1.25*PDWF 

VELOCITY ADWF Velocity> 
2 fps 

3 fps<PDWF 
Velocity<5 fps 

NEW 
CONSTRUCTION 

d/D 

N/A 0.50 0.75 

EXISTING 
CONSTRUCTION 

d/D 

N/A 0.64 0.75 

H&A G-4 4/14/98 
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7. The sewer system for the proposed Greenbriar residential development was designed 
to meet all the design criteria contained within the City of Brea Sewer Master Plan 
(November 2021) and industry standards. 

8. Industry standards allow for pipes that do not have the volume of flow to obtain the 
minimum required velocity due to the number of connections and/ or topographic 
constraints to be constructed at one percent minimum. Every effort will be made 
during final engineering design for the slopes to be greater than one percent and for 
velocities to exceed 2 feet per second during average dry weather flows and 3 feet 
per second during peak dry weather flow. 

9. The proposed pipe analysis was provided for the pipes labeled P-30 and P-31 at a 
slope of one percent. These pipes have the with the maximum and minimum sewer 
flows from the entire development. The representative pipes depict the worst possible 
scenario for the project site. 

10. The City of Brea Sewer Master Plan (November 2021) has the following information 
on the existing sewer mains affected by the proposed development:

     Table 2: Existing Sewer Flows Summary 
EX. 

PIPE ID 
SLOPE 
(ft/ft) 

EX. ADWF 
(mgd) 

EX PDWF 
(mgd) 

EX PDWF 
Velocity (fps) 

EX. PDWF 
d/D 

A26-A27 0.0099 0.441235 0.837112 4.17 0.42 

A27-A28 0.0088 0.44211 0.868676 3.99 0.43 

A28-A29 0.0088 0.45614 0.863093 4.03 0.44 

A29-A30 0.0098 0.45614 0.863093 4.91 0.43 

A30-
OUTLET 

0.0111 0.474686 0.895326 4.43 0.42 

11. Sewer main segment P-32 is an existing sewer main in Greenbriar Lane that the 
proposed project will connect to. The existing flows and capacity for this pipe segment 
can be determined using the information in the Sewer Master Plan. The difference 
between the flows in pipe A25-A26 (pipe upstream of P-32) and the flows in pipe A26-
A27 (downstream of P-32) are equivalent to the existing flows in P-32. 

Table 3: Existing Flows from Greenbriar Lane into Associated Road 
EXISTING 
PIPE ID 

LOCATION EXISTING 
PDWF (mgd) 

EXISTING ADWF 
(mgd) 

A25-A26 Upstream Greenbriar Lane 0.664013 0.331801 

A26-A27 Downstream Greenbriar Lane 0.837112 0.441235 

P-32 Greenbriar Lane 0.17310* 0.109434* 

*P32 EXISTING= (A25-A26 EXISTING– A26-A27 EXISTING) 

H&A G-4 4/14/98 
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12. The proposed development of 179 residential units produces the following sewer 
flows: 

Table 4: Proposed Greenbriar Residential Development Sewer Flows 
UNITS 
(DU) 

DUTY 
FACTOR 
(gpd/DU) 

ADWF 
(mgd) 

PDWF 
(mgd) 

PWWF 
(mgd) 

TOTALS 179 210 0.03759 0.0868 0.1086 

13. As calculated in Table 1, the existing flows from the Mercury Insurance Complex 
(based on November 2021 City of Brea Sewer Master Plan duty and peaking factors) 
are greater than the expected proposed flows from the Greenbriar residential 
development calculated in Table 4. The table below compares the flows:

    Table 5: Greenbriar Site Sewer Flow Comparison 
ADWF (mgd) PDWF (mgd) PWWF (mgd) 

Existing Mercury
Insurance Complex

(Table 1) 

0.046 0.105 0.131 

Proposed Residential
Development

(Table 4) 

0.038 0.087 0.109 

14. The flows calculated using the criteria in the November 2021 Sewer Master Plan for 
the proposed Greenbriar residential development are less than the calculated flows 
being removed from the system with the redevelopment of the existing Mercury 
Insurance Complex. 

15. The existing sewer system’s capacity and ability to accept additional flows from the 
proposed residential development was calculated using the existing flows in the 
existing sewer system without accounting for the loss of flows from the removal of the 
Mercury Insurance Complex. This method of analysis will provide an additional factor 
of safety for the overall system. 

16. In order to calculate the pipe sizes and capacity of the proposed sewer system for 
Greenbriar and verify that the existing system has capacity to accept flows from 
Greenbriar, we have prepared a hydraulic model using Bentley FlowMaster V8i. The 
summary of outputs from the model runs is included in the Appendix of this report. 

17. The hydraulic model of the existing sewer system that is affected by the Greenbriar 
residential development, using the design criteria provided by the City of Brea, 
indicates the existing sewer system has capacity for the development. Additionally, 
the proposed system will be designed in final engineering to meet or exceed the 
criteria presented in this report. 

H&A G-4 4/14/98 
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We sincerely trust these calculations will provide sufficient evidence that the proposed 
and existing sewer system is adequate for the proposed Greenbriar development. 
Please contact me at (949) 458-5437 if you have any questions. 

KO 
Enclosures 
xc: Gary Jones, Lennar 

Peter Carlson, CSLS 
Kamal Karam, H&A 
Sean Swanson, H&A 

W.O. 3916-89X 
(F:\1285\Engineering\WS STUDIES\SEWER\Greenbriar Prelim_ss report.doc) 
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PLANNING ENGINEERING SURVEYING
Three Hughes Irvine, CA 92618 PH: (949)583-1010 FX: (949)583-0759 
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• 
P-# 

LEGEND 
SEWER JUNCTION 

PROPOSED 6» SEWER MAINS & PIPE NUMBER 

EXISTING 8» SEWER MAINS & PIPE NUMBER 

EXISTING 12" SEWER MAINS & PIPE NUMBER 

GRAPHIC SCALE: 1»=80' 

PREPARED FOR: 

LENNAR 
2000 FIVEPOINT, 3RD FLOOR 

/RV/NE, CA 92615 

PREPARED BY: 

SEE FIGURE APP 4-1 f 
SEWERSHED 6 (ASSOCIATED) AND MAINLINE SEWER 

FROM THE CITY OF BREA SEWER MASTER PLAN 
FOR EXISTING PIPE NODES 

~ HUN SAK.ER & ASS 0. CIA TES ~----G_:REJ_E_N_B_R_1AR ____ __ 
mJ ~ PRELIMINARY SEWER EXHIBIT 

WO NO. 3916-89X DATE: 9 JULY 2024 

FIGURE 

1 

PLOTTED BY: katieo DATE: Jul. 09, 2024 TIME: 01:21 PM F:\ 1285\Engineering\WS STUD/ES\SEWER\Greenbriar SS EXHIBIT.dwg 
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GREENBRIAR EXISTING PIPES: SEWER FLOW SUMMARY 
Information from Sewer Master Plan (EXISTING) Calculations based on Sewer Master Plan flows (EX) + Proposed flows (PR) 

