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 flow at the confluence of the upper three sub-basins and includes the flow from a 

proportionate share of the 2700+ excess population above the target medium density 

development level presented by the Planning Office.  A consensus was reached by City 

Staff, Black & Veatch, and PEC that flow estimates generated by the current review were 

consistent and compatible with previous efforts, documented report modifications, and 

the overall planning process and goals. 

 

 The peak design flow for Sub-Basin BC-1 as presented in the WWRF Basis of Design 

Report is 17.607 MGD.  This is 3.014 MGD lower than the sum of the peak flows from 

Sub-Basin BC-1 and the combined area of Sub-Basins BC-2, BC-3 and BC-4 that 

appeared in the Master Plan Update worksheets.  Due to the shorter times of 

concentration, it can be assumed that the peak flow from all subareas of Sub-Basin BC-1, 

including the Free State and Martin Park subareas, would reach PS#48 long before the 

peak flows from the upper three sub-basins.  The attenuation of peak flows that occurs in 

a large watershed is reportedly reflected in the Development Land Use Input worksheet 

results when all four sub-basins are included in one worksheet as was done to determine 

the 17.607 MGD in the Basis of Design Report.   

 

 The flows used for Free State and Martin Park subareas were derived from updated 

versions of the Development Land Use Input worksheets presented in the Westwood 

Hills and Bauer Brook Estates Sanitary Sewer Study.  The same acreage and land use 

density data from the sanitary sewer study was inserted into the newer version of the 

Development Land Use Input worksheet that was used in the Master Plan Update Report.  

This results in estimated peak flows from the Martin Park and Free State subareas of 

1.105 and 2.627 MGD with estimated average daily flows (ADF) of 0.139 and 0.505 

MGD, respectively.   The ADF estimate for the Upper BC-1 Sub-basin, including areas 

downstream of PS#44 and on both sides of the KTA west of PS#48, was calculated from 

the average daily flow for Sub-Basin BC-1 less the ADF for Free State and Martin Park 

subareas.  Approximately 37.2 % of the Sub-Basin BC-1 flow is allocated to the Upper 

BC-1 Sub-Basin. 

 

 To estimate the attenuated flow from each of the three BC-1 subareas (Martin Park, Free 

State and Upper BC-1), the 3.014 MGD increase in peak flow between the confluence of 

upper three Sub-Basins and PS#48 was distributed in proportion to the average daily flow 

assigned to each of these BC-1 subareas.  Although the peak flow from the three subareas 

would have passed through the system before the peak flow from Sub-Basins BC-2, BC-3 

and BC-4 reach Sub-Basin BC-1, the calculated residual peak flow from these three 

subareas would still represent a 2.94 times increase above the average daily flow for 

these subareas.   

 

 The peak flow entering PS#48 presented in the WWRF Basis of Design is 17.607 MGD.  

Within 25 feet of PS#48 the sewer serving the future Martin Park development area east 

and south of PS#48 connects to the main interceptor sewer.  Subtracting the residual peak 

flow of the Martin Park area (0.407 MGD) from the PS#48 peak flow (17.607 MGD) 

results in the 17.200 MGD estimated peak flow for the recently constructed 30” and 36” 

interceptor sewer between the entrance manhole to PS#48 and the junction of the 
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proposed Baldwin Creek West Interceptor Sewer and the Free State Interceptor Sewer.  

The proposed Baldwin Creek West Interceptor Sewer project begins at this junction with 

the Free State Interceptor Sewer north of N 1750 Rd.  Reducing the 17.200 MGD 

estimated peak flow downstream of the junction with the Free State Interceptor Sewer by 

the residual peak flow allocated to the Free State Interceptor Sewer (1.486 MGD) results 

in an estimated peak flow of 15.714 MGD for the Baldwin Creek West Interceptor Sewer 

upstream of the Free State confluence.  For design purposes, the residual peak flow 

expected from the Upper BC-1 subarea was inserted along the proposed Baldwin Creek 

West Interceptor Sewer alignment north of N 1750 Road where the sewer serving the 

area downstream of PS#44 would be expected to connect.  Removing the residual peak 

flow allocated to the Upper BC-1 subarea (1.121 MGD) leaves the 14.593 MGD 

contributed by the three upper Baldwin Creek Sub-Basins as presented in the Master Plan 

Update.   

 

 As indicated in the discussions with Black & Veatch, the population estimate underlying 

these flow estimates is more that 2700 persons above the target population estimate 

agreed to in earlier discussions.  This excess population would contribute more than 1 

MGD to the peak flow at PS#48.  To more accurately reflect the expected peak flows 

along various reaches of the Baldwin Creek West Interceptor Sewer, the peak flows as 

presented above were reduced in direct proportion to the respective ADF.  A summary of 

the data is presented in the following table. 

