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TECHNICAL MEMORANDUM 

 

 

DATE: October 6, 2016 Project No.: 276-10-16-29 

  SENT VIA: EMAIL 

 

TO: Mr. Michael Robertson, Baker-Williams Engineering Group 

 

FROM:  Mark Kubik, PE, RCE #C50963 

 

REVIEWED BY: Millicent Cowley-Crawford, PE, RCE #C66597 

 

SUBJECT: Lincoln Meadows Detention Basin Study 

 

INTRODUCTION 

The Lincoln Meadows Project (Project) is a proposed 42-acre residential development located in 

a rural area northeast of the City of Lincoln in Placer County, California, northwest of the 

intersection of Hungry Hollow Road and Virginiatown Road (Figure 1). This area is currently not 

within the jurisdiction of the City of Lincoln, but is planned to be annexed prior to the completion 

of the Project, thus the development will be subject to the review and approval of the City.  

Baker-Williams Engineering Group (Baker-Williams) retained West Yost Associates (West Yost) 

to perform a drainage study to assist with identifying potential flood-related Project impacts and 

to evaluate proposed mitigation measures. Baker-Williams has proposed two detention basins for 

construction with the Project. The detention basins will be designed to provide stormwater quality 

treatment and hydromodification management in compliance with the West Placer Storm Water 

Quality Design Manual (County of Placer, 2015) and flood control detention in compliance with 

the Placer County Flood Control and Water Conservation District’s Stormwater Management 

Manual (PCFCWCD, 1994). Baker-Williams has performed the analysis to size the detention 

basins for stormwater quality and hydromodification management. West Yost performed a 

hydrologic and hydraulic analysis to determine the detention volume required to provide 

mitigation for potential flood impacts from the Project. 

Hydrologic Setting 

The site is located in California’s Central Valley, not far from the foothills of the Sierra Nevada 

Mountain Range. The site consists of gently sloping grassland with elevations that range from 

approximately 219 feet (NGVD29) to 197 feet (NGVD29). Average annual precipitation is 

approximately 19.5 inches.  

  



Technical Memorandum 

October 6, 2016 

Page 2 
 

 

  n\c\276\10-16-29\WP\2016_Lincoln Meadows Detention Basin TM 

According to a geotechnical engineering investigation, performed by CTE CAL, Inc. 

(CTE CAL, 2015), soil in the area is generally dense or hard, being classified as Hydrologic Soil 

Group D, according to soil classifications by the Natural Resources Conservation Service. CTE 

borings identified medium dense to very dense gravelly clayey sand, dense to very dense silty 

sand, clayey sands, sandy clays and silty gravel. Existing wetlands and vernal pools were 

identified on the property, with groundwater generally 80-85 feet below grade, but as high as 

9 feet below grade in some areas. 

Existing Conditions 

The property lies within two watersheds, with the northern portion of the property, approximately 

30 acres, draining toward Markham Ravine the southern portion of the property, approximately 

12 acres, draining toward Auburn Ravine. An irrigation canal owned by the Nevada Irrigation 

District (NID) passes through the site, entering at the northeast end of the Project and generally 

continuing south and west until it reaches the west boundary of the Project where the canal flows 

is replaced by two pipes that convey runoff to southwest corner of the Project (see Figure 1). One 

pipe is 10-inches in diameter and it accept normal irrigation flows. The other pipe is 18-inches in 

diameter and it acts to accept excess flow that exceeds the capacity of the smaller pipe. The NID 

canal intercepts some runoff that would otherwise drain north to Markham Ravine and redirects it 

south toward Auburn Ravine. The irrigation canal is trapezoidal in shape with a depth of 1.5 feet, 

a bottom width of 2 feet, and side slopes around 2H:1V. These dimensions are approximate and 

there are some variations along the canal. The capacity of the canal is relatively small, but some 

flood flows can be redirected by the ditch and this was factored into the analysis for 

Lincoln Meadows as discussed in more detail below. Runoff exits the Lincoln Meadows site at 

four locations. These locations are shown as the North Outfall, Southwest Outfall, South Outfall, 

and Southeast Outfall on Figure 1. Note that the Southwest Outfall includes the flow in both the 

10-inch and 18-inch pipes that collect flow from the NID Canal at the west boundary of the 

Lincoln Meadows site. 