EXISTING 
NODES FROM 
MASTER PLAN 

PIPE SIZE 
(inches) 

PIPE 
SLOPE 
(ft/ft) 

EXISTING 
ADWF 
(mgd) 

EXISTING 
PDWF 
(mgd) 

EX. PDWF 
Velocity (fps) EX. PDWF d/D 

PR + EX 
ADWF (mgd) 

PR + EX ADWF 
Velocity (fps) 

> 2 fps 
PR+EX  PDWF 

(mgd) 

PR. + EX.  PDWF 
Velocity (fps)  (3 

fps<V< 5 fps) 

PR. + EX. 
PDWF d/D 
(must be 

<0.64) 
PROPOSED & EX 

PWWF (mgd) 

PR. + EX. PWWF 
d/D (must 

be <0.75) 
P-32** 8 0.004 0.109434 0.173099 2.06 0.434 0.147024 1.9 0.30457 2.3 0.57 0.3807 0.659 

A25 A26 10 0.0217 0.331801 0.664013 5.23 0.38 EXISTING PIPE NOT AFFECTED BY PROPSOED DEVELOPMENT 
A26 A27 12 0.0099 0.441235 0.837112 4.17 0.42 0.47883 3.6 0.90251 4.25 0.436 1.128 0.495 
A27 A28 12 0.0088 0.44211 0.838676 3.99 0.43 0.47970 3.4 0.90402 4.06 0.451 1.130 0.514 
A28 A29 12 0.0088 0.45614 0.863093 4.03 0.44 0.49373 3.5 0.92832 4.1 0.458 1.160 0.522 
A29 A30 12 0.0098 0.45614 0.863093 4.91 0.43 0.49373 3.6 0.92832 4.26 0.445 1.160 0.506 
A30 OUTLETA 12 0.0111 0.474686 0.895326 4.43 0.42 0.51228 3.8 0.96035 4.5 0.437 1.200 0.497 

** Indicates information calculated from the City of Brea Sewer Master Plan (November 2021) 
Indicates information taken directly from the City of Brea Sewer Master Plan (November 2021) 

GREENBRIAR PROPOSED PIPES: SEWER FLOW SUMMARY 

PROPOSED PIPE 
PIPE SIZE 
(inches) 

PIPE 
SLOPE 
(ft/ft) 

ADWF 
(mgd) 

ADWF 
Velocity 

(fps) > 2 fps PDWF (mgd) 

PDWF Velocity 
(fps) 

(3 fps<V< 5 fps) 

PDWF d/D 
(must be 

<0.50) PWWF (mgd) 
PWWF d/D (must 

be <0.75) 
P- 31 6 0.01 0.03759 1.85 0.0868 2.35 0.3330 0.1086 0.375 
P- 30 6 0.01 0.00084 0.59 0.0026 0.82 0.0610 0.0033 0.068 

PROPOSED PIPE WITH MOST FLOW 
PROPOSED PIPE WITH LEAST FLOW 
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GREENBRIAR PROPOSED SEWER FLOW SUMMARY 

Units (DU) 

City Duty 
Factor 

(gpd/DU) 
ADWF 
(gpd) ADWF (gpd) 

PDWF 
=1.777*ADW 
F 0.92 (MGD) 

PWWF = 
1.25 

*PDWF 
(MGD) 

TOTALS 179 210 37590 0.03759 0.0868 0.1086 

GREENBRIAR PROPOSED SEWER FLOWS 

PIPE Units (DU) 
ADWF 
(gpd) 

PDWF 
=1.777*ADWF 0.92 

(MGD) 

PWWF = 
1.25 *PDWF 

(MGD) 

TOTAL 
UNITS 
(DU) 

TOTAL 
ADWF (gpd) 

TOTAL 
ADWF 
(MGD) 

TOTAL 
PDWF 
(MGD) 

TOTAL 
PWWF 
(MGD) 

P- 1  10 2100 0.0061 0.0076 10 2100 0.0021 0.0061 0.0076 
P- 2  10 2100 0.0061 0.0076 10 2100 0.0021 0.0061 0.0076 
P- 3  20 4200 0.0042 0.0115 0.0144 
P- 4  10 2100 0.0061 0.0076 10 2100 0.0021 0.0061 0.0076 
P- 5  30 6300 0.0063 0.0167 0.0209 
P- 6  10 2100 0.0061 0.0076 10 2100 0.0021 0.0061 0.0076 
P- 7  16 3360 0.0094 0.0117 16 3360 0.0034 0.0094 0.0117 
P- 8  56 11760 0.0118 0.0297 0.0371 
P- 9  10 2100 0.0061 0.0076 10 2100 0.0021 0.0061 0.0076 
P- 10 66 13860 0.0139 0.0345 0.0432 
P- 11 13 2730 0.0077 0.0097 13 2730 0.0027 0.0077 0.0097 
P- 12 79 16590 0.0166 0.0408 0.0509 
P- 13 10 2100 0.0061 0.0076 10 2100 0.0021 0.0061 0.0076 
P- 14 89 18690 0.0187 0.0455 0.0569 
P- 15 9 1890 0.0055 0.0069 9 1890 0.0019 0.0055 0.0069 
P- 16 98 20580 0.0206 0.0497 0.0621 
P- 17 10 2100 0.0061 0.0076 10 2100 0.0021 0.0061 0.0076 
P- 18 108 22680 0.0227 0.0543 0.0679 
P- 19 8 1680 0.0050 0.0062 8 1680 0.0017 0.0050 0.0062 
P- 20 116 24360 0.0244 0.0580 0.0725 
P- 21 10 2100 0.0061 0.0076 10 2100 0.0021 0.0061 0.0076 
P- 22 126 26460 0.0265 0.0626 0.0783 
P- 23 8 1680 0.0050 0.0062 8 1680 0.0017 0.0050 0.0062 
P- 24 134 28140 0.0281 0.0663 0.0828 
P- 25 4 840 0.0026 0.0033 4 840 0.0008 0.0026 0.0033 
P- 26 138 28980 0.0290 0.0681 0.0851 
P- 27 4 840 0.0026 0.0033 4 840 0.0008 0.0026 0.0033 
P- 28 142 29820 0.0298 0.0699 0.0874 
P- 29 33 6930 0.0183 0.0228 33 6930 0.0069 0.0183 0.0228 
P- 30 4 840 0.0026 0.0033 4 840 0.0008 0.0026 0.0033 
P- 31 179 37590 0.0376 0.0865 0.1081 

G1-12

I I I I I I I I 



Project Description Project Description 
Worksheet: PIPE 30_ADWF Worksheet: PIPE 31_ADWF 
Flow Element: Circular Pipe Flow Element: Circular Pipe 
Friction Method: Manning's 

