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EXECUTIVE SUMMARY 

For several years the City of Dixon (City) has been seeking adequate drainage outfall capacity 
for three of the City’s drainage systems. These drainage systems discharge into agricultural 
drains (Figure ES-1), which are subject to routine flooding (Figure ES-2). The agricultural drains 
convey the City flow, and runoff from the adjacent fields, through channels serving the three 
regional watersheds and discharge into Hass Slough or Ulatis Creek. 

A Regional Drainage Committee with members from the City, Dixon Resource Conservation 
District, Maine Prairie Water District, and Reclamation District No. 2068 (the agencies which 
provide drainage for the agricultural areas downstream of the City) was established. The goal of 
the Regional Drainage Committee was to cooperatively develop drainage projects that meet the 
needs of both the City and agricultural agencies by providing adequate outfall capacity for the 
City and reducing flooding of the agricultural areas. A hydrologic/hydraulic computer model of 
the drainage systems was developed to help plan and evaluate drainage projects for each of the 
regional watersheds. The planned improvements are summarized below for each of the three 
watersheds. 

BASIN A AND LATERAL 1 

Currently Basin A drains to Pond A, which is operated as a retention basin by the City with 
releases only when the downstream system is empty. Additional areas upstream of Pond A are 
planned for development in the near future, which will result in increased flow to Pond A. To 
accommodate the increased flow, the storage capacity of Pond A must be enlarged and an outfall 
must be constructed. The outfall must provide adequate capacity to convey the discharge from 
Pond A while also reducing downstream flooding. 

Pond A Outfall Alignment Alternatives 

For Basin A, three outfall alignments were evaluated and compared (see Figure ES-3), including:  

 McCune Creek Alignment – crosses under the Union Pacific Railroad tracks, 
continues southwest down Porter Road, turns west and follows an alignment adjacent 
to the Weyand Irrigation Pipeline, crosses Batavia Road, parallels the Olsen Drain, 
and discharges to McCune Creek.  

 Lateral 1 Alignment – runs east from the southeast corner of Pond A in an existing 
drainage ditch to Lateral 1 on the west side of State Highway 113. Lateral 1 currently 
drains to the south and discharges into the Dixon Main Drain. The reach of Lateral 1 
south of the Dixon Main Drain drains to Ulatis Creek. Lateral 1 would be 
disconnected from the Dixon Main Drain and would be improved from Pond A to 
Ulatis Creek to convey the flow from Pond A, and drainage from the adjacent 
agricultural area.  
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 Lateral 2 Alignment – runs east from the northeast corner of Pond A in the future 
public street (to be constructed as part of the Southpark development), crosses State 
Highway 113, and continues east to Lateral 2 of the Dixon Resource Conservation 
District drainage system. Downstream improvements in Lateral 2, the North Cross 
Channel, Lateral 3, and the Dixon Main Drain would also be constructed. 

Capital costs, annual operation and maintenance costs, and present value costs for each of these 
alignments are summarized in Table ES-1. As shown, the Lateral 1 Outfall Alignment has the 
lowest capital cost and the lowest total present value cost. 

Table ES-1. Pond A Outfall Alignment Cost Summary,  
Million Dollars 

Project Capital Cost Annual O&M 
Cost 

Total Present 
Value Cost 

McCune Creek Outfall Alignment 4.8 0.08 6.1 

Lateral 1 Outfall Alignment 3.8 0.07 4.7 

Lateral 2 Outfall Alignment 7.1 0.06 7.9 

 

The Lateral 1 Outfall Alignment appeared to be the simplest to implement because it had the 
greatest support from Dixon Resource Conservation District and Maine Prairie Water District. It 
also appeared that the Lateral 1 Alignment could be implemented more quickly than the other 
alignments.  

The Lateral 1 Alignment was selected by the Regional Drainage Committee as the preferred 
outfall for Pond A because it had the lowest cost and provided the greatest regional flood control 
benefit. 

Pond A/Lateral 1 Project  

The Pond A/Lateral 1 Project includes an expansion of the Pond A storage capacity and 
construction of the Lateral 1 outfall improvements. The Pond A improvements are shown on 
Figure ES-4, and the Lateral 1 outfall improvements are shown on Figure ES-5. These 
improvements are summarized below: 

 Excavation of the east section of the current shallow portion of the existing pond from 
about 59 feet NAVD to a bottom elevation of 50.5 feet NAVD at the east edge and to 
51.5 feet NAVD at the west edge. The expanded pond will have a total storage 
volume of over 640 ac-ft below the design water surface elevation of 61.0 feet 
NAVD. Wildlife viewing platforms could be added around the deep pond for viewing 
waterfowl. 
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 The southwest section of the pond will not be excavated, and will only be used to 
store runoff for storms greater than a 100-year event. If at some time in the future, 
additional storage volume is required in Pond A, that volume would be obtained by 
excavation of the southwest section, regardless of the joint uses that may have been 
built in this area. Nevertheless, the southwest section will be ideal for joint uses such 
as uplands habitat, soccer fields, and softball fields. 

 Construction of a variable discharge 75 cfs pump station or gravity discharge gate at 
the southeast corner of the deep pond which will discharge to the existing (to be 
enlarged) agricultural drainage channel leading to Lateral 1 (the current outfall of the 
overflow glory hole). Control of the pump station or gravity gate will be based on the 
water level in Pond A, the water level in Ulatis Creek, and the water level measured 
at two points in Lateral 1, as agreed upon by the involved agencies. If the water level 
exceeds set elevations in Ulatis Creek or in Lateral 1, a signal to reduce or stop the 
discharge will be sent to the pump station or gravity gate. 

 Lowering of the elevation of the top of the glory hole from 63.1 feet NAVD to 61.0 
feet NAVD. For storms larger than the 100-year event, the glory hole will be 
overtopped and a discharge to Lateral 1 and Ulatis Creek will occur regardless of the 
water level in Lateral 1 or Ulatis Creek.  

 Use of the existing 18-inch and 12-inch outlets through the existing glory hole. The 
18-inch diameter inlet is at elevation 58.5 feet (flow line), will begin to release at 
about a 70-year storm event, and will release a maximum of 12 cfs at a pond water 
elevation of 61 feet (greater than the 100-year level). The 12-inch diameter inlet is at 
elevation 59.2 feet (flow line), will begin to release at about an 80-year event, and 
will release a maximum of 2 cfs at a pond water elevation of 61 feet. 

 Enlargement of the existing channel from the southeast corner of Pond A to Lateral 1. 

 Along the Dixon Resource Conservation District Lateral 1, replacement of all existing 
culverts with 48-inch RCP culverts. Addition of a 66-inch RCP culvert from the 
Dixon Resource Conservation District Lateral 1 to the Maine Prairie Water District 
Lateral 1. Along the Maine Prairie Water District Lateral 1, replacement of existing 
culverts with twin 60-inch RCP culverts 

 Addition of a slide gate on the end of the pipe from Lateral 1 to the Dixon Main Drain 
(under Highway 113). The gate will be closed in the winter and opened in the summer 
for irrigation water. 

 Raising of the east bank of Lateral 1 at several locations to prevent flooding of 
Highway 113 and the farms east of Highway 113. 

 Enlargement of the Maine Prairie Water District Lateral 1 channel bottom width from 
6-8 feet to 12 feet, with two horizontal to one vertical side slopes, or another 
configuration with equivalent capacity. 
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 Addition of corrugated plastic field drains with risers, where needed, to drain each 
field west of Lateral 1 from Pond A to Ulatis Creek 

 As part of Caltrans’ Highway 113/Ulatis Creek Bridge widening project, Caltrans has 
removed all existing culverts from the Maine Prairie Water District Lateral 1 to Ulatis 
Creek and replaced them with a 10 feet wide by 5 feet tall box culvert. This box 
culvert has a flap gate to prevent back flow from Ulatis Creek to Lateral 1. 

This project will accomplish the regional objectives of providing an outfall for Pond A and 
reducing the flooding along Lateral 1. 

BASINS B/C AND LATERALS 2/3 

A 1965 agreement between the City and the Dixon Resource Conservation District, limits the 
discharge from the City into Lateral 2 to the flow from 42-inch and 36-inch pipes (generally 
accepted to be 77.5 cfs). Based on results of this study, large storms result in discharges from the 
City to lateral 2 estimated to be in the range of 130 cfs (from a 5-year event) to 230 cfs (from a 
100-year event), which clearly exceed the agreed upon limit. The City must detain flows from 
Basins B/C to the agreed upon limit of 77.5 cfs, or construct conveyance improvements to the 
downstream drains that would allow the City to discharge at a higher rate while reducing the 
downstream flooding. 

Basins B and C drain into and through the Dixon Resource Conservation District channel system 
and the RD 2068 V-Drain, and ultimately into Hass Slough (see Figure ES-6). No feasible 
alternatives to this general alignment exist. Consequently, the Basins B/C and 
Laterals 2/3 alternatives involve evaluating different sized detention basins, different rates of 
discharge from the City into Lateral 2, and different downstream conveyance capacity 
improvements. The alternatives evaluated include: 

 Full Detention Project – The City would discharge from Basins B/C to Lateral 2 at a 
maximum rate of 77.5 cfs. To achieve this maximum discharge, a 110 ac-ft detention 
basin would be constructed on a 40-acre site near the City outlet. No downstream 
conveyance improvements would need to be constructed. In figure ES-6 the basin is 
located just upstream of Pedrick Road; but the basin could actually be located 
anywhere along Lateral 2 upstream of the North Cross Channel. 

 Balanced Detention and Conveyance Project – The City would discharge from Basins 
B/C to Lateral 2 at a maximum rate of 125 cfs. To achieve this maximum discharge, a 
35 ac-ft detention basin would be constructed on a 10-acre site near the City outlet. 
Conveyance capacity improvements of 47.5 cfs would be constructed in the Dixon 
Resource Conservation District and Reclamation District 2068 channels along the 
alignment shown on Figure ES-6. The downstream end of this project would include 
a new channel from the Dixon Main Drain to Hass Slough. Capacity in this new 
channel would be shared by this project and the recommended Eastside Drainage 
Project (described later). 



npacheco
Text Box



 

August 24, 2001 ES-11 Solano County Water Agency 
074\98-04  Dixon Regional Drainage Report 

 Unrestricted Discharge Project – No detention basin would be constructed. Instead, 
the City would be allowed an unrestricted discharge (estimated at 230 cfs from a 
100-year storm). Conveyance capacity improvements would be constructed along the 
Dixon Resource Conservation District and Reclamation District 2068 channels in the 
areas where flooding problems currently occur (along the alignment shown on 
Figure ES-6, but primarily downstream from the end of the North Cross Channel. In 
the areas where flooding is not a routine problem, minor or no conveyance 
improvements would be constructed. The downstream end of this project would 
include a new channel from the Dixon Main Drain to Hass Slough. Capacity in this 
new channel would be shared by this project and the recommended Eastside Drainage 
Project. The larger channels would include a low flow channel. 

Capital costs, annual O&M costs, and present value costs for these outfall alternatives are 
summarized in Table ES-2. As shown, the Full Detention Project has the lowest capital cost, the 
lowest annual O & M cost, and the lowest total present value cost. 

Table ES-2. Basin B/C and Lateral 2/3 Project Cost Summary, Million Dollars 

 
Project 

 
Total Capital Cost

 
Annual O&M Cost 

Total Present 
Value Cost 

Full Detention 1.5 0.02 1.7 

Unrestricted Discharge 1.8 0.04 2.4 

Balanced Detention/Conveyance 1.7 0.03 2.2 

 

The Full Detention and Balanced Detention/Conveyance Projects include a detention pond 
located somewhere near the City. The detention pond in these projects could be configured to 
provide joint uses such as wetlands/uplands habitat, sports fields, playgrounds, jogging paths, 
and water quality treatment. The Unrestricted Discharge Project does not provide joint use 
opportunities near the City.  

After evaluation of these alternatives, the following conclusions were reached. 

 The Balanced Detention and Conveyance Alternative would convey increased flow to 
the lower agricultural area resulting in increased flooding. For this reason, this 
alternative is not recommended. This increased flooding could be mitigated by 
incrementally enlarging the channel moving downstream, which is essentially the 
same as the unrestricted discharge alternative. 

 The Full Detention Alternative: 

— Results in the City complying with the current drainage agreement with DRCD, 
which limits the flow from the City to 77.5 cfs, but places no control on the 
duration of that flow. 
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— Provides the greatest opportunities for joint uses for the City. 

— The pond area can be used as a mitigation site for developing areas within the 
City. 

— Provides minimal benefit to the downstream agricultural community. 

— Has a capital cost and total present value cost significantly lower than the 
Unrestricted Discharge Alternative. 

 The Unrestricted Discharge Alternative. 

— Provides the greatest flood control benefit to the downstream agricultural 
community. 

— Has the highest capital cost. 

— Has the highest O&M cost.  

— Has no dual use benefits for the City. 

The Regional Drainage Committee is currently evaluating these alternatives, and will select the 
preferred project. 

THE EASTSIDE DRAINAGE PROJECT 

The Northeast Quadrant of the City includes 585 acres of agricultural land that is scheduled for 
development in the future. About 2,700 acres of agricultural land north of Interstate 80 drains 
through the Northeast Quadrant. Current runoff from this area is estimated to range from about 
30 cfs (from a 5-year storm) up to 100 cfs (from a 100-year storm). When this area is developed, 
the peak (undetained) runoff would be about 600 cfs. This area drains into the Dixon Resource 
Conservation District’s Tremont 3 drain. The fields along the Tremont 3 drain and subsequent 
downstream drains are subject to routine flooding. Runoff from the Northeast Quadrant must be 
either detained to existing rates or lower, or downstream conveyance improvements must be 
constructed which will convey the increased flow from the Northeast Quadrant and reduce the 
downstream flooding. 

Northeast Quadrant Outfall Alignment Alternatives 

Five projects were evaluated to provide drainage for the Northeast Quadrant. These projects 
along with their associated zones of benefit, are shown schematically on Figure ES-7 and listed 
below: 

 The New South Channel is part of Alternatives 4 and 5; consequently, it was 
evaluated independently and then included in Alternatives 4 and 5 by reference. 

 Alternative 1 – Detention Basin in the Northeast Quadrant 
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 Alternative 2 – Northeast Quadrant Drainage to Putah Creek 

 Alternative 3 – Northeast Quadrant via Tremont 3 to Yolo Bypass Toe Drain 

 Alternative 4 – Northeast Quadrant via Tremont 3 and Lateral 5 to the New South 
Channel 

 Alternative 5 – Northeast Quadrant via New Pedrick Road Ditch to Laterals 2 and 3 
to the New South Channel 

Estimated capital costs, annual O&M costs, and present value costs for these projects are 
summarized in Table ES-3.  