 

 

Interceptor Sewer Segment 

Unadjusted Design 

Flow (Peak Wet 

Weather Flow) 

MGD 

Adjusted Design 

Flow (Peak Wet 

Weather Flow) 

MGD 

PS#48 Influent Pipe 17.607 16.564 

Free State Interceptor Sewer to PS#48 17.200 16.180 

N 1750 Rd Crossing to Free State 

Interceptor Sewer 

15.714 14.778 

Confluence BC-2/BC-3 to N 1750 Rd 

Crossing 

14.593 13.721 

Confluence SE BC-2 Branch / SW BC-2 

Branch to BC-2/BC-3 Confluence 

N/A 5.428 

SE Branch (below PS#45) N/A 1.042 

SW Branch (below K-10) N/A 4.005 

K-10 East Side 0.521 0.570 

K-10 West Side N/A 2.538 

 

The Design Team is not responsible for any future variation from these developed 

wastewater flows and assumed design flow volumes and rates due to short-term and 

long-term changes in development characteristics.  This includes changes due to 

revisions in preliminary plans, zoning, plats, approved wastewater service plans 

(following publication of this design memo) and/or inclusion of development and 

wastewater flow generation beyond or imported into the indicated watershed 

boundaries. 
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SECTION 4.2 INTERCEPTOR SEWER LINE SIZING 

 

 The Projected Peak Wet Weather Flow (PF) is the design flow used to size the proposed 

sewer line.  The design flows for sewers within Sub-Basin BC-2 are those derived from 

the Development Land Use Input worksheets prepared by PEC and presented in Figure 

4.1.2.  The design flows for the interceptor sewer within Sub-Basin BC-1 were the 

adjusted design flows as calculated and discussed above. 

 

 The following design criteria were used in the capacity calculations for the proposed 

interceptor sewer.  They are consistent with KDHE requirements, those used in the 

Lawrence Wastewater Master Plan, and other previous studies conducted for the City of 

Lawrence. 

 

• Manning’s ‘n’ = 0.013 

• 2/3-full pipe capacity up through 18-inch diameter sewers 

• 3/4-full pipe capacity for sewers > 18-inch diameter  

 The minimum required slope is the sewer gradient at which the designated pipe size can 

convey the design flow at the design depth.  Each sewer segment will be designed to 

equal or exceed the minimum required slope for the required design flows and depths.  

The following summary table outlines the assumed criteria. 

 

The 16.180 MGD Design Flow for the existing sewer downstream of the junction of the 

Baldwin Creek West and Free State Interceptor Sewers is approximately 1.4 MGD higher 

than the design flow estimate used at the time of the PS#48 design.  The slope of the 

existing 30” sewer is more than sufficient to convey the revised flow within the ¾ of full 

capacity criteria.  However, the 36” sewer would operate at approximately 97% of full 

pipe capacity at the adjusted design flow rather than the original design concept of 

operating below 75% of full pipe capacity.  The ability to convey the 10-Year wet 

weather peak flow at full pipe flow has been considered as an acceptable design condition 

by both the City and KDHE on previous hydraulic studies. 

 

The proposed 30” sewer from the connection to the Free State Interceptor Sewer 

upstream to the confluence of the upper Baldwin Creek Sub-Basins will operate between 

75% and full flow capacity at the Adjusted Peak Wet Weather Design Flow.  All other 

proposed interceptor sewer segments are designed to convey the estimated peak wet 

weather flow at the more conservative criteria of less than 3/4 of full flow capacity for 

sewers larger than 18” in diameter and 2/3 full for 18” and smaller sewers.  

 

The 12” sewer segment designated K-10 East Side is a short connector sewer between the 

Mercato Subdivision and the 18” Baldwin Creek West Interceptor Sewer before it passes 

under K-10 highway.  Because of the presence of rock and highly variable terrain, part of 

the line is very steep while the remainder is relatively flat.   
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Interceptor Sewer Segment Design 

Flow 

(MGD) 

Line 

Size 

Minimum 

Expected 

Slope (ft/ft) 

Capacity* 

Design/Full   

(MGD) 

Existing Sewer 

Free State Interceptor Sewer 

Junction to PS#48 

16.180 36” 0.0015         

(Existing) 

15.22/16.69 

Free State Interceptor Sewer 

Junction to PS#48 

16.180 30” 0.0110         

(Existing) 

25.35/27.80 

Proposed Project 

N 1750 Rd Crossing to Free State 

Interceptor Sewer Junction 

14.778 30” 0.0032 13.67/15.00 

BC-2/BC-3 Confluence to N 1750 

Rd Crossing 

13.721 30” 0.0032 13.67/15.00 

Confluence SE BC Branch/SW BC 

Branch to BC-2/BC-3 Confluence 

5.428 21” 0.0040 5.91/6.48 

SE Branch Lower Reach  1.042 12” 0.0050 1.28/1.63 

SE Branch (below PS#45) 0.676 10” 0.0130 1.27/1.61 

SW Branch Lower Reach 3.190 18” 0.0050 3.76/4.80 

SW Branch (below K-10) 4.005 18” 0.0070 4.45/5.68 

K-10 East Side 0.570 12” 0.005 1.28/1.63 

K-10 West Side (Not included in 

current Project) 

2.538 15” 0.0065 2.64/3.37 

 

*Design Capacity calculated at a depth equal to 2/3 of pipe diameter for sewers 18” or 

less in diameter and 3/4 of pipe diameter for sewers greater than 18” in diameter. 

