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EXECUTIVE SUMMARY 

This drainage study was completed to demonstrate that the existing Mace Ranch Channel has 
adequate capacity to accept the flow changes that will result from the Mace Ranch Innovation 
Center (MRIC) development. 

The study included the following: 
• Review of the Mace Ranch Drainage Study completed in 1991. 
• Significant updates of both land use and facilities to reflect today's conditions. 
• Greater detail and analysis of storm drain system along Alhambra Boulevard. 
• Use of a more robust computer model to evaluate existing conditions and the potential 

impact of the Innovation Center development. 
• Reality check of the previous study and existing facilities with a separate and updated 

model. 
• Analysis of alternative configuration of the Mace Ranch channel through MRIC. 
• Conceptual layout of Innovation Center drainage facilities including local attenuation 

storage. 
• Drainage Study for the Triangle Area. 
• Mitigation plan for the increased runoff volume from MRIC and Triangle Area. 

Additional analyses and evaluations will be completed as the site development proceeds and greater 
detail becomes available. 
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OVERVIEW 

The Mace Ranch Innovative Center (MRIC) is located east of Mace Boulevard and north of County 
Road 32A. The 212 acres is currently farmed, mainly for row crops. Land slope and irrigation are 
from west to east. Rainfall runoff from the MRIC flows to the east and then flows into the Mace 
Ranch channel or to the north within the the northern quadrant. 

The MRIC is bisected by a relatively large drainage channel that was constructed in the early 
1990's to drain Mace Ranch and development along Second and Fifth Streets. The channel 
continues east, flows into the railroad channels, and then outfalls into the Yolo Bypass. Figure 1 
provides a Vicinity Map of the Mace Ranch area, the Mace Ranch drainage facilities, and the 
downstream channel. 

The Innovation Center will be designed and graded such that runoff is attenuated and directed into 
the Mace Ranch channel. The attenuation measures will be designed so that the runoff 
characteristics are similar to existing conditions and within the design capacity of the channel. 

History of Mace Ranch Channel 

The shed area draining to the Mace Ranch channel at Mace Boulevard is about 730 acres. The 
Mace Ranch development, 535 acres of mostly residential, drains the northern portion of the shed 
via a typical storm drain system. 

The southern 195 acres north of Second Street is zoned for Planned Development and includes 
commercial, business, several open parcels, some residential, and a park. Rainfall runoff is 
collected in typical storm drains and discharged into a long flood channel that provides conveyance 
and attenuation storage to reduce peak outflow. 

Both the north and south systems join at Alhambra Boulevard, about 1,000 feet west of Mace 
Boulevard. The twin outfall pipes continue east along Alhambra, then turn north about 600 feet 
along Mace Boulevard and outfall into the Mace Ranch channel. 

The Mace Ranch channel improvements were completed in 1992. It extends east from Mace 
Boulevard to about V2 mile downstream or of County Road 105. It then enters a larger existing 
channel along the north side of the railroad (railroad channel) that extends to the Yolo Bypass levee. 

Another component of the channel is an off-line detention basin located along the channel at the 
northeast corner of the southern half of the MRIC site. For two years after construction, the basin 
was needed to significantly attenuate peak flow because the channel improvements east of the 
MRIC property had not been completed. During this period, the large new channel was connected 
to the much smaller downstream agricultural ditch via a 24" CMP culvert. After the downstream 
channel improvements were completed in 1994, the need for the detention basin to attenuate flows 
along the channel was greatly reduced. 
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Figure 1. Vicinity Map 
The final separate component of the Mace Ranch drainage improvements was the replacement of a 
30-inch outfall pipe into the Yolo Bypass with a five-foot by five-foot box culvert. Historically, the 
30-inch culvert represented a significant bottleneck for drainage that flowed to this area, and there 
was frequent ponding on the nearby fields, west, or on the backside of the bypass levee. Today, the 
much larger outfall greatly reduces the likelihood and duration of the ponding behind the bypass 
levee. However, when the water level in the bypass is high to very high, discharge into the bypass 
is reduced or prevented, and ponding can occur. 

Please note that one portion of the Mace Ranch channel improvements has not been completed. As 
noted earlier, the first phase of channel improvements ended at the east property line of the MRIC 
site. The second downstream phase was designed to connect to the Phase 1 improvements with full
sized channel using a slight "S" curve to match the offset alignments. There are no notes on the As
Built drawings to indicate the reason the channel connection was not completed. 

Currently, the connection between the two channels is two 24-inch corrugated metal pipes (CMPs). 
One pipe is located at the channel flow lines, and the other is several feet higher. The connection 
represents a significant bottleneck along the Mace Ranch channel, and removal is recommended. 

For the purposes of this study, the connection of the Phase 1 to the Phase 2 channel is assumed to be 
completed. All analyses and facility recommendations are based on a continuous channel being in 
place as designed. 

1991 Mace Ranch Park Drainage Report 

The Mace Ranch Drainage Report (MR Report) was completed prior to most of the development 
and therefore included several significant assumptions. These assumptions and current information 
include the following: 

• Local attenuation was assumed at the Contech property near Cantrill Drive and Second 
Street. The area has been redeveloped with no apparent attenuation. 

• Three other subsheds that are tributary to the Second Street flood channel were assumed to 
have small ponding areas that would attenuate flow into the channel. Preliminary 
information and site visits indicate that these small detention areas are no longer available. 

• Alhambra Lake was assumed to provide some attenuation of peak flow from the residential 
development north and east of Alhambra Boulevard. Alhambra Lake is private and not 
connected to the Mace Ranch Storm drainage system. 

In addition to the assumptions that are no longer valid, the configuration of the drainage facilities is 
fairly complex. At the time of the study, HEC-1 was an industry- standard computer program used 
for developing and routing hydrographs. While it is still widely used, the earlier software required 
several key reservoir routing assumptions that were necessary to complete the analysis. 
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Finally, the channel improvements and interim detention basin downstream of Mace Boulevard 
were not included in the computer model. A subsequent model may have been prepared but was 
not available for this study. 

These explanatory comments are not meant to criticize the approach, analysis, or the drainage 
facilities. Also, there have been no significant issues concerning the capacity or the conveyance of 
the Mace Ranch facilities. 

The Innovation Center will drain to the Mace Ranch channel which will add runoff volume and 
could increase peak flows. To be confident that the proposed MRIC drainage facilities are 
consistent and compatible with the existing Mace Ranch channel, an analysis is needed to address 
the increased runoff volume and to ensure that peak flow does not exceed design capacity. 

1993 Mace Ranch Channel Design Report 

The Off-Site Channel Design Report provided the analysis for approximately 6,000 lineal feet of 
trapezoidal earthen channel, four road crossings, a larger Yolo Bypass outfall that was described 
earlier, and modifications to the interim detention basin at MRIC. 

The Mace Ranch Channel, approximately 8,500 feet in length, discharges into the existing railroad 
channel, probably excavated as part of the railroad embankment construction. The railroad channel 
is about 10,000 feet long and is much wider than the Mace Ranch Channel. 

The key component of the Channel Design Report for the MRIC development is the channel design 
capacity of 260 cfs at the eastern MRIC property boundary. This was based on the combined flow 
from the Mace Ranch development area and the agricultural flows from the MRIC property. It also 
included attenuation at the existing detention basin. 

The developed runoff from MRIC will be attenuated in the buffer areas both north and south of the 
channel. Through onsite attenuation, the maximum flow leaving the east edge of MRIC will not 
exceed 260 cfs. As a result, there would be no downstream impacts along the channel because the 
maximum rate of flow will not be increased. 

MACE RANCH INNOVATION CENTER DRAINAGE STUDY 

Background 

Today, there are more robust computer models available for this type of analysis and the XP
SWMM software was selected. It is a dynamic model that is approved by FEMA for both 
hydrology and hydraulics for Flood Insurance Studies. There are two reasons why the XP software 
was chosen. The first is that the XP SWMM computational methodology is a better representation 
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of the hydrology and hydraulics during a major storm event. The other is that the XP model 
provides a "second opinion" as to the adequacy of the existing storm drain facilities. 

There are two main differences between the previous study and this study: hydrograph generation 
and routing. To add detail, several larger subsheds were divided into smaller components, and then 
the individual hydrographs were routed along the constructed facilities. As an example, the 73-acre 
area identified as Alhambra Estates was originally modeled as two subsheds that were combined 
and then added to the storm drain trunk along Alhambra Boulevard after assuming a moderate 
amount of attenuation at Alhambra Lake. 

Alhambra Lake is not connected to the storm drain facilities, so that assumption is no longer 
applicable. For this analysis, the area was subdivided into 15 smaller sheds, and the individual 
hydrographs were then routed through the constructed storm drain system. Similar modifications 
were made in other areas but to a much lesser extent. 

The routing upgrades were in both the piping system and the open channel conveyance. The model 
accurately adds and routes hydrographs through complex piping networks, continuously keeping 
track of flows and water levels throughout the system. When the water level rises above the top of 
ground, it is temporarily stored or routed overland, depending on site specific conditions. This 
provides a more realistic representation of the operation of the drainage facilities. 

For the flood channel along Second Street, several significant routing assumptions previously used 
were unnecessary because the software does these calculations internally. These include 
assumptions of how culverts perform during a storm event and to continuously compute both 
upstream and downstream water levels at culverts. The HEC-1 model will compute only the 
upstream water level based on culvert information provided separately by the modeler. 

The original study included analyses of the 10- and 100-year storms. At this early stage of the 
MRIC development process, only the 100-year storm was analyzed to confirm that there is adequate 
capacity in the Mace Ranch channel for the MRIC development. As more development information 
becomes available, the 10-year storm will also be analyzed to help size the MRIC drainage 
facilities. An updated drainage study will be submitted for review and acceptance prior to submittal 
of improvement plans and will include an analysis of the IO-year storm. 