Table ES-3. Northeast Quadrant Outfall Alternative Cost Summary 

 
 

Project 

Total Capital 
Cost, 

million dollars 

Annual O&M 
Cost, 

million dollars 

Total Present 
Value Cost, 

million dollars 

Flooded 
Acres 

Improveda 

Cost per 
Flooded Acre 

Improved, 
dollars/acre 

Alternative 1 – Detention 
Basin in the Northeast 
Quadrant (30 cfs discharge) 

6.7 0.06 7.8 250 28,500 

Alternative 2 – Northeast 
Quadrant Drainage to Putah 
Creek (130 cfs discharge) 

9.3 0.05 10.1 530 19,100 

Alternative 3 – Northeast 
Quadrant to Tremont 3 to 
Yolo Bypass Toe Drain 
(135 cfs discharge) 

7.5 0.08 8.9 972 9,100 

Alternative 4 – Northeast 
Quadrant to Tremont 3 to 
Lateral 5 to NSC (135 cfs 
discharge) 

7.9 0.08 9.4 3,967 2,400 

Alternative 5 – Northeast 
Quadrant to New Pedrick 
Rd Ditch to Laterals 2 and 3 
to NSC (135 cfs discharge) 

8.5 0.07 9.8 2,730 3,600 

a Figure ES-7 shows the flooded acres improved by each alternative. 

The lowest cost option is Alternative 1 – Detention Basin in the Northeast Quadrant. However, 
Alternative 1 provides almost no benefit to the downstream agricultural areas. 

Alternative 2 has the highest cost and provides little benefit to the downstream agricultural areas. 

Alternative 3 involves increasing the capacity of a natural creek through private property. 
Performing construction activities within this natural creek would probably cause significant 
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environmental problems; consequently, obtaining the necessary permits for Alternative 3 would 
be very difficult, and this project is not recommended.  

Alternative 4 – Northeast Quadrant via Tremont 3 and Lateral 5 to New South Channel provides 
the greatest flood control benefit to the downstream agricultural community, and has the third 
lowest cost. Alternative 4 was selected by the Regional Drainage Committee as the preferred 
project and was evaluated in greater detail using the hydrologic/hydraulic computer model. 
Alternative 4 was renamed the Eastside Drainage Project. 

In many ways, Alternative 5 is comparable to Alternative 4, but it provides less flood control 
benefit. 

Eastside Drainage Project 

The Eastside Drainage Project follows the same alignment as described for Alternative 4. The 
Northeast Quadrant detention basin size and channel/culvert capacities have been refined and re-
evaluated using two options based on the rate of discharge from the Northeast Quadrant. 

Eastside Drainage Project - 250 cfs Option  

This project is shown on Figure ES-8, and includes: 

 A 70 ac-ft detention basin (covering 10-acre site) located in or near the Northeast 
Quadrant, which detains flows greater than 250 cfs. 

 Channel improvements that start out as a new channel with a bottom width of 12 feet 
along Vaughn Road. The channel size increases moving downstream. Just above the 
Tremont 3 culverts under Sikes Road, the channel is 32 feet wide. Just above the 
Dixon Main Drain, the channel width is 45 feet. These channels were sized with two 
horizontal to one vertical side slopes; however, to facilitate maintenance, the channels 
could be reconfigured to four horizontal to one vertical side slopes, and narrower 
bottom widths. The larger channels would include a low flow channel. 

 The New South Channel, constructed as a wetlands habitat channel, with bottom 
width of 75 feet, a depth of 7 feet, and 4 horizontal to 1 vertical side slopes.  

 Twin 60-inch RCP culverts (or an equivalent box culvert) along Vaughn Road and 
downstream to Sikes Road. Along Sikes Road (all the way to the Dixon Main Drain) 
the culverts would be triple 60-inch RCPs (or equivalent). Along the New South 
Channel, the culverts would be 5 parallel 60-inch RCPs (or equivalent). To help 
reduce overall project costs, where there are existing culverts with diameters of 
48-inches or larger, they would be retained (substituting for one of the 60-inch 
RCPs). These culverts (and channels) have been sized to increase the overall capacity 
of the drainage system without inundating the downstream areas. 
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 At the Tremont 3 crossing under Sikes Road, a control structure will direct winter 
time runoff down the new channel. When flow in the new channel approaches the 
new channel capacity, flow will then also drain into Tremont 3. This structure will be 
reconfigured in the summer time to direct irrigation flow into Tremont 3 rather than 
into the new channel.  

As shown on Figure ES-9, when the discharge from the Northeast Quadrant is below the allowed 
peak of 250 cfs, the unused capacity would be available to drain agricultural lands. The benefit to 
the agricultural community from this project thus occurs through the use of this available 
conveyance capacity.  

Eastside Drainage Project – 600 cfs Option  

This project is shown on Figure ES-10, and includes: 

 No detention basin in the Northeast Quadrant.  

 Channel improvements that start out as a new channel with a bottom width of 40 feet 
along Vaughn Road. The channel size increases moving downstream. Just above the 
Tremont 3 culverts under Sikes Road, the channel is 63 feet wide. Just above the 
Dixon Main Drain, the channel width is 75 feet. These channels were sized with two 
horizontal to one vertical side slopes; however, to facilitate maintenance, the channels 
could be reconfigured to four horizontal to one vertical side slopes, and narrower 
bottom widths. These channels would include a low flow channel. 

 The New South Channel constructed as a wetlands habitat channel, with a bottom 
width of 100 feet, a depth of 7 feet, and 4 horizontal to 1 vertical side slopes.   

 At the Tremont 3 crossing under Sikes Road, a control structure will direct winter 
time runoff down the new channel.  When flow in the new channel approaches the 
new channel capacity, flow will then also drain into Tremont 3. This structure will be 
reconfigured in the summer time to direct irrigation flow into Tremont 3 rather than 
into the new channel. 

 Triple 60-inch RCP culvert (or an equivalent box culvert) along Vaughn Road. Along 
Hackman Road and downstream to Radio Station Road the culverts would be four 
parallel 60-inch RCPs (or equivalent). At Radio Station Road and downstream to the 
Dixon Main Drain, the culverts would be 5 parallel 60-inch RCPs (or equivalent). 
Along the New South Channel, the culverts would be 6 parallel 60-inch RCPs (or 
equivalent). To help reduce overall project costs, where there are existing culverts 
with diameters of 48-inches or larger, they would be retained (substituting for one of 
the 60-inch RCPs). These culverts and channels have been sized to increase the 
overall capacity of the drainage system without inundating the downstream areas. 
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Figure ES-9.  Agricultural Benefit from the 250 cfs Discharge Option 
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As shown on Figure ES-11, when the discharge from the Northeast Quadrant is below the 
allowed peak of 600 cfs, the unused capacity would be available to drain agricultural lands. The 
benefit to the agricultural community from this project occurs through the use of this available 
conveyance capacity.  

Cost estimates for these options are summarized in Table ES-4. The capital cost for the 250 cfs 
option is $2.3 million less than the 600 cfs option. The O&M cost for the 250 cfs option is 
$0.07 million lower than the 600 cfs option. The present value cost for the 250 cfs option is 
$3.4 million lower than the 600 cfs option. 

Table ES-4. Eastside Drainage Project Cost Summary a 

 
 

Project 

 
Total Capital Cost

million dollars 

 
Annual O&M Cost, 

million dollars 

Total Present Value 
Cost, 

million dollars 

250 cfs option 5.6 0.09 7.0 

600 cfs option 7.9 0.16 10.4 

a Includes costs for detention pond and downstream conveyance facilities. 

The 250 cfs option includes a 70 ac-ft detention pond located near the City, which would cover 
10 acres of land. This detention pond could be configured to provide joint uses such as 
wetlands/uplands habitat, sports fields, playgrounds, and/or jogging paths, and water quality 
treatment. The 600 cfs option does not provide joint use opportunities near the City.  

The Eastside Drainage Project alignment includes channels within the service areas of the Dixon 
Resource Conservation District and Reclamation District No. 2068, and along the border of the 
Maine Prairie Water District service area. These agencies have several operational considerations 
that must be accommodated in the final design of the selected option including: 

 Channels currently convey irrigation water in the summer, and the ability to continue 
this is essential. This requirement results in the need for check dams at several 
locations in the channel system. 

 At the point of discharge from the Dixon Resource Conservation District to 
Reclamation District No. 2068, the culverts should be sized to physically restrict the 
rate of discharge to the agreed upon discharge limits (either existing or revised limits 
defined in an amended agreement). 

 At the Tremont 3 culverts under Sikes Road, a structure would be configured to direct 
low flows into the new channel. When flow in the new channel approaches the new 
channel capacity, it would then also drain into Tremont 3. In the summer time the 
structure would be reconfigured to direct irrigation water into Tremont 3 rather than 
into the new channel. 
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Figure ES-11.  Agricultrual Benefit  from the 600 cfs Discharge Option 

Increased Downstream Conveyance Capacity = 600 cfs
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After the detailed evaluation of these projects, the following conclusions were reached: 

 Both options provide adequate drainage for the Northeast Quadrant.  

 The 250 cfs option has a lower capital cost, a lower annual O&M cost, and a lower 
total present value cost than the 600 cfs option. 

 The 600 cfs option provides greater flood control benefit to the downstream 
agricultural community than the 250 cfs option. 

 Use of the optional alignments for parts of this project may lower the project costs 
somewhat. The two potential optional alignments include: 

— Use of Lateral C instead of all or some of the new Vaughn Road channel.  

— A new channel (and required culverts) starting just downstream of the Tremont 3 
culverts under Hackman Road and running due south to the upstream end of 
Lateral 4. Expansion of the Lateral 4 channel and culverts to the confluence with 
Lateral 5. 

The preferred alternative to serve the Northeast Quadrant should be selected jointly by the City, 
Regional Drainage Committee, and the developers of the Northeast Quadrant. 
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CHAPTER 1. INTRODUCTION 

In 1998 West Yost & Associates (WYA)1 prepared a county-wide flood control master plan for 
the Solano County Water Agency (SCWA) that identified all the flooding problems in the 
County. In that master plan, the Dixon Area was identified as one of the high priority watersheds 
for receiving flood control improvements because of the high frequency and severity of flooding, 
and because the flooding in this area caused threats to human safety and damage to public works, 
infrastructure, and property. 

The first step in implementing flood control improvements for this region was to develop the 
Dixon Watershed Management Plan (this document). The primary purpose of this study is to 
identify the causes of the flooding problems and develop solutions to the problems that are 
acceptable to all the involved agencies, including the City of Dixon (City), Dixon Resource 
Conservation District (DRCD), Maine Prairie Water District (MPWD), and Reclamation District 
No. 2068 (RD 2068). This study was sponsored and directed by SCWA, with all involved 
agencies contributing funding or in-kind services. All of these agencies have participated in the 
development of the flood control solutions described in this document.  

The Dixon drainage area was divided into three watersheds, including Basin A and Lateral 1, 
Basins B/C and Laterals 2/3, and the Eastside Drainage Project Area. Over the last 20 years, 
several studies have evaluated flood control solutions for some of these areas. A regional 
drainage plan has never been developed that covers all three of the watersheds downstream of 
the City. 

BACKGROUND 

For several years the City has been seeking adequate outfall capacity for three of its drainage 
systems. These drainage systems, shown on Figure 1-1, discharge into agricultural drains which 
are subject to routine flooding, as shown on Figure 1-2. The agricultural drains convey the City 
flow, and runoff from the adjacent fields, through three regional watersheds and discharge into 
Hass Slough or Ulatis Creek. 

A Regional Drainage Committee (RDC) was established with members representing the agencies 
that provide drainage for the downstream agricultural areas and the City. The goal of the RDC is 
to develop drainage projects that provide adequate outfall capacity for the City and reduce 
flooding in the agricultural areas. 

The three regional watersheds are described below. 

Basin A and Lateral 1 

Currently the City Basin A drains to Pond A, which is operated as a retention basin with releases 
only when the downstream system is empty. Additional areas upstream of Pond A are planned 
for development in the future, which will result in increased flow to Pond A. To accommodate 
the increased flow, the storage capacity of Pond A must be enlarged and an outfall must be 
constructed. The outfall must have adequate capacity to both convey flow released from Pond A, 
while also reducing the downstream flooding of the fields along Lateral 1. 

1. For easy reference, all abbreviations/acronyms are listed on the back cover. 
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Basins B/C and Laterals 2/3 

A 1965 agreement between the City and the DRCD, limits the discharge from the City into 
Lateral 2 to the flow from 42-inch and 36-inch pipes (generally accepted to be 77.5 cfs). Based 
on results of this study, large storms result in discharges from the City to lateral 2 estimated to be 
in the range of 130 cfs (from a 5-year event) to 230 cfs (from a 100-year event), which clearly 
exceed the agreed upon limit. The City must detain flows from Basins B/C to the agreed upon 
limit of 77.5 cfs, or construct conveyance improvements to the downstream drains that would 
allow the City to discharge at a higher rate while reducing the downstream flooding. 

The Eastside Drainage Project (EDP) 

The Northeast Quadrant (NEQ) of the City includes 585 acres of agricultural land that is 
scheduled for development in the near future. Current runoff from this area was estimated to 
range from about 30 cfs (from a 5-year storm) up to 100 cfs (from a 100-year storm) including 
agricultural runoff from north of Interstate 80. When this area is developed, the peak 
(undetained) runoff is expected to be about 600 cfs. The fields along the Tremont 3 drain and 
subsequent downstream drains are subject to routine flooding. As a condition of approval of 
development of the NEQ, runoff from the NEQ must either be detained to existing rates or 
downstream conveyance improvements must be constructed to convey the increased flow from 
the NEQ while also reducing downstream flooding. 

PLANNING APPROACH & DESIGN CRITERIA 

The City standard design criteria for sizing detention basins is to contain the runoff from a 100-
year, 4-day storm. No specific design criteria was established for the downstream conveyance 
improvements. Instead, the following general planning approach was used: Provide the 
maximum regional flood control benefit subject to certain cost limitations.  