 

The line sizes projected for the Baldwin Creek West Interceptor Sewer at the projected 

design flows generally conform to those presented in the Northwest Area Master Plan 

Update with one major exception.  The interceptor sewer between the confluence of the 

three upper Baldwin Creek Sub-Basins to the junction with the Free State Interceptor 

Sewer is proposed as a 30” sewer rather than the 24” illustrated in Figure 1 of the Master 

Plan Update.  In the WWRF Basis of Design Report, the future 15.0 MGD pump station 

proposed in the Master Plan Update in the vicinity of the confluence of the three upper 

Sub-Basins was essentially eliminated and flow equalization adjacent to the newly 

constructed PS#48 substituted.  This change requires the interconnecting sewer to be able 

to convey the entire peak wet weather flow to the equalization basins and necessitated the 

change to a 30” sewer.   

 

SECTION 4.3 PIPING MATERIALS AND SPECIAL CONSTRUCTION NEEDS 

 

Piping Materials:  Piping materials under consideration include both materials specified 

in the City of Lawrence Construction and Material Specifications and some that are not.  
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Any materials that are not currently specified by the City of Lawrence will require 

submittal of sufficient supporting documentation to satisfy the Design Build Team and 

the City as to the material’s applicability for use on this project.  The following materials 

have been considered: 

• PVC, SDR26 Sanitary Sewer Pipe as specified under the City of Lawrence 

Construction and Material Specifications. 

• Ductile Iron Pipe (DIP) as specified under the City of Lawrence Construction 

and Material Specifications including Protecto 401 epoxy coating.  Class 250 

subject to design confirmation.   

• PVC, C905 Pressure Pipe, DR25.  This pipe is being considered for use as 30” 

diameter sewer pipe.  It has a slightly thicker wall than PVC, SDR26 Sanitary 

Sewer Pipe.  Installation would be subject to the same City of Lawrence 

Construction and Material Specifications as applicable for the PVC Sanitary 

Sewer Pipe. 

• Vylon PVC Sewer Pipe.  This pipe is not specified by the City of Lawrence.  It is 

being priced for comparative purposes.  No review of construction criteria has 

been conducted at the present time. 

• HDPE SDR17 Pipe.  This pipe is not specified by the City of Lawrence.  It is 

being priced for comparative purposes.  No review of construction criteria has 

been conducted at the present time. 

• Welded PVC/SDR 26 Pipe.  This specialized pipe is not specified by the City of 

Lawrence.  Although it is PVC pipe of the same thickness designation as the 

specified PVC pipe, it is butt-fused into continuous runs of pipe rather than joined 

by a gasketed connection.   

 

Manholes:  All manholes supplied as part of this project shall conform to the following 

requirements: 

• Interior lining as specified in Section 2510.3 of the City of Lawrence 

Construction and Material Specifications and applied per manufacturer’s 

specifications.  Zebron 100% solids hybrid polyurethane or Raven 100% solids, 

ultra high build epoxy coating. 

• Bolt-down type lids (Four bolts or less) with seal 

• Joints between manhole sections and adjustment rings shall be encapsulated with 

a wrap-around heat shrinkable sheet with crosslinked polyolefin backing, coated 

with a protective heat activated adhesive.  Material shall be Canusa-CPS 

WrapidSeal or approved equal. 

 

Stream Crossing Details: Eighteen stream crossings have been identified along the 

proposed sewer alignment, fifteen of which require permits from the Division of Water 

Resources (DWR).  Details for the construction of concrete encasement/erosion cutoff 

walls and rip rap erosion protection were developed for and utilized on the PS#48 project.  

These are reproduced here as Figures 4.2.1, 4.2.2 and 4.2.3 and are proposed for use on 
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the Baldwin Creek West Interceptor Sewer project.  Figure 4.2.4 is a modification of the 

concrete encasement detail to reflect the inclusion of a communications conduit in the 

encasement in conjunction with the sewer line.  The regulatory compliance requirements 

for these crossings are addressed in Section 5. 

 

Road Crossings:  The proposed alignment will require permits for road crossings at two 

locations.  These are crossings of township roads N 1750 Rd and E 1000 Rd (Queens 

Road).  Permit applications will be submitted to Kanwaka Township through the Douglas 

County Public Works Department.  It is anticipated that 42” steel casing will be installed 

by open cut excavation across both road right of ways.  Special consideration will be 

provided along 1750 Road to account for future ROW width for arterial street 

construction. 
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