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I. INTRODUCTION AND PURPOSE 

McKinley Village is a proposed single family residential development (Figure 1) located within 

the city of Sacramento (City), and bounded to the north by the Interstate Highway 80 Business 

Loop (Business 80) and to the south by the Union Pacific Railroad (UPRR) (formerly the 

Southern Pacific Railroad lines).  Wood Rodgers, Inc. (Wood Rodgers) has prepared this 

drainage study on behalf of Encore McKinley Village, LLC.  

The purpose of this report is to present a hydrologic and hydraulic analysis for the proposed 

McKinley Village on-site drainage system while minimizing the impact to the existing off-site 

drainage system and discharge into the American River.  The proposed storm-drainage system 

includes an on-site drainage pipe network, Low Impact Design/Hydro-modification (LID/H-M) 

facilities which encourage reduced runoff, detention basins and an on-site pump station to 

control flows to the city of Sacramento Sump 99. 

II. BACKGROUND 

The proposed land use plan for McKinley Village development consists of 48.8± acres, which 

encompasses parks, open space lots, and single family residential lots.  The McKinley Village 

project is isolated from the existing City of Sacramento drainage system by Business 80 and the 

UPRR embankment.  Contribution of storm runoff from adjacent UPRR and City of Sacramento 

land will increase the area of the total on-site watershed to 60.6± acres.  

III. FLOOD CONTROL 

Effective FEMA FIRM 

FEMA prepared an updated FIRM, dated August 16, 2012.  The project area is not within a 

100-year floodplain and the location is identified as within a 500-year floodplain Zone X 

(protected by levee from the one-percent annual chance of flood).  (Figure 2) 

Proposed Flood Control Facilities 

The McKinley Village project includes the proposed 40th Street extension underpass through the 

existing UPRR that will connect to C Street.  The UPRR embankment located south of the 

American River is considered a secondary flood control facility protecting portions of  

Sacramento from an American River left bank levee failure east of the McKinley Village project.   
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The existing UPRR top-of-levee elevation is approximately El. 40.0 feet National Geodetic 

Vertical Datum of 1929 (NGVD 29) which is consistent with the left bank of the American River 

top-of-levee. As identified in the 1998 Federal Emergency Management Agency (FEMA) Flood 

Insurance Rate Map (FIRM), the estimated 100-year Base Flood Elevations (BFEs) with the 

levees assumed as a failed condition (performed by others) falls in elevation from an eastern to a 

western direction towards the McKinley Village project.  The overbank FEMA FIRM elevations 

are assumed to be contained between the UPRR embankment and the American River left bank 

levee.  The 100-year overbank elevation within the project boundary is El. 37.0 feet (NGVD 29). 

Figure 3 shows the overbank elevations from the hypothetical levee failure prior to the 

American River levee certification in 2004. The proposed 40th Street extension underpass 

through the UPRR embankment will include a floodgate structure on the north side of the UPRR 

embankment.  The floodgate structure will prevent flood water from entering the underpass and 

provide the same secondary flood control protection as the existing UPRR embankment from a 

potential failure on the American River south levee located east of the McKinley Village project.  

The basis for setting the top-of-gate elevation is based on the elevation of the existing flood gate 

structure located on Business 80 and the FEMA FIRM elevation dated 1998.  The updated 

effective FEMA FIRM dated 2012 does not show the overbank BFEs because the American 

River levees were approved for FEMA certification in 2004.  The BFEs that were removed from 

the overbank south of the American River were replaced by a FEMA Shaded Zone X 

designation.  Shaded Zone X represents an area protected by a certified levee.  

IV. EXISTING AND PROPOSED TOPOGRAPHY 
The existing topography for the McKinley Village site varies in elevation from El. 28.0 feet at 

the east to El. 14.0 feet at the west.  The existing topographic data collected by Wood Rodgers 

and presented on the proposed grading plan (Appendix A) is based on the city of Sacramento 

benchmark 297-G4F.  The city of Sacramento controlling elevation for 297-C3E is published as 

29.383 feet, whereas NGS published a NGVD 29 elevation of 29.0 feet (NAVD 88 elevation of 

31.55 feet) 

Note:  The elevations, as presented in this report, are city of Sacramento datum (City Datum), 

unless otherwise specified.  

Existing Land Use and Facilities 

The majority of the project area is undeveloped open space, McKinley Village project land, the 

existing A Street overcrossing (city of Sacramento land), and the north half of the UPRR 



DRAINAGE STUDY FOR MCKINLEY VILLAGE 
ADMINISTRATIVE DRAFT – AUGUST 29, 2013 
 

3 
 

embankment.  The existing Business 80 and UPRR embankment prevent drainage runoff from 

leaving the site; therefore, there is an overland release for this site.   

The existing runoff from this land collects on-site and does not contribute to any off-site existing 

drainage system.  The existing runoff ponds on-site and drains through infiltration, and 

evaporates. 

Adjacent to McKinley Village, the existing off-site drainage system located south of the UPRR 

utilizes Sump 99. A more detailed description of the Sump 99 is given in Section V.  The 

residential gravity drainage system to Sump 99 includes three trunk systems along C Street, 

Meister Way and Elvas Avenue connected to Sump 99 by way of a 90-inch-diameter pipe 

located at the intersection of Lanatt Street and Elvas Avenue. 

Proposed Facilities 

The proposed McKinley Village project will incorporate an on-site underground drain pipe 

system that gravity flows from east to west across the site to an on-site 10.0 acre-feet drainage 

basin.  An on-site pump station sump located on the west side of the property will include two 

5-cfs pumps that will be connected to Sump 99 via an 18-inch-diameter force main.  Since 

McKinley Village drainage is contained on-site and connected to Sump 99, the pump system was 

designed to shut off when peak stages occur in Sump 99 in order to minimize any impact to the 

off-site drainage system.  To mitigate the storm water runoff when the pumps are shut off, 

McKinley Village includes two detention basins to contain peak runoff volume when the pumps 

are turned off.  

V. OFF-SITE DRAINAGE SHEDS AND PUMP STATION (Sump 99) 

The existing drainage system for Sump 99 and Sump 10 totals approximately 1,135.2 acres. The 

drainage sheds corresponding to these sumps are named as Basin 99 and Basin 10 respectively.  

The watershed area of Sump 99 is named Basin 99 and has a total watershed area of 

approximately 386 acres.  The locations of these two sheds are shown on Figure 4.  

The existing drainage pump station (City Sump 99) was built in 1966 and is located near the 

intersection of C Street/Elvas Avenue and Lanatt Street.  Record drawings of Sump 99 were 

obtained from city of Sacramento Drainage Project No. 14 and provided on the DVD.  Sump 99 

includes an intake of a 90-inch reinforced concrete pipe and the outlet force main is a 66-inch 

welded steel pipe which extends approximately 1,700 feet through the River Park development 

to the outfall at American River.  
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The pump station contains a total of four pumps (description shown in Table 1, below). 

Appendix B provides the Sump 99 record drawings. 

 

Table 1 

Pump Parameters at the Sump 99 

Pump Capacity 
(cfs) 

Horse Power 
Pump Start Elevation 

(feet) 
Pump Stop Elevation 

(feet) 

3.2 25 7.72 6.72 

48.5 300 11.22 8.72 

48.5 300 13.22 10.22 

48.5 300 15.22 11.22 

 

VI. DESIGN CRITERIA 
The following design criteria were applied to the McKinley Village evaluation:   

1. The 100-year Water Surface Elevation (WSEL) shall be a minimum of 12 inches 

below proposed pad elevations (Proposed Development). 

2. The 100-year WSEL shall be below the finish floor elevation of any existing structure 

(Existing Development).  Note: Wood Rodgers evaluated existing conditions without 

the proposed project connected to Sump 99 in order to determine if any existing 

structures do not satisfy these criteria.  

3. The 10-year WSEL shall be a minimum of six inches below proposed adjacent gutter 

flow line elevations (Proposed Development). 

4. The 10-year WSEL shall not exceed existing top-of-curb elevation (Existing 

Development).  Note: Wood Rodgers evaluated existing conditions to determine if the 

existing top-of-curb elevations do not meet these criteria.    

5. The maximum velocity in any gravity drain pipe shall not exceed 10 feet per second 

(fps). 

VII. MODELLING SOFTWARE AND APPROACH 
The existing off-site Sump 99 drainage system was originally modeled using the city of 

Sacramento Stormwater Management Model (SSWMM96).  This original model includes two 

file blocks entitled RUNOFF and EXTRAN. The RUNOFF block watershed simulation is first 
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used to develop runoff hydrographs for each sub-catchment in the watershed. The RUNOFF 

block conveyance simulation may then be used to perform hydrologic routing through various 

conveyance elements.  Finally, the EXTRAN block is used to dynamically route the hydrographs 

through the remainder of the conveyance system, usually the major interceptors and trunk lines.  

Wood Rodgers proceeded with updated dynamic modeling XPSWMM Version 2012 software. 

XPSWMM analysis capabilities are very similar to the SSWMM96 software, but XPSWMM 

includes an enhanced graphical interface that makes it more user friendly.   

The existing off-site drainage system parameters within Basin 99 watershed (Figure 4) was 

extracted from the SSWMM96 model and redeveloped in the XPSWMM model as the “Existing 

Condition”.  The output of off-site model results using these two software is then compared to 

get an overall confidence in the XPSWMM model.  

The on-site Sacramento County hydrology was incorporated into XPSWMM which quantified 

the runoff contributions from each sub-shed based on the soil conditions, land use, and 

topography for different storm events.  The hydraulic module of the XPSWMM model is used to 

route the flow hydrographs through the proposed the gravity flow network to the proposed on-

site pump station.  A proposed force main is connected from the on-site pump station to Sump 99 

of the off-site XPSMM model network to evaluate a “Proposed Conditions”.   

VIII. HYDROLOGY 
The following sections provide the hydrologic data used to evaluate the existing and proposed 

drainage system presented in this report. 

Sub-Catchment of Basin 99 

The layout of the existing sub-catchments and drainage network of Basin 99 is shown in 

Appendix C.  The original SSWMM96 model inflow from sub-catchment 3001 was added to 

Node 300; however, adding this to Node 399 appears to be more reasonable.  The hydrographs 

obtained in 18 sub-catchments from the RUNOFF block of SSWMM96 were applied to the 

corresponding nodes in the XPSWMM model as shown in Table 2.   
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Table 2 

Existing Condition Network 

Sub-Catchment No. 
Width of 

Sub-Catchment
(feet) 

Area of 
Sub-Catchment

(acre) 

Network Sub-Catchment 
Connection Node from to 

Downstream Node Manhole 

9900 1241 14.2 99 

3001 3326 30.9 399 

3002 1238 10.4 300 

3050 1788 8.9 305 

3100 2942 21.2 310 

3150 2282 18.9 315 

3200 2435 13.3 320 

3201 3914 18.5 320 

3250 3636 45.6 325 

3300 2464 22.2 330 

3350 2260 17.0 335 

3400 1775 10.1 340 

3450 2444 13.4 345 

3500 3150 32.1 350 

3550 2070 24.6 355 

3600 1426 21.1 360 

3650 2366 24.0 365 

3700 1725 37.9 370 

 

Rainfall and Evaporation  

The rainfall depths and temporal storm patterns applied to each sub-shed area was obtained from 

the City and County of Sacramento Drainage Manual (Volume 2: Hydrology Standards) 

December 1996.  This study includes an evaluation using the design rainfall data for the 10-year 

24-hour, 100-year 24-hour and 100-year 10-day storm events for Zone 2.  Zone 2 from the 

Sacramento County manual encompasses the hydrologic area west of Highway 99 to Lake 

Natoma.  This data is documented in Appendix D.  The evaporation rate of 0.1 inch/day was 

assumed in XPSWMM model evaluation. 
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Sub-Catchment Properties 

The proposed sub-catchment boundaries are shown in Appendix F.  In accordance with the 

Sacramento SWMM manual, Sub-catchment width (W) was been estimated with the following 

equation:  W = (A) / (L) 

Where: A= Sub-catchment Area (square feet) 

L= Typical Overland Flow Length, in this case flowpath in each sub-shed was 

obtained as the length of longest watercourse, measured as approximately 

90 percent of the distance from the point of interest which is the catch basin 

inlet to the headwater divide of the basin.   