Hydrology 

As noted earlier, the Clark Unit Hydrograph method was used to generate runoffhydrographs in the 
previous study. Times-of-concentration (Tc) were estimated based on subshed shape and land use, 
and the storage coefficient was assumed to be 1.3 times larger than the time-of-concentration. 

Five-minute rainfall amounts were used for the 100-year, 24-hour storm. Two sources of rainfall 
data were available: Rainfall Data for Solano and Yolo Counties, by James Goodridge, September 
1993, and NOAA Atlas 14, Volume 6, Version 2. The 5-minute rainfalls that were used for the 
model analysis were the worse-case rainfalls from the two sources for each of the 5-minute time 
periods. The reason for this approach was to put a higher level of stress on the existing facilities, 
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compared to the earlier study, and be confident that the computed design flow leaving the MR 
development area would be about the maximum rate that could be reasonable expected. 

Soils within MRIC are predominantly Capay silty clay and the Sycamore complex, with minor areas 
of Willows clay and Willows clay, alkali, drained. These soils have a range of penneability 
between 0.06 and 0.20 inches per hour, typically classified as Type C or Type D within the older 
Soil Classification criteria. A constant infiltration rate of 0.12 inches per hour was used for the 
model analysis. Additional soils information is provided as Attachment 1. 

For most of the subsheds, the same areas and basin parameters were used for this analysis. For the 
subsheds that were broken into smaller components, the default "Runoff' method was used. 
Attachment 2 provides a summary of the areas, basin parameters, and design flows of the selected 
subsheds for both the previous and this analysis. 

Please note that the basin parameters selected by the modeler that were used for the Runoff 
methodology generate higher peak flows compared to the previous analysis. This was done for 
three reasons. Updated hydrology design guidelines of most regulatory agencies in the region have 
increased design flows, and the flows generated for this analysis are consistent with those updates. 
Secondly, smaller subsheds tend to generate higher unit flow, and finally, the higher flows were 
used to put a greater stress on the existing Mace Ranch drainage facilities to be confident that the 
downstream channel does indeed have adequate capacity for the MRIC development. 

Table 1 provides a summary of the basin parameters and peak flows for the MRIC. These areas 
were not included in the 1991 study. Attachment 2 provides a summary of the computed 100-year 
flows used for this analysis and flows that were used for the previous analysis. 

Basin ID DrnArea 
(ac) 

MRIC-N 110 
MRIC-S 102 

Total 212 

N-Wl/2 55 
N-NE l/4 25 
N-SEl/4 30 

Total 
S-Wl/2 50 
S-NEl/4 27 
S-SEl/4 25 

Total 

Table 1. Summary of Computed Flows at MRIC 
Land Use Percent 

Impervious 
Existing Conditions 

Ag 2 
2 

Developed Conditions 
MRIC- North of Chnl 50 

MRIC- South of Chnl 

50 
50 

50 
50 
50 

100-year Peak 
Flow (cfs) 

39 
34 
73 

Dev. 100-year 
Peak Flow (cfs) 

73 
45 
54 
172 
69 
51 
48 

168 

Please note that these flows are preliminary and may change as more layout detail becomes 
available. The percent impervious and corresponding runoff may decrease if porous parking is 
included in the design. The runoff volume would also be less if the infiltration at the ponding areas 
is considered. 
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Hydraulics 

The subshed runoff hydrographs were combined and routed using the XP software based on As
Built drawings of the drainage facilities, the 1991 Drainage Report, and the corresponding HEC-1 
model. The major differences between this and the previous model were the use of smaller 
subsheds, additional pipe routing within selected areas, and the inclusion of the Mace Ranch 
channel for Mace Boulevard to the Yolo Bypass. The topographic data used for both the previous 
analysis and this analysis were based on NA VD88 vertical datum. 

The following information and proposed facilities are presented, based on the XP-SWMM analysis. 

The design capacity of the Mace Ranch channel immediately downstream of MRIC is 260 cfs as 
described earlier. The channel design parameters were 15-foot bottom width, 2:1 side slopes, a 
channel slope of 0.0003 ft/ft, and a roughness coefficient (Manning's "n") of 0.035. Note that text 
in the Channel Design Report shows that the roughness coefficient of 0.035 was used, but the water 
levels shown on the Improvement Plans were based on a roughness of 0.040. Please note that the 
channel has adequate capacity regardless of which roughness value is used. The difference is that 
the higher roughness generates a greater flow depth, and so the freeboard is less. The conservative 
0.040 roughness was used for this XP-SWMM analysis. 

Please also note that freeboard is much less critical along the Mace Ranch Channel compared to 
other channels for two important reasons. The top of the channel is at grade which means there are 
no levees. Any overtopping would pond in the adjacent fields. There is no risk that a channel levee 
could be overtopped or fail. The second reason is that the adjacent property is agricultural fields. 
The fields would be already saturated from the heavy rain, so additional ponded water for a few 
hours would not cause damage. 

Design flow depth at the east side of MRIC is between 5.6 feet and 6.0 feet, depending on which 
roughness value is used. The total channel depth is about 7.5 feet through MRIC and downstream 
to County Road 105, where the total channel depth is between 6Yi and 7 feet. Downstream capacity 
has not been analyzed because the flow rate downstream ofMRIC will not be increased. 

Recent site investigations indicated that there was a substantial amount of tule growth this past 
summer. This tends to reduce the conveyance capacity of the channel. However, based on personal 
experience and technical reports, tules will bend downstream when high flow occurs. Their 
resistance to flow diminishes over time when there is high flow. In addition, channel cleaning has 
been done along the channel to improve conveyance. This information is provided to support the 
channel roughness estimate used to estimate existing channel capacity. 

The existing channel through the MRIC site is functional, efficient, and cost-effective. It was not 
constructed for aesthetic value. Preliminary discussions concerning the developed MRIC site layout 
included the idea that modifications to the channel are desirable for the purposes of aesthetic and 
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safety improvements. The actual design modifications are not known at this time, but two changes 
are likely and are included in this analysis. A third change is being considered but has not been part 
of the hydraulic analysis. 

The first is that three large storm drain pipes will replace the channel immediately east of Mace 
Boulevard to provide a safer area and better access to the open area planned for this area. About 
700 lineal feet of channel will be replaced with three 72-inch pipes. 

The second change is that the current design slopes of 2h: 1 v side slopes will be reconfigured with 
milder 4: 1 side slopes and the bottom width will be reduced from 15 feet to 10 feet. The revised 
channel configuration has slightly greater capacity, is safer, and will be easier to maintain. 

The last change being considered is a low-flow pipe from the end of the new triple storm drains to 
the eastern boundary ofMRIC. The reason for this would be to improve aesthetics, reduce 
maintenance, and reduce the potential for vectors when intermittent summer flow is expected. That 
condition generally does not support mosquito fish. Mosquito fish were observed during several 
site visits in early spring. However, with irrigation restrictions becoming stricter, there may not be 
sufficient landscape runoff during the summer to support the fish. 

This modeling effort yielded a flow of 256 cfs entering the channel downstream of Mace 
Boulevard. A quick explanation of the differences between the old and the new is provided, and 
this includes the more intense rainfall compared to the previous analysis. Table 2 provides a 
summary of peak flow at several locations upstream of Mace Boulevard for the old and new 
models. 

The HEC-1 analysis had the peak flow from the Alhambra storm drains arriving closer to the same 
time as the peak flow the Second Street flood control channel. The XP analysis indicates that the 
peak flow from Alhambra arrives at the confluence shortly after the peak rainfall. The peak from 
the Second Street system, which includes a linear flood channel, arrives at the confluence nearly 
two hours after peak rainfall. This offset means the combined peak flow will be less compared to 
peak flows that arrive at about the same time. 

Table 2. Computed 100-year Flows at Select Locations 

Location 

Drain A, US of Confluence w/ B (Second St sys) 
Drain B, US of Confluence w/ A (Alhambra sys) 
Downstream of AB Confluence (Alhambra 
Boulevard) 
All drainage at Mace/Alhambra (Sys A+B+C) 
Signature Property/ Harper School ( at Mace 
Boulevard) 
Outfall into channel (East of Mace Boulevard) 

Upstream 1991 Flow XP SWMM 
Node ID (cfs) Flow (cfs) 

A165 66 113 
B105-ABAII 183 129 

ABAII-25 

ABC-All45 

C50 

Chnll 

245 

276 

41 

300 

186 

213 

46 

256 
Note: Node IDs are the same for both this and the previous study. 
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Trial-and-error modeling was used to determine peak flows in the channel under developed 
conditions with various configurations of the buffer detention and the existing basin. When the 
buffer storage was increased, the need for the existing detention basin was decreased. The preferred 
approach is to provide significant buffer storage and eliminate the existing detention basin. 

This approach responds to the Applicant's interest in filling the existing detention basin that was 
originally constructed with the development of Mace Ranch but prior to the downstream channel 
improvements. Two obvious reasons to fill the basin are to provide better access from north and 
south portions of MRIC in this area, and to provide greater flexibility of the development 
configuration of the MRIC site. 

The channel reconfiguration through MRIC was also analyzed to confirm that the upstream water 
levels within the Mace Ranch development area will not increase. Table 3 provides computed 
water levels at selected locations within Mace Ranch for both existing and proposed conditions. 

Table 3. Comparison of Water Surface Elevations at Selected Locations 

Location 

Confluence of Drains A& B along Alhambra Boulevard 
Confluence- All of MR Development + Signature Property 
WSE: Water Surface Elevation 

NodeID 

AB-ALL 
ALLIOO 

WSE- WSE-
Exist. (ft) Proposed (ft) 

26.77 26.73 
24.44 24.37 

Table 4 provides a summary of the flows through MRIC. Attachment 3 provides hydraulic 
modeling information. Figures 2 & 3 are the flow hydrographs entering and leaving MRIC. 