Essentially, this means balancing use of detention basins (located in or near the City) with 
downstream conveyance improvements to maximize benefit and minimize costs. The 
downstream conveyance improvements provide greater regional benefit than the detention 
ponds. The benefit of the projects was evaluated through comparison of hydrographs/stagegraphs 
both with and without the project. Benefits result from a reduction in the maximum water level, 
the extent of flooding, and the duration of flooding. The cost limitations included limiting overall 
project costs to near that of the lowest cost option (which may or may not have provided the 
maximum benefit). 

ELEVATION DATUMS 

All elevations given in this report are based on the North American Vertical Datum of 1988 
(NAVD). This datum is different from the National Geodetic Vertical Datum of 1929 (NGVD). 
To convert from NGVD to NAVD, add 2.5 feet to the NGVD elevation. To convert from NAVD 
to NGVD, subtract 2.5 feet from the NAVD elevation. Use of the correct datum is essential when 
planning, designing, and constructing drainage facilities. It appears that the official City Datum 
is the NGVD. Aerial surveying performed by Nolte & Associates for the Southwest Dixon 
Specific Plan Area appears to be based on the NGVD. The surveying done for development of 
Southpark appears to be based on the NGVD. Caltrans is currently using the NAVD in their 
projects. 
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DATA COLLECTION 

The following individuals and agencies provided data in support of this study.  

1. Stan Moorhead, consultant to and funded by DRCD, provided the following 
information: 

a. Cross-sections for DRCD Laterals 1, 2, 3 and the Dixon Main Drain. These cross 
sections were created using a hand level and rod, but were not tied to a common 
datum. The vertical relationship of these cross sections was estimated from USGS 
topographic maps and inground monuments. 

b. Culvert sizes for DRCD Laterals 1, 2, 3, and the Dixon Main Drain, including the 
culvert diameters and type. For many culverts, the length and maximum inlet head 
were also provided. 

c. The drainage patterns and discharge points from agricultural lands into Laterals 1, 
2, and 3 and the Dixon Main Drain. 

d. Copies of existing maps and hydrologic models of the watershed. 

2. Caltrans provided a paper copy of ½-meter contour mapping along Highway 113 
from the City to Ulatis Creek. This topographic mapping was not sufficiently detailed 
to permit development of channel cross sections.  

3. Mike Hardesty, General Manager of RD 2068 provided the following information 
(See Figure 1-3 for locations): 

a. US Army Corps of Engineers 2-foot contour mapping along Hass Slough from 
Cache Slough to Bunker Station Road and along the V-Drain from Hass Slough to 
beyond the RD 2068 Main Canal. This information was provided in an electronic 
format and was of sufficient detail to develop channel cross sections. 

b. Stage and or flow data for the following locations and time periods (locations are 
shown on Figure 1-3): 

— Pumping Station #1 – Stage data during the January 1997 storm and the 
February 1998 storm. 

— DMD at the V-Drain – Stage data during the February 1998 storm. 

— Tremont 3 at the Main Canal – Stage and flow data during the February 1998 
storm. 

c. Photographs of flooded areas during the January 1997 and February 1998 storms. 

4. MPWD provided photographs of flooded areas during the January 1997 storm. 
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5. Most of the drainage system was surveyed (see Figure 1-3). The survey information is 
provided in electronic format as an AutoCAD drawing in Appendix A. In the areas 
surveyed the following data was collected: 

a. Channels - cross sections every quarter to half mile 

b. Culverts – culvert size and material, flow line elevations, lengths, and overland 
release elevations 

MODEL DEVELOPMENT AND VERIFICATION 

XP-SWMM (Expert Storm Water Management Model) is a hydrologic/hydraulic computer 
model. This model was developed by a commercial vendor, and is based on the Environmental 
Protection Agency’s Storm Water Management Model. This model automates the connection 
between the hydrologic and hydraulic calculations. It is Windows based and quite simple to use. 
It has exceptional quality output capabilities. For these reasons XP-SWMM was selected for use 
in this project. 

The computer model for this project extends from the point of discharge from the City outfalls into 
the DRCD, through the DRCD system, and into the RD 2068 and/or the MPWD systems. The 
purpose of the modeling was to develop and evaluate improvements to the drainage system that 
would provide the City with discharge capacity and also reduce existing agricultural flooding 
problems. 

The model represents a drainage system using a link-node structure. Nodes are the points at 
which hydrologic evaluations are performed (Figure 1-4 shows the subshed delineation) and the 
resulting hydrographs are entered into the hydraulic model. As shown on Figure 1-4, the model 
includes many of the channels and culverts in great detail. However, the channels and culverts 
that were not along a proposed project alignment were aggregated into a single subwatershed or 
included at a lower level of detail. 

An existing conditions model was developed to provide a verification of the reasonableness of 
the computer model, by comparing its predicted results for a historical storm event with actual 
observed flooding conditions.  

Storm Events 

Two storms were used for calibration of the existing conditions model, including: 

 The January 1-2, 1997 storm event was used because photographs of the flooding 
from this storm were available in both the RD 2068 and MPWD service areas. The 
hyetograph for this storm is presented in Figure 1-5, and is based on hourly rainfall 
data measured at the Dixon California Irrigation Management Information System 
(CIMIS) station. This storm appears to have a return frequency of about 15-years, as 
shown in Table 1-1. For comparison purposes, the hyetograph for the City 100-year, 
4-day design storm is also shown on Figure 1-5. 
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 The February 2-5, 1998 storm was also used for calibration of the Tremont 3 section 
of the model. For this storm a gaged hydrograph at the discharge from Tremont 3 into 
the Main Canal and a gaged stagegraph for the DMD at the V-Drain were available. 
Photographs of flooding around the RD 2068 service area were also available. The 
hyetograph for this storm is presented in Figure 1-5, and is based on hourly rainfall 
data measured at the Dixon CIMIS station. This storm was about a 5-year event, as 
shown in Table 1-1. 

Table 1-1. Analysis of Storm Events 

 January 1-2, 1997 
Storm Event 

February 2-4, 1998 
Storm Event 

 
Duration 

Peak Rainfall, 
inches 

Return Frequency, 
years 

Peak Rainfall, 
inches 

Return Frequency
years 

1-Hour 0.52 2-Year 0.69 5-Year 

2-Hour 0.87 4-Year 0.96 5-Year 

3-Hour 1.23 8-Year 1.13 5-Year 

6-Hour 1.93 15-Year 1.39 4-Year 

12-Hour 2.59 15-Year 1.92 4-Year 

1-Day 2.91 7-Year 2.79 5-Year 

2-Day 3.36 4-Year 3.57 5-Year 

 

City Outfalls 

City discharges into the DRCD system have been included in the model as described below. 

Basin A – Hydrographs were developed for each of the major areas (subsheds) that currently 
drain into Pond A. These hydrographs were then routed through Pond A. Pond A was modeled to 
simulate normal operation, that is: 

 Flow enters the deep pond and the deep pond begins filling. 

 The deep pond pumps turn on at set water depths and pump into the shallow pond. 

 The shallow pond fills until the glory hole overtops, at which point a discharge from 
Pond A to Lateral 1 occurs.  

During the January 1-2, 1997 storm, the City did not discharge from Pond A into Lateral 1. 
Instead, all flow into Pond A was detained until January 6 when the flooding downstream had 
receded. On January 6th, the 12- and 18-inch gates were opened by the City to allow the upper 
pond to drain into Lateral 1. This was duplicated in the XP-SWMM model run for the January 1-
2, 1997 storm. 
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Basin B – Basin B has been included as a single subshed that drains into Pond B. A 25 cfs pump 
station pumps water out of Pond B, and discharges into Lateral 2. 

Basin C – Basin C was divided into 18 subsheds corresponding to the subsheds delineated in the 
City’s Storm Drainage Report (SDR). The storm drain pipe data was developed from design and 
as-built drawings. 

Basin D – (the Northeast Quadrant)– This area was represented by one subshed north of 
Interstate 80 and two subsheds south of Interstate 80. Surface storage of flood water was 
accounted for north of Interstate 80 and within the NEQ. 

Agricultural Runoff 

Within the model, the agricultural area downstream of the City was divided into about 
155 subsheds as shown on Figure 1-4. Runoff from these subsheds was modeled based on: 

 Subshed area 

 An average ground slope estimated to be 0.1 percent 

 Manning’s n of 0.02 for sheet flow over bare soil 

 An impervious percentage of 5 percent to account for the roads, houses, buildings, 
ponded water, and other impervious areas 

 An infiltration rate representing nearly saturated conditions (infiltration rates are 
discussed more in the calibration section of this chapter)  

Downstream Tailwater Conditions 

The major outflows in the modeled drainage system are discussed below.  

Ulatis Creek Outfall – For the January 1-2, 1997 storm, the tail water condition for Ulatis Creek 
was developed based on observations/photographs provided by Ed Coffelt, as shown on 
Figure 1-6. The creek was assumed to be nearly empty before the storm began, the channel filled 
quickly and overtopped its banks (Elevation 35 feet) at about 10:00 AM, January 1, and by 12:00 
noon, January 2 the water surface was back to an elevation of about 30 feet. After this point the 
water level was assumed to recede slowly. The Ulatis Creek tail water level for the 2-year storm 
was estimated to be below about 28 feet, which provides a free outfall for the flow from 
Lateral 1. The tail water for the 100-year storm was estimated based on a comparison with the 
January 1997 storm, as shown on Figure 1-6. 

Cache Slough Outfall – The tail water elevations for the RD 2068 Hass Slough and Yolo 
Bypass pump stations are shown on Figure 1-7. The tail water elevation for Cache Slough was 
developed based on stage records at the RD 2068 Pump Station No. 1 (provided by Mike 
Hardesty). 
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The tail water in Cache Slough and Hass Slough is controlled by two factors, runoff from the 
study area and flooding of the Yolo Bypass caused by high flow in the Sacramento River. Shown 
on Figure 1-7 is the hourly rainfall measured at the Dixon CIMIS station, and the peak stage 
from the storm flow, which is about 9 feet. After the storm flow receded and, coincidentally the 
tide dropped, flooding of the Yolo Bypass began to control the tail water elevation in Cache and 
Hass Sloughs, and the stage rose to about 17 feet. For the January 1-2, 1997 storm (a 15-year 
event) calibration model run, a constant tail water elevation of 9.5 feet was used. For the 
February 1998 storm event (a 5-year event) a constant tail water elevation of 8.5 feet was used. 
The purpose of this study was to address flooding from local runoff (from within the study area). 
Resolving flooding caused by flow in the Yolo Bypass was beyond the scope of this study. 
Consequently, use of tailwater elevations of 8.5 to 9.5 feet are appropriate, but use of a tail water 
of 17 feet is inappropriate. 

Highway 113 Outfall – Flood flow from the MPWD Lateral 1 overtops both the east channel 
bank and Highway 113 near Hawkins and Binghampton Roads (see Figure 1-8). In the model, 
this flood flow was allowed to cross Highway 113 and then exit from the modeled system. This 
discharge can exceed the capacity of the channel and was modeled as a free discharge with no 
tail water condition, which means that flow over the highway was not restricted by a high water 
surface on the east side of the highway. 

Tremont 3 at the Main Canal Outfall – A 24-inch CMP conveys runoff from Tremont 3 under 
the Main Canal. In the model, this flow was allowed to discharge through the 24-inch CMP 
under free outfall conditions. 

MODEL VERIFICATION 

The primary variables used to calibrate the model, as described below, were the subwatershed 
width and the infiltration rate.  

Subwatershed Width 

Subwatershed width is an input variable of the XP-SWMM model, and is related to the runoff 
overland flow length. The subwatershed width controls how quickly rainfall runs off the land 
surface. After calibration with the January 1997 and February 1998 storms, it appears that 
appropriate subwatershed width values are 1 to 2 feet per acre for agricultural areas, and about 
10 feet per acre for urban areas. 
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Figure 1-8. Flooding over 
Highway 113 near 
Hawkins Road. 

 
Infiltration Rate 

The infiltration rate controls the total quantity of runoff from the land surface. The calibrated 
infiltration rates are presented in Table 1-2 and are significantly lower than traditional values 
(0.18 inches per hour for soil group B. and 0.05 inches per hour for Group D). This is probably 
because the fields are bedded in the fall and develop a crust that acts much like impervious 
cover, resulting in low infiltration rates and high runoff rates. The infiltration rates used for the 
design storms are also presented in Table 1-2. The design storm rates are near the low end of the 
calibrated rates, resulting in a reasonable, but conservative runoff rate for sizing the drainage 
facilities. 

Table 1-2. Infiltration Ratesa 

Model Run Hydrologic Group B Soils Hydrologic Group D Soils 

Jan 97 
 Initial 
 Final 

 
0.100 
0.001 

 
0.040 
0.001 

Feb 98 
 Initial 
 Final 

 
0.200 
0.024 

 
0.040 
0.008 

Design 
 Initial 
 Final 

 
0.100 
0.004 

 
0.040 
0.002 

a The initial rate represents the infiltration at the start of the storm. The 
final rate represents the infiltration as the ground becomes saturated. 
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Calibration Results 

The model was calibrated in two separate efforts. The first was based on the January 1997 storm 
and focused on Laterals 1, 2, and 3 and the DMD. The second effort was based on the February 
1998 storm event and focused on Tremont 3 and Lateral 5, and the V-Drain. 

January 1997 Storm Event – Both Ed Coffelt and Mike Hardesty provided pictures of several 
locations flooded on January 1 and 2, 1997. Photographs of the observed flooding are presented 
in Figures 1-9 through 1-17, and the locations of the photographs are shown on Figure 1-3.  

 

Figure 1-9. Lateral 1 
About Half a Mile North 
of DMD. 

Ground elevation of field 
is about 39.7 feet; top of 
levee is about 42.0 feet. 
Modeled maximum 
WSEL at this location is 
42.1 feet. 

Figure 1-10. Lateral 1 Just
Upstream of the DMD.  

Top of channel elevation 
is 39.5 feet, edge of 
Highway 113 elevation is 
40.5 feet, and Highway 
113 crown is 40.8 feet. 
The modeled maximum 
WSEL for the downstream 
end of Lateral 1 is 41.0 
feet. 



 

August 24, 2001 1-17 Solano County Water Agency 
074\98-04  Dixon Watershed Management Plan 

 

Figure 1-11. Lateral 1 at 
the End of the Westside 
Drain.  

Ground surface at this 
location is about 40.5 feet. 
The modeled WSEL for the 
downstream end of the 
Westside Drain is 40.8 feet. 

Figure 1-12. DMD at 
Highway 113.  