The overall slope along the flow path is considered as the slope of the sub-shed.  

Land Use  

Sub-catchment imperviousness has been calculated in accordance with the proposed land use 

shown on the Tentative Map included in Appendix E, and the City’s typical Land 

Use/Imperviousness criteria are provided in Table 3.  The percentage imperviousness in each 

sub-shed was obtained from their weighted average area of each land use type.  The proposed 

on-site T-court driveways are considered to have a percentage imperviousness of 90 percent.  

 

Table 3 

Typical Land Use/Imperviousness 

Land Use Impervious Percentage 

Commercial/Highways/Parking 95% 

Apartments/Offices/Trailers/Multi-Family 80% 

Condominiums/Schools/Industry 70% 

Single Family Residential:  11-18 DU/Acre 70% 

Single Family Residential:  8-10 DU/Acre 60% 

Single Family Residential:  6-8 DU/Acre 50% 

Single Family Residential:  4-6 DU/Acre 40% 

Single Family Residential:  3-4 DU/Acre 30% 

Single Family Residential:  1-2 DU/Acre 15% 

Single Family Residential:  .2-.5 DU/Acre 10% 
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Table 3 

Typical Land Use/Imperviousness 

Land Use Impervious Percentage 

Single Family Residential:  <.2 DU/Acre 5% 

Park 5% 

Open Space/Grassland/Cropland 2% 

Open Space/Woodland 1% 

Overland Flow, Depression Storage, and Infiltration 

Overland Flow roughness coefficients have been applied in accordance with the City’s 1996 

SWMM Manual, as shown in Table 4. The highlighted rows were incorporated into the 

XPSWMM model. 

Table 4 

Sub-Catchment Overflow and Flow Roughness Coefficients 

Ground Cover Suggested Manning's "n" for Overland Flow 

Impervious  

Smooth Asphalt 0.016 

Asphalt or Concrete Paving 0.020 

  

Pervious  

Native grass 0.20 

Urban Lawns 0.25 

Dense Shrubbery and forest liner 0.40 

Depression storage is an assumed value included in the model evaluation to represent shallow 

depth which will store runoff on the rising or falling limb of the hydrograph.  The values 

extracted from the Sacramento SWMM manual and included in the XPSWMM evaluation are 

shown below in Table 5.  The highlighted rows were incorporated in both SSWMM96 and 

XPSWMM models. 
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Table 5 

Typical Depression Storage for Various Land Covers 

Land Cover 
Typical Depression and 

Detention Storage Values 
(inches) 

Recommended Storage 
Values 
(inches) 

Impervious Areas   

Large Paved Area 0.05-0.15 0.10 

Roofs - Flat 0.10-0.30 0.10 

Roofs - Sloped 0.05-0.10 0.05 

Pervious Areas   

Lawn Grass 0.2-0.5 0.35 

Wooded Areas and Open Fields 0.2-0.6 0.40 

Soil Infiltration values were applied in accordance with the Sacramento SWMM manual, as 

provided in Table 6.  The current soils classification for the site from the Natural Resources 

Conservation Service (NRCS), formerly SCS, and the entire on-site area is covered by 

Hydrologic Soil Group “A” soils at the time of the soils study. Hydrologic Soils Group A has a 

high rate of water transmission.  A majority of areas throughout the City and County of 

Sacramento are included in Hydrologic Soils C and D which have a low rate of runoff.  To be 

consistent with the infiltration rate used in the SSWMM96 model, Hydrologic Soil-Cover Group 

“B” was used in the analysis in both pre and post-project conditions of XPSWMM. 

Initial losses are dependent on the soil condition.  Horton’s method was used to calculate the 

infiltration in both the on-site and off-site Sub-catchments.  Table 6 indicates the initial and final 

Hydrologic Soil Group B infiltration values used for the project.  The highlighted row was 

incorporated in both SSWMM96 and XPSWMM models. 

Table 6 

Recommended Infiltration Coefficients 

Hydrologic Soil Group 
Initial Infiltration

(inch/hour) 
Final Infiltration

(inch/hour) 
Infiltration Decay Coefficient 

A 1.0 0.35 0.0007 

B 1.0 0.19 0.0018 

C 1.0 0.11 0.0018 

D 1.0 0.08 0.0018 
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IX. HYDRAULICS: EXISTING CONDITIONS (Pre-Project) 

The existing conditions (pre-project) hydraulic model has been analyzed to evaluate the existing 

drainage system and the Sump 99 pumping scheme, and to note any surcharge that potentially 

impacts the existing residential homes. 

Existing Storm Drains 

The SSWMM96 model includes both Basin 99 and Basin 10 with separate pump stations that 

discharge to the American River. The model input only included the main trunk storm drain 

pipes and excluded the intermediate leader pipes from the street inlets to the trunk system.  The 

EXTRAN Block of SSWMM96 was used to calculate the hydraulics of the off-site drainage 

network of Basin 99 and Basin 10.  Wood Rodgers identified two locations where Basin 10 

overflows to Basin 99 and, eventually, to the outfall of Sump 99.  The overflow occurs at the 

intersection of 49th Street and C Street (Node 1048), and at the intersection of Elvas Avenue and 

Aiken Way (Node 1031).  The corresponding downstream pipes are 426 and 401 respectively.  

Appendix C shows the drainage network of Basin 99 and the overflow locations. Table 7 

provides the estimated runoff volume exchange from Basin 10 to Basin 99. 

 

Table 7 

Estimated Volume Exchange from Basin 10 to Basin 99 

Overflow Location 
100-year 24-hour 

Storm Event 
(acre-feet) 

10-year 24-hour 
Storm Event 

(acre-feet) 

Estimated Total Volume through Conduit 426 15.7 7.8 

Estimated Total Volume through Conduit 401 13.4 8.4 

Estimated Total Overflow Volume  from 
Basin 10 to Basin 99 

29.1 16.2 

 

 

In order to confirm that SSWMM96 and XPSWMM models provide consistent output results, 

the existing off-site drain system from SSWMM96 was inserted into XPSWMM and compared. 

The hydrology fromSSWMM96 model for the off-site drainage was considered acceptable and 

was applied to the corresponding nodes in the XPSWMM model for consistency.  Since, off-site 
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XPSWMM model was developed only for Basin 99, the routed overflow hydrographs from 

Basin 10 through conduits 426 and 401 were added to their corresponding upstream nodes in the 

XPSWMM model boundary conditions.  The McKinley Village project area does not contribute 

runoff to Sump 99 in the existing condition.  Instead, storm water runoff accumulates on-site 

because there is no connecting under drain(s) through the UPRR.  Storm water currently ponds 

on-site and infiltrates. 

Figure 5A and Figure 5B represent flow hydrographs through the 90-inch diameter conduit 

obtained using both SSWMM96 and XPSWMM models.  Figures 5A and 5B both reflect the 

pump operations required to discharge flow to the American River.  The flow has been compared 

with the corresponding velocity and the stage at the upstream node 399.  The flow hydrographs 

for the 100-year 24-hour storm event at the upstream 90-inch conduit (Pipe 498) indicates that 

both models produce similar and acceptable results for existing conditions. The oscillation in the 

flow hydrograph that occurs before and after the peak flow regime is mainly due to the fact that 

the bottoms 48.5 cfs pump turns on/off between elevation of 8.72 feet and 11.22 feet. Table 8 

presents the total volume into Sump 99 for the 10- and 100-year 24-hour storm events. The 

overflow from Basin 10, in the 100-year 24-hour and 10-year 24-hour storm events were 

estimated at 25 and 26 percent of the total runoff volume, respectively.  

Table 8 

Existing Condition Sump 99 Comparison 

Storm Event 
100-year 24-hour 

Storm Event 
10-year 24-hour 

Storm Event 

 SSWMM96 XPSWMM SSWMM96 XPSWMM 

Total Flow at Sump 99 (acre-feet) 115.30 114.40 63.80 62.00 

Total flow contributed by Basin 99 (Based on the 
over flow using SSWMM96 model) (acre-feet) 

86.20 85.30 47.60 45.80 

Total Flow volume in inches 
(from total area of 386 acres) 

2.68 2.65 1.48 1.42 

Total Rainfall (inches) 4.25 4.25 2.98 2.98 

% of total effective rainfall reaches at Sump 99 63.00 62.00 50.00 48.00 
 

Sump 99 Conditions 

The resulting stages at Sump 99 for the 100-year 24-hour and 10-year 24-hour storm events were 

compared using both SSWMM96 and XPSWMM.  Figures 6A and 6B indicate that the resulting 

stage is similar when compared to both the SSWMM96 and XPSWMM model, the peak stages at 

the Sump 99 are slightly higher using XPSWMM compared to SSWMM96.  Although the stages 
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are with tolerance, the XPSWMM model was determined to be acceptable and used to evaluate 

proposed conditions. This peak stage occurs for a very short duration of time and is considered 

negligible.  A second peak occurs in the XPSWMM stage, and the pattern of the stage 

hydrograph at the peak period is relatively flat.  There is a fluctuation in the stage that varies 

between 8.72 and 11.22 feet and occurs before and after the peak stage.  This fluctuation is due 

to the on/off criteria of the bottom two pumps (see Table 1 for pump parameters).  

Table 9 provides a comparison of the stage and the duration of peak that occurred in Sump 99 

using the two models. 

Table 9 

Estimated Model Comparisons at Sump 99 

Storm Event SSWMM96 XPSWMM 

 
Peak Stage at Sump 

99 (feet) 

Duration above 
based  El.13.0 feet 

(hours) 

Peak Stage at 
Sump 99 (feet) 

Duration above 
base El. 13.0 feet 

(hours) 

100-year 24-hour 22.8 5.6 24.1 5.3 

10-year 24-hour 21.4 1.5 22.7 1.6 

X. HYDRAULICS: FUTURE CONDITIONS (Post-Project) 

After determining that the off-site XPSWMM model is comparing well with the existing 

SSWMM96 model, the on-site hydrology and drainage network is developed using XPSWMM 

and incorporated in the off-site model. Wood Rodgers evaluated the hydraulic performance of 

the Basin 99 drainage system for the 100-year and 10-year 24-hour duration storms to ensure 

protection of structures from flood damage and to confirm that the existing drainage system is 

not impacted.  Additionally, the 100-year 10-day storm event was evaluated.  All stormwater 

infiltrated on-site was not conveyed downstream and does not enter the Sump 99 downstream 

system.  The hydrologic parameters used in the on-site model are described earlier in the 

Section VIII.    