Table 4. Summary of Mace Ranch Channel Flows throu2h the MRIC Site 
Descriotion 

Computed 100-year Peak Flow in MR Channel at Mace Ranch Boulevard 
Attenuated 100-yr Peak Flow from MRIC into Channel- North Side 
Attenuated 100-yr Peak Flow from MRIC into Channel- South Side 
Computed 100-year Peak Flow in MR Channel at East Side of MRIC 

100-yr Flow (cfs) 
256 

8 
7 

257 

Please note that the sum of the channel flow and the two MRIC flows do not add directly for two 
reasons. With the proposed wider channel configuration, there is a slight increase in channel 
attenuation from Mace Boulevard to the eastern boundary ofMRIC. Secondly, the peak flows from 
the buffer areas occur after the channel peak has past. Hence, the maximum flow rate that enters 
the channel at the west side ofMRIC is unchanged as it exits the east side of MRIC. 
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Figure 2. Plot of Flow Hydrographs Entering Proposed Culverts East of Mace Boulevard. 
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Figure 3. Plot of Flow Bydrograph Leaving at the East Side of MRIC 

The concept for the buffer areas that will provide storage and conveyance is to create multiuse, 
aesthetically-pleasing facilities that perform critical drainage functions but do not look like drainage 
facilities. The proposed soccer fields are a good example, but these areas could be used for other 
active or passive recreation. 

For this first iteration, the 50-foot pedestrian/bike path around the perimeter is shown as a separate 
corridor. Slopes adjacent to the 50-foot buffer are at 6:1 or flatter. The entire 50-foot width is 
outside of any storage area or floodplain. It is expected that the corridor may be integrated with the 
other uses of the buffer areas. 

The proposed grading and layout for the buffer areas used for runoff storage and attenuation are 
presented in Attachment 4. Selected cross-sections, with the locations identified on the plan views, 
are also provided in Attachment 4. 

Water Quallty 

The MRIC site will be designed to provide water quality treatment to storm runoff as required. 
Because of the extensive open space and landscaped corridors, grassy swales and attenuation areas 
will provide treatment. Building downspouts will be directed to surface treatment areas rather than 
underground storm drains. The treatment areas will be integrated and "hidden" within landscaped 
areas. They will provide treatment but not look like treatment areas. 

Additional treatment details will be provided as the development details of the MRIC site become 
available. 

Triangle Area 

The Triangle Area consists of three parcels, totaling 16+ acres that is bounded by Mace Boulevard 
on the west, County Road 32A on the north and east, and the railroad embankment to the south. 
Current land use is a city water tank, the Ikeda fruit and vegetable stand, and an open parcel. 
Because of its proximity to MRIC, the city requested that drainage from this area be evaluated as 
part of the MRIC development process. A separate drainage study was completed and is provided 
as Attachment 5, and a brief summary of the findings is provided below. 

Today, runoff from the Triangle area flows south or southeast to the existing drainage channel 
located between County Road 32A and the railroad embankment. The collected runoff then flows 
east along the existing channel that discharges into the Mace Ranch channel east of County Road 
105 via a storm drain culvert. The existing railroad channel also conveys runoff from an 
undetermined relatively small drainage area west of Mace Boulevard via a culvert under the Mace 
Boulevard overcrossing embankment. 
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Conceptual design criteria and facilities are as follows: 
1. The increased rate of flow as a result of development will be attenuated to mimic 

existing conditions. 
2. The increased volume of runoff as a result of development will be mitigated downstream 

on the landside of city property near the Yolo Bypass levee. 
3. Onsite drainage facilities will be some combination of surface and pipe conveyance to a 

detention basin likely located at the east end of the Triangle. 
4. Outflow from the proposed basin to the channel will be similar to existing conditions. 

Mitigation for Increased Runoff Volume from MRIC and Triangle Area 

As part of the review comments, the city has requested that a plan be available to mitigate any 
impacts for the increased runoff volume from MRIC and the Triangle Area. While the Triangle 
Area has three separate parcels and is not an integral part of the Innovation Center development, it 
is included in the approval process of MRIC. Therefore, a preliminary plan for mitigation for the 
increased runoff from both areas is provided. 

A separate volumetric study was completed for MRIC, and the increased runoff from the Triangle 
was provided as Attachment 6. Table 5 provides incremental volume increases for several selected 
storms. Please note that these volumes represent several conservative estimates and may decrease 
dependent upon land use and rainfall distribution parameters. 

T bl 5 S a e . ummary o fl t II fR ncremen a ncrease o ffV I uno oume 
Storm Event Triangle Vol MRIC Vol Increase Total Vol 

Increase (AF) (AF) Increase (AF) 
10-yr, 24-hr 2.0 20 22 

100-yr, 24-hr 2.5 26 29 
100-yr, 10-day 6.7 63 70 
200-yr, 10-day 7.2 68 75 

Replacement Storage Alternative 

A portion of a field could be lowered to store the increased incremental volume and could be sited 
essentially anywhere along the channel as it continues to the bypass. The recommended location is 
the most eastern parcel owned by the city adjacent to the channel and the Yolo Bypass levee, Parcel 
033-300-015, 204 acres. There are two other city-owned parcels, located contiguous to the west, 
that could also be lowered to provide the necessary storage (parcels 033-300-001, 248 acres, and 
300-650-006, 327 acres). See Figure 4 

However, parcel 033-300-015, the eastern-most parcel, is the preferred location for additional 
storage because it is some of the lowest agricultural land in that area. That means that as soon as 
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the Railroad Channel is unable to drain into the Yolo Bypass and storm water begins ponding on the 
adjacent agricultural fields, the new storage capacity will immediately be used, thereby eliminating 
impacts to higher ground as a result of the MRIC and Triangle Area runoff increase. 

If the lowered area was sited at a higher elevation on one of the adjacent city-owned properties, then 
some field ponding would occur at the lower elevations before the storage benefits are realized. 
Similarly, if a completely different but nearby field was selected between MRIC and the bypass 
levee, its effectiveness to mitigate the increased runoff would be dependent on its elevation and how 
often it would be inundated. At this early stage of development, the optimum location has not been 
determined. However, an example of the relative size of a lowered area is shown on Figure 4. 

FIGURE 4. Location of City-owned properties and example of lowered area for storage. 

Providing for detention on-site at either MRIC or the Triangle Area to store increased runoff 
volume is not appropriate for two reasons. First, utilizing valuable acreage to provide on-site 

MRIC EIR Dm Study 6-15-15 14 ofl7 



storage at MRIC and/or the Triangle Area would not be the highest and best use of that property. 
Upon annexation and conference ofland use designation and zoning, these sites will be suitable for 
urban uses that the City has determined to be a high priority for economic development. 
Additionally, to address the scarcity of land available for development, the City has indicated its 
desire to develop in a manner that increases density and floor area ratio. Utilizing innovation park 
or commercial properties as detention for infrequent water storage is inconsistent with the City's 
vision for these properties and would not be the highest and best use of urban lands. 

Second, the required storage needs to be available when there is a major storm event on the horizon. 
That means the storage area needs to be dry or empty at the beginning of the critical time period. 
Based on local storm patterns, a significant storm is often one of several storms that pass through 
the area, often with a break in between. Ensuring the availability of appropriate detention capacity 
at MRIC or the Triangle Area when it is needed would require the operators of the storage areas to 
accurately predict future storms and manage the storage areas accordingly. This is not a reasonable 
or prudent expectation. 

Alternatively, siting the increased volumetric storage capacity near the downstream end of the 
Railroad Channel adjacent to the Yolo Bypass where waters already pond during major storm 
events, means the storage will always be available when needed and will not require any operational 
management. Furthermore, because this agriculturally zoned property is already prone to flooding 
and is designed to drain as soon as the Yolo Bypass again accepts flows from the Channel, 
providing for increased detention at this location should not detrimentally impact crop selection or 
agricultural production. 

To accommodate the increased volume from MRIC and the Triangle Area during major storm 
events, the lowered area would be relatively shallow, probably a foot deep, depending on the 
footprint selected. The maximum excavation should be limited to 2.5 feet unless there are 
compelling reasons for a deeper excavation. Topsoil would be removed and stockpiled, the selected 
area excavated to the design depth, and the topsoil then spread back over the lowered field. The 
field would be returned with the same slopes so that irrigation would continue in a manner similar 
to existing conditions. Drainage patterns would not be changed and the small elevation change will 
not adversely impact the irrigation methodology. 

It is expected that the storage area would be used several times in any 10-year period. Ponding in 
this area occurs as a result of both heavy local rainfall and when the bypass has high flow that 
restricts or blocks the local outflow. Extent and duration of ponding is completely dependent on 
both local runoff and the water elevation in the bypass. Regardless, the mitigated storage would be 
available whenever significant ponding would occur. 

This approach will allow for continued agricultural operations but provide detention during major 
storm events when the bypass is flowing at a high level. The determination of the actual site, size, 
design, and configuration of a downstream detention basin will be based on agricultural conditions 
and submitted at a later date. The excavated material will be placed outside of the 100-year 
floodplain. 
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Pumping Alternative 

While this is not the recommended approach for several reasons, an alternate way to convey the 
increased runoff volume into the bypass when the outfall is blocked by high water in the bypass 
would be a small pump station. The pump station would have a capacity of about three cubic feet 
per second and could be a permanent installation or a portable trailer-mounted unit. It would take 
about 12 days to pump about 70 acre-feet of water, resulting from the development ofMRIC and 
the Triangle Area. 

