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Figure 2-2: Schematic view of the SWMM model including existing basins.  

 
Figure 2-3: Schematic view of the SWMM model including planned future improvements. 
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DESIGN RUNOFF TO GRASSHOPPER SLOUGH 
 
Prior to the construction of the Regional Pond and its corresponding pump station in Phase II, runoff from the 
Heritage Oaks development will drain to Grass Hopper Slough via a metered outfall.  Since both ponds are 
hydraulically connected, the final location of the gravity drain will be determined during design and consulting 
with the environmental consultant to avoid sensitive habitat and jurisdictional permitting issues.  At this time, 
the most likely gravity outflow is from the east pond.  This outfall is an 18” pipe with an invert at 75.0 ft 
(NAVD88) and a flap gate on the outfall to prevent inflow from the Grass Hopper Slough.  Additionally, there 
is a 5 cfs nuisance pump to ensure the ponds can drain completely between storms.  The peak flows from the 
development (gravity and pump flows combined) for the 10-year, 25-year, and 100-year storm events are 
shown in Table 1 below.  Time series plots of the outflows are shown in Appendix 3. 

Table 1 
Comparison of Historic to Developed Runoff to Grasshopper Slough  

from the Heritage Oaks Property (176.7 acres). SWMM 5.2 Simulations. 
Storm Event Historic, Pre-development Phase I Development 

10-year – 24 Hour 24.8 CFS 22.2 CFS 
25-year – 24 Hour 32.7 CFS 22.5 CFS 

100-year – 24 Hour 52.3 CFS 23.9 CFS 
100-year – 10 Day 59.6 CFS 25.0 CFS 

 
DESIGN WATER SURFACE LEVELS IN GRASSHOPPER SLOUGH 
 
As previously discussed, the pre-development and post-development water surface elevations in Grasshopper 
Slough were analyzed in the 2006 Drainage Master Plan. That study has shown that the outflows listed in Table 
1 will not increase the flood stages of the Grass Hopper Slough.  For reference, the resulting water surface 
elevations found in the 2006 Drainage Master Plan are listed in Table 2 below. 
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Table 2 
Peak WSEL on Grasshopper Slough in the Heritage Oaks Area 
(HEC-RAS Unsteady Simulations – 100-year, 24-hour storm) 

Location  

Computed Peak WSEL, feet (NGVD 1929) 
Pre-development 
LOMR #11-09-
0886P, effective 

Feb. 22, 2011 

Phase I 
Development of 
Heritage Oaks 

Phase II 
Development of 
Heritage Oaks 

At downstream face of State 
Route 65 (Sta 304+39) 

80.20 78.59 78.59 

At upstream face of Malone 
Avenue (Sta  

79.02 78.22 78.21 

At downstream face of Malone 
Avenue (Sta 299+79) 

78.40 78.02 78.01 

Near upstream end of Peaking 
Pond #2 (Sta  

77.94 77.94 77.94 

West boundary of Heritage Oaks 
(Sta 292+39) 

77.34 77.23 77.19 

 

DESIGN WATER SURFACE LEVELS IN THE PEAKING PONDS 
 
SWMM provides a complete look at the time-dependent nature of inflows, outflows and water surface 
elevations for the ponds in the system. This information aids greatly in the design of the detention basins.  One 
of the main reasons for using SWMM simulations is to ensure that the ponds maintain adequate freeboard. The 
SWMM analysis was carried out for the three design storms. Peak pond elevations are shown in Table 3 below. 
Time series plots can be found in Appendix 1. 
 

Table 3 
Peak Water Levels in the Heritage Oaks Peaking Ponds under Phase I and II Development 

SWMM Simulations, Elevations in Feet (NAVD88) 
 Phase I Development 

Storm Event East Pond West Pond 
10-year 24 Hour 77.6 77.6 
25-year 24 Hour 77.7 77.6 

100-year 24 Hour 77.7 77.8 
100-year 10 Day 77.8 77.9 

 
STORM DRAIN ANALYSIS FOR CAPACITY AND HGL  
 
Both the East and West trunk lines were analyzed for a complete development of Phases I and II. This ensures 
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that the ultimate capacity of the trunk lines will adequately carry the runoff from the complete Heritage Oaks 
Development.  Under all conditions, the HGL in the trunk lines remain below all DI grates in the 2006 Master 
Grading Plan in a 10-year event.  The static peak pond elevation remains below all DI grates for a 25-year 
event. All storm drains convey the 10-year event and all trunk lines convey the 25-year event.  
 