Pipe Material, Roughness Coefficient, and Minimum Pipe Slope 

Pipes have been modeled with the following pipe material described in the improvement 

standards.  The proposed pipes are considered as reinforced concrete pipes.  The Manning’s 

roughness coefficient (“n” value) of 0.015 is applied in all gravity pipes.  The force main was 

assumed PVC material with a Manning’s n = 0.011. 
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The use of this “n” value allowed for the use of varying pipe slope to achieve the minimum self-

cleaning.  A minimum self-cleaning velocity of two fps was assumed for full flow conditions.  

XPSWMM Model – Conduit and Parallel Overland Channel Relationship   

For reference, the application of the overland (street) cross-sections corresponding in tandem 

with the parallel subsurface conduit in the XPSWMM modeling was described in Appendix G.  

Street cross-sections having a typical right-of-way width for a 42, 53, 58 and 59 feet were 

defined in the model to accommodate overall street storage for storm water runoff.  The model 

incorporated typical residential street high and low points in the overland flow geometry. To 

assist in the review of reflecting depressed areas that contribute to peak flow attenuation, the 

streets are modeled as two separate flow lines connected in series.   

On-site Drainage Layout 

The proposed preliminary on-site storm drain pipe layout was designed using the above 

mentioned criteria. The runoff is directed from three major branches meeting at the intersection 

of proposed A Street and Street 2.  The drain pipe size, flow and HGL at each node under 

100-year 24-hour and 10-year 24-hour storm events for the entire on-site drainage network are 

shown in Appendix F. 

Simulation at 100-Year 10-Day Storm Event 

In addition to the 100-year 24-hour evaluation, the XPSWMM model was run for the 100-year 

10-day storm event.  The rainfall data was synthesized from the City and County of Sacramento 

Drainage Manual; Volume 2: Hydrology Standards, December 1996.  The rainfall data is given 

in Appendix D. 

Basin Design 

In order to mitigate the peak flow from the developed lands of the project area, two detention 

basins are proposed at the western boundary of the project where the proposed elevation is the 

lowest on the project site.  The detention basin location at the lowest elevation will facilitate 

overland release on-site from east to west to provide the maximum protection and to prevent 

structure flooding.  These detention basins are named DETS and DETN in the XPSWMM 

model.  DETS is located between A Street and the UPRR, and DETN is located between A 

Street and Business 80.  These basins will have varying side slopes of from 3:1 to 5:1.  The 

location and topography of these detention basins are shown in Appendix H.   
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Two basins are connected by a 24-inch diameter pipe.  The connector pipe will equalize and act 

as a composite basin when the water surface level at DETN rises above the invert of DETS, 

which is El. 13.7 feet.  Runoff from the open space southern boundary between the project 

boundary and the railroad will discharge into detention basin DETS.  DETN will receive flows 

from four separate conduits, with P1 being the 36-inch diameter main trunk from the proposed 

on-site drainage network.  Furthermore, runoff from portions adjacent to Business 80 and open 

space at the northwest project boundary will discharge directly into DETN.  The intake of the on-

site pump station will be at an elevation of El. 9.5 feet.   

The flow into detention basin DETN for the 10/100-year 24-hour storm events is shown in 

Figure 7.  The peak flow rates for 100-year 24-hour and 10-year 24-hour storm events are 52.7 

and 36.2 cfs respectively.  This peak flow timing for both events for proposed conditions is 

similar (at around 12 hour from the start of rainfall) to that of the peak flows from the off-site 

drainage into Sump 99.  Total volume of flow into this final accumulation point of on-site 

drainage system is 12.5 acre-feet and 7.7 acre-feet for 100-year 24-hour and 10-year 24-hour 

storm events.  Runoff discharged directly into DETS is only 1.4 cfs and 0.7 cfs in 100-year 

24-hour and 10-year 24-hour storm events respectively. 

The water surface elevation at basin DETS and DETN at 10-year 24-hour, 100-year 24-hour and 

100-year 10-day storm events is shown on Figure 8A through Figure 8D.  The peak stage 

occurs at nearly 1.8 hours and 5.7 hours later than the peak flow in 10-year 24-hour and 100-year 

24-hour storm event respectively, because the on-site pump is turned off during the peak flow 

period and, thereby, allows storing of water in the detention basins.  The 100-year 24-hr rainfall 

event governs the peak stage at the detention basins. The storage in the south detention basin 

DETS is negligible during a 10-year storm event; however, this is significant in 100-year storm 

events. 

The peak stage of the detention basin is given in Table 10:  
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Table 10 

Proposed Detention Basin Results 

Detention 
Basin 

Bottom 
Elevation 

(feet) 

Top 
Elevation 

(feet) 

Total 
Available 
Volume 

(acre-feet) 

Peak Stage/Volume 
at 10-year 24-hour 

Storm  

(feet) 

Peak 
Stage/Volume 

at 100-year      
24-hour Storm 

(feet) 

Peak 
Stage/Volume 

at 100-year  
10-day Storm 

(feet) 

Stage 
(feet) 

Volume 
(acre-
feet) 

Stage 
(feet) 

Volume 
(acre-
feet) 

Stage 
(feet) 

Volum
e 

(acre-
feet) 

DETS 13.7 20 1.6 14.0 0.10 16.8 0.6 15.5 0.3 

DETN 9.5 17 7.7 13.8 3.7 16.8 7.5 15.5 5.9 

Pump and Force Main 

Proposed on-site pump station will be used to convey water from the detention basin (DETN) to 

the existing Sump 99, which is located approximately 4,200 feet from the detention basin.  There 

are three 5-cfs pumps placed in a sump with one pump used as the spare.  The type of pump and 

the pump curve used in this analysis are shown in Appendix I.  The proposed model of the pump 

to be used for this study is JCU, Size: 8x8.5-17.25, Group: S, 60 Hz, RPM: 870; however, this 

may change during the design phase.  Two pumps will be running simultaneously to discharge 

the storm water with a maximum rate of 10 cfs at a DETN stage of El. 17± feet to the top of the 

sump of elevation of El. 24.5 feet.  The reason for connecting the force main at the top of Sump 

99 is to avoid any interference with the existing flow.  An 18-inch diameter PVC pipe is used as 

force main, with a total length of 4,200± feet.  This pump will start when the water surface 

elevation in the basin rises above El. 11.5 feet, and the pump will stop when the level drops 

below El. 10.0 feet.  In addition, the pumps will also be turned off when the water surface 

elevation in Sump 99 is greater than El. 13.0 feet so that the flow condition in the existing 

drainage system is not overburdened by the additional flow from the McKinley Village on-site.  

Conditions at Sump 99 

Based on the operating criteria of the on-site pumps, as the water level in the sump rises above 

El. 13.0 feet, the McKinley pump station will remain off for approximately 1.6 hours, 5.3 hours 

and 4.0 hours during the 10-year 24-hour, 100-year 24-hour and 100-year 10-day storm events, 

respectively.  The flow hydrographs through the force main and the stage at the Sump 99 at 

different storm events are shown in Figure 9A through Figure 9C and Table 11, and show a 

comparison of the peak stage at Sump 99 at different storm events.  Furthermore, the fluctuation 
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in the flow through the force main, before and after the peak stage period, may also be dictated 

by the water surface elevation in the north detention basin DETN as mentioned above.   

Table 11 

Stage at Sump 99 at Different Scenarios 

Scenario 

Peak Stage at 
10-year 24-
hour Storm  

(feet) 

Peak Stage at 
100-year 24-
hour Storm 

(feet) 

Peak Stage at 100-
year 10-day Storm 

(feet) 

Pre-Project 22.7 24.2 22.2 

Post-Project 22.4 23.7 22.2 

 

A comparison of existing condition and proposed condition stage in the Sump 99 is shown in 

Figure 9D through Figure 9F.  In general, the stage hydrographs have been divided into three 

time zones.  Zone A represents the period when the stage is generally below El. 13.0 feet.  The 

fluctuation in the low flow and stage in the Sump 99 is generally due to the set pumping 

parameter for bottom 48.5 cfs pump as described earlier.  Zone B is the period during which the 

stage is higher than El. 13.0 feet.  As the stage in the Sump 99 rises above El. 13.0 feet, on-site 

pumps will remain off for approximately 5.3 hours, 1.6 hours and 4 hours for the 100-year 

24-hour, 10-year 24-hour, and 100-year 10-day storm events, respectively.  Because the on-site 

pumps are turned off during this period, the stage at the Sump 99 almost coincides in both 

existing and proposed conditions.  A 100-year 10-day storm has a predominate zone B in the 

fourth peak and a very short period (nearly an hours) of Zone B in the third peak.  Zone C is the 

period when peak flow recedes and stage come down below El. 13.0 feet.  During this period, 

Sump 99 gets additional volume from the proposed development through the force main for 

which those pumps must run for a longer period to have the same stage as in the existing 

condition.  At Zone C, the bottom 48.5 cfs pumps in the Sump 99 will have to run approximately 

10 hours, 6 hours, and 8 hours longer for the 100-year 24-hour, 10-year 24-hour, and 100-year 

10-day storm events, respectively.  Since, there is an un-interrupted inflows from the proposed 

development during the first, the second and the fifth peaks in 100-year 10-day storm event (as 

shown in Figure 9F) the stages in the reaches at El. 11.22 feet sooner  ,the bottom two pumps in 

the Sump 99 run earlier, and net outflow from the Sump 99 is higher at post-development 

condition than in the existing conditions  (See Table 1 for the operating stage for the bottom two 

pumps.).  For the same reason, stage in the Sump 99 lowers down sooner in the proposed 

conditions of these peaks.  
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Off-Site Drainage Contribution (XPSWMM) 

The off-site/existing drainage system stage hydrograph at pre- and post-project condition is 

compared at three nodes near Sump 99: Node 399, Node 301 and Node 300.  These are shown in 

Figure 10A through Figure 10C.  It has been found that these stage hydrographs coincide at the 

peak regime.  Since, difference between the pre- and the post-project condition is negligible in 

these three nodes; this difference in the networks upstream of these three nodes also should be 

negligible. Appendix J1 shows the flow and HGL at different nodes in the off-site drainage 

network at 100-year 24-hr storm event. The difference in the maximum HGL at pre- and post-

project conditions is shown in table format in Appendix J2. The model results show the peak 

flow and HGL are almost the same in the existing and the proposed conditions.  