A permanent installation would be sited near the existing outfall. Pump intake would be in the 
railroad channel and the conveyance pipe would go "over" the bypass levee rather than "through" 
the levee to maintain levee integrity. No impact to the Yolo Bypass would be expected because the 
pump would be used only when there is at least moderately high flow in the bypass, at least 10,000 
cfs. Three additional cfs would not be significant. 

Similarly, a portable, trailer-mounted, self-contained pump could be used. It could be stored at city 
facilities when not in use, and set up for pumping in several hours. The portable pump would 
require fewer and/or less rigorous approvals from the Flood Protection Board. It could also be used 
at other locations and would be less susceptible to vandalism. 

The main reason a pump station is not the preferred approach is that the pumping will require 
manpower to set up, periodically monitor during operation, shut down, and periodic maintenance. 
There may be several years between uses. 

The second reason that a pump station is not preferred is that the pump would only be used when 
the bypass is high and there is ponding on the landside of the bypass levee. There may be many 
hundreds of acre-feet of ponding as a result of the total runoff into this area and the pump would 
only be used to evacuate the incremental increased runoff volume from MRIC and the Trangle. 
Third, this would create a new point source discharge into the Yolo Bypass and would potentially 
require Federal authorization and oversight. 

Summary 

As the development process continues, these options to mitigate for the increased runoff will be 
evaluated in more detail. Comparisons of initial and long term costs and reliability, as well as city 
preferences, will be used to select the mitigation measure. 

Regulatory Floodplain 

A review of the FEMA Maps was also a part of this study to demonstrate that the MRIC site is not 
within the 100-year floodplain as defined by Flood Insurance Rate Maps (FIRMs). The area east of 
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Road 105, directly east of the MRIC site is within the 100-year floodplain. Also, north of Road 
30b, north ofMRIC is also within the 100-year floodplain. Four Firmettes are provided as 
Attachment 7to show the limits of the 100-year floodplain. No part of the MRIC is within the 
regulatory floodplain. 

The defined flooding is essentially extensive ponding that can occur when there is heavy local 
runoff, and there is high to very high flow in the Yolo Bypass. When the water elevation in the 
bypass is higher than the water elevation west of the levee, no outflow will occur, and as a result, 
runoff from the west will pond "behind the bypass levee". 

The runoff travels mainly as sheet flow from as far away as the lower eastern slopes of the Coast 
Range northwest of Winters, a distance of about 20 miles. The agricultural fields east of Highway 
505 also contribute runoff. 

CONCLUSIONS 

• Results of the dynamic computer modeling, based on updated land use and facilities 
information, indicate that the Mace Ranch channel has capacity for the MRIC development. 

• The utilization of onsite attenuation in landscaping and other greenspaces will provide 
adequate attenuation such that the design capacity of the Mace Ranch channel is not 
impacted. 

• Water quality treatment, mainly grassy swales, will be an integral part of the landscape area 
within the MRIC site. 

• Increased runoff volume from MRIC and the Triangle Area will be mitigated by providing 
detention storage downstream near the bypass where ponding occurs as a result of heavy 
local runoff and high flow in the bypass that restricts or eliminates outflow into the bypass. 

• Project-related modifications to the MRIC property and the Mace Ranch channel will not 
adversely impact the capacity or water surface elevations upstream of MRIC within the 
Mace Ranch development area. 

• Project-related modifications to the MRIC property and the Mace Ranch channel will not 
adversely impact the channel capacity or water level downstream ofMRIC. 
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Tables — Hydrologic Soil Group — Summary By Map Unit

Summary by Map Unit — Yolo County, California (CA113)

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

Ca Capay silty clay C 116.9 23.4%

Mf Marvin silty clay loam C 13.3 2.7%

Sp Sycamore silt loam, drained B 9.2 1.8%

Sv Sycamore complex, drained C 253.6 50.8%

Tc Tyndall very fine sandy loam, drained A 28.9 5.8%

Wb Willows clay D 51.0 10.2%

Wd Willows clay, alkali, drained D 26.4 5.3%

Totals for Area of Interest 499.3 100.0%

 Description — Hydrologic Soil Group

Hydrologic soil groups are based on estimates of runoff potential. Soils are assigned to one of four groups according
to the rate of water infiltration when the soils are not protected by vegetation, are thoroughly wet, and receive
precipitation from longduration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and three dual classes (A/D, B/D, and
C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when thoroughly wet. These consist mainly of
deep, well drained to excessively drained sands or gravelly sands. These soils have a high rate of water transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These consist chiefly of moderately deep or
deep, moderately well drained or well drained soils that have moderately fine texture to moderately coarse texture.
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist chiefly of soils having a layer that
impedes the downward movement of water or soils of moderately fine texture or fine texture. These soils have a
slow rate of water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when thoroughly wet. These consist chiefly
of clays that have a high shrinkswell potential, soils that have a high water table, soils that have a claypan or clay
layer at or near the surface, and soils that are shallow over nearly impervious material. These soils have a very slow
rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is for drained areas and the second
is for undrained areas. Only the soils that in their natural condition are in group D are assigned to dual classes.

 Rating Options — Hydrologic Soil Group

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified

Tiebreak Rule: Higher

  Map — Hydrologic Soil Group
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Attachment 3 Hydraulics 8/10/2015

Link Name US Node Name
Max 
Crown 
Elev (ft)

100‐yr 
Max H2O 
Elev (US) 

ft

US Invert 
Elev (ft)

Dia. 
(Ht) 
(ft)

Length 
(ft)

100‐yr 
Max 

Flow (cfs)

100‐yr 
Max Vel 
(ft/s)

DS Node Name
Max 
Crown 
Elev (ft)

100‐yr Max 
Water Elev 
(DS) (ft)

DS Invert 
Elev (ft)

2ndE‐1p 2ndE1‐X20 33.0 33.8 24.5 1.5 500 10.4 5.8 2ndW3E‐X10 32.0 30.2 23.5
2ndW‐1p 2ndw1‐P3 33.0 33.1 25.55 2 500 12.7 4.0 2ndw2‐11E 32.5 32.5 24.8
2ndW‐2p 2ndw2‐11E 32.5 32.5 23.8 3 500 42.2 5.9 2ndW3E‐X10 32.0 30.2 23.3
2ndW3E‐p 2ndW3E‐X10 32.0 30.2 22.8 3.5 500 80.6 8.3 A160‐Park 31.4 27.5 22.3
5thE‐1p 5thE‐1 41.6 36.9 27.1 1.5 285 4.4 2.4 5thE‐2 38.0 36.8 26.47
5thE‐2p 5thE‐2 38.0 36.8 26.47 1.5 500 8.5 4.7 5thE‐3 33.6 33.8 25.3
5thE‐3p 5thE‐3 33.6 33.8 25.3 1.5 119 8.5 4.7 5thE‐4SSbs 34.6 33.8 25.02
5thE‐4p 5thE‐4SSbs 34.6 33.8 25.02 3.5 205 39.1 4.0 5thE‐5+W‐7 33.1 33.8 24.87
A64R 5thE‐5+W‐7 33.1 33.8 24.77 5 384 142.4 7.2 A85‐us 34.2 33.6 24.16

5thN1‐p 5thN‐1 36.6 36.3 28.98 2.5 500 ‐12.8 ‐3.0 5thN‐2 35.2 34.5 27.73
5thN2‐p 5thN‐2 35.2 34.5 27.73 2.5 500 24.0 4.8 5thN‐3 31.4 32.4 23.88
5thN3‐p 5thN‐3 31.4 32.4 23.38 3 263 22.1 3.1 Ahm11‐B45 33.5 32.2 22.51
5thW‐1p 5thW‐1 36.0 35.7 27.29 4 182 39.4 3.1 5thW‐2 35.0 35.6 27.14
5thW‐2p 5thW‐2 35.0 35.6 26.45 5 185 78.1 4.0 5thW‐3 33.9 35.5 26.09
5thW‐3p 5thW‐3 33.9 35.5 26.09 5 405 61.4 3.1 5thW‐4 33.7 35.3 25.9
5thW‐4p 5thW‐4 33.7 35.3 25.9 5 345 114.9 5.8 5thW‐5 33.1 34.7 25.56
5thW‐5p 5thW‐5 33.1 34.7 25.56 5 360 108.2 5.5 5thW‐6 33.1 34.2 25.2
5thW‐6p 5thW‐6 33.1 34.2 25.2 5 326 108.2 5.5 5thE‐5+W‐7 33.1 33.8 24.87
A10p A10‐Simns 36.0 35.7 26.65 3.5 100 38.9 4.0 5thW‐2 35.0 35.6 26.45
A100p A100+P2 35.5 29.2 23.7 3 200 43.6 6.2 A135‐us 34.0 29.1 23.5

A105xA135 A105‐ds 34.0 33.3 23.4 2.5 40 52.3 10.5 A135‐us 34.0 29.1 23.35
A105‐FC2b A105‐mid 34.5 33.3 23.5 0 300 54.3 0.4 A105‐ds 34.0 33.3 23.4
A105‐FC2a A105‐us 37.5 33.3 23.85 0 900 86.1 0.6 A105‐mid 34.5 33.3 23.5
A110p A110r 31.0 27.5 23.5 3 300 31.6 4.5 A160‐Park 31.4 27.5 23.2
A120‐p A120 33.5 29.1 23.4 2 200 12.3 3.9 A135ds 33.0 29.1 23.2
A135‐FC3 A135‐us 34.0 29.1 23.35 0 1300 71.1 0.7 A135ds 33.0 29.1 23
A135xA165 A135ds 33.0 29.1 23 3.5 60 68.4 7.0 A165‐usPk 32.2 27.5 22.95
A150p A150 31.0 27.6 23.2 2 100 22.2 7.0 A160‐Park 31.4 27.5 23