The ground elevation in the field is 
39.4 feet. The top of the south levee 
is at 40.8 feet. The model predicts a 
WSEL in the field of 40.1 feet, and 
at the upstream end of the DMD the 
model predicts a WSEL of 37.4 feet 
(2 feet below top of the south 
levee). 

Figure 1-13. DMD at the  
Intersection of Sikes and  
Swan Roads.  

The road elevation at this 
location is about 18.6 feet, 
but the model predicts a 
maximum WSEL of about 
17.9 feet. Flooding of this 
intersection may be a result 
of the Yolo Bypass flooding 
rather than the modeled local 
runoff. 
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Figure 1-14. V-drain at 
Swan Road.  

The field is at an elevation of 
about 16.7 feet, and Swan 
Road is at about 18.5 feet. The 
model predicts a maximum 
WSEL of about 16.1 feet. The 
WSEL on January 2, 1997 at 
this location may be 
controlled more by the 
flooding of the Yolo Bypass 
than the modeled local runoff. 

Figure 1-15. DMD at the 
V Drain.  

The field is at about 
elevation 15.2 feet. The 
top of the dirt road is at 
about elevation 17.2 feet. 
The model predicts a 
maximum WSEL at this 
location of 16.0 feet. The 
WSEL on January 2, 1997 
at this location may be 
controlled more by the 
flooding of the Yolo 
Bypass than the modeled 
local runoff. 
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Figure 1-16. Lateral 
5 at the Intersection 
of Sikes and Delhi 
Roads.  

The elevation of this 
intersection is about 
22.1 feet. The model 
predicts a maximum 
WSEL at this location 
of 22.1 feet. 

Figure 1-17. Hass Slough 
Between Norton Road and 
Abandoned Railroad.  

The ground surface is about 
16.5 feet. The model predicts 
a maximum WSEL in Hass 
Slough at this location of 
about 15.4 feet. 

February 1998 Storm Event – Stagegraphs, hydrographs, and photographs of the observed 
flooding from the February 1998 storm event are presented in Figures 1-18 through 1-21 and 
discussed below. The locations of these figures are shown on Figure 1-3. 

Figure 1-18 - a hydrograph of the gaged and modeled flow discharged from Tremont 3 to the RD 
2068 Main Canal. As shown, the modeled flows agree quite closely with the gaged flows. The 
peak flows differ by only about 5 cfs. 

Figure 1-19 - a stagegraph of the DMD discharge into the V-Drain. As shown, the modeled stage 
at this location agrees quite closely with the gaged stage, with the difference in peak stage being 
about 0.6 foot. 

Conclusion 

The existing conditions model simulates the observed flooding reasonably well and it was thus 
used to simulate design storms and evaluate drainage projects with a reasonable degree of 
confidence. 
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Figure 1-20. Sikes Road at 
Abandoned Railroad.  

 
Sikes Road has an elevation 
of about 19 feet. The modeled 
peak water surface elevation 
was 19.4 feet, which agrees 
closely with the observed 
flooding. 

Figure 1-21. V-Drain at 
Swan Road Crossing. 

The Top of the V-Drain Box 
Culverts Under Swan Road is 
at Elevation 17.0 Feet. The 
observed water level is about 
16.5 feet. The modeled peak 
water level is about 15.6 feet, 
which agrees closely with the 
observed water level. 
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CHAPTER 2. POND A ALTERNATIVES 

Basin A and Lateral 1 is the western most watershed in the Dixon Region. The upstream end of 
this watershed includes the City’s Basin A and 760 acres of agricultural land west of Interstate 80. 
The City prepared a Storm Drainage Report (SDR) in March 1999. The SDR evaluated flood 
control improvements within the City, and identified potential outfall alignments from Pond A for 
runoff from the City. However, no outfall alignment was recommended and impacts from the City 
runoff along the alignments were not evaluated. This chapter refines the outfall analyses in the 
SDR, and resolves drainage issues for the Almond Street area and the Southpark Development. 

SOUTH ALMOND STREET AREA DRAINAGE ALIGNMENT COST COMPARISON 

In the SDR it was concluded that the South Almond Street Area should be drained to Pond A to 
help alleviate flooding in the South Almond Street Area and in the downstream area within the 
City. The recommended improvements included about 4,000 feet of 60-inch pipe through 
undeveloped land (from South Almond Street to Pond A) and were estimated to cost about 
$750,000 (page 4-15 of the SDR). This project was judged to be less expensive than improving 
the existing drainage system, which would have required about 5,000 feet of 60-inch pipe, at a 
cost of about $940,000. 

At the time this improvement was proposed, the elevations of the streets and gutters in the 
Almond Street Area had not been surveyed. Following completion of the survey, it has been 
determined that if the Almond Street Area is connected to Pond A, the maximum Pond A water 
level must be lowered by over two feet to provide sufficient head to drain the Almond Street 
Area. Lowering of the Pond A maximum water level means that a larger area of Pond A must be 
excavated to provide the same detention storage. The additional excavation was estimated to be 
about 300,000 cubic yards, at a cost of approximately $900,000.  

In 1999, City maintenance crews discovered and removed concrete blockages from the twin 
48-inch pipes in Hall Park downstream of the connection with the 36-inch drain from the Almond 
Street Area. Removal of these blockages should reduce the extent and duration of flooding in the 
South Almond Street Area. However, because there have been no large storms since the blockages 
were removed, the magnitude of the reduction in flooding is untested at this time. 

It is recommended that the South Almond Street Area not be diverted to Pond A because of the 
high cost ($1.65 million) and minimal drainage improvement that will result in the area.  

SOUTHPARK DEVELOPMENT 

The Southpark developer’s engineer (Morton & Pitalo) recommends that Southpark drain to 
Pond A rather than Pond C/Lateral 2, because draining to Pond A is less expensive for the 
developer than draining to Pond C/Lateral 2. The southwest corner of the Southpark area is at an 
elevation of less than 58 feet NAVD. The maximum planned 100-year water surface elevation in 
Pond A is 61.0 feet NAVD. The southwest corner of Southpark is thus about three feet below the 
planned maximum Pond A water elevation. Morton & Pitalo engineers agree that one way to 
solve this problem would be to raise the ground surface elevation in the low areas of Southpark 
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using fill material, possibly from the Pond A excavation. This would be a mutually beneficial 
solution for the City and Southpark because it would solve the Southpark drainage problem and 
provide a nearby disposal site for the dirt excavated from Pond A. If the Southpark area cannot 
be raised enough to gravity drain into Pond A, a pump station could be constructed to lift runoff 
from Southpark into Pond A. 

POND A OUTFALL COMPARISON 

In the SDR it was recommended that an outfall be constructed for Pond A, and four potential 
outfall alignments were developed and compared. Two of the alignments drain to the west, with 
the preferred western alignment draining to McCune Creek. The other two alignments drain to 
the east to either Lateral 1 or Lateral 2 of the DRCD. Presented below is a more detailed 
comparison of these alignments. 

The alternative Pond A outfall alignments are shown on Figure 2-1. The McCune Creek 
Alignment (MCA) would cross under the Union Pacific Railroad tracks, continue southwest 
down Porter Road, turn west and follow an alignment adjacent to the Weyand Irrigation Pipeline, 
cross Batavia Road, parallel the Olsen Drain, and discharge to McCune Creek.  

The Lateral 1 Alignment (L1A) would run east from the southeast corner of Pond A in an 
existing drainage ditch to Lateral 1 on the west side of State Highway 113. Lateral 1 currently 
drains to the south and discharges into the DMD. The reach of Lateral 1 south of the DMD 
drains to Ulatis Creek. Lateral 1 would be disconnected from the DMD and would be improved 
from Pond A to Ulatis Creek to convey the flow from Pond A.  

The Lateral 2 Alignment (L2A) would run east from the northeast corner of Pond A in the future 
public street (to be constructed as part of the Southpark development), cross State Highway 113, and 
continue east to Lateral 2 of the DRCD drainage system. Downstream improvements in Lateral 2, the 
North Cross Channel, Lateral 3, and the Dixon Main Drain would also be constructed. 

The costs, advantages, and disadvantages of these three alignment alternatives are compared below. 

Capital Costs 

The estimated capital cost for each of the three alternatives is presented in Table 2-1 and includes 
four major elements: 

1. Pond A/Pump Station - The Pond A expansion cost is dependent upon selection of an 
outfall alignment because: 

a. Discharge rates are different for each outfall. The MCA discharge is 35 cfs, L1A 
is up to 75 cfs and L2A is 25 cfs. The required pumping capacity and resulting 
storage volume is thus different for each of the outfall alignments.  
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b. To prevent increased flooding in McCune and Ulatis Creeks, discharge from Pond 
A would have to be discontinued when the water level in either of these creeks is 
too high. Discharge through the MCA would have to be discontinued when the 
water level rises to within 1.5 feet of the top of bank (which is consistent with 
the design freeboard of 1.5 feet). Discharge through L1A would have to be 
discontinued when the water level rises to within 5.5 feet of the top of bank (see 
Appendix B), or when the water level in Lateral 1 is above the level of the 
adjacent fields. In a 100-year event, the duration of the pump shutdown time may 
be as long as 3 days. Discharge through the L2A would be continuous (no period 
of interruption) at 25 cfs (assuming construction of Pond C). 

2. Outfall – The major differences are that the MCA requires a piped outfall and a 
second pump station to lift the water into McCune Creek, at a construction cost of 
about $280,000. The MCA outfall would be a 42-inch pipe from Pond A to McCune 
Creek. The outfall improvements for L1A would include purchasing and enlarging an 
existing privately owned ditch and culverts. The outfall improvements for L2A would 
include a 48-inch pipe from Pond A to Lateral 2. 

3. Downstream Improvements – For the MCA it is assumed that no downstream 
improvements would be needed because no discharge would occur during periods of 
high stage in McCune Creek. For L1A the required improvements have been 
evaluated in detail and costs have been estimated. For L2A, the required downstream 
improvements (along Lateral 2, the North Cross Channel, Lateral 3, the Dixon Main 
Drain, and a share of the New South Channel) have only been preliminarily evaluated 
and costs estimated. 

4. Pond C – The City has an agreement with DRCD permitting a maximum discharge 
estimated at 77.5 cfs into Lateral 2. Pond B discharges to Lateral 2 at a maximum rate 
of 25 cfs, leaving a maximum discharge from Basin C of 52.5 cfs. A Pond C 
incremental expansion cost is applied to L2A because under this option 25 cfs would 
be discharged from Pond A to Lateral 2, and the Pond C discharge would be limited 
to 27.5 cfs. With MCA and L1A, the Pond C discharge could be 52.5 cfs. This 
decreased discharge rate over the 4-day design storm results in a larger storage 
volume requirement for Pond C, which increases the construction cost of L2A by 
about $640,000. 

As shown in Table 2-1, the total capital costs are estimated to be: 

 MCA: $5.1 million 

 L1A: $3.8 million 

 L2A: $6.9 million 
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This cost comparison indicates that L1A is the preferred alternative, with a total capital cost 
about $1.3 million lower than the cost of MCA, and about $3.1 million lower than L2A.  

This cost comparison is quite sensitive to the unit cost of excavation. The City of Sacramento 
currently uses a unit excavation cost for planning detention ponds of $3/cubic yard (CY) for dry 
excavation. The City’s Pond B unit excavation cost was $2.55/CY in 1996. If the unit costs for 
excavation are significantly different than estimated in Table 2-1, the overall cost comparison 
could change significantly. The excavation unit costs used in Table 2-1 are $2/CY for Pond A 
because of its proximity to the assumed dirt-receiving site (Southpark). A unit excavation cost of 
$3/CY was used for Pond C because it is farther from the assumed dirt-receiving site. Other unit 
costs have been taken from the City’s Pond B bid documents prepared by Teichert Construction. 
No costs have been included for mitigation of environmental impacts. 

Annual Cost Comparison 

As shown in Table 2-1, annual costs include pump station and detention pond operation and 
maintenance costs, pipe and channel maintenance costs, and discharge fees that cover channel 
O & M costs. Pump station O&M costs include estimated power requirements (at 
$0.08/kilowatt-hour) for an average rainfall year, and annual maintenance costs are assumed to 
be equal to 50 percent of the annual power cost. Detention pond maintenance costs are based on 
the City of Dixon historical costs for Pond A. Annual pipeline maintenance costs are based on 
one-half of one percent of the construction cost. The channel maintenance cost is based on 
clearing the channel annually at an estimated cost of $200 per foot of channel width per mile of 
channel length. The discharge fees are estimated in Table 2-2.  

Present Value Cost Comparison 

As shown in Table 2-1, the annual costs have been converted to a present value assuming a 
20-year period, an inflation rate of 3 percent, and an interest rate of 6 percent (resulting in a 
3 percent discount rate). The total present value cost for L1A at $4.9 million is the lowest, and is 
about $1.4 million lower than MCA ($6.3 million) and about $2.9 million lower than L2A 
($7.8 million). 

Other Issues 

The other issues affecting the selection of an outfall alignment for Pond A are presented in 
Table 2-2. Institutional feasibility (the ability to develop and execute the required discharge, 
improvement, and maintenance agreements) may be the most important issue affecting selection 
of an outfall alignment for Pond A, possibly even superceding the cost analysis in importance, 
because this will control the estimated schedule for construction of the facilities. 

For the MCA, an agreement with SCWA has already been developed and executed. 
Concurrence from the Natural Resource Conservation Service may be needed. Right-of-way 
must also be acquired. 