Table 4 
Peak Flows Delivered by the Storm Drain Systems to the Ponds in Heritage Oaks  

under Phase I and II Development. SWMM Simulations, Flows in CFS 
 Post Development 

Storm Event East SD to East 
Pond 

West SD to West 
Pond 

10-year 24 Hour 30.9 165.9 
25-year 24 Hour 25.4 149.0 

100-year 24 Hour 16.0 108.5 
100-year 10 Day 8.56 85.0 
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CONCLUSION AND RECOMMENDATIONS: 
 
Heritage Oaks Estates - East covers approximately 148.70 acres of land south of the current City Limits, west 
of State Route 65, and north of the Bear River Levee.  The development area is divided into 10 villages, with 
Units 5 and 6 located west of Malone Avenue and the rest east of Malone Avenue.  In order to develop, there 
will need to be mitigation measures taken to address downstream impacts on Grasshopper Slough.  As noted 
above, Peaking Ponds 1 and 2 were constructed in 2006 as part of the mass grading.  The two detention ponds 
will be connected with storm drainage pipes and will operate as one detention pond.  The system shall be 
designed with the ability to isolate ponds to allow for O&M or to direct all the water to one pond to allow for 
the potential multi use of the pond bottoms for play fields or dog parks.  This is consistent with the 2006 Master 
Drainage Plan and Five Basin Study.  The main difference is that the detention pond volume on Heritage Oaks 
Estates - East has been greatly increased to allow Heritage Oaks East to proceed prior to the development of 
the regional pump station to Bear River.  The pond volume is large enough to handle the Heritage Oaks Estates 
– East and Heritage Oaks Estates – West, the commercial center, the self-storage area, and some of the Blue 
Oak once the regional pump station is installed but, in the interim, will mitigate the Heritage Oaks Estates - 
East.  The detention pond could have a small 3 to 5 cfs pump to discharge water from the lower elevations in 
the pond.  The project will provide facilities for handling runoff from a 100-year storm and an underground 
trunk line conveyance system for a 25-year storm. 
 
The recommended conditions of approval or mitigation measures for the Heritage Oaks Estates – East Project 
are as follows: 
 
Development North of DeValentine Parkway (Villages 1 through 6 – total of 75 acres consisting of up to 450 
single family residential lots and roadways) 
 

1. The Construction of underground trunk lines, capable of handling a twenty-five (25) year storm.  The 
peak water level in ponds during the 25-year event shall be below the lowest DI grate served.  The 
trunk lines will vary between thirty (30) inch and sixty-six (72) inch storm drain pipe; 
 

2. Construction of East Detention Pond with a storage capacity of 8.7 ac-ft below elevation 80.30 feet 
(NAVD 88) which is the lowest DI elevation in Heritage Oaks - East. 
 

3. Construction of Phase 1 of the West Detention Pond with a minimum storage capacity of 35.0 ac-ft at 
its rim elevation of 80.3 feet (NAVD 88) which is the lowest DI elevation in Heritage Oaks - East.  
The minimum storage is based on a 100-year 10-day storm considering with no outfall into 
Grasshopper Slough.  We based the volume using some rough rational method calculations.  Using a 
runoff coefficient of 0.65 for developed residential lots, an area of 75.0 acres and a 100-year 10-day 
storm event of 10.7 inches of rain.  This results in a need of 0.65 x 75.0 ac x 10.7 in /12 in/ft = 43.5 
acres-ft of storage less the 8.7 ac-ft in east pond for a total of 34.8 acre-feet provided.  The initial phase 
shall be design to gravity flow into Grasshopper Slough without a lift pump station.  Since both ponds 
are hydraulically connected, the final location of the gravity drain will be determined during design 
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and consulting with the environmental consultant to avoid sensitive habitat and jurisdictional 
permitting issues.  At this time, the most likely gravity outflow is from the east pond only; 
 