LID/H-M Facilities 

The drainage system incorporates LID/H-M principles to reduce urban stormwater runoff and 

meet the water quality requirements.  LID/H-M principles include increasing pervious surfaces; 

disconnecting impervious cover; increasing use of amended soils to increase storage, infiltration 

and evapo-transpiration; encouraging infiltration; and providing detention, extended detention, 

and retention storage. Stormwater from buildings and streets is directed into vegetated areas 

instead of curbs and drainage inlets.  The project will incorporate LID/H-M facilities to 

implement these principles.  Streets will utilize cross-gutters to keep stormwater at the street 

grade, so that it can be directed to medians and planter areas instead of immediately entering 

drainage inlets into the storm drain conveyance system. LID/H-M facilities used in the project 

include the following: 

 Interceptor Trees 

 Native/Adapted Vegetation 

 Disconnected Roof Drains 

 Open Space Stormwater Planters 

 Infiltration Planters (Separated Sidewalk Planters) 

 Hydro Modification Facilities (Detention/Percolation Basins in Open Space) 

 Bioretention Facilities (Detention/Percolation Basins in Parks) 

These facilities are all similar to bioretention and the Stormwater Planter Treatment Control 

Measure identified in the Stormwater Quality Design Manual for the Sacramento and South 

Placer Regions.  Seven locations of planters are proposed with a total area of one acre.  These 

proposed LID/H-M facilities (shown on Appendix K1 through K3) illustrate the components of 

each LID/H-M facility in profile view.  
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Stormwater Quality 

The McKinley Village project will be designed to adhere to the minimum water quality standards 

as defined by the Stormwater Quality Design Manual for Sacramento and South Placer Regions, 

dated May 2007.  Appendix D of the manual has been followed to produce the calculations 

necessary to identify both the stormwater quality necessary for the overall site as well as the 

Appendix D-1 worksheet to define the run-off reduction credits given using treatment measures 

such as 100-percent disconnected roof drains, interceptor trees and the use of separated 

sidewalks that will accept the flows of all individual house driveways, T-court driveways and 

alley driveways.  Disconnected front yard planters as well as side and planters and remnant 

landscape areas will be designed to allow the driveway flows to be diverted into these areas (see 

Appendices K-1 and K-2 in this report) and treated by using the volume-based design stated in 

Form D-1g of the Stormwater Quality Manual.  Per the geotechnical report, the existing soils 

within the site are primarily loose silty-fine sands and silty clays which allow for a moderate 

hydraulic conductivity (or percolation rate), especially after the site is graded.  Given this 

percolation rate, the 24-hour drawdown time (Po) was used in calculating the runoff reduction.   

Appendix E of the Stormwater Quality Manual was then used to calculate the “Maximized 

Detention Volume” per the formula WQV (ac-ft) = Po x A/12.  According to Appendix E, Po 

yields a constant of 0.30 inches based on a 50-percent impervious factor for single-family 

detached units.  The total site area is 48.8 acres, but we have netted out the parks (7 acres) which 

leaves 41.8 acres remaining to be treated, including the alleys and T-courts.  Please note that 

each of the parks will provide their own treatment with on-site bioretention basins.  We then 

separated the street areas which were based on a total street length of 10,750 feet and a curb-to-

curb width of 25 feet.  The area is 322,500 square feet or 7.4 acres.  The untreated volume based 

on the area and drawdown time for the remaining lots (41.8- 7.4 = 34.4 acres) is thus a WQV of 

0.86 acre-feet.  The 5-foot 10-inch-wide front yard planters are able to hold approximately 3.5 

square feet per linear foot of planter.  With an average planter strip length of 35 feet (excluding 

driveways), the volume per lot is about 122.5 cubic feet or 0.92 acre-feet for the 328 planned 

homes.  Each individual unit as well as the T-court product were also checked, and it was 

verified that the planters have sufficient capacity to store all of the required volume-based 

detention.    

With the lots and parks now meeting the water quality requirements, the remaining public streets 

were examined.  The area of the streets (curb to curb) is approximately 322,500 square feet or 

7.4 acres.  Although we are able to capture about 10 percent of the volume from the street into 

the “remainder parcels”, we have assumed a worst case of the entire 7.4 acres out-falling into a 

water quality/ detention basin at the west end of the site.  Assuming an impervious constant of 
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100 percent for pavement and a 24-hour drawdown time, the Po for the streets is 0.80 

inches.  Now using the WQV formula once again, we find that a Water Quality Basin holding 

0.49 acre-feet of volume is required.  The water quality basin at the west end of the site has been 

separated into three different tiered sections with different elevations.  The lowest portion of the 

basin (just north of A Street entering the site from the west), is approximately 0.5 acres in 

size.  This lower basin will be used to capture the “first flush” of rainfall at a depth of one foot 

and used for volume based treatment assuming the 24-hour drawdown time.  The intake pipe at 

the pump station will be situated to allow this volume to be treated prior to turning on. 

Appendix L identifies the water quality runoff reduction calculations.  

XI. MODEL FINDINGS 

The following bullet points are existing and future condition results that are significant to the 

project: 

 The existing condition drainage evaluation network for Sump 99 was compared using 

SSWMM96 and XPSWMM.  The volume and the flow comparisons at the Sump 99 

are very similar between the two model formats.  XPSWMM produced slightly higher 

flow at the beginning of the storm event.  The stage hydrograph at the peak is 

relatively flatter in XPSWMM results.  Our professional opinion is that the existing 

condition XPSWMM results compare well with the SSWMM96 program; therefore, 

XPSWMM will be adequate to evaluate proposed conditions. Based on the criteria set 

up for the operation of the on-site pump station, as the water level in Sump 99 rises 

above El. 13 feet, the pumps will remain off for approximately 5.3 hours, 1.6 hours, 

and 4 hours for the 100-year 24-hour, 10-year 24-hour, and 100-year 10-day storm 

events, respectively. 

 The peak stage at both on-site detention basins and at Sump 99 is governed by the 

100-year 24-hour storm event. 

 The rise in water level at the north detention basin (DETN) and the south detention 

basin (DETS) will satisfy the city criteria for the 10-year 24-hour storm.  The 

proposed basins will act as one composite detention basin to accommodate additional 

storage volume of water from DETN during the higher flows.   

 The on-site detention basins and the operating schedule of the on-site pump station 

have been sized to meet detention volume requirements per the City design 

requirements for 10-year and 100-year events and will not impact the existing off-site 
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drainage Basins 10 and 99 and will not impact the operating parameters of Sump 99.  

However, the bottom 48.5 cfs pumps in the Sump 99 will have to run approximately 

10 hours, 6 hours, and 8 hours longer for the 100-year 24-hour, 10-year 24-hour, and 

100-year 10-day storm events, respectively. 

XII. CONCLUSIONS 

The McKinley Village project will discharge to Sump 99 which in turn discharges to the 

American River.  Since there is no overland release off-site from the project, the storm water 

runoff is controlled by two 5-cfs pumps.  To mitigate the post-project runoff volume, an on-site 

detention basin will store the excess runoff volume when the proposed on-site drainage pump 

system shuts off due to the Sump 99 stage reaching the existing project elevation.  The pre- and 

post-development model evaluation results satisfy the City’s design requirements while having 

no impact on the existing off-site drainage system. 
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Figure XXX:  Comparison of Flow and Velocity through pipe 498 at 100-yr 24-hr storm

Note:
Flow oscillation due
to low flows. Pumps
turn on/off to discharge
low flow.



ENCORE MCKINLEY VILLAGE, LLC
EXIS TING CONDITIONS  100-YR 24-HR S TORM FLOW AND UPS TREAM S TAGE
FOR 90” CONDUIT DIS CHARGING INTO S UMP 99
S ACRAMENTO, CA
S EPTEMBER, 2013 

J:\1000-s \1262-McKinle yVillag e \McKinle y_Villag e \GIS \Tas ks \Re port\S ubm itte d _20130905\Fig _5B_Exis ting  Cond itions  100-yr 24-hr s torm  flow and  ups tre am  s tag e  for 90” cond uit d is charg ing  into S um p 99_20130905_V1.m xd  9/4/2013 3:02:59 PM jbuchanan FIGURE 5B

-3

2

7

12

17

22

-20

0

20

40

60

80

100

120

140

160

0 12 24 36

Flo
w (

cfs
)

Time (Hours)

Figure XXX:  Comparison of Flow through pipe 498 and its upstream Stage at 100-yr 24-hr storm
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Figure XXX:  Comparison Stage at Sump 99 at 100-yr 24-hr storm
Stage at the Sump 99 using SSWMM96

Stage at the Sump 99 using XPSWMM

Note:
Stage oscillation due
to low flows. Pumps
turn on/off to discharge
low flow.
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Figure XXX:  Comparison Stage at Sump 99 at 10-yr 24-hr storm
Stage at the Sump 99 using SSWMM96

Stage at the Sump 99 using XPSWMM

Note:
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to low flows. Pumps
turn on/off to discharge
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Figure XXX:  Total Flow Into The Proposed Onsite Detention Basin DETN
Flow for 10-yr24-hr Storm Event; Peak Flow (cfs) =  36.21
Flow for 100-yr24-hr Storm Event; Peak Flow (cfs) =  52.71
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Figure XXX: Stage in the Detention Basin (DETN)
Stage for 100-yr24-hr Storm Event;
Peak Stage (ft) =  16.72
Stage for 10-yr24-hr Storm Event;
Peak Stage (ft) =  13.76
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Figure XXX: Stage in the Detention Basin (DETN)
Stage for 100-yr24-hr Storm Event; Peak Stage (ft) =  16.72
Stage for 10-yr24-hr Storm Event; Peak Stage (ft) =  13.76
Stage for 100-yr10day Storm Event; Peak Stage (ft) =  15.62
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Figure XXX: Stage in the Detention Basin (DETS)
Stage for 100-yr24-hr Storm Event; Peak Stage (ft) =  16.73
Stage for 10-yr24-hr Storm Event; Peak Stage (ft) =  13.99
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Figure XXX: Stage in the Detention Basin (DETN)
Stage for 100-yr24-hr Storm Event; Peak Stage (ft) =  16.72
Stage for 10-yr24-hr Storm Event; Peak Stage (ft) =  13.76
Stage for 100-yr10day Storm Event; Peak Stage (ft) =  15.62
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PROPOSED STAGE AT SUMP 99 INCLUDING FLOW THROUGH PROPOSED FORCE MAIN
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Figure XXX: Post-Project Stage in the Sump 99 and FLow Through Force Main at 10-yr 24-hr Storm Event (pump is turned of at sump stage of 13 feet)

Post-Project Stage for Sump 99 at 10-yr24-hr Storm Event; Peak Stage (ft) =  22.42
Flow through Force Main for 10-yr24-hr Storm Event; Peak Flow (cfs) =  9.39

Zone A

Zone B: On-site pumps are shut off for nearly 1.6 hours 
when Sump 99 stage reaches EL 13 feet

Zone C
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Figure XXX: Pre-Project Stage in the Sump 99 and FLow Through Force Main at 100-yr 24-hr Storm Event (pump is turned of at sump stage of 13 feet)

Post-Project Stage for Sump 99 at 100-yr24-hr Storm Event; Peak Stage (ft) =  23.67
Flow through Force Main for 100-yr24-hr Storm Event; Peak Flow (cfs) =  9.66
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Figure XXX: Pre-Project Stage in the Sump 99 and FLow Through Force Main at 100-yr 10-day Storm Event (pump is turned of at sump stage of 13 feet)