Formula 
Friction Method: Manning's 

Formula 
Solve For: Normal Depth Solve For: Normal Depth 

Input Data Input Data 
Roughness Coefficient  0.013 Roughness Coefficient  0.013 
Channel Slope 0.0100 ft/ft Channel Slope 0.0100 ft/ft 
Diameter 6 in Diameter 6 in 
Discharge 0.0008 mgd Discharge 0.0376 mgd 

Results Results 
Normal Depth 0.20 in Normal Depth 1.30 in 
Flow Area 0.0022 ft² Flow Area 0.03 ft² 
Wetted Perimeter 0.20 ft Wetted Perimeter 0.50 ft 
Top Width 0.19 ft Top Width 0.41 ft 
Critical Depth 0.20 in Critical Depth 1.40 in 
Percent Full (d/D) 3.60 % Percent Full (d/D) 21.70 % 
Critical Slope 0.01170 ft/ft Critical Slope 0.00709 ft/ft 
Velocity 0.59 ft/s Velocity 1.85 ft/s 
Velocity Head 0.01 ft Velocity Head 0.05 ft 
Specific Energy 0.02 ft Specific Energy 0.16 ft 
Froude Number  0.943 Froude Number  1.18 
Maximum Discharge 0.39 mgd Maximum Discharge 0.39 mgd 
Discharge Full 0.36 mgd Discharge Full 0.36 mgd 
Slope Full 0.00011 ft/ft Slope Full 0.00011 ft/ft 
Flow Type Subcritical Flow Type Supercritical 

BASE.fm8
July 9, 2024 Bentley Systems, Inc.  Haestad Methods Solution Center

                                 Project Engineer: Hunsaker & Associates Inc 
                                  FlowMaster  [08.01.058.00] 

27 Siemons Company Drive Suite 200 W                     Page 1  of 12 
Watertown, CT 06795 USA  +1-203-755-1666 
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Project Description Project Description 
Worksheet: PIPE 32_ADWF Worksheet: A26-A27 ADWF 
Flow Element: Circular Pipe Flow Element: Circular Pipe 
Friction Method: Manning's 

Formula 
Friction Method: Manning's 

Formula 
Solve For: Normal Depth Solve For: Normal Depth 

Input Data Input Data 
Roughness Coefficient  0.013 Roughness Coefficient  0.013 
Channel Slope 0.0040 ft/ft Channel Slope 0.0099 ft/ft 
Diameter 8 in Diameter 12 in 
Discharge 0.1470 mgd Discharge 0.4788 mgd 

Results Results 
Normal Depth 3.00 in Normal Depth 3.70 in 
Flow Area 0.12 ft² Flow Area 0.21 ft² 
Wetted Perimeter 0.90 ft Wetted Perimeter 1.20 ft 
Top Width 0.65 ft Top Width 0.93 ft 
Critical Depth 2.60 in Critical Depth 4.30 in 
Percent Full (d/D) 37.40 % Percent Full (d/D) 31.00 % 
Critical Slope 0.00645 ft/ft Critical Slope 0.00566 ft/ft 
Velocity 1.91 ft/s Velocity 3.57 ft/s 
Velocity Head 0.06 ft Velocity Head 0.20 ft 
Specific Energy 0.31 ft Specific Energy 0.51 ft 
Froude Number  0.78 Froude Number  1.33 
Maximum Discharge 0.53 mgd Maximum Discharge 2.46 mgd 
Discharge Full 0.49 mgd Discharge Full 2.29 mgd 
Slope Full 0.00035 ft/ft Slope Full 0.00043 ft/ft 
Flow Type Subcritical Flow Type Supercritical 

BASE.fm8
July 9, 2024 Bentley Systems, Inc.  Haestad Methods Solution Center

                                 Project Engineer: Hunsaker & Associates Inc 
                                  FlowMaster  [08.01.058.00] 

27 Siemons Company Drive Suite 200 W                     Page 2  of 12 
Watertown, CT 06795 USA  +1-203-755-1666 

G1-14



Project Description Project Description 
Worksheet: A27-A28 ADWF Worksheet: A28-A29 ADWF 
Flow Element: Circular Pipe Flow Element: Circular Pipe 
Friction Method: Manning's 

Formula 
Friction Method: Manning's 

Formula 
Solve For: Normal Depth Solve For: Normal Depth 

Input Data Input Data 
Roughness Coefficient  0.013 Roughness Coefficient  0.013 
Channel Slope 0.0088 ft/ft Channel Slope 0.0088 ft/ft 
Diameter 12 in Diameter 12 in 
Discharge 0.4797 mgd Discharge 0.4937 mgd 

Results Results 
Normal Depth 3.80 in Normal Depth 3.90 in 
Flow Area 0.22 ft² Flow Area 0.22 ft² 
Wetted Perimeter 1.20 ft Wetted Perimeter 1.20 ft 
Top Width 0.93 ft Top Width 0.94 ft 
Critical Depth 4.30 in Critical Depth 4.40 in 
Percent Full (d/D) 32.00 % Percent Full (d/D) 32.50 % 
Critical Slope 0.00568 ft/ft Critical Slope 0.00567 ft/ft 
Velocity 3.42 ft/s Velocity 3.45 ft/s 
Velocity Head 0.18 ft Velocity Head 0.19 ft 
Specific Energy 0.50 ft Specific Energy 0.51 ft 
Froude Number  1.25 Froude Number  1.25 
Maximum Discharge 2.32 mgd Maximum Discharge 2.32 mgd 
Discharge Full 2.16 mgd Discharge Full 2.16 mgd 
Slope Full 0.00043 ft/ft Slope Full 0.00046 ft/ft 
Flow Type Supercritical Flow Type Supercritical 
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Project Description Project Description 
Worksheet: A29-A30 ADWF Worksheet: A30-OUTLET 
Flow Element: 
Friction Method: 

Solve For: 

Circular Pipe 
Manning's 
Formula 
Normal Depth 

Flow Element: 
Friction Method: 

Solve For: 

ADWF 
Circular Pipe 
Manning's 
Formula 
Normal Depth 

Input Data 
Roughness Coefficient
Channel Slope 
Diameter 

 0.013 
0.0098 

12 
ft/ft 
in 

Input Data 
Roughness Coefficient
Channel Slope 

 0.013 
0.0111 ft/ft 

Discharge 0.4937 mgd Diameter 
Discharge 

12 
0.5123 

in 
mgd 

Results 
Normal Depth 
Flow Area 

3.80 
0.21 

in 
ft² 

Results 
Normal Depth 3.70 in 

Wetted Perimeter 1.20 ft Flow Area 0.21 ft² 
Top Width 
Critical Depth 
Percent Full (d/D) 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number

0.93 
4.40 

31.60 
0.00567 

3.59 
0.20 
0.52 

 1.32 

ft 
in 
% 
ft/ft 
ft/s 
ft 
ft 

Wetted Perimeter 
Top Width 
Critical Depth 
Percent Full (d/D) 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 