Item Unit Quantity
Unit Cost,

dollars
Estimated

Cost Quantity
Unit Cost,

dollars
Estimated

Cost Quantity
Unit Cost,

dollars
Estimated 

Cost

Pond A Improvements
New Pump Station Cubic Feet Per Second 35 8,000 280,000 75 8,000 600,000 25 8,000 200,000
Excavation  Cubic Yard 495,000 2 990,000 481,000 2 962,000 334,000 2 668,000
Levee & Maintenance Road Lineal Foot 2,400 30 72,000 1200 30 36,000 2400 30 72,000
Riprap Levee Banks Square Yard 38,400 13 499,200 30900 13 401,700 28800 13 374,400
6' Chain Link Fence Lineal Foot 4,800 6 28,800 4800 6 28,800 3600 6 21,600
Concrete Overflow Weir Lump Sum 1 10,000 10,000 1 10,000 10,000 1 10,000 10,000
Relocate SID 15" Turnout Lineal Foot 1100 40 44,000 0 0
Pond A Expansion Subtotal 1,924,000 2,038,500 1,346,000

Pond A Outfall
Railroad or Highway 113 Crossing (Bore & Jack) Lump Sum 1 75,000 75,000 0 1 75,000 75,000

Pipe (42" pipe and deep trench for MCA, 48" pipe and shallow trench for 
L2A) Lineal Foot 10,300 100 1,030,000 0 5,300 100 530,000
Right-of-way Square Foot 257,500 0.2 51,500 130,000 0.2 26,000 132,500 0.2 26,500
Enlarge Existing Channel Lineal Foot 0 2,600 10 26,000 0
Culverts Each 0 2 15000 30,000
New Lift Station (35 cfs for MCA only) Cubic Feet Per Second 35 8,000 280,000 0 0
Outfall Structure Lump Sum 1 15,000 15,000 1 10,000 10,000 1 10,000 10,000
Outfall Subtotal 1,451,500 92,000 641,500

Downstream Improvements
Culverts Each 0 12 15000 180,000 17 15000 255,000
Check Dams Each 0 3 10000 30,000 5 10000 50,000
Channel Enlargement Cubic Yard 0 18000 5 90,000 130000 5 650,000
Channel Gates Each 0 1 9000 9,000 0
Field Drains Each 0 22 1000 22,000 40 1000 40,000
Right of Way Square Foot 0 285120 0.2 57,024 1203840 0.2 240,768
Share of New Shouth Channel Lump Sum 0 0 400,000
Downstream Improvements Subtotal 0 388,024 1,635,768

Pond C Incremental Expansion Cubic Yard 0 0 320,000 3 960,000

Subtotal 3,376,000 2,519,000 4,583,000
Contingency (20%) 675,000 504,000 917,000
Subtotal 4,051,000 3,023,000 5,500,000
Engineering/Admin/Legal (25%) 1,013,000 756,000 1,375,000
Total Capital Cost 5,064,000 3,779,000 6,875,000

Pump Station O&M 9,000                 3,200                 3,200                 
Detention Pond O&M 60,000               55,000               45,000               
Pipeline/Channel Maintenance 5,200                 1,000                 2,000                 
Discharge Fees 6,000                 11,000               6,000                 
Total Annual Cost 80,200               70,200               56,200               

Capital Cost 5,064,000 3,779,000 6,875,000
Present Value of Annual Costs (3% for 20 years) 1,251,000          1,095,000          877,000             

Total Present Value of Costs 6,315,000 4,874,000 7,752,000

Capital Costs

Annual Costs

Present Value Analysis

Table 2-1. Cost Comparison for Pond A Outfall Alternatives

McCune Creek Alignment Lateral 1 Alignment Lateral 2 Alignment
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Table 2-2. Pond A Outfall Alternatives Comparison Matrix 

Issue McCune Creek Alignment Lateral 1 Alignment Lateral 2 Alignment 

Description of alignment  

(see Figure 2-1) 

The alignment starts at the southwest corner of Pond A, 
crosses the Union Pacific Railroad tracks, continues 
southwest down Porter Road, turns west and follows an 
alignment adjacent to the Weyand Irrigation Pipeline, 
crosses Batavia Road and is pumped into the existing 
Olsen Drain open channel which discharges to McCune 
Creek. 

The alignment starts at the southeast corner of Pond A, 
and heads east in an existing agricultural drainage ditch 
to the upstream end of Lateral 1 at State Highway 113. 

The alignment starts in the northeast corner of Pond A, heads 
east in the future public street (to be constructed as part of he 
Southpark development), crosses State Highway 113 and 
continues east to Lateral 2. 

Operational Considerations    

Pumping Requirements Two new pump stations would be required as shown on 
Figure 2-1.  

One new pump station would likely be required as shown 
on Figure 2-1, however, it may be possible to gravity 
drain most (or possibly all) of the stored water into 
Lateral 1. 

One new pump station would be required as shown on 
Figure 2-1. 

Channel Maintenance  The City would maintain no channels. Channel 
maintenance of the Ulatis Creek System would be 
covered by the annual discharge fee of $6,000  
(see below). 

Maintenance of the existing agricultural channel leading 
to Lateral 1 would be required. Channel maintenance for 
the Ulatis Creek System would be covered by the annual 
discharge fee of $6,000 (see below) and the DRCD 
discharge fee of $6,000. 

The City would maintain no channels. DRCD System channel 
maintenance would be covered by the annual discharge fee of 
$6,000 (see below). 

Discharge Flow Rate and Limitations Allowable discharge is 35 cfs. No discharge is allowed 
when the freeboard in McCune Creek is less than 
1.5 feet. 

Allowable discharge is 75 cfs. It has been assumed that 
no discharge would be allowed when the freeboard in 
Ulatis Creek is less than 1.5 feet. 

Allowable discharge assumed to be 25 cfs, which is a portion of 
the total allowable discharge from Basins A, B and C of 
77.5 cfs. 

Emergency Overflow An emergency, overland release is not possible along this 
alignment because of the elevated train tracks and 
because of the increase in elevation from the pond to the 
discharge point (Olsen Drain). The existing Pond A 
emergency overflow could continue to be used. 

The existing Pond A emergency overflow could continue 
to be used. 

An emergency, overland release within the Southpark Street 
could be developed along this alignment with discharge to 
Lateral 1 or Lateral 2. Also, the existing Pond A emergency 
overflow could continue to be used. 

Solving Other Flooding Problems)    

Flooding at Intersection of Porter 
Road and Pitt School Road 

The drainage problem from the unincorporated 
agricultural area south of the City at the intersection of 
Porter Road and Pitt School Road could be resolved by 
tying into this proposed outfall. 

This problem not solved by this alignment. 

 

This problem not solved by this alignment. 

 

 

Flooding of Panizza Property The Storm Drain Master Plan states that the drainage 
problem at the Panizza property, a residence southwest of 
Dixon, could be resolved by tying into this proposed 
outfall. However, further research indicates this flooding 
problem may be due to high water surface elevations in 
McCune Creek. If true, this problem could not be solved 
by this outfall alignment. 

This problem would not be affected by this outfall 
alignment. 

This problem would not be affected by this outfall alignment. 

Limited DRCD Discharge Capacity Not discharging from Pond A to Lateral 2 would allow 
up to 77.5 cfs to be discharged from Basins B and C. 

Not discharging from Pond A to Lateral 2 would allow 
up to 77.5 cfs to be discharged from Basins B and C. 

Discharging from Pond A to the DRCD system will use 25 cfs 
of the total 77.5 cfs capacity, limiting the discharge from Basins 
B and C to 52.5 cfs. 
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Issue McCune Creek Alignment Lateral 1 Alignment Lateral 2 Alignment 

Institutional Feasibility    

Discharge Agencies Involved Solano County Water Agency (SCWA) Dixon Resource Conservation District  

Maine Prairie Water District 

SCWA 

Dixon Resource Conservation District  

Reclamation District 2068  

SCWA 

Discharge Fee 1% of Ulatis Project annual operations and maintenance 
costs. These costs are currently budgeted at $595,000. 
This results in an estimated annual fee of approximately 
$6,000. 

Urban areas are charged four times the ordinary annual 
maintenance charge assessed by DRCD to farm land 
within its boundaries. Current farm land fee is $2 per acre, 
and the urban fee is $8 per acre (DRCD is considering a 
future fee increase which may double these numbers).  

Area  Acreage(a)  Annual Cost ($)
Pond A 120 1,000 
South Park 150 of 212 1,200 
WASAD 275 of 525 2,200 
Almond Street Area 0 of 154 0 
Southwest Specific Plan Area 200 of 260 1,600 
Total 745  6,000 
(a) Areas within the 1965 drainage agreement boundary are 

excluded from this fee because they are covered by the 
City’s current DRCD discharge fee. Although runoff from 
820 acres of agricultural land north of I-80 would be 
detained in Pond A, the City would not pay the discharge 
fee for this runoff. 

This alignment would also require discharge to Ulatis 
Creek at an annual cost of $5,000 (based on the agreement 
between SCWA and the City). 

Urban areas are charged four times the ordinary annual 
maintenance charge assessed by DRCD to farm land within its 
boundaries. Current farm land fee is $2 per acre, and the urban 
fee is $8 per acre (DRCD is considering a future fee increase 
which may double these numbers).  

 Area Acreage(a)      Annual Cost ($) 
Pond A 120 1,000 
South Park 150 of 212 1,200 
WASAD 275 of 525 2,200 
Almond Street Area 0 of 154 0 
Southwest Specific Plan Area 200 of 260 1,600  
Total 745  6,000 
(a) Areas within the 1965 drainage agreement boundary are 

excluded from this fee because they are covered by the City’s 
current DRCD discharge fee. Although runoff from 820 acres of 
agricultural land north of I-80 would be detained in Pond A, the 
City would not pay the discharge fee for this runoff. 

 

Right-of-Way Requirements 

 

 Agreement with Union Pacific to cross railroad right-
of-way. 

 Purchase of a 3,600’ long 25’ wide strip of right-of-
way adjacent in Porter Road. 

 Purchase of a 4,200’ long 25’ wide strip of right-of-
way adjacent to the Weyand Pipeline from up to three 
private property owners. 

Purchase of a 2,600’ long 25’ wide right-of-way along 
the existing agricultural drainage ditch from Pond A to 
Lateral 1. 

 Purchase of a 4,600’ long 25’ wide right-of-way in future 
Southpark street. 

 Purchase of a 3,000’ long 25’ wide right-of-way adjacent to 
right-of-way to be purchased for future sewer trunk line from 
one private property owner. 

 Agreement to cross Caltrans right-of-way for Highway 113. 

Compatibility with Other Ongoing 
Projects 

   

Sewer Project No effect No effect The outfall alignment follows a portion of the alignment for the 
South Dixon Sewer Trunk Line allowing for shared right-of-
way and access roads. 

Pond C Project Discharge to McCune Creek would allow a greater 
discharge from Basin C into Lateral 2, resulting in a 
smaller detention volume for Pond C. 

Discharge to Lateral 1 would allow a greater discharge 
from Basin C into Lateral 2, resulting in a smaller 
detention volume for Pond C. 

Discharge to Lateral 2 would reduce the allowable discharge 
from Basin C resulting in a larger required detention volume for 
Pond C. 



Table 2-2. Pond A Outfall Alternatives Comparison Matrix, cont. 

074/98-04 

Issue McCune Creek Alignment Lateral 1 Alignment Lateral 2 Alignment 

SCWA Regional Drainage Study SCWA study of McCune and Ulatis Creeks will help 
determine when channel freeboard is adequate for 
discharge. 

SCWA study of Ulatis Creek will help determine when 
channel freeboard is adequate for discharge. 

The initial portion of this outfall alignment would not change if 
the SCWA Study shows there is capacity to discharge into 
Lateral 1 which is closer to Pond A than Lateral 2. 

Southpark No effect No effect This alignment would allow for right-of-way sharing with the 
sewer trunk line to be constructed with Southpark and a portion 
of this alignment will be located in a proposed Southpark 
Roadway. 

Southwest Specific Plan Area Discharge from West Pond, constructed within the 
Southwest Specific Plan area, and for Basin A will be 
with the same agency (SCWA) and under the same 
existing agreement. 

Not discharging to McCune Creek may free up capacity 
for the West Pond discharge that receives drainage from 
the Southwest Specific Plan area. 

Not discharging to McCune Creek may free up capacity for the 
West Pond discharge that receives drainage from the Southwest 
Specific Plan area. 

Utility or Other Agency Conflicts Agreement to cross Railroad right-of-way required. 
There is an existing petroleum pipeline and a fiber optic 
line in the railroad right-of-way that must be crossed. 

Caltrans encroachment permit required Caltrans encroachment permit required. 
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For L1A and L2A an agreement involving SCWA, DRCD, RD 2068, MPWD and the Natural 
Resource Conservation Service (NRCS) would be needed. This report is intended to facilitate 
development of such an agreement. 

RECOMMENDATION 

Based on all the issues discussed above including costs, regional flood control benefit, and 
constructability, L1A is recommended as the outfall for Pond A. 
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CHAPTER 3. 
POND A LATERAL 1 RECOMMENDED PROJECT 

The facilities, operational procedures and required performance for the Pond A/Lateral 1 Project 
are described in this Chapter. 

FACILITIES 

The existing Pond A storage capacity will be expanded (no additional land will be required) as 
schematically shown in Figure 3-1. Lateral 1 will be improved as shown on Figure 3-2. The 
improvements for Pond A and Lateral 1 are described below: 

 Excavation of the east section of the current shallow portion of the existing pond from 
about 59 feet NAVD to a bottom elevation of 50.5 feet NAVD at the east edge and to 
51.5 feet NAVD at the west edge. The expanded pond will have a total storage volume 
of over 640 ac-ft below the design water surface elevation of 61.0 feet NAVD. Wildlife 
viewing platforms could be added around the deep pond for viewing waterfowl. 

 The southwest section of the pond will not be excavated, and will only be used to 
store runoff for storms greater than a 100-year event. If at some time in the future, 
additional storage volume is required in Pond A, that volume would be obtained by 
excavation of the southwest section, regardless of the joint uses that may have been 
built in this area. Nevertheless, the southwest section will be ideal for joint uses such 
as uplands habitat, soccer fields, and softball fields.  

 An option to rip-rapping the pond levees would be use of vegetation for bank 
stabilization, which would cost less than riprap and improve the pond appearance. 

 Abandon the existing 35 cfs pump station at the northwest corner of the pond. 

 Construction of a variable discharge 75 cfs pump station or 75 cfs gravity discharge 
gate at the southeast corner of the deep pond which will discharge to the existing (to 
be enlarged) agricultural drainage channel leading to Lateral 1 (the current outfall of 
the overflow glory hole). Control of the pump station or gravity gate will be based on 
the water level in Pond A, the water level in Ulatis Creek, and the water level in 
Lateral 1.  

 Lower the elevation of the glory hole top from 63.1 feet NAVD to 61.0 feet NAVD. 
In storms larger than the 100-year event, this glory hole will be overtopped and a 
discharge to Lateral 1 and Ulatis Creek will occur regardless of the water level in 
Lateral 1 or Ulatis Creek.  
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 Use of the existing 18-inch and 12-inch outlets through the existing glory hole. The 
18-inch diameter inlet is at elevation 58.5 feet (flow line), will begin to release at 
about a 70-year storm event, and will release a maximum of 12 cfs at a pond water 
elevation of 61 feet (greater than the 100-year level). The 12-inch diameter inlet is at 
elevation 59.2 feet (flow line), will begin to release at about an 80-year event, and 
will release a maximum of 2 cfs at a pond water elevation of 61 feet. 