Post-Project Stage for Sump 99 at 100-yr10-da Storm Event; Peak Stage (ft) =  22.15
Flow through Force Main for 100-yr24-hr Storm Event; Peak Flow (cfs) =  9.66
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Figure XXX: Stages in the Sump 99 at 10-yr 24-hr Storm

Pre-Project Stage for Sump 99 at 10-yr24-hr Storm Event; Peak Stage (ft) =  22.74
Post-Project Stage for Sump 99 at 10-yr24-hr Storm Event; Peak Stage (ft) =  22.42

Sump 99 Top Elevation = 26.0 ft

Zone A

Zone B: On-site pumps are shut off for nearly 1.6 hours 
when Sump 99 stage reaches EL 13 feet

Pumps at Sump 99 will run nearly 6 hours longer 
in the post-project condition

Note:
Stage oscillation due
to low flows. Pumps
turn on/off to discharge
low flow.
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Figure XXX: Stages in the Sump 99 at 100-yr 24-hr Storm

Pre-Project Stage for Sump 99 at 100-yr24-hr Storm Event; Peak Stage (ft) =  24.18
Post-Project Stage for Sump 99 at 100-yr24-hr Storm Event; Peak Stage (ft) =  23.67

Sump 99 Top Elevation = 26.0 ft

Zone A Zone C

Zone B: On-site pumps are shut off for nearly 5.3 hours
when Sump 99 stage reaches EL 13 feet

Pumps at Sump 99 will run nearly 10 hours 
longer in the post-project condition

Note:
Flow oscillation due
to low flows. Pumps
turn on/off to discharge
low flow.
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Figure XXX: Stages in the Sump 99 at 100-yr 10-day Storm

Pre-Project Stage for Sump 99 at 100-yr10-da Storm Event; Peak Stage (ft) =  22.2
Post-Project Stage for Sump 99 at 100-yr10-da Storm Event; Peak Stage (ft) =  22.15

Sump 99 Top Elevation = 26.0 ft

Zone A Zone C

Zone B: On-site pumps are shut off  for nearly 
4.0 hours when Sump 99 stage reaches EL 13 feet

Pumps at Sump 99 will run nearly 
8 hours longer in the 
post-project condition
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Figure XXX: Comparison of Stage at Node 399 Pre and Post Condition
Exist Stage for 100-yr24-hr Storm Event;
Peak Stage (ft) =  24.33
Prop Stage for 100-yr24-hr Storm Event;
Peak Stage (ft) =  24.37
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Figure XXX: Comparison of Stage at Node 301 Pre and Post Condition
Exist Stage for 100-yr24-hr Storm Event;
Peak Stage (ft) =  25.09
Prop Stage for 100-yr24-hr Storm Event;
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Figure XXX: Comparison of Stage at Node 300 Pre and Post Condition
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APPENDIX A 
Proposed On-Site Grading Plan 





 
 
 
 
 
 

APPENDIX B 
Record Drawings of Sump 99, From Drainage 

Project No. 14 (1966) 
(Electronic Files Only) 







































 
 
 
 
 
 

APPENDIX C 
Off-Site Drainage System At 100-Year 24-Hour 

Storm Event – Existing Condition Drainage Map 





 
 
 
 
 
 

APPENDIX D  
10/100-Year Rainfall Data 



APPENDIX D: 10/100‐year Rainfall Data

Time 

(hr)

Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)
0.000 0.000 0.000 0.000 0 0

0.083 0.061 0.083 0.080 1 0.033

0.167 0.061 0.167 0.080 2 0.12

0.250 0.061 0.250 0.080 3 0.294

0.333 0.061 0.333 0.080 4 0.163

0.417 0.061 0.417 0.080 5 0.054

0.500 0.061 0.500 0.080 6 0.033

0.583 0.061 0.583 0.080 7 0.011

0.667 0.061 0.667 0.080 8 0

0.750 0.061 0.750 0.080 9 0

0.833 0.061 0.833 0.080 10 0

0.917 0.061 0.917 0.080 11 0

1.000 0.061 1.000 0.080 12 0

1.083 0.061 1.083 0.080 13 0

1.167 0.061 1.167 0.080 14 0

1.250 0.061 1.250 0.080 15 0

1.333 0.061 1.333 0.080 16 0

1.417 0.061 1.417 0.080 17 0

1.500 0.061 1.500 0.080 18 0

1.583 0.061 1.583 0.080 19 0

1.667 0.061 1.667 0.080 20 0

1.750 0.061 1.750 0.080 21 0

1.833 0.061 1.833 0.080 22 0

1.917 0.061 1.917 0.080 23 0

2.000 0.061 2.000 0.080 24 0

2.083 0.061 2.083 0.080 25 0

2.167 0.061 2.167 0.080 26 0

2.250 0.061 2.250 0.080 27 0

2.333 0.061 2.333 0.080 28 0

2.417 0.061 2.417 0.080 29 0

2.500 0.061 2.500 0.080 30 0

2.583 0.061 2.583 0.080 31 0

2.667 0.061 2.667 0.080 32 0

2.750 0.061 2.750 0.080 33 0

2.833 0.061 2.833 0.080 34 0

2.917 0.061 2.917 0.080 35 0

3.000 0.061 3.000 0.080 36 0

3.083 0.061 3.083 0.080 37 0

3.167 0.061 3.167 0.080 38 0.011

3.250 0.061 3.250 0.080 39 0.022

3.333 0.061 3.333 0.080 40 0.033

10‐yr 24‐hr 100‐yr 24‐hr 100‐yr 10‐day
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Time 

(hr)

Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

10‐yr 24‐hr 100‐yr 24‐hr 100‐yr 10‐day

3.417 0.061 3.417 0.080 41 0.054

3.500 0.061 3.500 0.080 42 0.076

3.583 0.061 3.583 0.080 43 0.098

3.667 0.061 3.667 0.080 44 0.142

3.750 0.061 3.750 0.080 45 0.327

3.833 0.061 3.833 0.080 46 0.207

3.917 0.061 3.917 0.080 47 0.109

4.000 0.061 4.000 0.080 48 0.087

4.083 0.061 4.083 0.080 49 0.065

4.167 0.061 4.167 0.080 50 0.054

4.250 0.061 4.250 0.080 51 0.044

4.333 0.061 4.333 0.080 52 0.033

4.417 0.061 4.417 0.080 53 0.022

4.500 0.061 4.500 0.080 54 0.011

4.583 0.061 4.583 0.080 55 0

4.667 0.061 4.667 0.080 56 0

4.750 0.061 4.750 0.080 57 0

4.833 0.061 4.833 0.080 58 0

4.917 0.061 4.917 0.080 59 0

5.000 0.061 5.000 0.080 60 0

5.083 0.061 5.083 0.080 61 0

5.167 0.061 5.167 0.080 62 0

5.250 0.061 5.250 0.080 63 0

5.333 0.061 5.333 0.080 64 0

5.417 0.061 5.417 0.080 65 0

5.500 0.061 5.500 0.080 66 0

5.583 0.061 5.583 0.080 67 0

5.667 0.061 5.667 0.080 68 0

5.750 0.061 5.750 0.080 69 0

5.833 0.061 5.833 0.080 70 0

5.917 0.061 5.917 0.080 71 0

6.000 0.061 6.000 0.080 72 0

6.083 0.100 6.083 0.130 73 0

6.167 0.100 6.167 0.130 74 0

6.250 0.100 6.250 0.130 75 0

6.333 0.100 6.333 0.130 76 0

6.417 0.100 6.417 0.130 77 0

6.500 0.100 6.500 0.130 78 0

6.583 0.100 6.583 0.130 79 0

6.667 0.100 6.667 0.130 80 0

6.750 0.100 6.750 0.130 81 0

6.833 0.100 6.833 0.130 82 0
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Time 

(hr)

Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

10‐yr 24‐hr 100‐yr 24‐hr 100‐yr 10‐day

6.917 0.100 6.917 0.130 83 0

7.000 0.100 7.000 0.130 84 0

7.083 0.100 7.083 0.130 85 0

7.333 0.100 7.333 0.130 88 0

7.417 0.100 7.417 0.130 89 0

7.500 0.100 7.500 0.130 90 0

7.583 0.100 7.583 0.130 91 0

7.667 0.100 7.667 0.130 92 0

7.750 0.100 7.750 0.130 93 0

7.833 0.100 7.833 0.130 94 0.011

7.917 0.100 7.917 0.130 95 0.022

8.000 0.100 8.000 0.130 96 0.033

8.083 0.100 8.083 0.130 97 0.044

8.167 0.100 8.167 0.130 98 0.054

8.250 0.100 8.250 0.130 99 0.065

8.333 0.100 8.333 0.130 100 0.076

8.417 0.100 8.417 0.130 101 0.098

8.500 0.100 8.500 0.130 102 0.163

8.583 0.100 8.583 0.130 103 0.578

8.667 0.100 8.667 0.130 104 0.24

8.750 0.100 8.750 0.130 105 0.109

8.833 0.100 8.833 0.130 106 0.087

8.917 0.100 8.917 0.130 107 0.065

9.000 0.100 9.000 0.130 108 0.054

9.083 0.140 9.083 0.220 109 0.044

9.167 0.140 9.167 0.220 110 0.033

9.250 0.140 9.250 0.220 111 0.033

9.333 0.140 9.333 0.220 112 0.022

9.417 0.140 9.417 0.220 113 0.022

9.500 0.140 9.500 0.220 114 0.011

9.583 0.140 9.583 0.220 115 0.011

9.667 0.140 9.667 0.220 116 0

9.750 0.140 9.750 0.220 117 0

9.833 0.140 9.833 0.220 118 0

9.917 0.140 9.917 0.220 119 0

10.000 0.140 10.000 0.220 120 0

10.083 0.140 10.083 0.220 121 0

10.167 0.140 10.167 0.220 122 0

10.250 0.140 10.250 0.220 123 0

10.333 0.140 10.333 0.220 124 0

10.417 0.140 10.417 0.220 125 0

10.500 0.140 10.500 0.220 126 0
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Time 

(hr)

Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

10‐yr 24‐hr 100‐yr 24‐hr 100‐yr 10‐day

10.583 0.190 10.583 0.260 127 0

10.667 0.190 10.667 0.260 128 0

10.750 0.190 10.750 0.260 129 0.011

11.000 0.190 11.000 0.260 132 0.022

11.083 0.270 11.083 0.380 133 0.022

11.167 0.270 11.167 0.380 134 0.033

11.250 0.270 11.250 0.380 135 0.054

11.333 0.270 11.333 0.380 136 0.065

11.417 0.270 11.417 0.380 137 0.076

11.500 0.270 11.500 0.380 138 0.098

11.583 0.400 11.583 0.540 139 0.109

11.667 0.400 11.667 0.540 140 0.12

11.750 0.400 11.750 0.540 141 0.142

11.833 0.560 11.833 0.840 142 0.153

11.917 0.840 11.917 1.320 143 0.174

12.000 3.000 12.000 5.280 144 0.185

12.083 1.320 12.083 2.160 145 0.196

12.167 0.560 12.167 0.840 146 0.207

12.250 0.560 12.250 0.840 147 0.229

12.333 0.400 12.333 0.540 148 0.163

12.417 0.400 12.417 0.540 149 0.131

12.500 0.400 12.500 0.540 150 0.098

12.583 0.270 12.583 0.380 151 0.338

12.667 0.270 12.667 0.380 152 0.425

12.750 0.270 12.750 0.380 153 0.73

12.833 0.270 12.833 0.380 154 0.36

12.917 0.270 12.917 0.380 155 0.054

13.000 0.270 13.000 0.380 156 0.033

13.083 0.190 13.083 0.260 157 0.022

13.167 0.190 13.167 0.260 158 0.011

13.250 0.190 13.250 0.260 159 0.011

13.333 0.190 13.333 0.260 160 0.011

13.417 0.190 13.417 0.260 161 0

13.500 0.190 13.500 0.260 162 0

13.583 0.140 13.583 0.220 163 0

13.667 0.140 13.667 0.220 164 0

13.750 0.140 13.750 0.220 165 0

13.833 0.140 13.833 0.220 166 0

13.917 0.140 13.917 0.220 167 0

14.000 0.140 14.000 0.220 168 0

14.083 0.140 14.083 0.220 169 0

14.167 0.140 14.167 0.220 170 0
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Time 