4. Construction of a thirty (30) inch pipeline from east detention pond to forty-eight (48) inch trunk line 
located in North Park Drive.  The pipeline will allow flow in and out of the detention pond; 
 

5. Construction of a forty-eight (48) inch pipeline to trunk line in North Park Drive; 
 

6. Construction of an 18-inch gravity outlet from the east detention pond to Grasshopper Slough.  The 
outlet will be equipped with a flap gate to prevent backflow from Grasshopper Slough into the pond.  
Since both ponds are hydraulically connected, the final location of the gravity drain will be determined 
during design and consulting with the environmental consultant to avoid sensitive habitat and 
jurisdictional permitting issues.  At this time, the most likely gravity outflow is from the east pond to 
Grasshopper Slough only; 
 

7. Construction of an 18-inch gravity outlet from the west detention pond to Grasshopper Slough.  This 
pipeline shall have sluice gate and flap gate.  Since both ponds are hydraulically connected, the final 
location of the gravity drain will be determined during design and consulting with the environmental 
consultant to avoid sensitive habitat and jurisdictional permitting issues.  There is only a need for one 
gravity outlet pipeline so this would be considered an optional secondary system and will only be 
considered if sensitive habitat and jurisdictional permitting issues can be avoided.  At this time, the 
most likely gravity outflow pipeline is from the east pond to Grasshopper Slough only; 
 

8. Construction of a high-flow weir in west detention pond which will only operate during storm events 
greater than 100-year 10-day storm event.  The weir elevation shall be 0.25 feet higher than the 100-
year event water surface in Grasshopper Slough.  Since the weir will allow water to flow out of the 
pond and into the pond, the slopes shall be designed with rock slope protection or other slope protection 
to handle flow in either direction.  The intent is flow out only but since there is the potential for flow 
into the pond, it needs to be considered in the design; 
 

Development South of DeValentine Parkway (Villages 7 through 10 – total of 41 acres consisting of up to 235 
single family residential lots and roadways – Assume Village 1 through 6 have been constructed) 
 

1. The Construction of underground trunk lines, capable of handling a twenty-five (25) year storm.  The 
peak water level in ponds during the 25-year event shall be below the lowest DI grate served.  The 
trunk lines will vary between thirty (30) inch and sixty-six (72) inch storm drain pipe; 
 

2. Construction of East Detention Pond with a storage capacity of 8.7 ac-ft below elevation 80.30 feet 
(NAVD 88) which is the lowest DI elevation in Heritage Oaks - East. 
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3. Construction of Phase 1 and Phase 2 of the West Detention Pond with a minimum storage capacity of 
38.3 ac-ft at its rim elevation of 80.3 feet (NAVD 88) which is the lowest DI elevation in Heritage 
Oaks - East.  The minimum storage is based on a 100-year 4-day storm event considering with no 
outfall into Grasshopper Slough or the 100-year 20-day storm event with some outfall into 
Grasshopper Slough whichever is greater.  We based the volumes on using the rational method and 
runoff coefficients.  Using a runoff coefficient of 0.65 for developed residential lots, an area of 116.0 
acres, and a 100-year 4-day storm event of 8.29 inches of rain.  This results in a need of 0.65 x 116.0 
ac x 8.3 in /12 in/ft = 52.1 acres-ft of storage less the 8.7 ac-ft in east pond for a total of 43.4 acre-feet 
required.  The 100-year 20-day storm when comparing residential development to the pre-development 
condition of an orchard resulted in a need of (0.65 residential – 0.30 orchard) x 116.0 ac x 13.9 in/12 
in/ft = 47.0 acres-ft of storage less the 8.7 ac-ft in east pond for a total of 38.3 acre-feet required.; 
 

4. Construction of a thirty (30) inch pipeline from east detention pond to forty-eight (48) inch trunk line 
located in North Park Drive.  The pipeline will allow flow in and out of the detention pond; 
 