Post-Project Conditions 

After development of Lincoln Meadows, onsite runoff will continue to drain to both 

Markham Ravine and Auburn Ravine. The Project grading has been designed by Baker-Williams 

to keep the overall area draining to each of the major watersheds as close to the existing split as 

possible. Under post-project conditions 29 acres of the project site will drain north to Markham 

Ravine and 13 acres will drain south to Auburn Ravine. To mitigate for the potential increases in 

runoff due to development, two detention basins are proposed to be constructed with the Project, 

one for each of the major watersheds. The existing NID canal will be filled and replaced by an 

underground pipe that will continue to convey irrigation flows through the Project. 

HYDROLOGIC MODELING 

West Yost developed HEC-1 hydrologic models to calculate flood flows for existing pre-Project 

and post-Project conditions. The hydrologic models were developed based on the guidelines in the 

Placer County Stormwater Management Manual (PCFCWCD, 1990). The models were used to 

calculate flow hydrographs for the 10-year, 25-year and 100-year storm events with a 24-hour 

duration. These return periods are required to be analyzed when detention basins are being 
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evaluated. Normally, the 2-year storm would be evaluated also. However, the hydromodification 

design is intended to control the smaller storm events through infiltration and storage within a 

layer of gravel and a layer of mulch. Therefore, the 2-year storm event was assumed to be 

controlled with these design features and it was not evaluated as a part of this flood control study. 

Existing Conditions Hydrologic Modeling 

Subshed boundaries for existing conditions are presented on Figure 1. Subsheds LMN1, LMN2, 

and LMN3 drain to the northwest corner of the Project (North Outfall) and ultimately to 

Markham Ravine. The combined area of these subsheds is 39.3 acres, which includes 

approximately 28 acres of the Project site and 10.3 acres of offsite area. Subsheds LMSW1, LMS1, 

and LMSE1 drain to the south end of the Project and ultimately to Auburn Ravine. The combined 

area of these subsheds is 12.9 acres, which includes approximately 12 acres of the Project site and 

0.9 acres of offsite area. 

Figure 1 also shows two additional subsheds located north of the Project site. These subsheds, 

NDAR3 and NDAR4, naturally drain to the north and west to Markham Ravine. Based on the 

natural flow path, runoff from these sheds would not enter the Lincoln Meadows Project. However, 

the NID canal passes through these subsheds and diverts some flow into Lincoln Meadows. 

Therefore, these subsheds were included in the HEC-1 model for Lincoln Meadows to help 

determine the flows that are diverted from these subsheds by the NID Canal. The NID Canal has 

limited capacity and not all flows that enter the canal can be contained in the canal. Excess flows 

will spill out of the canal and continue along the natural flow path. A hydraulic model of the NID 

canal was prepared using XP-SWMM to estimate the capacity of the canal north of 

Lincoln Meadows. From that model, it was determined that the bank-full capacity of the canal is 

approximately 13 cfs. Flows in excess of 13 cfs will overflow out of the canal and flow to the north 

and west to Markham Ravine along the natural path of the watershed. For the Lincoln Meadows 

hydrologic modeling, all flow in the NID Canal up to 13 cfs was assumed to flow through 

Lincoln Meadows to the southwest corner of the Project and on to Auburn Ravine. 

Table 1 lists the key subshed parameters used in the hydrologic model. The subshed parameters 

for offsite Subshed NDAR4 were based on modeling prepared by Civil Solutions (Civil Solutions, 

2002) for the environmental review phase of the adjacent Lincoln Highlands Project. The entire 

limits of the shed boundary for NDAR4 was not available from the Civil Solutions report and 

could not be verified due to a lack of topographic data. Therefore, only a small portion of this 

subshed is shown on Figure 1. Because the only way for runoff from this subshed to reach the 

Lincoln Meadows Project is via the NID Canal and that canal can only convey a small amount of 

the runoff generated from Subsheds NDAR3 and NDAR4 before flow will spill to the north away 

from Lincoln Meadows, the results of this study are not sensitive to potential discrepancies in the 

area of the Subshed NDAR4. Calculated peak flood flows from each subshed are summarized in 

Table 2. The calculated peak flows at each of the four outfalls from the Project site are presented 

in Table 3. 