(hr)

Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

10‐yr 24‐hr 100‐yr 24‐hr 100‐yr 10‐day

14.250 0.140 14.250 0.220 171 0

14.333 0.140 14.333 0.220 172 0

14.417 0.140 14.417 0.220 173 0

14.500 0.140 14.500 0.220 174 0

14.750 0.140 14.750 0.220 177 0

14.833 0.140 14.833 0.220 178 0

14.917 0.140 14.917 0.220 179 0

15.000 0.140 15.000 0.220 180 0

15.083 0.100 15.083 0.130 181 0.011

15.167 0.100 15.167 0.130 182 0.022

15.250 0.100 15.250 0.130 183 0.033

15.333 0.100 15.333 0.130 184 0.044

15.417 0.100 15.417 0.130 185 0.054

15.500 0.100 15.500 0.130 186 0.076

15.583 0.100 15.583 0.130 187 0.098

15.667 0.100 15.667 0.130 188 0.142

15.750 0.100 15.750 0.130 189 0.425

15.833 0.100 15.833 0.130 190 0.218

15.917 0.100 15.917 0.130 191 0.109

16.000 0.100 16.000 0.130 192 0.087

16.083 0.100 16.083 0.130 193 0.076

16.167 0.100 16.167 0.130 194 0.065

16.250 0.100 16.250 0.130 195 0.054

16.333 0.100 16.333 0.130 196 0.044

16.417 0.100 16.417 0.130 197 0.033

16.500 0.100 16.500 0.130 198 0.022

16.583 0.100 16.583 0.130 199 0.011

16.667 0.100 16.667 0.130 200 0

16.750 0.100 16.750 0.130 201 0

16.833 0.100 16.833 0.130 202 0

16.917 0.100 16.917 0.130 203 0

17.000 0.100 17.000 0.130 204 0

17.083 0.100 17.083 0.130 205 0

17.167 0.100 17.167 0.130 206 0

17.250 0.100 17.250 0.130 207 0

17.333 0.100 17.333 0.130 208 0

17.417 0.100 17.417 0.130 209 0

17.500 0.100 17.500 0.130 210 0

17.583 0.100 17.583 0.130 211 0

17.667 0.100 17.667 0.130 212 0

17.750 0.100 17.750 0.130 213 0

17.833 0.100 17.833 0.130 214 0
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Time 

(hr)

Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

10‐yr 24‐hr 100‐yr 24‐hr 100‐yr 10‐day

17.917 0.100 17.917 0.130 215 0

18.000 0.100 18.000 0.130 216 0

18.083 0.061 18.083 0.080 217 0

18.167 0.061 18.167 0.080 218 0

18.250 0.061 18.250 0.080 219 0

18.500 0.061 18.500 0.080 222 0

18.583 0.061 18.583 0.080 223 0

18.667 0.061 18.667 0.080 224 0

18.750 0.061 18.750 0.080 225 0

18.833 0.061 18.833 0.080 226 0

18.917 0.061 18.917 0.080 227 0

19.000 0.061 19.000 0.080 228 0

19.083 0.061 19.083 0.080 229 0

19.167 0.061 19.167 0.080 230 0.011

19.250 0.061 19.250 0.080 231 0.022

19.333 0.061 19.333 0.080 232 0.054

19.417 0.061 19.417 0.080 233 0.076

19.500 0.061 19.500 0.080 234 0.109

19.583 0.061 19.583 0.080 235 0.316

19.667 0.061 19.667 0.080 236 0.174

19.750 0.061 19.750 0.080 237 0.087

19.833 0.061 19.833 0.080 238 0.065

19.917 0.061 19.917 0.080 239 0.044

20.000 0.061 20.000 0.080 240 0.022

20.083 0.061 20.083 0.080

20.167 0.061 20.167 0.080

20.250 0.061 20.250 0.080

20.333 0.061 20.333 0.080

20.417 0.061 20.417 0.080

20.500 0.061 20.500 0.080

20.583 0.061 20.583 0.080

20.667 0.061 20.667 0.080

20.750 0.061 20.750 0.080

20.833 0.061 20.833 0.080

20.917 0.061 20.917 0.080

21.000 0.061 21.000 0.080

21.083 0.061 21.083 0.080

21.167 0.061 21.167 0.080

21.250 0.061 21.250 0.080

21.333 0.061 21.333 0.080

21.417 0.061 21.417 0.080

21.500 0.061 21.500 0.080
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Time 

(hr)

Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

Time (hr) Intensity 

(in/hr)

10‐yr 24‐hr 100‐yr 24‐hr 100‐yr 10‐day

21.583 0.061 21.583 0.080

21.667 0.061 21.667 0.080

21.750 0.061 21.750 0.080

21.833 0.061 21.833 0.080

21.917 0.061 21.917 0.080

22.000 0.061 22.000 0.080

22.250 0.061 22.250 0.080

22.333 0.061 22.333 0.080

22.417 0.061 22.417 0.080

22.500 0.061 22.500 0.080

22.583 0.061 22.583 0.080

22.667 0.061 22.667 0.080

22.750 0.061 22.750 0.080

22.833 0.061 22.833 0.080

22.917 0.061 22.917 0.080

23.000 0.061 23.000 0.080

23.083 0.061 23.083 0.080

23.167 0.061 23.167 0.080

23.250 0.061 23.250 0.080

23.333 0.061 23.333 0.080

23.417 0.061 23.417 0.080

23.500 0.061 23.500 0.080

23.583 0.061 23.583 0.080

23.667 0.061 23.667 0.080

23.750 0.061 23.750 0.080

23.833 0.061 23.833 0.080

23.917 0.061 23.917 0.080

24.000 0.061 24.000 0.080
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APPENDIX E 
Tentative Subdivision Map 





 
 
 
 
 
 

APPENDIX F 
On-Site Drainage System at  

10-Year/100-Year 24-Hour Storm Event –  
Existing Condition  



Upstream 

Node Name
A(ac) ΣA(ac) IMPER. % Q100 (cfs) Q10 (cfs)

Max Water Elevation (ft) 

(100‐yr 24‐hr)

Max Water Elevation (ft) 