A165Pk‐b A160‐Park 31.4 27.5 22.2 0.05 1000 140.6 1.5 A165‐ds 29.8 27.5 20.6
A165xAB A165‐ds 29.8 27.5 20.6 4 50 113.4 8.9 AB‐ALL 28.6 26.7 20.5
A165Pk‐a A165‐usPk 32.2 27.5 22.95 0 500 71.1 2.0 A160‐Park 31.4 27.5 22.2
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Attachment 3 Hydraulics 8/10/2015

Link Name US Node Name
Max 
Crown 
Elev (ft)

100‐yr 
Max H2O 
Elev (US) 

ft

US Invert 
Elev (ft)

Dia. 
(Ht) 
(ft)

Length 
(ft)

100‐yr 
Max 

Flow (cfs)

100‐yr 
Max Vel 
(ft/s)

DS Node Name
Max 
Crown 
Elev (ft)

100‐yr Max 
Water Elev 
(DS) (ft)

DS Invert 
Elev (ft)

A20p A20‐Ind 36.0 35.8 27.49 3.5 100 39.5 4.1 5thW‐1 36.0 35.7 27.29
A30p A30‐SnRafl 36.0 35.9 26.21 2.5 100 33.4 6.7 5thW‐4 33.7 35.3 26.01
A40p A40 35.5 35.4 26.01 3.5 100 34.8 3.6 5thW‐4 33.7 35.3 25.91
A50p A50 35.5 33.6 25.5 2.5 200 24.0 4.9 A85‐us 34.2 33.6 25
A60a‐p A60a‐Drwy 36.8 37.0 34.35 1.25 100 4.4 4.1 5thE‐1 41.6 36.9 33.85
A60b‐p A60b‐Drwy 38.0 38.0 33.63 1.25 100 6.6 5.3 5thE‐2 38.0 36.8 32.2
A60c‐p A60c‐Sebas 35.0 33.9 25.3 2.5 100 31.8 6.4 5thE‐4SSbs 34.6 33.8 25.1
A70p A70 37.0 33.6 25.5 2 200 20.9 6.6 A85‐mid 37.0 33.6 25
A80p A80 37.0 33.6 25.5 3 200 22.8 3.2 A85‐mid 37.0 33.6 25

A85xA105 A85‐ds 37.5 33.6 23.9 4 80 85.5 6.8 A105‐us 37.5 33.3 23.85
A85xA105 A85‐ds 37.5 33.6 29 3 80 36.2 5.5 A105‐us 37.5 33.3 28.95
A85‐FC1b A85‐mid 37.0 33.6 24 0 300 122.7 0.8 A85‐ds 37.5 33.6 23.9
A85‐FC1a A85‐us 34.2 33.6 24.2 0 700 129.4 0.6 A85‐mid 37.0 33.6 24
A90a‐p A90a 35.0 33.3 24.5 3 200 14.9 2.1 A105‐mid 34.5 33.3 24
A90b‐p A90b 35.0 29.1 23.6 3 200 28.2 3.9 A135‐us 34.0 29.1 23.4

AB‐ALL‐25 AB‐ALL 28.6 26.7 20.5 5 241 93.2 4.6 ABC25 28.4 26.4 20.36
AB‐ALL‐25 AB‐ALL 28.6 26.7 20.5 5 241 93.2 4.6 ABC25 28.4 26.4 20.36
ABC25‐35 ABC25 28.4 26.4 20.36 5 350 95.8 4.7 ABC35 27.3 25.8 20.15
ABC25‐35 ABC25 28.4 26.4 20.36 5 350 95.8 4.7 ABC35 27.3 25.8 20.15
ABC25‐45 ABC35 27.3 25.8 20.15 5 410 95.8 4.7 ABC45 28.5 25.1 19.94
ABC25‐45 ABC35 27.3 25.8 20.15 5 410 95.8 4.7 ABC45 28.5 25.1 19.94
ABC45‐ALL ABC45 28.5 25.1 19.44 5.5 631 106.6 4.6 ALL100 29.0 24.4 19.06
ABC45‐ALL ABC45 28.5 25.1 19.44 5.5 631 106.6 4.6 ALL100 29.0 24.4 19.06
SurfFlo AgShed 22.2 15.5 0.16 1150 ‐21.9 ‐0.1 RR171+YB 19.5 13.2
Ahm1‐p Ahm1‐Covl 36.4 36.9 32.95 1.25 346 3.9 3.1 Ahm2+Covl 38.3 37.0 31.91
Ahm10‐p Ahm10 34.4 32.4 22.68 5 196 73.1 3.7 Ahm11‐B45 33.5 32.2 22.51
Ahm11‐p Ahm11‐B45 33.5 32.2 22.51 5 223 115.8 5.9 Ahm12 31.8 31.7 22.31
Ahm12‐p Ahm12 31.8 31.7 22.31 5 310 115.8 5.9 Ahm13‐B85 31.0 30.9 21.99
Ahm13‐p Ahm13‐B85 31.0 30.9 21.99 5 390 115.8 5.9 Ahm14 30.1 29.9 21.69
Ahm14‐p Ahm14 30.1 29.9 21.69 5 370 115.7 5.9 Ahm15 29.6 29.0 21.34
Ahm15‐p Ahm15 29.6 29.0 21.34 5 368 115.7 5.9 Ahm16B105 28.9 28.1 21.02
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Attachment 3 Hydraulics 8/10/2015

Link Name US Node Name
Max 
Crown 
Elev (ft)

100‐yr 
Max H2O 
Elev (US) 

ft

US Invert 
Elev (ft)

Dia. 
(Ht) 
(ft)

Length 
(ft)

100‐yr 
Max 

Flow (cfs)

100‐yr 
Max Vel 
(ft/s)

DS Node Name
Max 
Crown 
Elev (ft)

100‐yr Max 
Water Elev 
(DS) (ft)

DS Invert 
Elev (ft)

B105‐ABALL Ahm16B105 28.9 28.1 21.02 5 461 131.6 6.6 AB‐ALL 28.6 26.7 20.5
Ahm2‐p Ahm2+Covl 38.3 37.0 31.91 1.25 194 ‐4.9 ‐4.4 Ahm3 37.9 36.9 31.32
Ahm3‐p Ahm3 37.9 36.9 31.07 1.5 334 ‐4.9 2.7 Ahm4 39.0 37.0 30.07
Ahm4‐p Ahm4 39.0 37.0 30.07 1.5 374 ‐6.5 ‐4.1 Ahm5‐SnMig 37.2 36.8 28.95
Ahm5‐p Ahm5‐SnMig 37.2 36.8 26.16 3 328 29.6 4.1 Ahm6 38.1 36.4 25.9
Amh6‐p Ahm6 38.1 36.4 25.9 3 320 29.6 4.1 Ahm7‐Loya 36.5 36.0 25.64
Amh7‐p Ahm7‐Loya 36.5 36.0 25.14 3.5 232 45.8 4.7 Ahm8‐Schl 35.5 35.5 24.96
Amh8‐p Ahm8‐Schl 35.5 35.5 24.96 3.5 383 55.1 5.7 Ahm9‐HiPt 41.0 34.0 24.61
Amh9‐p Ahm9‐HiPt 41.0 34.0 24.11 4 481 73.1 5.8 Ahm10 34.4 32.4 23.68
3x72in ALL100 29.0 24.4 19.06 6 700 85.9 3.4 C26+20 27.5 24.1 18.85
3x72in ALL100 29.0 24.4 19.06 6 700 85.9 3.4 C26+20 27.5 24.1 18.85
3x72in ALL100 29.0 24.4 19.06 6 700 85.9 3.4 C26+20 27.5 24.1 18.85

B10p‐SnMig B10‐SanMig 35.1 37.0 26.36 3 100 27.8 3.9 Ahm5‐SnMig 37.2 36.8 26.16
Ba‐100p B100 31.0 31.1 22.5 2 500 19.7 6.2 AB‐ALL 28.6 26.7 21.5
B20‐p1 B20‐1‐SCrz 37.5 37.4 26.38 3 233 28.7 4.0 B20‐2 37.5 36.9 26.15
B20‐p2 B20‐2 37.5 36.9 26.15 3 366 28.8 4.0 B20‐3 35.7 36.2 25.78
B20‐p3 B20‐3 35.7 36.2 25.78 3 109 26.7 3.7 Ahm7‐Loya 36.5 36.0 25.67

B20p‐Schol B30a‐Schol 35.7 36.6 27.22 1.5 100 14.7 8.1 Ahm8‐Schl 35.5 35.5 26.82
B30p B30b‐Open 35.0 35.0 26.41 2 100 20.3 6.3 Ahm9‐HiPt 41.0 34.0 26.11
B40a‐p B40a‐Trnta 36.6 36.6 30.56 1.5 100 10.5 5.8 5thN‐1 36.6 36.3 29.86
B40b‐p B40b‐DlSol 35.5 35.7 30.29 1.5 100 14.0 7.8 5thN‐2 35.2 34.5 28.89
B40c‐p B40c‐Vrona 31.5 32.4 25.38 4 100 18.2 3.4 5thN‐3 31.4 32.4 24.04
B50‐1p B50‐1Arena 33.8 34.6 27.83 1.75 440 7.3 3.0 B50‐2Arena 32.6 33.6 27.14
50‐2p B50‐2Arena 32.6 33.6 27.14 2 324 14.8 4.7 B50‐3Arena 32.2 33.1 26.75
B50‐3p B50‐3Arena 32.2 33.1 26.25 2.5 323 20.0 4.1 B50‐4Halcn 31.9 33.0 25.93
B50‐4p B50‐4Halcn 31.9 33.0 25.93 2.5 330 23.4 4.7 B50‐5Cncha 31.7 32.8 25.6
B50‐5p B50‐5Cncha 31.7 32.8 25.6 3 330 28.0 3.9 B50‐6Ascda 31.5 32.7 25.34
B50‐6p B50‐6Ascda 31.5 32.7 25.34 3 376 31.8 4.5 B50‐7DlVal 31.4 32.6 25.03
B50‐7p B50‐7DlVal 31.4 32.6 24.03 4 319 52.7 4.2 B50‐8LsCer 31.2 32.5 23.87
B50‐8p B50‐8LsCer 31.2 32.5 23.87 4 345 55.9 4.4 B50‐9Gavio 31.1 32.3 23.7
B50‐9p B50‐9Gavio 31.1 32.3 23.7 4 192 61.9 4.9 Ahm11‐B45 33.5 32.2 23.51
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Attachment 3 Hydraulics 8/10/2015