 Enlargement of the existing channel from the southeast corner of Pond A to Lateral 1. 

 Along the DRCD Lateral 1, replace all existing culverts with 48-inch RCP culverts. 
Add a 66-inch RCP culvert from DRCD Lateral 1 to the MPWD Lateral 1. Along the 
MPWD Lateral 1, replace the existing culverts with twin 60-inch culverts.Add a slide 
gate to the end of the existing pipe from Lateral 1 to the Dixon Main Drain. The gate 
will be closed in the winter and opened in the summer for irrigation water. 

 Raise the east bank of Lateral 1 at several locations to prevent flooding of 
Highway 113 and the farms east of Highway 113. 

 Enlarge the MPWD Lateral 1 channel to a bottom width of 12 feet, and construct two 
horizontal to one vertical side slopes. 

 Add 18-inch or 24-inch corrugated plastic field drains with risers, where needed, to 
drain each field west of Lateral 1 from Pond A to Ulatis Creek 

 As part of Caltrans’ Highway 113/Ulatis Creek Bridge widening project, Caltrans has 
removed all of the old culverts from the MPWD Lateral 1 to Ulatis Creek and 
replaced them with a 10-foot wide by 5-foot tall box culvert. This box culvert has a 
flap gate to prevent back flow from Ulatis Creek to Lateral 1. 

OPERATION  

The project will be operated to provide an outfall for Pond A and to reduce the flooding of fields 
along Lateral 1. Operational procedures that have governed the ongoing design of improvements 
are defined below: 

 To account for high ground water around Pond A, an initial water elevation in Pond A 
of 51.5 feet NAVD was assumed. This water surface elevation is 0.5 feet above the 
existing deep pond bottom. 

 The Pond A pumps will turn on at a Pond A water surface elevation of 51.8 feet 
(NAVD) and turn off at a water elevation of 51.5 feet (NAVD). A gravity release 
structure may be used rather than a pump station. 

 As the water level in Ulatis Creek is rising, the pumps will shut off when the Ulatis 
Creek water elevation rises to 5.5 feet below the top of bank. The top of the Ulatis 
Creek bank is 34.0 feet NAVD. The pumps will begin to shut down at elevation 
28.0 feet NAVD, and will be completely shut off at elevation 28.5 feet NAVD (see 
Appendix B). This will allow about 6 hours for the City water to pass through 
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Lateral 1 before Ulatis Creek reaches its design freeboard (1.5 feet of freeboard, or 
elevation 32.5 feet NAVD). As the water level in Ulatis Creek is falling, the pumps 
will turn on when the water level is 1.5 feet below the design freeboard (elevation 
31.0 feet NAVD). 

 When the water level in Lateral 1 is rising, the pumps will shut off if the water level 
in Lateral 1 rises above the adjacent field level. This will be monitored at two 
locations. The first location is at the upstream end of the culvert located 0.5 mile 
north of Casey Road. The field level is at 45.3 feet NAVD, the channel bottom is at 
elevation 41.4 feet NAVD, so the pumps will shut off if the water depth in Lateral 1 
exceeds 3.9 feet at this location, and the pumps will turn back on when the water level 
drops below a depth of 3.9 feet at this location.  

The second location is at the upstream end of the culvert at Binghampton Road. The 
field level is at elevation 33.6 feet, the channel bottom will be excavated to elevation 
29.4 feet NAVD, and so the pumps will shut off if the water depth in Lateral 1 
exceeds 4.2 feet at this location. The pumps will turn back on when the water level 
drops below a depth of 4.2 feet at this location.  

PROJECT PERFORMANCE 

Runoff from 5 distinct areas will eventually drain to Pond A. The existing tributary area includes 
1,280 acres as shown on Figure 3-3, and the future tributary area includes about 1,483 acres as 
shown on Figure 3-4. These future tributary areas include: 

 Existing Basin A – 511 acres with an average impervious coverage of about 
40 percent 

 North Agricultural Drainage Area – 400 acres with an impervious coverage of about 
5 percent 

 Southpark – 212 acres with an impervious coverage of 40 percent (assumed at 
buildout) 

 Southwest Dixon Area – 260 acres with an impervious coverage of about 40 percent 
(assumed at buildout).  

 Agricultural Drainage Area within the General Plan Boundary – 100 acres. Although 
it is not currently scheduled for development, it may be developed at some time in the 
future. It was assumed that when this area is developed, it will drain to Pond A, so an 
impervious coverage of 40 percent was used. 

The 100-year, 4-day design storm hydrographs for the discharge to Pond A from these areas are 
shown in Figure 3-5. Although design storms have no historical date associated with them, on 
most of the hydrographs and stagegraphs in this report, the time axis includes actual dates and 
times. This is done to simplify the translation of model results into report figures. 
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A stagegraph for Pond A is presented in Figure 3-6, with an initial water surface elevation in the 
pond of 51.5 feet NAVD (0.5 feet above the north section bottom). This stagegraph is for the 
100-year, 4-day storm. The peak water surface elevation is 59.3 feet NAVD, which is 1.7 feet 
below the design water surface elevation of 61.0 feet NAVD.  

The Pond A discharge hydrograph for the 100-year, 4-day storm is presented in Figure 3-7 for the 
design storm. The pumps turn on as the water level in Pond A rises to elevation 51.8 feet NAVD, 
and lower the water level down to 51.5 feet NAVD, and the pumps shut off. As the water level 
rises again, they turn back on. When the water level in Ulatis Creek rises above 28.5 feet NAVD, 
the pumps are completely shut off. About 3 days later, as the water level in Ulatis Creek drops, the 
pumps come back on and pump the water level back down to 51.5 feet NAVD.  

Shown in Figure 3-8 is a 100-year, 4-day storm stagegraph for the DRCD Lateral 1 control point 
(0.5 mile north of Casey Road). The water level in Lateral 1 at this location stays below the field 
level when the pumps are running. The water level rises above the field level at the peak of the 
storm from just the runoff from the fields (note that the pumps are not running at this time). The 
pumps turn on again about 2.5 days after the peak of the storm, allowing time for the field to drain. 

Shown in Figure 3-9 is a 100-year, 4-day storm stagegraph for the MPWD Lateral 1 control point 
at Binghampton Road. As shown, the water level in Lateral 1 at this location stays below the field 
level when the pumps are running. However, the water level rises above the field level at the peak 
of the storm from just the runoff from the fields (note that the pumps are not running at this time). 
The pumps turn on about 2.5 days after the storm, allowing time for the field to drain. 

The 100-year, 8-day historical storm event (based on the February, 1986 storm) is used by the City 
as a check of the 100-year, 4-day design storm and was also simulated with the model. The Ulatis 
Creek tail water level for this storm was estimated by comparison with the January 1-2, 1997 storm 
and the 100-year, 4-day storm as shown in Figure 3-10. This estimated water level was used for 
control of the Pond A pumps. The results for this storm are presented in Figures 3-11 through 3-14. 
The proposed Pond A expansion provides adequate capacity for this storm. 

As shown in Figure 3-6 the peak modeled water surface elevation is 59.3 feet NAVD for the 
100-year, 4-day storm. As shown in Figure 3-11 the peak modeled water elevation is 60.0 feet 
NAVD for the 100-year, 8-day historical storm. The design water elevation for Pond A is 
61.0 feet NAVD. The difference between the modeled water elevations and the design water 
elevation is intended as a margin of safety because hydrologic modeling is not a precise science. 
Some of the assumptions that affect the precision of hydrologic modeling include percentages of 
impervious areas not yet developed, extent of tributary areas, potential overland release points 
into or out of the tributary watersheds, and piping configurations. Because of the uncertainty in 
these assumptions, a margin of safety is provided. Future planning of drainage facilities tributary 
to Pond A should be based on the design water level for Pond A of 61.0 feet NAVD. 
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EMERGENCY OVERFLOW 

Storms larger than a 100-year even may result in discharge through the emergency overflow glory 
hole (at Elevation 61 ft NAVD). The existing glory hole has gated 18-inch and 12-inch holes 
through its side at elevations 58.5 feet and 59.2 feet, respectively. Additionally, the pump station or 
gravity release structure will have an emergency overflow outlet at elevation 62 feet NAVD. 

The purpose of these emergency releases is to prevent overtopping, erosion, and collapse of the 
pond levee. Estimated emergency release from the pond are presented in Table 3-1 

Table 3-1. Emergency Overflow Discharge 

Water Surface Elevation, feet NAVD Estimated Emergency Overflow, cfs 

50.5 (Pond Bottom 0 

53 (approximate 2-year water level) 0 

55 (approximate 10-year water level) 0 

59 1 cfs 

60 (approximate 100-year water level) 9 cfs 

61 14 cfs 

62 43 cfs 

63 192 cfs 

64 400 cfs 

65 646 cfs 

66 (top of levee) 803 cfs 

 

COST ESTIMATES 

Presented in Table 3-2 are refined capital and annual operation and maintenance cost estimates. 
The estimated capital cost for the Pond A and Lateral 1 project is $3.8 million. The annual cost is 
estimated to be $0.07 million per year. 

CONCLUSION 

In conclusion, the proposed Pond A/Lateral 1 improvements provide 100-year detention and a 
75 cfs discharge while also reducing the duration and extent of flooding of the agricultural areas 
along Lateral 1 and Highway 113. 

 

 



Item Unit Quantity
Unit Cost,

dollars
Estimated

Cost

Capital Costs
Pond A Improvements
Gravity Outlet Structure and Controls LS 1 280,000
Excavation  Cubic Yard 720,000 2 1,440,000
Maintenance Road Lineal Foot 3,600 15 54,000
Bank Stabilization (see Table 2) LS 1 100,350
6' Chain Link Fence Lineal Foot 8,400 6 50,400
Electrical Power Supply Lump Sum 1 50,000 50,000

Subtotal 1,974,750

Joint Use and Landscaping (exclusive of bank stabilization)
Slope Seeding Acre 9 950 8,550
Riparian Planting - Willow Scrub Acres 4 4,700 18,800
Riparian Planting - Woodland Habitat Acres 5 4,550 22,750
Islands Acres 2 1,000 2,000
Basin Bottom Planting Acres 16 825 13,200
Wetland Edge Planting Lineal Foot 7,000 2 14,700
Upland Habitat Planting Acres 6 1,200 7,200
Irrigation Lineal Foot 7,000 5 35,000
Spread 1' of Topsoil over Existing Cobbles Cubic Yard 1 10,500 10,500

Subtotal 132,700

Downstream Improvements
Energy Dissipator Lump Sum 1 10,000 10,000
66" Culvert Lineal Foot 80 150 12,000
60" Culvert Lineal Foot 286 135 38,610
48" Culvert Lineal Foot 319 110 35,090
3 x 5 Arch Pipe Lineal Foot 50 120 6,000
Double width Headwalls for 60" and Ex. Culvert Each 8 6,000 48,000
Headwalls for 66" Culvert Each 2 4,100 8,200
Headwalls for 48" Culvert Each 20 3,500 70,000
Check Dams Each 4 10,000 40,000
Channel Enlargement Cubic Yard 35,000 5 175,000
Channel Gates Each 1 9,000 9,000
Field Drains with Flap Gates Each 22 1,000 22,000
Right of Way Square Foot 1,887,000 0.15 283,050

Subtotal 756,950

Subtotal 2,864,000
Contingency (15%) 429,600
Subtotal 3,293,600
Engineering/Admin/Legal (15%) 494,040

Total Capital Cost 3,788,000

Detention Pond O&M Acre 80 800 64,000
Channel Maintenance Ft*mile 48 200 9,600
Total Annual Cost 73,600

Capital cost 3,788,000
Present Value of Annual Costs (3% for 20 Years) 1,094,947
Total Present Value of Costs 4,882,947

Table 3-2. Cost Estimate Pond A and Lateral 1 Improvements

Annual Cost

Present Value Analysis
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CHAPTER 4. BASINS B/C AND  
LATERALS 2/3 ALTERNATIVES 

A 1965 agreement between the City and the DRCD, limits the discharge from the City into 
Lateral 2 to the flow from 42-inch and 36-inch pipes (generally accepted to be 77.5 cfs). Based 
on results of this study, large storms result in discharges from the City to lateral 2 estimated to be 
in the range of 130 cfs (from a 5-year event) to 230 cfs (from a 100-year event), which clearly 
exceed the agreed upon limit. In this study, all participating agencies have agreed the City should 
investigate three options. The City can either: 

 Detain flows from Basins B/C to limit the discharge into Lateral 2 to the agreed upon 
limit of 77.5 cfs. 

 Construct conveyance improvements to the downstream drains that will allow the City to 
discharge at a higher rate and also reduce downstream flooding. 

 Construct a combination of detention storage and downstream conveyance 
improvements. 

These three options are discussed in detail in this chapter. 

PROJECT DESCRIPTIONS 

Basins B and C drain into and through the DRCD channel system and the RD 2068 V-Drain, 
which ultimately drains into Hass Slough (see Figure 4-1). No feasible alternatives to this 
general alignment exist. Consequently, Basin B/C and Laterals 2/3 project alternatives involve 
evaluating different sized detention basins, different rates of discharge from the City into Lateral 
2, and different downstream conveyance capacity improvements to define the most cost-effective 
option. The alternatives evaluated include: 

 Full Detention – The City would discharge from Basins B/C to Lateral 2 at a 
maximum rate of 77.5 cfs. To achieve this maximum discharge, a 110 ac-ft storage, 
off-line detention basin would be constructed near the City outlet. The basin would 
require an area of about 40 acres. No downstream conveyance improvements would 
be constructed. The potential detention basin is shown schematically in Figure 4-2. In 
this figure, the basin is located just upstream of Pedrick Road; but the basin could 
actually be located anywhere along Lateral 2 upstream of the North Cross Channel. 

Detention ponds are typically either off-line or on-line. An off-line detention pond is 
off to the side of the creek channel. When the flow in the creek exceeds the discharge 
limit, the excess flow is diverted from the creek channel into the detention pond. An 
on-line detention basin is on the creek channel. All creek flow enters the pond. The 
pond outlet is structured to release no more than the discharge limit. 