(10‐yr 24‐hr)
DETN 2.40 60.17 2 52.7 36.2 16.72 13.76

MV1 0.00 48.04 N/A 43.4 32.9 16.72 13.77

MV1B 0.53 0.53 65 ‐0.1 0.1 16.72 13.77

MV2 0.00 47.51 N/A 43.4 33.0 16.73 13.79

MV2A 0.43 0.43 86 1.8 ‐1.5 16.73 13.79

MV2B 0.26 0.26 95 ‐1.2 ‐1.2 16.73 13.79

MV3 0.00 46.82 N/A 41.5 32.4 16.74 14.03

MV38 0.00 12.89 N/A 14.8 10.5 16.74 14.05

MV38A 0.41 0.41 78 1.6 ‐1.0 16.74 14.05

MV38B 0.60 0.60 79 2.6 1.2 16.74 14.05

MV39 0.00 11.87 N/A 18.1 9.6 16.74 14.11

MV39A 0.32 0.32 80 1.6 ‐1.1 16.74 14.11

MV39B 0.13 0.13 95 ‐1.0 ‐1.0 16.74 14.11

MV40 0.00 11.41 N/A 15.9 9.2 16.74 14.12

MV40B 0.76 0.76 77 3.3 1.5 16.74 14.13

MV41 0.00 7.96 N/A 18.4 8.4 17.02 14.19

MV41A 0.75 0.75 75 3.2 1.3 17.05 14.20

MV41B 0.59 0.59 77 2.8 1.1 17.04 14.20

MV42 0.00 6.63 N/A 14.7 8.5 17.45 14.24

MV42B 0.69 0.69 77 3.3 1.4 17.51 14.29

MV421 0.00 0.32 N/A 1.8 ‐0.7 17.46 14.25

MV421A 0.16 0.16 83 0.9 0.4 17.46 14.31

MV421B 0.16 0.16 83 0.9 0.4 17.46 14.30

MV43 0.00 5.61 N/A 12.3 7.9 17.66 14.28

MV43A 0.76 0.76 75 3.5 1.5 17.71 14.40

MV43B 0.66 0.66 78 3.2 1.2 17.71 14.35

MV44 0.00 4.20 N/A 9.6 6.1 17.83 14.36

MV441 0.00 1.06 N/A ‐9.3 2.1 17.85 14.74

MV441A 0.50 0.50 79 ‐4.0 1.0 17.85 15.03

MV441B 0.57 0.57 78 4.4 1.1 17.85 15.04

MV44B 0.57 0.57 78 2.5 1.2 17.87 14.59

MV45 0.00 2.57 N/A 5.0 3.4 18.33 14.84

MV45A2 0.14 0.83 95 1.7 1.0 18.33 14.94

MV45A1 0.69 0.69 61 1.4 ‐0.2 18.34 14.92

MV45B 0.72 0.72 77 3.0 1.5 18.40 14.87

MV46 0.00 1.02 N/A 4.4 1.9 18.83 15.14

MV46B 0.62 0.62 78 2.3 1.2 18.93 15.37

MV47 0.00 0.41 N/A 2.2 0.9 19.07 15.36

MV47A 0.10 0.10 95 ‐1.1 0.3 19.09 15.64

MV47B 0.31 0.31 81 1.3 0.6 19.09 15.72

MV49 0.00 2.69 N/A ‐5.1 2.3 16.75 14.14

MV49B 1.25 1.25 73 ‐5.5 2.5 16.75 14.15

MV50 0.00 1.45 N/A ‐2.0 0.9 16.75 14.15

MV50B 1.45 1.45 75 ‐1.7 0.8 16.75 14.29

MV31 0.00 8.40 N/A 15.8 9.1 16.74 14.05

MV31A 0.79 0.79 77 3.1 1.5 16.74 14.06

MV31B 0.48 0.48 78 1.9 ‐1.1 16.74 14.06

MV32 0.00 7.13 N/A 13.3 7.3 16.99 14.30

MV32A 0.22 0.22 82 ‐1.0 1.0 16.99 14.30

MV32B 0.34 0.34 80 1.4 1.3 16.99 14.30

MV33 0.00 6.56 N/A 11.6 6.7 17.10 14.35

MV33A 0.91 0.91 72 3.5 2.9 17.10 14.35

MV34 0.00 5.65 N/A 8.3 5.9 17.38 14.49

MV34A 1.25 1.25 71 4.0 1.8 17.53 14.51

MV34B 0.85 0.85 75 2.7 1.2 17.44 14.50

MV35 0.00 3.56 N/A 4.7 4.8 17.48 14.58

MV35A 1.31 1.31 72 3.9 1.8 17.58 14.60

MV36 0.00 2.24 N/A 3.6 3.4 17.49 14.58

MV36A 0.91 0.91 77 2.9 1.4 17.51 14.59

MV36B 0.18 0.18 84 0.8 0.5 17.49 14.58

MV37 0.00 1.15 N/A ‐5.6 1.9 17.53 14.60

MV37A 0.85 0.85 76 2.8 1.4 17.53 14.72

MV37B 0.19 0.19 83 ‐4.7 0.4 17.53 14.63

MV37C 0.11 0.11 95 ‐0.7 0.2 17.53 14.61

MV4 0.00 25.54 N/A 14.0 14.5 16.74 14.14

MV4A 0.28 0.28 84 1.3 1.0 16.74 14.14

MV4B 0.30 0.30 85 1.4 0.7 16.74 14.14

MV5 0.00 24.95 N/A 21.1 13.9 16.71 14.17

MV51 0.00 0.84 N/A 2.4 1.6 16.71 14.19

MV52 0.00 0.84 N/A 2.6 1.6 16.80 14.23

MV52A 0.78 0.78 74 3.4 1.6 16.88 14.24

MV52B 0.06 0.06 95 ‐0.5 ‐0.9 16.80 14.23

MVP5A 2.18 2.18 2 1.0 ‐0.5 16.71 14.17

MV6 0.00 21.92 N/A 19.8 13.2 16.71 14.20

MV7 0.00 21.92 N/A 19.8 13.3 16.78 14.24

MV7A 0.07 0.07 95 ‐1.0 ‐0.9 16.78 14.24

MV7B 0.82 0.82 74 3.5 1.5 16.79 14.25

MV8 0.00 21.03 N/A 18.9 12.6 16.97 14.32

MV81 0.00 1.36 N/A 3.9 2.3 16.97 14.42

MV81A 1.03 1.03 76 3.4 1.7 16.99 14.86

MV81B 0.32 0.32 80 1.4 0.6 16.97 14.72

MV8A 0.10 0.10 95 ‐1.1 ‐1.2 16.97 14.32

MV9 0.00 19.57 N/A 17.4 12.2 17.13 14.37

MV10 0.00 19.57 N/A 17.4 13.0 17.28 14.43

MV11 0.00 19.57 N/A 17.4 13.4 17.47 14.52

MV11A 0.07 0.07 95 1.6 ‐1.0 17.47 14.52

MV12 0.00 19.50 N/A 17.0 13.3 17.54 14.58

MV12A 0.39 0.39 81 2.6 0.8 17.54 14.72

MV12B 0.41 0.41 82 2.5 0.9 17.54 14.72

MV13 0.00 18.70 N/A 18.1 12.1 17.89 14.88

MV132 0.00 6.80 N/A 12.4 4.8 17.91 14.89

MV132A 0.45 0.45 77 2.6 0.8 17.92 15.75

MV132B 1.12 1.12 77 4.5 1.7 17.98 15.86

MV133 0.00 5.23 N/A ‐12.0 2.9 18.27 15.00

MV133A 0.40 0.40 80 2.1 0.8 18.35 15.01

MV133B 0.34 0.34 80 1.9 0.7 18.34 14.99

MV134 0.00 4.49 N/A ‐10.3 1.7 18.41 15.03

MV134A 1.21 1.21 72 4.5 2.1 18.81 15.75

MV135 0.00 3.28 N/A ‐9.5 0.6 19.21 15.20

MV135B 3.28 3.28 70 ‐5.2 0.6 18.53 15.39

MV131 0.00 1.14 N/A 6.3 1.9 17.90 14.90

MV131A 0.91 0.91 78 3.8 1.4 17.94 15.82

MV131B 0.22 0.22 79 2.0 0.5 17.90 15.69

MV14 0.00 10.8 N/A 8.6 5.8 18.61 15.58

MV14A 0.51 0.51 77 2.5 0.9 18.63 15.76

MV141 0.00 0.61 N/A 2.5 1.3 18.71 16.73

MV141A 0.34 0.34 83 1.4 0.7 18.72 17.13

MV141B 0.27 0.27 81 1.4 0.6 18.71 17.12

MV15 0.00 9.64 N/A 6.8 4.2 18.82 15.97

MV151 0.00 4.66 N/A 4.7 2.5 18.92 16.03

MV151A1 0.21 0.74 80 2.3 1.1 18.93 16.58

MV151B1 0.14 1.07 95 2.2 1.1 18.94 16.59

MV151A2 0.53 0.53 42 1.5 0.6 18.95 17.02

MV151B2 0.93 0.93 31 1.7 0.8 18.97 17.05

MV152 0.00 2.85 N/A 1.9 0.7 18.96 16.11

MV1521 0.00 2.46 N/A ‐1.2 0.2 19.00 16.23

MV1522 0.00 2.46 N/A 1.1 0.2 19.08 17.32

MV1522A 2.46 2.46 3 1.0 0.2 19.16 18.47

MV153 0.00 0.39 N/A ‐1.1 0.6 19.03 16.42

MV153A 0.25 0.25 52 ‐0.7 0.3 19.03 16.66

MV153B 0.13 0.13 95 ‐0.7 0.3 19.03 16.64

MVP15A1 0.60 0.60 2 1.0 ‐0.3 18.84 16.04

MV15A2 0.09 0.69 95 1.4 0.7 18.84 16.04

MV16 0.00 4.28 N/A 2.2 1.7 19.11 16.44

MV16A 0.08 0.08 95 ‐0.8 0.2 19.11 16.80

MV16B 0.20 0.20 85 1.1 0.4 19.12 16.85

MV17 0.00 4.00 N/A 1.8 1.2 19.16 16.54

MV17A 0.43 4.00 72 1.7 0.8 19.17 17.13

MV18 0.00 3.58 N/A 1.5 0.8 19.17 16.86

MV18B 2.59 2.59 71 1.3 0.8 19.18 17.79

MV19 0.00 0.99 N/A ‐1.4 0.0 19.19 17.16

MV20 0.00 0.99 N/A ‐1.3 0.0 19.19 17.54

MV21 0.00 0.99 N/A ‐0.7 0.0 19.21 18.00

MV21A 0.99 0.99 47 ‐0.3 0.0 19.21 19.00

MV22 1.94 1.94 75 5.7 2.8 16.69 13.76

MV23 0.64 0.64 2 0.0 0.0 12.80 12.80

DETS 7.15 7.56 4 ‐3.0 1.2 16.73 13.99

MV60 0.00 0.41 N/A 1.8 0.9 16.73 14.98

MV60A 0.20 0.20 95 ‐1.0 0.5 16.73 15.20

MV60B 0.21 0.21 95 ‐1.0 0.5 16.73 15.20



 
 
 
 
 
 

APPENDIX G 
Conduit and Overland Channel Input 

Parameters and Relationship in XPSWMM 



 

APPENDIX G: Conduit and Overland Channel Input Parameters and Relationship in XPSWMM 
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APPENDIX H 
Proposed On-Site Detention Basins  

– Locations and Sections 



 
 
 
 
 
 
 

APPEndix H-1 
Proposed On-Site Detention Basins  





 
 
 
 
 
 
 

Appendix H-2 
Cross-Section of Basin DETN 





 
 
 
 
 
 
 

Appendix H-3 
Cross-Section of Basin DETS 

 
 





 
 
 
 
 
 

APPENDIX I 
Proposed On-Site Pump Description 



































Model: JCU Size: 8X8.5-17.25 Group: S 60Hz RPM: 870 Stages: 1 
 
 
 

Job/Inq.No. : 
Purchaser : UNDEFINED 
End User: Issued by : 
Item/Equip.No. : ITEM 001 Quotation No. : Date :   07/31/2013 
Service : 
Order No. : Rev. :   0 
Operating Conditions Pump Performance 
Liquid: Water Published Efficiency: 76.0 % Suction Specific Speed:  
Temp.: 70.0 deg F Rated Pump Efficiency: 76.0 % Min. Hydraulic Flow: 675.0 gpm
S.G./Visc.: 1.000/1.000 cp Rated Total Power: 35.7 hp Min. Thermal Flow: N/A 
Flow: 2,250.0 gpm Non-Overloading Power: 38.1 hp  
TDH: 47.0 ft Imp. Dia. First 1 Stg(s): 15.6250 in  
NPSHa: 0.0 ft NPSHr:  
Solid size:  Shut off Head: 63.1 ft  
% Susp. Solids  Vapor Press: Max. Solids Size: 2.0000 in 
(by wtg):      
Notes:   1.The Mechanical seal increased drag effect on power and efficiency is not included, unless the correction is shown in the 

appropriate field above. 2. Magnetic drive eddy current and viscous effect on power and efficiency is not included. 3. 
Elevated temperature effects on performance are not included. 4. Non Overloading power does not reflect v-belt/gear 
losses. 

 

 
 
 
 
 
 
 
 

 

Proposed Pump Type



 
 
 
 
 
 

APPENDIX J 
Off-Site Drainage System at 

100-Year 24-Hour Storm Event –  
Proposed Condition 



 
 
 
 
 
 

Appendix J1 
Off-Site Drainage System at 

100-Year 24-Hour Storm Event – Proposed 
Condition Drainage Map 

 
 
 
 
 
 
 
 
 
 
 
 
 





 
 
 
 
 
 

Appendix J2 
Off-Site Drainage System at 

100-Year 24-Hour Storm Event – Comparison of 
Existing and Proposed Conditions 

 
 
 
 
 
 
 
 
 
 
 
 
 



APPENDIX J2: COMPARISON OF EXISTING AND PROPOSED CONDITION MODEL RESULTS AT OFF‐SITE DRAINAGE NETWORK

Link (Pipe) 

Name
Diameter(ft)

Upstream 

Node Name

Downstream 

Node Name
A(ac) ΣA(ac) Q100 (cfs) V100 (fps)

Fr at 100‐yr 24‐

hr storm

Max Upstream Water 

Elevation (ft) (100‐yr 
Q100 (cfs) V100 (fps)

Fr at 100‐yr 24‐

hr storm

Max Upstream Water 

Elevation (ft) (100‐yr 24‐

Difference in Max Water 

Elevation (ft)