Link Name US Node Name
Max 
Crown 
Elev (ft)

100‐yr 
Max H2O 
Elev (US) 

ft

US Invert 
Elev (ft)

Dia. 
(Ht) 
(ft)

Length 
(ft)

100‐yr 
Max 

Flow (cfs)

100‐yr 
Max Vel 
(ft/s)

DS Node Name
Max 
Crown 
Elev (ft)

100‐yr Max 
Water Elev 
(DS) (ft)

DS Invert 
Elev (ft)

B60‐1p B60‐1Mercd 33.4 34.1 28.94 1.5 328 6.6 3.7 B60‐2 33.8 33.9 28.02
B60‐2p B60‐2 33.8 33.9 28.02 1.5 329 6.6 3.7 B60‐3LaPla 32.5 33.7 27.1
B60‐3p B60‐3LaPla 32.5 33.7 26.85 1.75 170 11.7 4.8 B60‐4Cnqst 33.3 33.5 26.36
B60‐4p B60‐4Cnqst 33.3 33.5 26.36 2 368 12.5 4.0 B60‐5LaPla 32.7 33.1 25.91
B60‐5p B60‐5LaPla 32.7 33.1 25.91 2.25 194 13.5 3.4 B60‐6 32.2 33.0 25.7
B60‐6p B60‐6 32.2 33.0 25.7 2.25 329 15.8 3.9 B60‐7LaPla 31.6 32.7 25.34
B60‐8p B60‐7DlVal 32.4 32.7 25.2 3 224 23.2 3.3 B50‐7DlVal 31.4 32.6 25.03
B60‐7p B60‐7LaPla 31.6 32.7 25.34 3 185 23.3 3.3 B60‐7DlVal 32.4 32.7 25.2
B70p B70r 32.0 27.5 24.2 2.5 100 14.0 2.7 A110r 31.0 27.5 24
B80p B80‐45+40 31.0 28.2 21.36 2.5 100 16.3 3.3 Ahm16B105 28.9 28.1 21.06
C10p C10 30.0 26.5 22.7 2 100 12.7 4.0 ABC25 28.4 26.4 22.36
C20p C20 30.0 26.5 22.7 2 100 14.1 4.5 ABC25 28.4 26.4 22.36
Chnl1 C26+20 27.5 24.1 18.85 0 1900 250.0 1.7 C33+20.1 33.3 23.2 18.3
C30p C30 30.0 25.2 22.5 2.5 100 16.5 3.3 ABC45 28.5 25.1 22.1

LeArch1 C33+20.1 33.3 23.2 18.3 4 35 257.0 3.3 C33+60 33.3 23.2 18.3
HiQWr‐lfP C33+20.1 33.3 4.9 0.0 NewDB 22.0
Chnl2a C33+60 33.3 23.2 18.5 0 350 256.6 2.0 C37+10 33.3 23.0 18.3
LeArch2 C37+10 33.3 23.0 18.26 4 30 256.3 3.4 C37+50 33.2 23.0 18.2
Chnl2b C37+50 33.2 23.0 18.2 0 2050 255.2 2.0 C58+00 25.2 21.6 17
C40p C40 30.0 25.3 22.5 2.5 100 22.2 4.4 ABC45 28.5 25.1 22.14

C50ovrlnd C50 29.2 28.5 27.2 0 100 46.0 2.4 ALL100 29.0 27.9 27
Chnl2c C58+00 25.2 21.6 17 0 400 251.9 2.0 C62+00 31.6 21.3 16.6
Rd105 C62+00 31.6 21.3 16.6 6 50 251.4 3.4 C63+00 31.6 21.3 16.55
Chnl2d C63+00 31.6 21.3 16.55 0 900 250.3 1.9 C71+00 30.9 20.8 15.9
Schulz‐x C71+00 30.9 20.8 15.9 4 36 248.8 3.3 C71+35 30.9 20.7 15.85
Chnl 2e C71+35 30.9 20.7 15.85 0 765 247.7 1.8 C79+00 23.0 20.4 15.3
Chnl 2f C79+00 23.0 20.4 15.3 0 1070 244.1 1.7 C89+70 29.6 20.0 14.6

Swingle‐x C89+70 29.6 20.0 14.6 4 36 241.3 2.9 C90+00 29.6 20.0 14.55
Chnl3a C90+00 29.6 20.0 14.55 0 2700 234.6 1.1 RR117+ 20.9 19.3 13.9
Link573 ExDB 27.5 19.4 18.3 2 10 0.0 0.0 C33+20.1 33.3 21.8 18.3
Link573 ExDB 27.5 19.4 18.3 2 10 0.0 0.0 C33+20.1 33.3 21.8 18.3
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Attachment 3 Hydraulics 8/10/2015

Link Name US Node Name
Max 
Crown 
Elev (ft)

100‐yr 
Max H2O 
Elev (US) 

ft

US Invert 
Elev (ft)

Dia. 
(Ht) 
(ft)

Length 
(ft)

100‐yr 
Max 

Flow (cfs)

100‐yr 
Max Vel 
(ft/s)

DS Node Name
Max 
Crown 
Elev (ft)

100‐yr Max 
Water Elev 
(DS) (ft)

DS Invert 
Elev (ft)

Link573 ExDB 27.5 0.0 C33+20.1 33.3
Harpr‐ds HarprSchol 0.0 0.0 0.05 0.05 10 0.0 0.0 C50 29.2 0.0 0
Field RO‐N MRIC‐N‐ex 26.5 25.2 25 0 200 8.2 0.7 C33+20.1 33.3 24.6 24.5
Field RO‐S MRIC‐S‐ex 26.5 25.2 25 0 200 7.6 0.6 C33+20.1 33.3 24.6 24.5
N‐SE‐Ch N‐mid 21.8 25.6 20.5 0.16 500 41.2 0.2 N‐SE1/4 26.0 25.6 20
N‐NE‐Ch N‐NE1/4 21.9 25.6 21.7 0.16 1200 54.9 0.4 N‐mid 21.8 25.6 20.5
N‐Out N‐SE1/4 26.0 25.6 20 1 40 8.0 10.0 C33+20.1 33.3 23.2 19.6

N‐Socr‐pin N‐SE1/4 26.0 25.6 23 3 40 46.5 7.7 N‐Socr 26.0 25.3 23
N‐Socr‐pot N‐Socr 26.0 25.3 21.5 1.25 50 3.8 3.1 N‐mid 21.8 25.6 20.5
N‐N‐Ch N‐W1/2 22.4 25.6 22.2 0.16 500 60.2 0.6 N‐NE1/4 21.9 25.6 21.7
Link652 NewDB 22.0 21.2 20 2 20 9.6 4.9 Node653 21.8 21.2 19.8
Link653 Node653 21.8 21.2 19.8 2 20 9.6 4.0 C33+20.1 33.3 23.2 19.6
S‐NE‐Ch Node657 27.0 25.1 20.5 6.5 500 12.8 0.2 Node658 26.5 25.1 20
S‐Out Node658 26.5 25.1 20 1 60 7.4 9.3 C33+20.1 33.3 23.2 19.4
Chnl3b RR117+ 20.9 19.3 13.9 0 2700 217.6 1.1 RR144+ 20.2 18.7 13.2
Chnl3c RR144+ 20.2 18.7 13.2 0 2700 207.0 0.9 RR171+YB 19.5 18.1 12.5
5x5RCB RR171+YB 19.5 18.1 12.5 5 180 203.4 8.4 YoBypas 22.0 17.0 12.3
S‐Socr‐p S‐NE1/4 21.7 25.1 20.7 1 50 1.5 2.4 Node657 27.0 25.1 20.5
S‐SE‐Ch S‐SE1/4 28.0 25.1 21.5 6.5 1000 42.1 0.6 Node657 27.0 25.1 20.5
S‐W1/2p S‐W1/2 24.2 26.9 22.7 1.5 1150 5.4 3.0 S‐SE1/4 28.0 25.1 21.5
ShpCntr‐p ShopCntr 32.0 28.3 22.9 3 400 44.0 6.1 A160‐Park 31.4 27.5 22.3
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TECHNICAL MEMORANDUM #2   and Attachment 5 of Drainage Study 

 

 

Date:  April 28, 2015 

 

To:  Dan Ramos     
  Troy Estancia 

  Doug Moore 

  Nick Ponticello 

 

From:  Patrick Stiehr, PE 

 

RE:  Conceptual Drainage Analysis of Triangle Area at MRIC 

 

 

This Technical Memorandum provides a conceptual level evaluation and proposed drainage 

facilities for the area southwest of the MRIC development that is identified as the Triangle area.   

 

The Triangle area is 16.5 acres located north of the railroad, east of Mace Ranch Boulevard, and 

south of County Road 32A.  Table 1 provides a summary of existing and proposed land uses. 