1.20 
0.93 
4.50 

31.20 
0.00570 

3.79 
0.22 
0.54 

ft 
ft 
in 
% 
ft/ft 
ft/s 
ft 
ft 

Maximum Discharge 
Discharge Full 
Slope Full 
Flow Type 

2.45 mgd 
2.28 mgd 

0.00046 ft/ft 
Supercritical 

Froude Number
Maximum Discharge 
Discharge Full 
Slope Full 
Flow Type 

 1.41 
2.61 mgd 
2.43 mgd 

0.00049 ft/ft 
Supercritical 
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Project Description Project Description 
Worksheet: PIPE 30_PDWF Worksheet: PIPE 31_PDWF 
Flow Element: Circular Pipe Flow Element: Circular Pipe 
Friction Method: Manning's 

Formula 
Friction Method: Manning's 

Formula 
Solve For: Normal Depth Solve For: Normal Depth 

Input Data Input Data 
Roughness Coefficient  0.013 Roughness Coefficient  0.013 
Channel Slope 0.0100 ft/ft Channel Slope 0.0100 ft/ft 
Diameter 6 in Diameter 6 in 
Discharge 0.0026 mgd Discharge 0.0868 mgd 

Results Results 
Normal Depth 0.40 in Normal Depth 2.0 in 
Flow Area 0.0049 ft² Flow Area 0.06 ft² 
Wetted Perimeter 0.20 ft Wetted Perimeter 0.60 ft 
Top Width 0.24 ft Top Width 0.47 ft 
Critical Depth 0.40 in Critical Depth 2.20 in 
Percent Full (d/D) 6.10 % Percent Full (d/D) 33.30 % 
Critical Slope 0.00944 ft/ft Critical Slope 0.00715 ft/ft 
Velocity 0.82 ft/s Velocity 2.35 ft/s 
Velocity Head 0.01 ft Velocity Head 0.09 ft 
Specific Energy 0.04 ft Specific Energy 0.25 ft 
Froude Number  1.02 Froude Number  1.19 
Maximum Discharge 0.39 mgd Maximum Discharge 0.39 mgd 
Discharge Full 0.36 mgd Discharge Full 0.36 mgd 
Slope Full 0.00000 ft/ft Slope Full 0.00057 ft/ft 
Flow Type Supercritical Flow Type Supercritical 
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Project Description Project Description 
Worksheet: PIPE 32_PDWF Worksheet: A26-A27 PDWF 
Flow Element: Circular Pipe Flow Element: Circular Pipe 
Friction Method: Manning's 

Formula 
Friction Method: Manning's 

Formula 
Solve For: Normal Depth Solve For: Normal Depth 

Input Data Input Data 
Roughness Coefficient  0.013 Roughness Coefficient  0.013 
Channel Slope 0.0040 ft/ft Channel Slope 0.0099 ft/ft 
Diameter 8 in Diameter 12 in 
Discharge 0.3046 mgd Discharge 0.9025 mgd 

Results Results 
Normal Depth 4.50 in Normal Depth 5.20 in 
Flow Area 0.20 ft² Flow Area 0.33 ft² 
Wetted Perimeter 1.10 ft Wetted Perimeter 1.40 ft 
Top Width 0.66 ft Top Width 0.99 ft 
Critical Depth 3.90 in Critical Depth 6.00 in 
Percent Full (d/D) 56.80 % Percent Full (d/D) 43.60 % 
Critical Slope 0.00693 ft/ft Critical Slope 0.00614 ft/ft 
Velocity 2.30 ft/s Velocity 4.25 ft/s 
Velocity Head 0.08 ft Velocity Head 0.28 ft 
Specific Energy 0.46 ft Specific Energy 0.72 ft 
Froude Number  0.73 Froude Number  1.30 
Maximum Discharge 0.53 mgd Maximum Discharge 2.46 mgd 
Discharge Full 0.49 mgd Discharge Full 2.29 mgd 
Slope Full 0.00152 ft/ft Slope Full 0.00154 ft/ft 
Flow Type Subcritical Flow Type Supercritical 
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Project Description Project Description 
Worksheet: A27-A28 PDWF Worksheet: A28-A29 PDWF 
Flow Element: Circular Pipe Flow Element: Circular Pipe 
Friction Method: Manning's 

Formula 
Friction Method: Manning's 

Formula 
Solve For: Normal Depth Solve For: Normal Depth 

Input Data Input Data 
Roughness Coefficient  0.013 Roughness Coefficient  0.013 
Channel Slope 0.0088 ft/ft Channel Slope 0.0088 ft/ft 
Diameter 12 in Diameter 12 in 
Discharge 0.9040 mgd Discharge 0.9283 mgd 

Results Results 
Normal Depth 5.40 in Normal Depth 5.50 in 
Flow Area 0.34 ft² Flow Area 0.35 ft² 
Wetted Perimeter 1.50 ft Wetted Perimeter 1.50 ft 
Top Width 1.00 ft Top Width 1.00 ft 
Critical Depth 6.00 in Critical Depth 6.10 in 
Percent Full (d/D) 45.10 % Percent Full (d/D) 45.80 % 
Critical Slope 0.00614 ft/ft Critical Slope 0.00618 ft/ft 
Velocity 4.06 ft/s Velocity 4.10 ft/s 
Velocity Head 0.26 ft Velocity Head 0.26 ft 
Specific Energy 0.71 ft Specific Energy 0.72 ft 
Froude Number  1.22 Froude Number  1.22 
Maximum Discharge 2.32 mgd Maximum Discharge 2.32 mgd 
Discharge Full 2.16 mgd Discharge Full 2.16 mgd 
Slope Full 0.00154 ft/ft Slope Full 0.00163 ft/ft 
Flow Type Supercritical Flow Type Supercritical 
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Project Description Project Description 
Worksheet: A29-A30 PDWF Worksheet: A30-OUTLET 
Flow Element: 
Friction Method: 

Solve For: 

Circular Pipe 
Manning's 
Formula 
Normal Depth 

Flow Element: 
Friction Method: 

Solve For: 

PDWF 
Circular Pipe 
Manning's 
Formula 
Normal Depth 

Input Data 
Roughness Coefficient
Channel Slope 
Diameter 

 0.013 
0.0098 

12 
ft/ft 
in 

Input Data 
Roughness Coefficient
Channel Slope 

 0.013 
0.0111 ft/ft 

Discharge 0.9283 mgd Diameter 
Discharge 

12 
0.9604 

in 
mgd 

Results 
Normal Depth 
Flow Area 

5.30 
0.34 

in 
ft² 

Results 
Normal Depth 5.20 in 

Wetted Perimeter 1.50 ft Flow Area 0.33 ft² 
Top Width 
Critical Depth 
Percent Full (d/D) 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number

0.99 
6.10 

44.50 
0.00618 

4.26 
0.28 
0.73 

 1.29 

ft 
in 
% 
ft/ft 
ft/s 
ft 
ft 

Wetted Perimeter 
Top Width 
Critical Depth 
Percent Full (d/D) 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 