  



2% 5% 40% 95%

NDAR4 45.7 200 0.02 0.4 3,000 0.0100 0.035 Trap 2 3:1 - 45.7 - - 5.0

NDAR3 2.1 200 0.04 0.4 160 0.0140 0.035 Trap 10 30:1 - 2.1 - - 5.0

LMN1 7.1 200 0.0300 0.4 120 0.0150 0.060 Trap 10 10:1 6.9 - - 0.2 4.6

LMN2 23.1 300 0.0300 0.4 1,100 0.0100 0.045 Trap 10 30:1 23.0 - - 0.1 2.4

LMN3 9.1 200 0.0150 0.4 1,000 0.0073 0.045 Trap 10 30:1 9.1 - - - 2.0

NDAR4 45.7 200 0.02 0.4 3,000 0.0100 0.035 Trap 2 3:1 - 45.7 - - 5.0

NDAR3 2.1 200 0.04 0.4 160 0.0140 0.035 Trap 10 30:1 - 2.1 - - 5.0

LMNP1 5.2 100 0.01 0.24 400 0.0150 0.015 Gutter 0.5 10:1 - - 5.2 40.0

400 0.0050 0.015 Circ 2.0 n/a - - - - -

LMNP2 21.8 100 0.01 0.24 400 0.0250 0.015 Gutter 0.5 10:1 1.4 - 19.2 1.2 40.6

1,530 0.0050 0.015 Circ 2.0 n/a - - - -

LMNP3 6.3 100 0.01 0.24 370 0.0050 0.015 Gutter 0.5 10:1 1.0 - 5.3 - 34.0

200 0.0050 0.015 Circ 1.5 n/a - - - - -

LMNP4 6.2 200 0.0150 0.4 1,000 0.0073 0.045 Trap 10 30:1 6.2 - - - 2.0

LMNP5 0.9 300 0.027 0.4 290 0.0200 0.045 Trap 10 10:1 0.9 - - - 2.0

LMSW1 1.0 270 0.012 0.4 60 0.005 0.015 Circ 1 n/a 0.9 - - 0.1 11.3

LMS1 10.8 300 0.03 0.4 500 0.0180 0.045 Trap 10 10:1 10.8 - - - 2.0

LMSE1 1.1 130 0.02 0.4 100 0.0100 0.045 Trap 10 20:1 1.0 - - 0.1 10.5

LMSWP1 1.0 270 0.012 0.4 60 0.0050 0.015 Circ 1 n/a 0.9 - - 0.1 11.3

LMSP1 7.7 100 0.01 0.24 300 0.0100 0.015 Gutter 0.5 10:1 0.2 - 7.5 - 39.0

650 0.0050 0.015 Circ 1.5 n/a - - - - -

LMSP2 2.1 300 0.012 0.4 350 0.0080 0.045 Trap 10 40:1 2.1 - - - 2.0

LMSP3 0.6 40 0.02 0.11 360 0.0150 0.015 Gutter 0.5 10:1 - - - 0.6 95.0

LMSEP1 0.7 130 0.02 0.4 100 0.0100 0.045 Trap 10 20:1 0.6 - - 0.1 15.3
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Table 2. Calculated Subshed Peak Flows for Existing Conditions 

Subshed Area, ac 

Storm Return Period 

10-Year 25-Year 100-Year 

Markham Ravine Tributary Sheds 

LMN1 7.1 7 10 15 

LMN2 23.1 19 26 38 

LMN3 9.1 9 12 18 

NDAR3 2.1 2 3 5 

NDAR4 45.7 43 59 86 

Auburn Ravine Tributary Sheds 

LMSW1 1.0 Less than 1 Less than 1 1 

LMS1 10.8 9 13 18 

LMSE1 1.1 1 2 3 

 

Table 3. Calculated Subshed Peak Flows for Post-Project Conditions 

Subshed Area, ac 

Storm Return Period 

10-Year 25-Year 100-Year 

Markham Ravine Tributary Sheds 

LMNP1 5.2 7 10 15 

LMNP2 21.8 31 42 61 

LMNP3 6.3 9 12 18 

LMNP4 6.2 5 7 10 

LMNP5 0.9 Less than 1 1 1 

NDAR3 2.1 2 3 5 

NDAR4 45.7 43 59 86 

Auburn Ravine Tributary Sheds 

LMSWP1 1.0 Less than 1 1 1 

LMSP1 7.7 11 15 22 

LMSP2 2.1 1 2 3 

LMSP3 0.6 2 2 3 

LMSEP1 0.7 Less than 1 1 2 

 

Post-Project Hydrologic Modeling 

For post-project conditions, subshed boundaries were redefined based on a preliminary grading 

plan prepared by Baker-Williams. Figure 2 shows the subsheds for post-project conditions. 