5. Construction of a forty-eight (48) inch pipeline to trunk line in North Park Drive; 
 

6. Construction of an 18-inch gravity outlet from the east detention pond to Grasshopper Slough.  The 
outlet will be equipped with a flap gate to prevent backflow from Grasshopper Slough into the pond.  
Since both ponds are hydraulically connected, the final location of the gravity drain will be determined 
during design and consulting with the environmental consultant to avoid sensitive habitat and 
jurisdictional permitting issues.  At this time, the most likely gravity outflow is from the east pond to 
Grasshopper Slough only.; 
 

7. Construction of an 18-inch gravity outlet from the west detention pond to Grasshopper Slough.  This 
pipeline shall have sluice gate and flap gate.  Since both ponds are hydraulically connected, the final 
location of the gravity drain will be determined during design and consulting with the environmental 
consultant to avoid sensitive habitat and jurisdictional permitting issues.  There is only a need for one 
gravity outlet pipeline so this would be considered an optional secondary system and will only be 
considered if sensitive habitat and jurisdictional permitting issues can be avoided.  At this time, the 
most likely gravity outflow pipeline is from the east pond to Grasshopper Slough only.; 
 

8. Construction of a high-flow weir in west detention pond which will only operate during storm events 
greater than 100-year 10-day storm event.  The weir elevation shall be 0.25 feet higher than the 100-
year event water surface in Grasshopper Slough.  Since the weir will allow water to flow out of the 
pond and into the pond, the slopes shall be designed with rock slope protection or other slope protection 
to handle flow in either direction.  The intent is flow out only but since there is the potential for flow 
into the pond, it needs to be considered in the design; 
 

9. If storage is required below the invert of Grasshopper Slough to meet the storage requirements, the 
installation of a variable speed pump capable of between 3 and 5 cfs from west pond into the Grass 
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Hopper Slough will need to be installed.  The pump was will be designed to operate only once the 
water surface in Grasshopper Slough lowers enough that the addition of 3 to 5 cfs will not impact the 
downstream system.  This pump could also be used to pump the detention ponds over a 10-day period 
without any gravity flow.; 
 

10. Following the issuance of the 460th single family residential building permit, the improvement plan 
design process for the Regional Pump Station shall commence.  The improvement plans shall be 
approved by City prior to the 600th single family residential building permit.  The CVFPB encroachment 
permit will be part of the construction phase and shall not be required to be completed by the Heritage 
Oaks Estates – East developer. 
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APPENDIX 
 

1. SWMM PLOTS OF POND DEPTHS DURING THE 100-YEAR, 24-HOUR 
STORM EVENT 
 

2. SWMM PLOTS OF THE TRUNKLINE FLOWS DURING THE 25-YEAR, 24-
HOUR STORM EVENT 
 

3. SWMM PLOTS OF THE OUTFLOWS FROM POND#2 TO THE GRASS 
HOPPER SLOUGH DURING SEVERAL STORM EVENTS 
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APPENDIX 1 

SWMM 5 Outputs for pond depths during the 100-year, 24-hour storm. 

Figure 1 – Graph of Depth vs Time for West Peaking Pond for the 100-year, 24-hour storm. 

Figure 2 – Graph of Depth vs Time for the East Peaking Pond for the 100-year, 24-hour storm. 
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APPENDIX 2 

SWMM 5 Outputs for trunk line outflows during the 25-year, 24-hour storm (both 
phases constructed). 

Figure 1 – West Trunk Line Flow vs Time for the 25-year, 24-hour storm. 

Figure 2 – East Trunk Line Flow vs Time for the 25-year, 24-hour storm. 
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APPENDIX 3 

SWMM 5 Outputs for outflows from Pond to Grass Hopper 

Slough 

Figure 1 – Outflows from Pond  to Grass Hopper Slough for the 100-year, 24-hour storm. 

Figure 2 - Figure 1 – Outflows from Pond  to Grass Hopper Slough for the 25-year, 
24-hour storm. 
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Figure 3 – Outflows from Pond  to Grass Hopper Slough for the 10-year, 24-hour storm. 
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