1.40 
0.99 
6.20 

43.70 
0.00623 

4.50 
0.32 
0.75 

ft 
ft 
in 
% 
ft/ft 
ft/s 
ft 
ft 

Maximum Discharge 
Discharge Full 
Slope Full 
Flow Type 

2.45 mgd 
2.28 mgd 

0.00163 ft/ft 
Supercritical 

Froude Number
Maximum Discharge 
Discharge Full 
Slope Full 
Flow Type 

 1.38 
2.61 mgd 
2.43 mgd 

0.00174 ft/ft 
Supercritical 
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Project Description Project Description 
Worksheet: PIPE 30_PWWF Worksheet: PIPE 31_PWWF 
Flow Element: Circular Pipe Flow Element: Circular Pipe 
Friction Method: Manning's 

Formula 
Friction Method: Manning's 

Formula 
Solve For: Normal Depth Solve For: Normal Depth 

Input Data Input Data 
Roughness Coefficient  0.013 Roughness Coefficient  0.013 
Channel Slope 0.0100 ft/ft Channel Slope 0.0100 ft/ft 
Diameter 6 in Diameter 6 in 
Discharge 0.0033 mgd Discharge 0.1086 mgd 

Results Results 
Normal Depth 0.40 in Normal Depth 2.30 in 
Flow Area 0.0058 ft² Flow Area 0.07 ft² 
Wetted Perimeter 0.30 ft Wetted Perimeter 0.70 ft 
Top Width 0.25 ft Top Width 0.48 ft 
Critical Depth 0.40 in Critical Depth 2.50 in 
Percent Full (d/D) 6.80 % Percent Full (d/D) 37.50 % 
Critical Slope 0.00921 ft/ft Critical Slope 0.00728 ft/ft 
Velocity 0.89 ft/s Velocity 2.50 ft/s 
Velocity Head 0.01 ft Velocity Head 0.10 ft 
Specific Energy 0.05 ft Specific Energy 0.28 ft 
Froude Number  1.03 Froude Number  1.18 
Maximum Discharge 0.39 mgd Maximum Discharge 0.39 mgd 
Discharge Full 0.36 mgd Discharge Full 0.36 mgd 
Slope Full 0.00000 ft/ft Slope Full 0.0009 ft/ft 
Flow Type Supercritical Flow Type Supercritical 
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Project Description Project Description 
Worksheet: PIPE 32_PWWF Worksheet: A26-A27 PWWF 
Flow Element: Circular Pipe Flow Element: Circular Pipe 
Friction Method: Manning's 

Formula 
Friction Method: Manning's 

Formula 
Solve For: Normal Depth Solve For: Normal Depth 

Input Data Input Data 
Roughness Coefficient  0.013 Roughness Coefficient  0.013 
Channel Slope 0.0040 ft/ft Channel Slope 0.0099 ft/ft 
Diameter 8 in Diameter 12 in 
Discharge 0.3807 mgd Discharge 1.1280 mgd 

Results Results 
Normal Depth 5.30 in Normal Depth 5.90 in 
Flow Area 0.24 ft² Flow Area 0.39 ft² 
Wetted Perimeter 1.30 ft Wetted Perimeter 1.60 ft 
Top Width 0.63 ft Top Width 1.00 ft 
Critical Depth 4.30 in Critical Depth 6.70 in 
Percent Full (d/D) 65.90 % Percent Full (d/D) 49.50 % 
Critical Slope 0.00730 ft/ft Critical Slope 0.00652 ft/ft 
Velocity 2.42 ft/s Velocity 4.50 ft/s 
Velocity Head 0.09 ft Velocity Head 0.31 ft 
Specific Energy 0.53 ft Specific Energy 0.81 ft 
Froude Number  0.69 Froude Number  1.27 
Maximum Discharge 0.53 mgd Maximum Discharge 2.46 mgd 
Discharge Full 0.49 mgd Discharge Full 2.29 mgd 
Slope Full 0.00238 ft/ft Slope Full 0.00240 ft/ft 
Flow Type Subcritical Flow Type Supercritical 
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Project Description Project Description 
Worksheet: A27-A28 PWWF Worksheet: A28-A29 PWWF 
Flow Element: Circular Pipe Flow Element: Circular Pipe 
Friction Method: Manning's 

Formula 
Friction Method: Manning's 

Formula 
Solve For: Normal Depth Solve For: Normal Depth 

Input Data Input Data 
Roughness Coefficient  0.013 Roughness Coefficient  0.013 
Channel Slope 0.0088 ft/ft Channel Slope 0.0088 ft/ft 
Diameter 12 in Diameter 12 in 
Discharge 1.1300 mgd Discharge 1.1600 mgd 

Results Results 
Normal Depth 6.20 in Normal Depth 6.30 in 
Flow Area 0.41 ft² Flow Area 0.41 ft² 
Wetted Perimeter 1.60 ft Wetted Perimeter 1.60 ft 
Top Width 1.00 ft Top Width 1.00 ft 
Critical Depth 6.80 in Critical Depth 6.80 in 
Percent Full (d/D) 51.40 % Percent Full (d/D) 52.20 % 
Critical Slope 0.00653 ft/ft Critical Slope 0.00658 ft/ft 
Velocity 4.30 ft/s Velocity 4.33 ft/s 
Velocity Head 0.29 ft Velocity Head 0.29 ft 
Specific Energy 0.80 ft Specific Energy 0.81 ft 
Froude Number  1.19 Froude Number  1.19 
Maximum Discharge 2.32 mgd Maximum Discharge 2.32 mgd 
Discharge Full 2.16 mgd Discharge Full 2.16 mgd 
Slope Full 0.00241 ft/ft Slope Full 0.00254 ft/ft 
Flow Type Supercritical Flow Type Supercritical 
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Project Description Project Description 
Worksheet: A29-A30 PWWF Worksheet: A30-OUTLET 
Flow Element: 
Friction Method: 

Solve For: 

Circular Pipe 
Manning's 
Formula 
Normal Depth 

Flow Element: 
Friction Method: 

Solve For: 

PWWF 
Circular Pipe 
Manning's 
Formula 
Normal Depth 

Input Data 
Roughness Coefficient
Channel Slope 
Diameter 

 0.013 
0.0098 

12 
ft/ft 
in 

Input Data 
Roughness Coefficient
Channel Slope 

 0.013 
0.0111 ft/ft 

Discharge 1.1600 mgd Diameter 
Discharge 

12 
1.2000 

in 
mgd 

Results 
Normal Depth 
Flow Area 

6.10 
0.40 

in 
ft² 

Results 
Normal Depth 6.00 in 

Wetted Perimeter 1.60 ft Flow Area 0.39 ft² 
Top Width 
Critical Depth 
Percent Full (d/D) 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 
Froude Number

1.00 
6.80 

50.50 
0.00659 

4.51 
0.32 
0.82 

 1.26 

ft 
in 
% 
ft/ft 
ft/s 
ft 
ft 

Wetted Perimeter 
Top Width 
Critical Depth 
Percent Full (d/D) 
Critical Slope 
Velocity 
Velocity Head 
Specific Energy 