Subsheds LMNP1 through LMNP5 will drain to the northwest corner of the Project (North Outfall) 

and ultimately to Markham Ravine. These subsheds cover approximately 40.7 acres, 29 of which 
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are located within Lincoln Meadows. Three of these northern subsheds, LMNP1, LMNP2, and 

LMNP3 will drain to a proposed detention basin to be constructed near the northeast corner of the 

Project site (see North Detention Basin on Figure 2). Subsheds LMNP2 and LMNP3 will be 

developed with single family residential homes as part of the Lincoln Meadows Project. Although 

Subshed LMNP1 is located offsite, it was assumed that this subshed will ultimately be developed 

with similar land uses and the North Detention Basin will be sized to provide stormwater quality, 

hydromodification, and flood control detention storage for the developed condition runoff from 

this subshed. Subsheds LMNP4 and LMNP5 were modeled as undeveloped and both of these 

subsheds will continue to drain to the northwest corner of the Project site without detention.  

Subshed LMSWP1 will continue to drain to the Southwest Outfall. This subshed will remain as 

undeveloped open space and no detention is proposed for this subshed. Subsheds LMSP1, LMSP2, 

and LMSP3 will drain to the South Outfall. Subshed LMSP1 will drain to the South Detention 

Basin to be constructed at the south end of the Project. Subshed LMSP2 will remain undeveloped 

and runoff from this subshed will drain directly to a pipe system to be constructed in Virginiatown 

Road and will be discharged to the South Outfall on the south side of the road. Subshed LMSP3 

represents a short reach of Virginiatown Road that will drain directly (without detention) into the 

pipe system to be constructed in Virginiatown Road. Most of subshed LMSEP1 will continue to 

drain to the Southeast Outfall and will not be developed or detained. 

HEC-1 modeling was prepared to calculate the flood flow rates for post-project conditions. The 

post-project HEC-1 models were used to calculate flood flows from the Project site without 

including the effects of detention storage. The detention basins were evaluated with an XP-SWMM 

hydraulic model, as described in the next section. The post-project flood flows calculated with 

HEC-1 were used as input to the XP-SWMM models. Table 1 presents the key subshed parameters 

used in the hydrologic model for post-project conditions. Table 3 presents the calculated flood 

flows for each subshed. Table 4 presents the total flows calculated at each of the four outfalls for 

existing and post-project conditions without detention. This information was used to in conjunction 

with Figure 3 to determine the required target peak flood flows at the North and South Outfalls. 

Figure 3 is from the Placer County Flood Control and Water Conservation District’s Stormwater 

Management Manual. Because the watersheds that are tributary to the Southwest and Southeast 

Outfalls are remaining as open space areas, the target flows at these outfalls are the same as the 

existing peak flow rates. The target flows are listed in Table 4. 
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DETENTION BASIN ANALYSIS 

As described above, two detention basins are proposed with the Project; one near the north end of 

the Project and one at the south end of the Project. The analysis for each of these detention basins 

is described below. 

North Detention Basin 

As shown in Table 4, the post-project peak flood flows at the North Outfall would increase by 

roughly 50 percent over the existing peak flows without construction of a detention basin. To 

mitigate for these potential increases, the flows from post-project Subsheds LMNP1, LMNP2 and 

LMNP3 will be directed into the North Detention Basin. A preliminary grading plan for the Project 

that includes the detention basin layout is provided in Appendix A. The detention basin will be 

designed to provide stormwater quality and hydromodification treatment and the worksheets 

prepared by Baker-Williams to size the basin for this purpose are provided in Appendix B. Based 

on these worksheets, there will be 0.4 feet of ponding in the detention basin for stormwater quality 

treatment/hydromodification mitigation. Therefore, in the XP-SWMM hydraulic model, the North 

Detention Basin was modeled with 0.4 feet of water in it at the start of the design storms simulation.  

The elevation-volume data for the North Detention Basin is presented in Table 5. The outfall for 

the detention basin will consist of a concrete box with an open top. The box will include a 12-inch 

circular opening with an invert elevation of 198.15 feet (NGVD29), a 10-foot weir at elevation 

199.3 feet (NGVD29), and a second 10-foot weir at elevation 200.4 feet (NGVD29). Two 36-inch 

pipes will convey flows out of the detention basin to a wide swale that will convey runoff to the 

North Outfall. A preliminary design of the outfall structure is provided in Appendix C. 

As indicated in Table 4, construction of the North Detention Basin will achieve the flow 

attenuation required to meet the target outflows at the North Outfall. The maximum water surface 

elevations in the detention basin are provided in Table 6. The grading plan for the Project will be 

designed such that the proposed pads will have a minimum of two feet of freeboard to the 

maximum 100-year water surface elevation in the detention basin. 