 Balanced Detention and Conveyance – The City would discharge from Basins B/C to 
Lateral 2 at a maximum rate of 125 cfs. To achieve this maximum discharge, a 35 ac-
ft storage, off-line detention basin would be constructed near the City outlet. This 
basin would require an area of about 10 acres. Conveyance capacity improvements of 
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47.5 cfs would be constructed in the DRCD and RD 2068 channels by adding 5 feet 
of channel bottom width and 42-inch culverts. The downstream end of this project 
includes a new channel from the DMD to Hass Slough. Capacity in this new channel 
would be shared by this project and the recommended Eastside Drainage Project (see 
Chapter 6). This project is illustrated in Figure 4-3. 

 Unrestricted Discharge – No detention basin would be constructed. Instead, the City 
would be allowed an unrestricted discharge (estimated at 230 cfs from a 100-year 
storm). The discharge under this project is the same as the discharge that occurs 
currently under high flow conditions. Conveyance capacity improvements would be 
constructed along the DRCD and RD 2068 channels in the areas where flooding 
problems currently occur (see Figure 4-4). In the areas where flooding is not a routine 
problem, minor or no conveyance improvements would be implemented. The 
downstream end of this project includes a new channel from the DMD to Hass 
Slough. Capacity in this new channel would be shared by this project and the 
recommended Eastside Drainage Project (see Chapter 6). This project is illustrated in 
Figure 4-4. 

MODEL RESULTS 

The three projects were simulated using the XP-SWMM model. The results at key locations are 
presented in Figures 4-5 through 4-14 and discussed below. All these model results are for the 
100-year, 4-day design storm event. The locations of the results are shown on Figure 4-1. 

Presented in Figure 4-5 are hydrographs of the discharge from the City to Lateral 2 for the three 
project alternatives and for existing conditions. As shown, under the Full Detention Alternative 
the discharge is limited to 77.5 cfs, and under the Balanced Detention/Conveyance Alternative 
the discharge is limited to 125 cfs. The only change for the Unrestricted Discharge Alternative is 
the removal of the abandoned weir; consequently, the hydrograph, for this alternative is nearly 
the same as the existing conditions (base case) hydrograph.  

Stagegraphs for Lateral 2 at the North Cross Channel are presented in Figure 4-6. The Full 
Detention and Balanced Detention and Conveyance Alternatives result in a lower peak water 
surface at this location. The Unrestricted Discharge Alternative results in no significant change 
to the peak water surface elevation at this location. 

Stagegraphs for Lateral 3 at the end of the North Cross Channel are presented in Figure 4-7. All 
of the Alternatives reduce the peak water level and duration of field flooding at this location; 
however, the Unrestricted Discharge Alternative provides the greatest benefit. 

Stagegraphs for Lateral 3 at the South Cross Channel are presented in Figure 4-8. At this 
location, the peak water surface elevation for all alternatives is about the same; however, the 
Unrestricted Discharge Alternative has the shortest duration of field flooding.  
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Presented in Figure 4-9 are stagegraphs for the DMD at the bend to the east. As shown the 
Unrestricted Discharge Alternative provides the greatest reduction in the peak water level and 
the greatest reduction in the duration of field and road flooding. From this location, flood water 
flows to the south. Shown in Figure 4-10 are the hydrographs of this flooding flow. As shown, 
the Unrestricted Discharge Alternative virtually eliminates the flooding flow (the peak flow is 
under 2 cfs, which would probably be contained in the roadside ditches). 

Stagegraphs for the DMD at the upstream end of the NSC are presented in Figure 4-11. Only the 
Unrestricted Discharge Alternative provides any improvement at this location. The Balanced 
Detention/Conveyance Alternative actually makes the extent of the flooding worse at this 
location by increasing the maximum water level by about half a foot. This increased flooding 
could be mitigated by incrementally enlarging the channel moving downstream, which is 
essentially the same as the unrestricted discharge option. 

Hydrographs of the discharge into the NSC are presented in Figure 4-12. The NSC does not exist 
now; consequently, for the base case no discharge is shown. For the Full Detention Alternative, 
no downstream improvements would be constructed, so there would be no NSC. For the 
Balanced Detention and Conveyance Alternative and the Unrestricted Discharge Alternative the 
flow to the NSC is from both DRCD’s DMD and RD 2068’s Lateral B. 

Presented in Figure 4-13 are stagegraphs for the NSC crossing of Bunker Station Road. Since 
there is currently no major channel at this location, there are no stagegraphs for the existing 
conditions or the Full Detention Alternative. Nevertheless, during a 100-year storm, flooding at 
this location would probably occur. The Balanced Detention and Conveyance Alternative results 
in flooding of the road and fields. The Unrestricted Discharge Alternative conveys the water 
through this area without causing any flooding. 

Stagegraphs of Hass Slough at the end of the NSC are presented in Figure 4-14. The water level 
at this location is initially controlled by the downstream tail water elevation, which was set at 
8.5 feet NAVD for the Base Case and the Unrestricted Discharge Alternative. For the Full 
Detention and Balanced Detention and Conveyance Alternatives the tail water was set at 9.5 feet 
NAVD (see the discussion of tail water conditions in Chapter 1). For all projects the peak water 
level is below the Hass Slough levees to the north and the south. The peak water levels are also 
well below the water levels created when the Yolo Bypass is flooded. 

PROJECT COST ESTIMATES 

Cost estimates for these projects are summarized in Table 4-1 and presented in detail in Tables 
4-2 through 4-4. 

Table 4-1. Basin B/C and Lateral 2/3 Project Cost Summary, Million Dollars.(a) 

Project Total Capital Cost Annual O&M Cost Total Present Value Cost 

Full Detention 1.5 0.02 1.7 

Unrestricted Discharge 1.8 0.04 2.4 

Balanced 
Discharge/Conveyance 

1.7 0.03 2.2 

(a) Based on ENR 20-city construction Cost Index of 6281, representing 2001 dollars. 
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The Full Detention Alternative and the Balanced Detention/Conveyance Alternative have a 
comparable total capital cost of under $1.5 million. The Unrestricted Discharge Alternative 
capital cost is higher, at about $1.8 million. The Full Detention Alternative has the lowest annual 
O&M cost at $16,000 and the lowest total present value cost at $1.7 million.  

Total capital costs include the construction cost, costs for contingencies (cost for unanticipated 
construction conditions or problems), and costs for engineering, legal, administrative, and 
environmental mitigation. The cost of contingencies is estimated at 20 percent of the 
construction cost for ponds, and 30 percent for channels, because the ponds are less likely to 
have unanticipated problems than the channels. The cost for engineering, legal, administration, 
and environmental mitigation is estimated at 25 percent of the construction cost for ponds and 35 
percent for channels because ponds are simpler to implement (e.g., less potential for conflicts 
with existing utilities and fewer property owners with whom to negotiate right-of-way purchase). 

The project costs are sensitive to the unit cost for excavation. For pond excavation a unit cost of 
$3/CY has been used. For channel excavation a unit cost of $5/CY has been used for the 
Balanced Detention/Conveyance Alternative because of the smaller excavation quantity and 
$3/CY for the Unrestricted Discharge Alternative because of the larger quantity. Actual 
excavation costs could be higher or lower depending on the disposal locations for the soil. 
Culvert costs have been estimated using a unit cost of $4/inch diameter/foot of length. 

The NSC would be shared by the Basins B/C project and the EDP (see Chapter 6). The cost split 
is based on the increase of authorized urban runoff discharged into the system. For example, for 
the Basin B/C Unrestricted Discharge Alternative, the increase of authorized urban discharge 
would be 152 cfs (230 cfs minus 77.5 cfs). For the EDP – 250 cfs option, the increase of 
authorized urban discharge would be 250 cfs (the NEQ is not within the DRCD drainage fee 
area, so currently no discharge is authorized). Based on comparison of these authorized 
discharge rates, 37 percent of the NSC cost would be allocated to the Basins B/C project, and 63 
percent to the EDP. For the balanced detention or conveyance option, the cost of the NSC is 
given in Table 4-4. 

JOINT USES 

The Full Detention and Balanced Detention/Conveyance Alternatives include detention ponds 
located somewhere near the City. The detention pond in these projects could be configured to 
provide joint uses such as wetlands/uplands habitat, sports fields, play grounds, and/or jogging 
paths.  

The Unrestricted Discharge Alternative does not provide joint use opportunities near the City. 
The NSC (part of the Unrestricted Discharge Project) does, however, provide wetlands/uplands 
habitat opportunities. 

WATER QUALITY 

The Central Valley Water Quality Control Board (RWQCB) was contacted to determine if water 
quality basins would be required in the future. RWQCB staff (Leo Sarmiento) said that the 
requirements recently issued for the San Diego Area would soon be required in the Sacramento 
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Valley. Water quality ponds are identified in the San Diego order as a method of improving 
runoff quality. 

One of the methods for sizing the water quality basins is contained in Appendix D of the 
California Stormwater Best Management Practices Handbook – Industrial/Commercial (1993). 
The pond should be sized to achieve a treated volume equal to 90 percent of the total runoff or 
more. The data for Basin C required for using this method are: 

 Total Watershed Area = 808 acres 

 Impervious Area = 291 acres (watershed is 36 % impervious coverage) 

 Directly Connected Impervious Area = 233 acres (Assuming 80 percent of the 
impervious area is directly connected) Directly connected impervious area is defined 
as the area covered by pavement, buildings, and other impervious surfaces which 
drain directly into the storm drains without first flowing across a pervious area.) 

 Directly connected percent impervious = 29 percent 

 Required runoff capture rate = 90 percent (10 percent of runoff allowed to bypass 
pond) 

From Appendix D of the California Stormwater Best Management Practices Handbook – 
Industrial/Commercial (1993), the storage volume requirement is 0.029 ac-ft of water quality 
pond volume per acre of watershed area. For Basin C (at 808 acres) the water quality pond 
should be at least 24 ac-ft. This volume should be drained from the water quality pond over a 
time period of at least 40 hours. 

A water quality pond is intended to capture the first flush and continuous low flows. Off-line 
flood control basins (like these proposed for Basin C) are intended to bypass the first flush and 
low flow, and then capture just the flow above the allowed discharge rate. Although the two 
types of ponds have contradictory modes of operation, a pond configuration could be developed 
that provides treatment for water quality benefit with the lowest 2 or 3 feet, and flood control 
storage in the upper 4 or 5 feet. Such a configuration could result in a cost savings over 
constructing two separate basins. Consequently, if/when these requirements are implemented for 
the Sacramento Valley, compliance would be easier if flood conrol basins had already been 
constructed. The costs for a water quality pond were not included in the project costs presented 
above. 

FUTURE DEVELOPMENT 

Basin F is located east of the current City and west of Pedrick Road. This area is currently 
agricultural, and drains primarily to Lateral 2. Basin F is planned for development in the future. 
When developed, the peak runoff rate and the total runoff volume from Basin F will increase.  



Item Unit Quantity
Unit Cost,

dollars
Estimated

Cost

Pond Improvements
Excavation  Cubic Yard 207,000       3                 621,000       
Levee & Maintenance Road Lineal Foot 3,880           30               116,400       
Seed Pond Banks Square Yard 24,880         1                 24,880         
6' Chain Link Fence Lineal Foot 4,000           6                 24,000         
Concrete Overflow Weir Cubic Yard 40                500              20,000         
36 Inch Pond Discharge Pipe Lineal Foot 100              144              14,400         
Pond Discharge Pipe Flap Gate Each 1                  6,000           6,000           
48 Inch Lateral 2 Culvert LF 50                192              9,600           
Relocate Existing Field Drainage CY 3,000           3                 9,000           
Pond Construction Subtotal 845,000       
Contingency (@ 20%) 169,000       
Engineering, Legal, Admin, Environmental (@25%) 211,000       
Land Acre 40                6,000           240,000       
Pond Total Capital Cost 1,465,000     

Downstream Improvements
Culverts Each -                   
Check Dams Each -                   
Channel Enlargement Cubic Yard -                   
Channel Gates Each -                   
Field Drains Each -                   
Right of Way Acre -                   
Share of New South Channel Lump Sum -                   
     Excavation 49,000         -                   
Contingency (@ 30%) -                   
Engineering, Legal, Admin, Environmental (@ 35%) -                   
Downstream Improvements Total Capital Cost -                   

Total Construction Cost 845,000       
Total Capital Cost 1,465,000     

Detention Pond O&M Acre 20                800              16,000         
Pipeline/Channel Maintenance Ft*mile 200              -                   
Total Annual Cost 16,000         

Capital Cost 1,465,000     
Present Value of Annual Costs (3% for 20 years) 250,000       
Total Present Value of Costs 1,715,000     

Table 4-2. Cost Estimate for the Full Detention Project

Off Line Gravity Pond

Present Value Analysis

Annual Costs

Construction & Capital Costs
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Item Unit Quantity
Unit Cost,

dollars
Estimated

Cost

Water Qualtiy Pond Improvements
Excavation  Cubic Yard 3                 -                   
Levee & Maintenance Road Lineal Foot 30               -                   
Seed Pond Banks Square Yard 1                 -                   
6' Chain Link Fence Lineal Foot 6                 -                   
Bypass Overflow Structure Each 10,000         -                   
36 Inch Pond Discharge Pipe Lineal Foot 144              -                   
Plant Wetlands Vegetation Acre 5,000           -                   
Pond Construction Subtotal -                   
Contingency (@ 20%) -                   
Engineering, Legal, Admin, Environmental (@25%) -                   
Land Acre 6,000           -                   
Pond Total Capital Cost -                   

Downstream Improvements
Remove Weir at City Outlet Lump Sum 1                  10,000         10,000         
Culverts LF 375              264              99,000         
Check Dams Each 2                  10,000         20,000         
Channel Enlargement Cubic Yard 85,000         3                 255,000       
Field Drains Each 40                1,000           40,000         
Share of New South Channel
     Culverts LF 208              240              49,920         
     Excavation CY 116,000       3                 348,000       
     Plant Wetlands/Uplands Vegetation Acre 26                5,000           130,000       
     Excavation 49,000         952,000       
Land Acre 47                4,000           188,000       
Contingency (@ 30%) 286,000       
Engineering, Legal, Admin, Environmental (@35%) 333,000       
Downstream Improvements Total Capital Cost 1,759,000     

Total Construction Cost 952,000       
Total Capital Cost 1,759,000     

Detention Pond O&M Acre -                   
Pipeline/Channel Maintenance (existing and enlarged width) Ft*mile 210              200              41,937         
Total Annual Cost 41,937         

Capital Cost 1,759,000     
Present Value of Annual Costs (3% for 20 years) 654,000       
Total Present Value of Costs 2,413,000     