1.60 
1.00 
7.00 

49.70 
0.00666 

4.77 
0.35 
0.85 

ft 
ft 
in 
% 
ft/ft 
ft/s 
ft 
ft 

Maximum Discharge 
Discharge Full 
Slope Full 
Flow Type 

2.45 mgd 
2.28 mgd 

0.00254 ft/ft 
Supercritical 

Froude Number
Maximum Discharge 
Discharge Full 
Slope Full 
Flow Type 

 1.35 
2.61 mgd 
2.43 mgd 

0.00272 ft/ft 
Supercritical 
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EXECUTIVE SUMMARY 

∋5����� ∋ΖΚΥςΚΠΙ�9ΧΥςΓΨΧςΓΤ�(ΝΘΨΥ�ΧΠΦ�2ΓΧΜΚΠΙ�(ΧΕςΘΤΥ� 

2ΓΧΜΚΠΙ� ΗΧΕςΘΤΥ� ΧΤΓ� ΠΓΓΦΓΦ� ΗΘΤ� ΓΥςΚΟΧςΚΠΙ� ΡΓΧΜ� ΦΤ[� ΨΓΧςϑΓΤ� ΗΝΘΨΥ� �2&9(�� ΧΠΦ� ΡΓΧΜ� ΨΓς� ΨΓΧςϑΓΤ� ΗΝΘΨΥ� 

�299(����6ϑΓΥΓ�ΤΓΝΧςΚΘΠΥϑΚΡΥ�ΧΤΓ�∆ΧΥΓΦ�ΘΠ�ςϑΓ�ΧΞΓΤΧΙΓ�ΦΤ[�ΨΓΧςϑΓΤ�ΗΝΘΨΥ� �#&9(����299(�ΗΝΘΨΥ�ΚΠΕΝΩΦΓ�ΧΠ� 

ΧΝΝΘΨΧΠΕΓ�ΗΘΤ�ΚΠΗΝΘΨ�ΧΠΦ�ΚΠΗΚΝςΤΧςΚΘΠ� �+�+ �� 

6ϑΓ�ΗΘΝΝΘΨΚΠΙ�ΦΤ[�ΨΓΧςϑΓΤ�ΡΓΧΜΚΠΙ�ΤΓΝΧςΚΘΠΥϑΚΡ�ΨΧΥ�ΥΓΝΓΕςΓΦ�ΗΘΤ�ςϑΚΥ�ΥςΩΦ[�� 

� 2&9(� �������Ζ�#&9(������ 

Note: Above peaking factor formula is used for 2021 Sewer Master Plan 
analysis and is based on 2005 Sewer Master Plan Study 
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�ϮϲϭϳͲ�Ϯϲϭϱ �Ϯϲϭϳ �Ϯϲϭϱ ϴ ϯϬϬ Ϭ͘ϬϯϬϳ Ϭ͘ϬϮϭϰϵϴ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϴϮϰϭ Ϯ͘Ϯϰ Ϭ͘Ϭϲ Ϭ͘Ϭϵ Ϭ͘ϬϮϭϰϵϴ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϴϮϰϭ Ϯ͘Ϯϰ Ϭ͘Ϭϲ Ϭ͘Ϭϵ Ϭ͘ϬϮϭϰϵϴ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϴϮϰϭ Ϯ͘Ϯϰ Ϭ͘Ϭϲ Ϭ͘Ϭϵ 
�ϮϲϭϴͲ�Ϯϲϭϳ �Ϯϲϭϴ �Ϯϲϭϳ ϴ ϮϮϱ Ϭ͘Ϭϯϱϭ Ϭ͘ϬϭϬϮϲϬ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϯϲϴϴ ϭ͘ϴϳ Ϭ͘Ϭϰ Ϭ͘Ϭϲ Ϭ͘ϬϭϬϮϲϬ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϯϲϴϴ ϭ͘ϴϳ Ϭ͘Ϭϰ Ϭ͘Ϭϲ Ϭ͘ϬϭϬϮϲϬ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϯϲϴϴ ϭ͘ϴϳ Ϭ͘Ϭϰ Ϭ͘Ϭϲ 
�ϮϲϭϵͲ�Ϯϲϭϴ �Ϯϲϭϵ �Ϯϲϭϴ ϴ Ϯϳϴ Ϭ͘ϬϮϱϮ Ϭ͘ϬϬϳϯϵϵ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϮϱϴϱ ϭ͘ϱϭ Ϭ͘Ϭϰ Ϭ͘Ϭϲ Ϭ͘ϬϬϳϯϵϵ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϮϱϴϱ ϭ͘ϱϭ Ϭ͘Ϭϰ Ϭ͘Ϭϲ Ϭ͘ϬϬϳϯϵϵ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϮϱϴϱ ϭ͘ϱϭ Ϭ͘Ϭϰ Ϭ͘Ϭϲ 
�ϮϲϮϬ�]Ͳ�Ϯϲϭϵ �ϮϲϮϬ�] �Ϯϲϭϵ ϴ ϭϯϭ Ϭ͘ϬϭϬϵ Ϭ͘ϬϬϮϯϰϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϬϳϰϬ Ϭ͘ϴϬ Ϭ͘Ϭϯ Ϭ͘Ϭϰ Ϭ͘ϬϬϮϯϰϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϬϳϰϬ Ϭ͘ϴϬ Ϭ͘Ϭϯ Ϭ͘Ϭϰ Ϭ͘ϬϬϮϯϰϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϬϳϰϬ Ϭ͘ϴϬ Ϭ͘Ϭϯ Ϭ͘Ϭϰ 