South Detention Basin 

As shown in Table 4, without detention, the post-project peak flows at the South Outfall would 

increase by roughly 40 to 50 percent over the existing peak flows. To mitigate for these potential 

increases, the flows from post-project Subshed LMSP1 will be directed into the South Detention 

Basin. A preliminary grading plan for the Project that includes the detention basin layout is 

provided in Appendix A.   The detention basin will be designed to provide stormwater quality 

treatment and hydromodification treatment and the worksheets prepared by Baker-Williams to size 

the basin for these purposes are provided in Appendix B. Based on these worksheets, there will be 

0.4 feet of ponding in the detention basin for stormwater quality treatment/hydromodification 

mitigation. Therefore, in the XP-SWMM hydraulic model, the South Detention Basin was modeled 

with 0.4 feet of water in it at the start of the design storms simulation. 
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Table 5. North Detention Basin Elevation-Volume Data 

Elevation, feet, 
NGVD29 Depth, feet Area, acre 

Incremental 
Volume, acre-feet 

Cumulative 
Volume, acre-feet 

198.15 0 0 0 0 

199.00 0.85 0.08 0.07 0.07 

200.00 1.85 0.577 0.50 0.57 

201.00 2.85 0.718 0.14 0.71 

202.00 3.85 0.786 0.07 0.77 

203.00 4.85 0.854 0.07 0.84 

 

Table 6. Detention Basin Peak Water Surface Elevations in feet (NGVD29) 

Detention Basin 
10-Year 
Storm 

25-Year 
Storm 

100-Year 
Storm 

Detention 
Basin 

Embankment 
Elevation 

Lowest 
Adjacent Pad 

Elevation 

North Detention Basin 200.65 201.02 201.50 203.00 204.50 

South Detention Basin 199.23 199.51 199.81 201.50 205.50 

 

The elevation-volume data for the South Detention Basin is presented in Table 7. The outfall for 

the detention basin will consist of a concrete box with an open top. The box will include a 10-inch 

circular opening at invert elevation of 197.30 feet (NGVD29), a 1.5-foot weir at elevation 

198.3 feet (NGVD29), and a 2.3-foot weir at elevation 199.3 feet (NGVD29). Three 15-inch pipes 

will convey flows out of the outlet box to the proposed pipe system in Virginiatown Road. The 

roadway pipe system will convey runoff to the South Outfall on the south side of 

Virginiatown Road. A preliminary design of the outfall structure is provided in Appendix D. 

As indicated in Table 4, construction of the South Detention Basin will achieve the flow 

attenuation required to meet the target outflows at the South Outfall. The maximum water surface 

elevations in the detention basin are provided in Table 6. The grading plan for the Project will be 

designed such that the proposed pads will have a minimum of two feet of freeboard to the 

maximum 100-year water surface elevation in the detention basin. 
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Table 7. South Detention Basin Elevation-Volume Data 

Elevation, feet, 
NGVD29 Depth, feet Area, acre 

Incremental 
Volume, acre-feet 

Cumulative 
Volume, acre-feet 

197.3 0.00 0.00 0.00 0.00 

198.00 0.70 0.053 0.04 0.04 

199.00 1.70 0.192 0.14 0.18 

200.00 2.70 0.233 0.04 0.22 

201.00 3.70 0.274 0.04 0.26 

201.50 4.20 0.295 0.01 0.27 

 

CONCLUSIONS 

Without mitigation, the proposed Lincoln Meadows Project could increase peak storm flows 

downstream from the Project. The potential Project impacts can be mitigated with the construction 

of two detention basins as described herein. With construction of the basins, the post-project peak 

flood flows discharged to the Project outfalls will be reduced to 85 to 94 percent of the existing 

peak flood flows from the developed portions of the Project. The peak flows from the undeveloped 

watersheds within the Project area will match existing flow rates. 
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Figure 3

Peak Outflow Objective Schedule

Baker-Williams Engineering Group
Lincoln Meadows Detention Basin Study



 

 

 

 

 

APPENDIX A 

Preliminary Grading and Utility Plan 
  





 

 

 

 

 

APPENDIX B 

Stormwater Quality Data 
  









































 

 

 

 

 

APPENDIX C 

North Detention Basin Preliminary Outlet Design 
  





 

 

 

 

 

APPENDIX D 

South Detention Basin Preliminary Outlet Design 
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