Sump99ex 6.5 99ex 500ex 14.2 388.8 148.7 6.2 24.33 148.7 6.2 24.37 0.03

498ex 7.5 399 99ex 30.9 374.6 154.5 3.5 0.04 24.32 152.4 3.4 0.04 24.33 0.02

P400 7.0 300 399 10.5 343.6 136.8 3.5 0.04 23.94 142.7 3.7 0.03 23.90 ‐0.04

P460 4.0 360 300 21.2 83.2 59.3 4.7 0.11 23.77 59.2 4.7 0.09 23.76 ‐0.01

P465 3.5 365 360 24.1 62.0 57.2 5.9 0.22 23.77 57.1 5.8 0.13 23.76 ‐0.01

P470 3.0 370 365 37.9 37.9 28.3 3.9 0.17 24.32 28.6 4.0 0.11 24.32 0.00

P405 6.5 305 300 8.9 250.0 115.0 3.5 0.06 23.93 112.9 3.4 0.05 23.92 ‐0.01

P435 4.0 335 305 17.0 97.4 61.6 4.8 0.66 23.95 53.4 4.2 0.38 23.94 ‐0.01

P440 4.0 340 335 10.2 80.4 40.9 3.3 0.27 24.17 40.8 3.2 0.16 24.17 0.00

P455 2.5 355 340 24.6 24.6 32.3 6.5 0.60 24.19 32.3 6.5 0.42 24.19 0.00

P450 2.5 350 340 32.1 32.1 18.7 3.7 0.30 24.65 19.9 4.0 0.22 24.65 0.00

P445 1.8 345 340 13.5 13.5 7.9 3.2 0.42 24.35 8.7 3.5 0.53 24.35 0.00

P408 6.0 308 305 0.0 143.7 78.0 4.0 0.24 24.06 79.3 4.2 0.17 24.04 ‐0.02

P410 6.0 310 308 21.3 143.7 76.7 3.4 0.26 24.20 76.6 3.1 0.17 24.18 ‐0.01

P415 5.5 315 310 19.0 122.4 71.4 4.2 0.40 24.19 71.7 3.9 0.25 24.19 0.00

P420 5.0 320 315 13.4 103.5 66.3 3.4 0.35 24.21 65.8 3.3 0.23 24.21 ‐0.01

P425 4.3 325 320 45.6 67.8 69.4 4.7 0.37 24.87 69.5 4.7 0.38 24.86 ‐0.01

P430 2.5 330 325 22.2 22.2 22.4 4.5 0.39 25.55 22.0 4.4 0.40 25.54 ‐0.01

P427 4.0 321 320 0.0 0.0 ‐78.9 ‐6.2 0.40 24.22 ‐84.4 ‐6.7 0.41 24.21 ‐0.01

P426 4.0 1048 321 0.0 0.0 32.8 3.8 0.52 25.12 32.9 3.8 0.54 25.12 0.00

P402 3.0 301 399 0.0 0.0 39.3 9.0 0.28 25.09 38.9 9.0 0.25 25.04 ‐0.05

P401 3.0 1031 301 0.0 0.0 32.8 4.7 0.67 25.57 32.8 4.7 0.66 25.57 0.00

Existing Proposed



 
 
 
 
 
 

APPENDIX K 
Water Quality & LID Facilities 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 

Appendix K1 
Water Quality & LID Facilities 

Sidewalk Planter Alley Driveway  
Cross Gutter 

 
 
 
 
 
 
 
 
 
 
 
 
 





 
 
 
 
 
 

Appendix K2 
Water Quality & LID Facilities 

Sidewalk Planter T-Court Driveway  
Cross Gutter 

 
 
 
 
 
 
 
 
 
 
 
 
 





 
 
 
 
 
 

Appendix K3 
Water Quality & LID Facilities 

Bioretention/Hydromodification Facility 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





 
 
 
 
 
 

APPENDIX L 
Runoff Reduction Calculations 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Name of Drainage Shed: Fill in Highlighted Boxes
Project Located in

Step 1 - Calculate Area Requiring Treatment

Drainage Shed Area acres A

Open Space and Parks Acreage* AOS

Treatment Area A - AOS = AT

Number of Units in AT

Number of units per acre in AT DU/AT =

Assumed Initial Impervious Fraction I

      (determine using Table D-1a)
*. Includes all areas maintained in a natural state and planned for landscaped park areas

Dwelling units per acre Imperviousness
1 0.17
2 0.25

3,4 0.35
5,6 0.40
7 0.50

8,9 0.55
10-14 0.60
15-20 0.70

Step 2 - Calculate Impervious Area Treatments

Disconnected Roof Drains use Form D-1a for credits 6.86 acres
     (see Fact Sheet)

Disconnected Pavement use Form D-1b for credits 1.67 acres
     (see Fact Sheet)

Interceptor Trees use Form D-1c for credits 1.61 acres
     (see Fact Sheet)

Alternative Driveway Design use Form D-1d for credits 1.67 acres
     (see Fact Sheet)

Total Effective Area Managed (Credit Area) AC 11.81 acres

Adjusted Area for Flow-Based Treatment AT - AC = acres AAT

Adjusted Impervious Fraction for A ( AT ( I )  - AC )  / A = IA

  

See Area Example 
Below

Table D-1a

0.19

Effective Area 
Managed (AC)

Appendix D-1:  Residential Sites: Runoff Reduction Credits and Treatment BMP Sizing Calculations

48.8

Runoff Reduction Measures

0.5

7.0

41.8

328

Sacramento

8

B. Local Street

29.99

Check the website for the electronic version at www.sactostormwater.org click on "new development"

tmakris
Inserted Text

tmakris
Text Box
Appendix L - Runoff Reduction Calculations



Form D-1a:  Disconnected Roof Drains Worksheet
See Fact Sheet for more information regarding Disconnected Roof Drain credit guidelines

Effective Area Managed (AC)

1.  Determine efficiency Multiplier

Runoff is directed to a dispersal trench or dry well 1.00
(Type A and B soils only)
Runoff is directed across landscaping, determine setback

25 ft + Use multiplier of 1.00
> 20 and < 25 ft Use multiplier of 0.90
> 15 and < 20 ft Use multiplier of 0.70
> 10 and < 15 ft Use multiplier of 0.45
> 5 and < 10 ft Use multiplier of 0.25

Efficiency Multiplier Box J1

2.  Determine percentage of roof drains disconnected Box J2

3.   Select project density in dwelling units per acre:
1             Use reduction factor of 0.08
2            Use reduction factor of 0.13
3,4         Use reduction factor of 0.19
5,6         Use reduction factor of 0.23
7            Use reduction factor of 0.29
8,9         Use reduction factor of 0.33
10-14      Use reduction factor of 0.37
15-20     Use reduction factor of 0.44

Reduction Factor Box J3

4.   Determine Area Managed

Multiply Box J3 by AT, and enter the result in Box J4 acres Box J4

5.  Multiply Boxes J1, J2 and J4, and enter the Result in Box J acres Box J

This is the amount of area credit to enter into the "Disconnected Roof Drains" Box of Form D-1

Form D-1b:  Disconnected Pavement Worksheet
See Fact Sheet for more information regarding NDC Pavement credit guidelines

Effective Area Managed (AC)
Divided Sidewalks

1.  Determine percentage of units with divided Sidewalks 100.0% Box K1

Multiply Box K1, AT, and 0.04 and enter the result in Box K 1.67 acresBox K
This is the amount of area credit to enter into the "Disconnected Pavement" Box of Form D-1

Form D-1c:  Interceptor Tree Worksheet
See Fact Sheet for more information regarding Interceptor Tree credit guidelines

Effective Area Managed (AC)

New Evergreen Trees

trees

2.  Multiply Box L1 by 200 and enter result in  Box L2 sq. ft. 

New Deciduous Trees

trees

4.  Multiply Box L3 by 100 and enter result in Box L4 sq. ft. 

Existing Tree Canopy

sq. ft. 

6.  Multiply Box L5 by 0.5 and enter the result in Box L6 sq. ft. 

Total Interceptor Tree Credits

Add Boxes L2, L4, and L6 and enter it into Box L7 sq. ft. 

Divide Box L7 by 43,560 to get the number of acres effectively managed and enter the result in Box L8 acres

This is the amount of area credit to enter into the "Interceptor Trees" Box of Form D-1

Box L4

70000

1.61

Box L7

12.2

3.  Enter number of new deciduous trees that qualify as Interceptor Trees in Box L3.

Box L5

80.0%

0.29

0.70

6.9

Box L1

0

1.  Enter number of new evergreen trees that qualify as Interceptor Trees in Box L1.

5.  Enter square footage of existing tree canopy that qualifies as Existing Tree canopy in Box L5.

5000

25

650

Box L2

Box L3

65000

0

Box L6

Box L8

Check the website for the electronic version at www.sactostormwater.org click on "new development"



Form D-1d: Alternative Driveway Design
See Fact Sheet for more information regarding Alternative Driveway Design credit guidelines

1. Select type of driveway
Pervious Driveway: Multiplier:
     Cobblestone Block Porous Pavement 0.40
     Pervious Concrete/Asphalt Pavement 0.60

0.75

Not Directly-connected Driveway 1.00

Box M1

2. Determine percentage of units with Alternative Driveways: Box M2

4.  Multiply Boxes M1, M2, AT and 0.04, and enter the result in Box M acres Box M
This is the amount of area credit to enter into the "Alternative Driveway Design" Box of Form D-1

Step 3 - Calculate Flow or Volume Requiring Treatment

Form D-1e  Treatment - Flow-Based (Rational Method)

Calculate treatment flow (cfs): Flow = Runoff Coefficient x Rainfall Intensity x Adjusted Treatment Area

C

Determine i using Table D-1c (Rainfall Intensity) i 

AAT from Step 2 AAT

Flow = C * i * AAT cfs

Single-family areas 0.50 Roseville i = 0.20  in/hr
Multi-units, detached 0.60 Sacramento i = 0.18  in/hr
Apartment dwelling areas 0.70 Folsom i = 0.20  in/hr
Multi-units, attached 0.75
User Specified 0.00

Form D-1f  Treatment - Volume-Based (CASQA) Skip this, use Form D-1g for volume calculations

Calculate treatment volume (Acre-Feet): Treatment Volume = Area x (Storage Volume ÷ Conversion Factor)

CA hrs Specified Draw Down time

Determine Unit Basin Storage Volume (Fig. D-2A) using CA SV

A from Step 1 A

Treatment volume = AT x (SV / 12) Acre-Feet

Form D-1g  Treatment - Volume-Based (ASCE-WEF)

Calculate water quality volume (Acre-Feet): WQV = Area x Maximized Detention Volume (P0)

A from Step 1 A 24 hrs Specified Draw Down time

P0

Treatment volume = A x (P0 / 12) Acre-Feet

29.99

1

Table D-1c

 Rainfall Intensity

1.67

48.80

100%

0.50

0.56

Runoff Coefficient (Rational), C

TABLE D-1b

0.39

0.14
Obtain P0: Maximized Detention Volume from 
figures E-1 to E-4 in Appendix E of this manual 
using IA from Step 2.

48.80

Determine Adjusted CA using Table D-2d (for 
CASQA Method) and the Adjusted Impervious 
Fraction (IA) from Step 2

0.10

0.16

     Modular Block Porous Pavement 
     Porous Gravel Pavement & 
Hollywood Driveway

2.70

Determine C Factor using Table D-1b

0.18

Check the website for the electronic version at www.sactostormwater.org click on "new development"



 
 
 
 
 
 

APPENDIX M 
XPSWMM models (Electronic Files Only) 



DEVELOPING   INNOVATIVE   DESIGN   SOLUTIONS

3301 C Street, Bldg. 100-B
Sacramento, CA 95816

Tel: 916.341.7760
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