�ϮϲϮϬ�]Ͳ�ϮϲϮϲ �ϮϲϮϬ�] �ϮϲϮϲ ϴ ϭϮϴ Ϭ͘ϬϬϱϬ Ϭ͘ϬϬϯϯϬϯ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϭϬϳϲ Ϭ͘ϲϳ Ϭ͘Ϭϰ Ϭ͘Ϭϲ Ϭ͘ϬϬϯϯϬϯ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϭϬϳϲ Ϭ͘ϲϳ Ϭ͘Ϭϰ Ϭ͘Ϭϲ Ϭ͘ϬϬϯϯϬϯ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϭϬϳϲ Ϭ͘ϲϳ Ϭ͘Ϭϰ Ϭ͘Ϭϲ 
�ϮϲϮϭͲ�Ϯϲϭϱ �ϮϲϮϭ �Ϯϲϭϱ ϴ ϯϬϴ Ϭ͘ϬϭϲϬ Ϭ͘ϬϮϳϵϱϳ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϭϬϵϲϱ ϭ͘ϵϯ Ϭ͘Ϭϴ Ϭ͘ϭϮ Ϭ͘ϬϮϳϵϱϳ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϭϬϵϲϱ ϭ͘ϵϯ Ϭ͘Ϭϴ Ϭ͘ϭϮ Ϭ͘ϬϮϳϵϱϳ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϭϬϵϲϱ ϭ͘ϵϯ Ϭ͘Ϭϴ Ϭ͘ϭϮ 
�ϮϲϮϮͲ�ϮϲϮϭ �ϮϲϮϮ �ϮϲϮϭ ϴ ϯϯϬ Ϭ͘ϬϬϴϲ Ϭ͘ϬϮϱϱϳϮ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϵϵϱϮ ϭ͘ϱϭ Ϭ͘Ϭϵ Ϭ͘ϭϯ Ϭ͘ϬϮϱϱϳϮ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϵϵϱϮ ϭ͘ϱϭ Ϭ͘Ϭϵ Ϭ͘ϭϯ Ϭ͘ϬϮϱϱϳϮ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϵϵϱϮ ϭ͘ϱϭ Ϭ͘Ϭϵ Ϭ͘ϭϯ 
�ϮϲϮϯͲ�ϮϲϮϮ �ϮϲϮϯ �ϮϲϮϮ ϴ ϯϮϬ Ϭ͘ϬϭϴϬ Ϭ͘ϬϭϳϬϬϮ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϲϯϴϲ ϭ͘ϳϯ Ϭ͘Ϭϲ Ϭ͘Ϭϵ Ϭ͘ϬϭϳϬϬϮ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϲϯϴϲ ϭ͘ϳϯ Ϭ͘Ϭϲ Ϭ͘Ϭϵ Ϭ͘ϬϭϳϬϬϮ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϲϯϴϲ ϭ͘ϳϯ Ϭ͘Ϭϲ Ϭ͘Ϭϵ 
�ϮϲϮϰͲ�ϮϲϮϯ �ϮϲϮϰ �ϮϲϮϯ ϴ ϯϮϰ Ϭ͘ϬϭϴϬ Ϭ͘Ϭϭϯϰϳϯ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϰϵϱϵ ϭ͘ϲϭ Ϭ͘Ϭϱ Ϭ͘Ϭϴ Ϭ͘Ϭϭϯϰϳϯ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϰϵϱϵ ϭ͘ϲϭ Ϭ͘Ϭϱ Ϭ͘Ϭϴ Ϭ͘Ϭϭϯϰϳϯ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϰϵϱϵ ϭ͘ϲϭ Ϭ͘Ϭϱ Ϭ͘Ϭϴ 
�ϮϲϮϱͲ�ϮϲϮϰ �ϮϲϮϱ �ϮϲϮϰ ϴ ϳϭ Ϭ͘ϬϯϮϳ Ϭ͘ϬϬϲϵϮϵ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϮϰϬϳ ϭ͘ϲϮ Ϭ͘Ϭϯ Ϭ͘Ϭϱ Ϭ͘ϬϬϲϵϮϵ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϮϰϬϳ ϭ͘ϲϮ Ϭ͘Ϭϯ Ϭ͘Ϭϱ Ϭ͘ϬϬϲϵϮϵ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϮϰϬϳ ϭ͘ϲϮ Ϭ͘Ϭϯ Ϭ͘Ϭϱ 
�ϮϲϮϲͲ�ϮϲϮϱ �ϮϲϮϲ �ϮϲϮϱ ϴ ϭϲϭ Ϭ͘ϬϮϬϬ Ϭ͘ϬϬϲϰϮϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϮϮϭϲ ϭ͘ϯϰ Ϭ͘Ϭϰ Ϭ͘Ϭϱ Ϭ͘ϬϬϲϰϮϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϮϮϭϲ ϭ͘ϯϰ Ϭ͘Ϭϰ Ϭ͘Ϭϱ Ϭ͘ϬϬϲϰϮϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϮϮϭϲ ϭ͘ϯϰ Ϭ͘Ϭϰ Ϭ͘Ϭϱ 