 

Table 1.  Land Use at Triangle 

Parcel No. 
Drainage Area  

(ac) 

Existing Conditions Proposed Conditions 

Use % Impervious Use % Impervious 

033-630-006 3.5 
Water Tank + 

Parking 
85 No Change 85 

033-630-011 4.6 Ikeda 20 PD4-88 90 

033-630-012 8.4 Open 2 PD4-88 90 

 

Today, runoff from the Triangle area flows south or southeast to the existing drainage channel 

located between County Road 32A and the railroad embankment.  The collected runoff then flows 

east along the existing channel that discharges into the Mace Ranch channel east of County Road 

105 via a storm drain culvert.  The existing railroad channel also conveys runoff from an 

undetermined relatively small drainage area(s) west of Mace Boulevard via a culvert under the 

Mace Boulevard overcrossing embankment.  Currently, the railroad has some sediment and debris 

that restricts conveyance.   

 

Conceptual design criteria and facilities are as follows: 

1. The increased rate of flow as a result of development will be attenuated to mimic 

existing conditions. 

2. Onsite drainage facilities will be some combination of surface and pipe conveyance to 

a detention basin at the east end of the Triangle. 

3. The outfall pipe from the detention basin is sized to restrict outflow to be equal or less 

than existing conditions.
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An XP-SWMM analysis was made to estimate the detention storage necessary to attenuate the 

100-year, 24-hour peak flow.  The basin will be dry most of the time and will  

drain completely in less than 24 hours after significant rainfall.  Figure 1 provides an aerial of the 

Triangle with a logical location identified for the proposed detention basin. 

 

A summary of the findings are as follows: 

 

a. Existing conditions peak flow is about 9 cubic feet per second (cfs). 

b. Developed peak flow is about 24 cfs. 

c. Basin footprint about 0.5 acres. 

d. Basin depth is four to five feet. 

e. Basin outfall pipe flow ≈ 9 cfs. 

f. Required storage about 1.1 acre-feet (af). 

g. Basin side-slopes would be 4:1 or flatter. 

 

The detention basin and storm drain facilities would be designed to meet city design standards in 

place at the time of development.  The railroad channel would be maintained to provide adequate 

conveyance. 

 

The incremental increase of runoff volumes from the Triangle area, assuming full build out, are 

shown in Table 2, for selected design storms.  No evaluation of downstream impacts from this 

runoff volume increase has been done at this time.   

 

Table 2.  Summary of Volume Increase Resulting from Development 

Storm Intensity and Duration Incremental Volume Increase (af) 

10-year, 24-hour storm 2.0 

100-year, 24-hour storm 2.5 

100-year, 10-day storm 6.7 

200-year, 10-day storm 7.2 

 

Please note that the estimated runoff volumes are based on a “worse-case” composite of rainfall 

data taken from “Rainfall Data for Solano and Yolo Counties” by James Goodridge, September 

1993, and NOAA Atlas 14, Volume 6, Version 2. 

 

Please call if there are questions of if additional information is needed.   
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TECHNICAL MEMORANDUM #1 and Attachment 6 of Drainage Study 

 

 

Date:  March 13, 2915, revised May 29, 2015 

 

To:  Dan Ramos, Matt Keasling 

 

From:  Patrick Stiehr, PE 

 

RE: Additional Analysis of Drainage Issues at MRIC, Davis, CA 

 

 

INTRODUCTION 

 

There are two drainage matters identified by the City of Davis that require additional analysis and 

documentation to be included in the EIR.  These issues are: 

1. Rate of Flow.  The concern is whether the rate of flow in the Mace Ranch Channel will 

be greater when MRIC is developed and if so, is there adequate capacity?   

2. Volume of Runoff.  More detail was requested concerning the increased runoff from 

MRIC because of the increased impervious area, and an evaluation of downstream 

facilities as a result of the increased volume of runoff. 

 

Requested information concerning both issues is presented in this document.  

 

The information presented will be used to supplement and complete the draft EIR.  This same 

information will then be reformatted and included in the MRIC Drainage Study as appropriate.   

 

 

RATE OF FLOW ALONG MACE RANCH CHANNEL 

 

History 

 

The Mace Ranch Channel (MR Channel) was constructed in the early 1990’s in two phases.  

Phase 1 was a relatively large trapezoidal channel about seven feet deep from the storm drain 

outfall at Mace Boulevard east to the eastern property boundary of MRIC.  

 

Another component of the Phase 1 improvements was an offline detention basin located just south 

of the MR Channel near the eastern boundary of MRIC.  The detention basin was needed to 

significantly attenuate flows from Mace Ranch.  At that time, the MR Channel stopped at the 

MRIC property boundary.  From there, only small agricultural ditch, a few feet wide and less than 

two feet deep, continued to the east.  Thus, the MRIC detention basin was needed to significantly 

attenuate flows from Mace Ranch and to prevent ponding on nearby fields.  
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The Phase 2 improvements extended the MR Channel farther east, connecting to an existing 

channel located north of the railroad embankment (Railroad Channel).  The detention basin at the 

eastern side of MRIC was still an integral part of the attenuation, but the size was reduced because 

less attenuation was needed with the larger downstream channel. 

 

At the time, the Railroad Channel emptied into the Yolo Bypass via a 30-inch culvert.  The culvert 

included a flap gate to prevent high flows in the bypass from back flowing onto the agricultural 

lands located north of the railroad embankment and west of the bypass levee. 

 

As part of the Phase 2 Improvements, a larger outfall from the Railroad Channel into the Yolo 

Bypass was installed.  The 30-inch CMP culvert was replaced with a 5-foot by 5-foot reinforced 

concrete box culvert fitted with a flap gate and a slide gate for extra protection against bypass 

waters entering the adjacent fields.  

 

Even before Mace Ranch was developed, the 30-inch culvert was a severe bottleneck, causing 

agricultural runoff to pond “behind” the bypass levee as it was slowly metered into the bypass.  

The new box culvert has nearly 13 times the conveyance capacity compared to the 30-inch culvert 

that was replaced.  This means that both the frequency and duration of ponding behind the levee 

has been greatly reduced.  As an example, prior to the new culvert, a large storm event could 

generate runoff that would pond and remain in the fields for several days to weeks.  With the 

installation of the large box culvert, ponding is less and of shorter duration. 

 

The exception of course is when the water level in the bypass is higher than the water level in the 

Railroad Channel.  During these infrequent periods, no flow will occur, regardless of culvert size 

or capacity. However, subsequent to the bypass flows subsiding, the box culvert will drain the 

Railroad Channel and adjacent fields at a much faster rate. 

 

 

Design Capacity 

 

The MR Channel was designed as a trapezoidal channel with a 15-foot bottom width, 2V to 1H 

side slopes, a channel slope of 0.0007 ft per ft, and a Manning’s roughness of 0.040.  There is a 

City maintenance program to help maintain the design capacity. Table 1 provides a summary of 

the design flows. 

 
Table 1.  Summary of Design Flows along Mace Ranch Channel 

Location Design 100-yr flow (cfs) Depth of Flow (ft) 

Downstream of Mace Blvd 255 (a) 4.8 

Downstream of Detention Basin 225 4.5 

At the Eastern Boundary of MRIC 260 4.9 

Upstream of County Road 105 273 5.0 

Downstream of County Road 105 305 5.3 

Downstream of Schultz Crossing 313 5.4 

Downstream of Swingle PG&E 

Pumping Station 
330 5.5 

 a: Based on recent updated modeling. 
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The original MR Channel Improvement Plans show the channel depth to be a minimum of 7 feet 

deep along the entire length except the reach through MRIC.  Recent topographic data indicate this 

reach is also at least seven feet deep.  Downstream of the improved section of the channel, 

downstream of the Swingle PG&E site, the Railroad Channel is not as deep but much wider. 

 

 

MRIC Development 

 

When MRIC develops, the impervious area typically generates more runoff at a faster rate.  

Preliminary modeling shows a significant increase in the rate of runoff.  That increase will be 

attenuated using onsite facilities. 

The conceptual design of the onsite drainage facilities is to minimize the use of storm drains.  

Rather, runoff will be conveyed along shallow landscaped corridors that will flow to the buffer 

areas at the northern and southern edges.  From there, the runoff will be conveyed to the eastern 

buffer area where it will flow towards the MR Channel.   

 

The northern, southern, and eastern buffer areas will provide a combination of conveyance and 

detention storage via wide relatively shallow areas that may be “benched” as the runoff moves 

toward the MR Channel.  Maximum discharge from both the north and south buffer areas will be 

in the range of 5 to 20 cfs, and will outfall into the MR Channel near the eastern boundary of 

MRIC, probably separate for the existing detention basin. 

 

In addition to the onsite facilities, the MR Channel will likely be modified through MRIC, but will 

be designed to meet the original design criteria.  It is expected that both the channel and detention 

basin will be reconfigured to be more attractive and compatible with the Innovation Center.  

Conceptual designs of the conveyance corridor and detention facilities that are being considered 

include the following: 

 Extension of the storm drains from Mace Blvd. approximately 700 feet farther east to 

provide better access at the eastern portion of MRIC and to alleviate safety concerns at 

the proposed Oval area of MRIC.  The storm drain will consist of three 72-inch 

concrete pipes.  The hydraulic grade line to convey 255 cfs in these pipes is 0.0005 

ft/ft, the same that exists today in the open channel.  This means that water levels 

upstream of Mace Boulevard will not significantly change as a result of the pipe 

installation. 

 Farther downstream, the MR Channel may be configured to include a low-flow pipe or 

low-flow channel, coupled with a high-flow channel.  If a low-flow channel is used, 

water depths will be designed to provide a healthy environment for mosquito fish.  It is 

expected that the high flow channel will be landscaped and maintained to be viewed as 

an amenity rather than a restriction to north-south movement.  The preliminary channel 

shape is trapezoidal, with a 10-foot bottom width and 4:1 side slopes. 