ϴ G1-32

I 

[ _ I I I I I _ l~ I 



�ŝƚǇ�ŽĨ��ƌĞĂ�Ͳ�]ĞǁĞƌ�ΧĂƐƚĞƌ�ςůĂŶ�;∆ŽǀĞŵďĞƌ�ϮϬϮϭͿ 
]ĞǁĞƌ�ΧŽĚĞů�ΨĞƐƵůƚƐ 
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��σ%� 
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;ĨƚͬƐͿ 
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;ĨƚͬƐͿ 

ς�σ%� 
σĂƚĞƌ� 

�ĞƉƚŚ�;ĨƚͿ 
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Ěͬ� 

�ϮϲϮϳͲ�ϮϲϮϰ �ϮϲϮϳ �ϮϲϮϰ ϴ ϭϮϳ Ϭ͘Ϭϭϭϲ Ϭ͘ϬϬϯϰϵϮ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϭϭϰϯ Ϭ͘ϵϮ Ϭ͘Ϭϯ Ϭ͘Ϭϱ Ϭ͘ϬϬϯϰϵϮ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϭϭϰϯ Ϭ͘ϵϮ Ϭ͘Ϭϯ Ϭ͘Ϭϱ Ϭ͘ϬϬϯϰϵϮ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϭϭϰϯ Ϭ͘ϵϮ Ϭ͘Ϭϯ Ϭ͘Ϭϱ 
�ϮϲϮϴͲ�ϮϲϮϮ �ϮϲϮϴ �ϮϲϮϮ ϴ ϳϲ Ϭ͘ϬϬϳϰ Ϭ͘ϬϬϱϱϭϮ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϭϴϳϳ Ϭ͘ϵϬ Ϭ͘Ϭϰ Ϭ͘Ϭϲ Ϭ͘ϬϬϱϱϭϮ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϭϴϳϳ Ϭ͘ϵϬ Ϭ͘Ϭϰ Ϭ͘Ϭϲ Ϭ͘ϬϬϱϱϭϮ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϭϴϳϳ Ϭ͘ϵϬ Ϭ͘Ϭϰ Ϭ͘Ϭϲ 
�ϮϲϮϵͲ�Ϯϲϭϳ �ϮϲϮϵ �Ϯϲϭϳ ϴ ϯϳϯ Ϭ͘ϬϭϬϱ Ϭ͘ϬϬϵϴϬϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϯϱϬϵ ϭ͘Ϯϭ Ϭ͘Ϭϱ Ϭ͘Ϭϴ Ϭ͘ϬϬϵϴϬϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϯϱϬϵ ϭ͘Ϯϭ Ϭ͘Ϭϱ Ϭ͘Ϭϴ Ϭ͘ϬϬϵϴϬϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϯϱϬϵ ϭ͘Ϯϭ Ϭ͘Ϭϱ Ϭ͘Ϭϴ 
�ϮϲϯϬͲ�ϮϲϮϵ �ϮϲϯϬ �ϮϲϮϵ ϴ ϭϳϮ Ϭ͘ϬϮϭϭ Ϭ͘ϬϬϲϰϲϰ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϮϮϯϮ ϭ͘ϯϲ Ϭ͘Ϭϰ Ϭ͘Ϭϱ Ϭ͘ϬϬϲϰϲϰ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϮϮϯϮ ϭ͘ϯϲ Ϭ͘Ϭϰ Ϭ͘Ϭϱ Ϭ͘ϬϬϲϰϲϰ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϮϮϯϮ ϭ͘ϯϲ Ϭ͘Ϭϰ Ϭ͘Ϭϱ 
�ϮϲϯϭͲ�Ϯϲ �Ϯϲϯϭ �Ϯϲ ϴ ϯϬϬ Ϭ͘ϬϮϯϱ Ϭ͘ϭϬϮϭϰϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘Ϭϰϰϴϯϴ ϯ͘Ϯϱ Ϭ͘ϭϯ Ϭ͘ϮϬ Ϭ͘ϭϬϮϭϰϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘Ϭϰϰϴϯϴ ϯ͘Ϯϱ Ϭ͘ϭϯ Ϭ͘ϮϬ Ϭ͘ϭϬϮϭϰϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘Ϭϰϰϴϯϴ ϯ͘Ϯϱ Ϭ͘ϭϯ Ϭ͘ϮϬ 
�ϮϲϯϮͲ�Ϯϲϯϭ �ϮϲϯϮ �Ϯϲϯϭ ϴ ϵϬ Ϭ͘ϬϯϬϬ Ϭ͘ϭϬϮϭϰϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘Ϭϰϰϴϯϴ ϯ͘ϱϰ Ϭ͘ϭϮ Ϭ͘ϭϵ Ϭ͘ϭϬϮϭϰϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘Ϭϰϰϴϯϴ ϯ͘ϱϰ Ϭ͘ϭϮ Ϭ͘ϭϵ Ϭ͘ϭϬϮϭϰϭ Ϭ͘ϬϬϬϬϬϬ Ϭ͘Ϭϰϰϴϯϴ ϯ͘ϱϰ Ϭ͘ϭϮ Ϭ͘ϭϵ 
�ϮϲϯϯͲ�ϮϲϯϮ �Ϯϲϯϯ �ϮϲϯϮ ϴ ϯϱϯ Ϭ͘Ϭϭϳϯ Ϭ͘Ϭϳϳϰϴϯ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϯϯϮϬϲ Ϯ͘ϲϴ Ϭ͘ϭϮ Ϭ͘ϭϵ Ϭ͘Ϭϳϳϰϴϯ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϯϯϮϬϲ Ϯ͘ϲϴ Ϭ͘ϭϮ Ϭ͘ϭϵ Ϭ͘Ϭϳϳϰϴϯ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϯϯϮϬϲ Ϯ͘ϲϴ Ϭ͘ϭϮ Ϭ͘ϭϵ 
�ϮϲϯϰͲ�Ϯϲϯϯ �Ϯϲϯϰ �Ϯϲϯϯ ϴ ϭϴϬ Ϭ͘ϬϬϰϲ Ϭ͘Ϭϲϱϰϰϵ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϮϳϲϰϬ ϭ͘ϱϵ Ϭ͘ϭϲ Ϭ͘Ϯϰ Ϭ͘Ϭϲϱϰϰϵ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϮϳϲϰϬ ϭ͘ϱϵ Ϭ͘ϭϲ Ϭ͘Ϯϰ Ϭ͘Ϭϲϱϰϰϵ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϮϳϲϰϬ ϭ͘ϱϵ Ϭ͘ϭϲ Ϭ͘Ϯϰ 
�ϮϲϯϱͲ�Ϯϲϯϰ �Ϯϲϯϱ �Ϯϲϯϰ ϴ ϱϵ Ϭ͘ϬϭϭϮ Ϭ͘ϬϰϳϭϵϬ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϭϵϯϳϬ ϭ͘ϵϵ Ϭ͘ϭϭ Ϭ͘ϭϲ Ϭ͘ϬϰϳϭϵϬ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϭϵϯϳϬ ϭ͘ϵϵ Ϭ͘ϭϭ Ϭ͘ϭϲ Ϭ͘ϬϰϳϭϵϬ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϭϵϯϳϬ ϭ͘ϵϵ Ϭ͘ϭϭ Ϭ͘ϭϲ 
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�ϮϲϯϳͲ�Ϯϲϯϲ �Ϯϲϯϳ �Ϯϲϯϲ ϴ Ϯϭϲ Ϭ͘ϬϬϯϭ Ϭ͘Ϭϭϴϵϰϳ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϳϭϴϰ Ϭ͘ϵϳ Ϭ͘Ϭϵ Ϭ͘ϭϰ Ϭ͘Ϭϭϴϵϰϳ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϳϭϴϰ Ϭ͘ϵϳ Ϭ͘Ϭϵ Ϭ͘ϭϰ Ϭ͘Ϭϭϴϵϰϳ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϳϭϴϰ Ϭ͘ϵϳ Ϭ͘Ϭϵ Ϭ͘ϭϰ 
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�ϭϭϬϰͲ�ϭϭϬϯ �ϭϭϬϰ �ϭϭϬϯ ϲ ϲϵϵ Ϭ͘ϬϬϲϴ Ϭ͘ϬϰϳϴϮϴ Ϭ͘ϬϬϬϬϬϬ Ϭ͘Ϭϭϵϲϱϱ ϭ͘ϳϯ Ϭ͘ϭϯ Ϭ͘Ϯϳ Ϭ͘ϬϰϳϴϮϴ Ϭ͘ϬϬϬϬϬϬ Ϭ͘Ϭϭϵϲϱϱ ϭ͘ϳϯ Ϭ͘ϭϯ Ϭ͘Ϯϳ Ϭ͘ϬϰϳϴϮϴ Ϭ͘ϬϬϬϬϬϬ Ϭ͘Ϭϭϵϲϱϱ ϭ͘ϳϯ Ϭ͘ϭϯ Ϭ͘Ϯϳ 
�ϭϭϬϱͲ�ϭϭϬϰ �ϭϭϬϱ �ϭϭϬϰ ϲ ϭϮϬ Ϭ͘ϬϬϳϬ Ϭ͘Ϭϭϵϭϳϱ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϳϮϳϴ ϭ͘ϯϰ Ϭ͘Ϭϵ Ϭ͘ϭϳ Ϭ͘Ϭϭϵϭϳϱ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϳϮϳϴ ϭ͘ϯϰ Ϭ͘Ϭϵ Ϭ͘ϭϳ Ϭ͘Ϭϭϵϭϳϱ Ϭ͘ϬϬϬϬϬϬ Ϭ͘ϬϬϳϮϳϴ ϭ͘ϯϰ Ϭ͘Ϭϵ Ϭ͘ϭϳ 

ϭϬ G1-34
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