 At this time, the existing detention basin is not needed, based on recently modeling and 

significant attenuation of the MRIC onsite flows.  This may change as development 

proceeds.  If it remains, it would be reduced in size, reconfigured with varied side-

slopes and a more rounded shape.  It would be an offline storage facility and only fill 

during extreme storm events, and be fully landscaped with pedestrian access and 

recreational uses.   
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Proposed Flow Rate along MR Channel 

 

The onsite conveyance and detention storage is currently configured to be separate from the 

offline storage area that is part of the MR Channel attenuation.  The design will be such that the 

combination of attenuated onsite flows and the reconfigured channel and offline detention will 

reduce 100-year flows leaving MRIC to the original design capacity of 260 cfs.  This means that 

there will be no increase in the rate of flow leaving MRIC, and consequently, no downstream 

impacts related to the existing capacity of the MR Channel.  Figure 1 shows the preliminary model 

results that show no increase in downstream flow. 

 

 
Figure 1.  Plot of Flows along MR Channel at Eastern Boundary (preliminary).  

 

 

 

DEVELOPED RUNOFF VOLUME FROM MRIC 

 

Setting 

 

The rate and volume of runoff from developed areas is generally higher compared to undeveloped 

land because of the increased impervious area.  For MRIC, the rate of runoff will be attenuated as 

described above such that runoff will mimic existing conditions.  However, the volume of runoff 

is expected to increase as a result of development.  During most rainstorms, this increased volume 

is unnoticed as the channel conveys all of the collected runoff to the bypass. 
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There are about 7.5 square miles of land that drain to the eastern terminus of the Railroad Channel 

at the Yolo Bypass, into which the MR Channel flows.  This includes about 730 acres of Mace 

Ranch and about 4,100 acres of agricultural land west of the Covell Drain and bounded by the 

Willow Slough Bypass levee to the north, the SP railroad to the south, and the Yolo Bypass levee 

to the east.  During typical rainstorms, runoff from this area discharges into the Yolo Bypass. 

 

When there is heavy and prolonged rainfall in Northern California, flow in the bypass rises.  High 

flow in the bypass creates backwater and can completely stop MR Channel flows from entering 

the bypass.  When this occurs, runoff from the 7.5 square mile tributary area ponds “behind” the 

bypass levee and will remain there until the ponded water level is higher than the bypass water 

level. 

 

During extreme storm events and when the bypass is high, both the Covell Drain and then North 

Davis Drain overflow to the east, adding runoff volume to the ponding area east of the bypass 

levee.  Runoff from the Covell Drain and the North Davis Drain is considered tributary for two of 

the three scenarios analyzed.   

 

Three scenarios are described, and a comparison between the runoff from MRIC under existing 

conditions and MRIC fully developed for each scenario is presented. 

 

Scenario 1 

 

Scenario 1 includes the assumption that a 100-year storm occurs over the Davis area and that the 

water level in the bypass is sufficiently high to stop all MR Channel flow from entering the 

bypass.  Under this scenario, the tributary area increases to about 38 square miles because the 

Covell Drain and the North Davis Drain will not be able to discharge into the bypass at the Willow 

Slough outfall and will consequently spill to the east, commingling and adding to the local runoff 

that ponds behind the bypass levee. 

 

The estimate of the incremental additional runoff from MRIC development and the resulting rise 

in water level at the ponded area is based on the following assumptions and procedures: 

 

 The XP-SWMM model was used to determine the total runoff volume for the 100-year, 

24-hour storm from Mace Ranch and existing conditions at MRIC.  The total computed 

runoff volume was 236 acre-feet (AF). 

 The model was modified to reflect developed conditions at MRIC (50% impervious).  

The computed runoff volume was 262 AF, an increase of 26 AF. 

 The model runoff estimates were applied as appropriate to the additional developed and 

agricultural areas tributary to the ponding area, including the Covell Drain and North 

Davis Drain watersheds. 

 Runoff from the developed areas was estimated to be 870 AF and 3,700 AF from about 

20,400 acres of the agricultural land. 

 Total runoff from the entire tributary area was 4,806 AF for MRIC undeveloped and 

4,832 AF for MRIC developed, an increase of 0.5 %. 

 

The next step in the analysis was to determine the incremental depth increase and greater surface 

area the pond would have as a result of the MRIC development.  An approximate stage -storage 

relation was developed based on the USGS 7.5 minute topographic map. 
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At about 4,000 AF of storage, the surface area of the pond would be more than two square miles.  

The incremental depth increase because of MRIC development would be less than 0.02 feet or 

about ¼ inch. 

 

 

Scenario 2 

 

Scenario 2 was based on the same backwater and tributary area assumptions but with the 100-year, 

10 day storm.  As before, the XP-SWMM model was modified to generate runoff volumes from 

Mace Ranch and for both existing and developed conditions at MRIC.  The rainfall distribution 

was based on the storms that occurred in February 1986 rather than one storm in the middle of a 

10-day period.  This rainfall distribution has been used by Sacramento as the design 100-year, 10-

day storm.  The unit runoff volumes were then applied to the remaining tributary area.  A 

summary of the analysis follows: 

 Runoff from developed tributary area (est. 5 sq. mi)  1,460 AF 

 Runoff from tributary ag lands     5,810 AF 

 Runoff from Mace Ranch and undeveloped MRIC    413 AF 

 Runoff from Mace Ranch and developed MRIC     476 AF 

 Runoff volume resulting from MRIC development      63 AF 

 Increase in ponded level      .04 ft. or about 1/2 inch  

 

The assumption of very high flow in the bypass for these two scenarios was made to simplify the 

volume of ponding calculations.  More likely, some flow would pass through the box culvert 

during a major event.  The bypass generally peaks several days or longer after a major storm and 

typically does not start flowing until after several significant rainstorms in rapid succession.   

 

 

Scenario 3 

 

A similar analysis to scenario 2 was made for the 10-day, 200-year storm at the request of the city.  

The rainfall intensities were increased appropriately, based on the 100-year, 10-day distribution 

describe above.  Runoff volumes and rise in water level were proportionally similar.  The 

incremental increase of runoff volume from the 200-year, 10-day storm was 67 AF. 

 

 

Scenario 4 

 

Scenario 3 is based on the assumption that the bypass is at low-flow, there is a 10-year, 24-hour 

storm in the Davis area, and that the Covell and North Davis Drains do not spill their banks.  As 

noted earlier, under these conditions there is about 7.5 square miles of tributary area than includes 

Mace Ranch, MRIC, and the agricultural land northeast and east of Mace Ranch. 

 

As before, two computer runs were made to determine the impacts from the increased runoff.  The 

increased runoff volume was about 20 AF and that caused rise in pond level of 0.07 feet, slightly 

more than ¾ of an inch.  Figure 1 is a plot of the water level at the ponded area for this analysis. 
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Figure 2.  Plot of water level for 10-yr, 24-hr storm for MRIC existing and developed, free outfall. 

 

 

Summary and Comments on Runoff Volume 

  

Table 2 provides a summary of the increased runoff volume as a result of MRIC development 

based on XP-SWMM modeling, 50% imperviousness, and a constant infiltration rate of 0.12 

inches per hour.  Changes in those assumptions, based on the actual design of the MRIC 

development, would influence the volume calculations. 

 

Table 2.  Summary of Incremental Increase of Runoff Volume 

Storm Event Increased Volume (AF) 

10-yr, 24-hr 20 

100-yr, 24-hr 26 

100-yr,10-day 63 

200-yr, 10-day 68 

 

Regardless of the downstream conditions, the relative contribution of runoff volume from the 

MRIC development is not expected to vary significantly because runoff characteristics of the 

entire tributary area would generally react similarly.  Runoff volume is only dependent on the 

storm(s) intensity and duration.  The amount of ponding is dependent on both the storm(s) and the 

backwater in the bypass.  Under the three storm scenarios tested, the greatest increase in ponding 

depth is approximately ¾ of an inch resulting from development of MRIC.  This increase occurs 

for a limited duration and a relatively small storm. 

 

For reference, the US Army Corps of Engineers and the CA Department of Water Resources use a 

change of 0.10 foot in water level as the significance criteria.  Impacts from activities that increase 

the water level less than 0.10 foot are considered to be less than significant. 

 

A final comment concerns the rise in water level that is expected as a result of the MRIC 

development.  Any rise occurs on agricultural land that is already within the regulatory 100-year 

floodplain. 
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CONCLUSION 

 

As demonstrated in Figure 1, design of the MRIC will be such that the combination of attenuated 

onsite flows and the reconfigured channel and offline detention will reduce 100-year flows leaving 

the developed MRIC site to the original design capacity of 260 cfs.  This means that there will be 

no increase in the rate of flow leaving MRIC, and consequently, no downstream impacts. 

 

As the analysis shows, the volume of increased runoff from MRIC is dependent upon the storm 

duration and the ability for flows to pass through the box culvert.   Three storm events were 

analyzed to determine the increased volume of runoff as a result of full development at MRIC. 

 

The greatest increase in ponding depth is approximately 0.07 feet, which occurs during a 10-year, 

24-hour storm in the Davis area (Figure 2).  For the two 100-yer storms that were evaluated, the 

increase in ponding depth was about 0.02 feet.  These increases would be considered less than 

significant if the MRIC development was being evaluated by the Corps of Engineers or the CA 

Department of Water Resources.  

 

 



ATTACHMENT 7



ATTACHMENT 7



ATTACHMENT 7



ATTACHMENT 7



ATTACHMENT 7