Table 4-3. Cost Estimate for Unrestricted Discharge Project

Off Line Gravity Pond

Present Value Analysis

Annual Costs

Construction & Capital Costs
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Item Unit Quantity
Unit Cost,

dollars
Estimated

Cost

Pond Improvements
Excavation  Cubic Yard 57,000         3                 171,000       
Levee & Maintenance Road Lineal Foot 2,400           30               72,000         
Seed Pond Banks Square Yard 7,500           1                 7,500           
6' Chain Link Fence Lineal Foot 2,500           6                 15,000         
Concrete Overflow Weir Cubic Yard 40                500              20,000         
36 Inch Pond Discharge Pipe Lineal Foot 100              144              14,400         
Pond Discharge Pipe Flap Gate Each 1                  6,000           6,000           
48 Inch Lateral 2 Culvert LF 40                192              7,680           
Relocate Existing Field Drainage CY 3,000           3                 9,000           
Pond Construction Subtotal 323,000       
Contingency (@ 20%) 65,000         
Engineering, Legal, Admin, Environmental (@25%) 81,000         
Land Acre 10                6,000           60,000         
Pond Total Capital Cost 529,000       

Downstream Improvements
Culverts LF 715              168              120,120       
Check Dams Each 2                  5,000           10,000         
Channel Enlargement Cubic Yard 42,261         5                 211,306       
Field Drains Each 40                1,000           40,000         
Right of Way Acre 6.4               6,000           38,400         
Share of New South Channel
     Culverts LF 135              168              22,680         
     Excavation CY 49,000         5                 245,000       
     Right of Way Acre 12.1             3,000           36,324         
Downstream Improvements Construction Subtotal CY 40,605         5                 723,829       
Contingency (@ 30%) Acre 21.2             3,000           217,000       
Engineering, Legal, Admin, Environmental (@ 35%) 253,000       
Downstream improvements Total Capital Cost 1,193,829     

Total Construction Cost 1,046,829     
Total Capital Cost 1,722,829     

Detention Pond O&M Acre 7                  800              5,600           
Pipeline/Channel Maintenance Ft*mile 139              200              27,857         
Total Annual Cost 33,457         

Capital Cost 1,722,829     
Present Value of Annual Costs (3% for 20 years) 522,000       
Total Present Value of Costs 2,244,829     

Table 4-4. Cost Estimate for the Balanced Detention and Conveyance Project

Off Line Gravity Pond

Present Value Analysis

Annual Costs

Construction & Capital Costs

August 24, 2001
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The focus of the Basin C study was to determine ways the City could comply with the 1965 
discharge agreement limiting flow from the City to Lateral 2 to 77.5 cfs. Basin F is mostly 
outside the area covered by the 1965 agreement, and consequently was not included in the 
modeling as a developed area (it was included as an agricultural area). 

The future development of Basin F and the resulting increase of runoff must be accommodated 
in whichever project is implemented by detaining runoff from this area to its current rate, or 
constructing additional downstream conveyance improvements. 

CONCLUSIONS 

Based on the results of the analysis of these alternatives, the following conclusions were reached: 

 The Balanced Detention and Conveyance Alternative would convey increased flow to 
the lower agricultural area resulting in increased flooding. For this reason, this 
alternative is not recommended. This increased flooding could be mitigated by 
incrementally enlarging the channel moving downstream, which is essentially the 
same as the unrestricted discharge alternative. 

 The Full Detention Alternative: 

— Results in the City complying with the current drainage agreement with DRCD, 
which limits the flow from the City to 77.5 cfs, but places no control on the 
duration of that flow. 

— Provides the greatest opportunities for joint uses for the City. 

— The pond area can be used as a mitigation site for developing areas within the 
City. 

— Provides minimal benefit to the downstream agricultural community. 

— Has a capital cost and total present value cost significantly lower than the 
Unrestricted Discharge Alternative. 

 The Unrestricted Discharge Alternative. 

— Provides the greatest flood control benefit to the downstream agricultural 
community. 

— Has the highest capital cost. 

— Has the highest O&M cost.  

— Has no dual use benefits for the City. 
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CHAPTER 5. 
NORTHEAST QUADRANT OUTFALL ALTERNATIVES 

The NEQ includes about 585 acres of land that is planned for development at some time in the 
future. Development may occur quickly or may occur in phases over several years. In either case, 
an adequate drainage outfall must be planned and constructed before development occurs to 
prevent exacerbating downstream agricultural flooding problems. About 2,700 acres of agricultural 
land north of Interstate 80 drains through the NEQ. In this chapter, five potential outfall 
alternatives to serve the NEQ and convey the upstream agricultural runoff are evaluated and 
compared, including: 

 New South Channel (NSC). 
This facility is part of Alternatives 4 and 5; consequently, it was evaluated 
independently and then included in Alternatives 4 and 5 by reference. 

 Alternative 1 – Detention Basin in NEQ 
 Alternative 2 – NEQ Pump Station and Open Channel to Putah Creek 
 Alternative 3 – NEQ to Tremont 3 to Yolo Bypass Toe Drain 
 Alternative 4 – NEQ to Tremont 3 to Lateral 5 to NSC 
 Alternative 5 – NEQ to New Pedrick Road Ditch to Laterals 2 and 3 to NSC 

The alignments and benefit areas for each alternative are presented on Figure 5-1. A preliminary 
evaluation and comparison of these alternatives is presented below. Based on the preliminary 
comparison, Alternatives 1 and 4 were selected for more detailed analysis (see Chapter 6). The five 
alternatives are described below, along with the NSC. 

NEQ ALTERNATIVES 

New South Channel 

This facility is part of Alternatives 4 and 5; consequently, it was evaluated independently and then 
included in Alternatives 4 and 5 by reference. By itself, this project does not provide a complete 
drainage solution for the NEQ. Its function is to provide better drainage capacity to the agricultural 
area along the eastern half of the DMD and the southern reach of the V-2 Drain. It includes a new 
channel from the DMD to Hass Slough. The channel would have a 20-foot bottom width, 4H:1V 
side slopes, and a depth of 6.5 feet, which would give the channel a capacity of about 375 cfs. 

Alternative 1 – Detention Basin in NEQ 

This alternative provides drainage for the NEQ, but it does not improve the downstream 
agricultural flooding problems. Drainage from the NEQ would be controlled by detaining peak 
flows from the NEQ to current rates. As discussed in the SDR there are two culverts draining the 
NEQ, including a 36-inch CMP under Pedrick Road and a 36-inch CMP under Vaughn Road. The 
combined capacity of these culverts was estimated to be between 30 and 80 cfs. To achieve a 
discharge rate of 30 cfs from the NEQ, a detention storage volume of about 480 ac-ft (site would 
be about 76 acres) would be required. The design and location of such a detention basin would be 
defined when more detailed facilities planning is completed for the NEQ. On Figure 5-1 the basin 
is shown conceptually as a linear detention basin (as it was in the SDR). 
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The assumed 30 cfs discharge is an estimate of the flow currently leaving the NEQ, but this 
discharge rate has been disputed in the past. In the future, this discharge might not be acceptable 
to DRCD and RD 2068. If a smaller discharge were allowed, then a larger basin would be 
required. The 480 ac-ft detention basin was intended as a stand-alone project that could be 
implemented without constructing downstream conveyance improvements.  

Alternative 2 – NEQ Pump Station and Open Channel to Putah Creek 

Runoff from the NEQ would be detained in a 280 ac-ft pond (a 48 acre site), and pumped at a 
rate no greater than 100 cfs from the pond through an open channel (an enclosed pipe could also 
be used) along the UPRR tracks to Putah Creek (about 21,000 feet). The open channel would 
have a bottom width of 8 feet, side slopes of 2H:1V, a depth of 6 feet, and a slope of 0.00065. 
This channel would have a capacity of about 150 cfs, which would accommodate a 100 cfs 
discharge from the NEQ and 50 cfs of inflow from the fields adjacent to the channel.  

It was assumed that gravity flow in the channel from the NEQ to Putah Creek would not be 
possible and that a pump station would be required. It was assumed that 30 cfs would continue to 
drain from the NEQ through the culverts under Pedrick and Vaughn Roads to Tremont 3. The 
total discharge form the NEQ would be 130 cfs. The 30 cfs discharge to Tremont 3 is an estimate 
of the flows currently leaving the NEQ, but acceptance of this value has been disputed in the 
past. 

Alternative 3 – NEQ to Tremont 3 to Yolo Bypass Toe Drain 

Runoff from the NEQ would be detained in a 280 ac-ft pond (a 48 acre site) and discharged at a 
rate of 135 cfs from the pond through a new channel along Vaughn Road to Tremont 3. Tremont 
3 would be enlarged to provide capacity for this additional flow to the point that the drain turns 
south leaving Hackman Road. From this point, a 2.0-mile segment of new channel along 
Hackman Road would be constructed to the east to Buckley Road. Starting at Buckley Road, 
improvements would be made to an existing ditch continuing east for 2.5 miles. This existing 
ditch discharges into a natural creek on private property. Little is known about the alignment 
through the private property, but it is assumed that improvements would be required all the way 
to the Toe Drain of the Yolo Bypass. The existing culverts under Pedrick and Vaughn Roads 
would be abandoned. 

Alternative 4 - NEQ to Tremont 3 to Lateral 5 to NSC 

Runoff from the NEQ would be detained in a 280 ac-ft pond (a 48 acre site) and discharged at a 
rate of 135 cfs from the pond through a new channel along Vaughn Road to Tremont 3. Tremont 
3 would be enlarged to provide an additional 105 cfs capacity for this additional flow from 
Vaughn Road to the point where it crosses Sikes Road. At this point a new channel would be 
constructed south to Lateral 5. The entire length of Lateral 5 and the V-2 Drain would be 
enlarged to provide capacity for the increased flow. The V-2 Drain discharges into the DMD at 
the location of the NSC. The NSC (described above) would be a component of this alternative. 
The existing culverts under Pedrick and Vaughn Roads would be abandoned. 
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Alternative 5 – NEQ to New Pedrick Road Ditch to Laterals 2 and 3 to NSC 

Runoff from the NEQ would be detained in a 280 ac-ft pond (a 48-acre site) and discharged at a 
rate of 135 cfs from the pond through a new channel along Pedrick Road to Lateral 2. 
Improvements would be made along Lateral 2 down to the North Cross Channel, along the North 
Cross Channel, along Lateral 3 to the DMD, and along the DMD to the NSC. The NSC 
(described above) would be a component of this project. The existing culverts under Pedrick and 
Vaughn Roads would be abandoned. 

COST ESTIMATES 

Capital cost estimates for the NSC and each alternative project are presented in Tables 5-1 
through 5-6. These costs are strongly dependent on the unit excavation costs, which are 
discussed below: 

 Excavation cost for detention basins and the NSC (large projects) has been estimated 
at $3/CY. It was assumed that the detention basins would be excavated with a large 
scraper and that the excavated material would be placed within about 1,500 feet of the 
excavation. For the NSC it was assumed that the excavation would be done with a 
scraper or bulldozer, and that the excavated material would be placed alongside the 
channel. 

 For smaller channel excavation a unit cost of $5/CY was used. It was assumed that 
this excavation would be done with a backhoe, and that the dirt would be piled next to 
the channel and compacted into an access road. 

Placing excavated material alongside the channel or near the detention basins would require 
purchase of larger rights-of-way, but would result in a significant overall cost reduction when 
compared to hauling the excavated material to a disposal site. This also allows the excavated 
material to be retained and used or sold at a later time. 

Operation and maintenance costs for each project are also presented in Tables 5-1 through 5-6. 
The O&M cost estimates are based on the following unit costs: 

 Open Channel O&M Cost – The annual O&M cost estimate used for the NSC is 
$5,000 per mile, and for all other channels is $3,000 per mile. This cost was 
developed based on the operational experience of RD 2068, and includes annual 
routine maintenance and an annualized value for repair of damage caused by large 
infrequent storm events.  

 Detention Basin O&M Cost – The annual unit cost for pond O&M of $800 per acre is 
based on recent City of Dixon experience. 

 Pump Station O&M – This cost includes power costs to operate the pumps (based on 
the volume of water pumped annually, and a power cost of $0.08/kW-Hr) and 
maintenance costs estimated to be 50 percent of the annual power cost. 
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In Tables 5-1 through 5-6 the annual O&M costs have been converted to a present value cost 
using a discount rate of 3 percent and duration of 25 years. The O&M present value cost is the 
amount of money that would have to be deposited in a bank account now in order to pay 25 years 
of annual O&M costs, assuming inflation causes the O&M payments to increase by 3 percent per 
year and that the bank account pays an interest rate of 6 percent. The present value cost is a 
single cost number that includes both the capital cost and the other O&M cost, and is used for 
comparison of the overall long-term cost of the alternatives. 

New South Channel 

The estimated capital cost for the NSC is about $1.1 million, and annual operation and 
maintenance cost is estimated to be about $11,500. 

Alternative 1 – Detention Basin in NEQ 

The estimated cost for a 480 ac-ft linear detention basin is $6.7 million. Critical cost assumptions 
include: 

a. Design as a linear basin (as assumed in the SDR). A square basin with the same 
volume would reduce the capital cost by about $0.7 million. 

b. The basin would be 8 feet deep. A deeper basin costs less than a shallow basin of the 
same volume; however, depth to groundwater in this area may dictate a shallow 
basin. If the assumed basin depth changes, the estimated costs would also change. 

O&M is estimated to be about $61,000/year. 

Table 5-1A. New South Channel Capital Cost Estimate 

Item Unit Unit Cost Quantity Cost 

Culverts Under Swan Road (Triple 66”) (a) LF 264 240 63,400

Channel from Swan Road to Abandoned RR Trestle(b) LF 33 2,500 83,300

Channel from RR Trestle to Highline Ditch Access Road LF 33 3,100 103,200

Culverts Under Highline Ditch Access Road LF 264 160 42,200

Channel to Private Driveway LF 33 2,600 86,600

Culverts under Private Driveway LF 264 160 42,200

Channel to Maine Prairie Road LF 33 2,100 69,900

Culverts under Main Prairie Road LF 264 200 52,800

Channel to Hass Slough Access Road LF 33 1,800 59,900

Culverts Under Hass Slough Access Road LF 264 200 52,800

Subtotal   13,060 656,000

Contingency @ 20%    131,200

Right of Way (Based on a 200’ width) AC 3,000 60 180,000

Engineering, Administration, Legal @ 20%    131,200

Total     1,098,000
(a) Culvert unit cost based on $4/LF/in diameter. 
(b) Channel unit cost based on 20’ bottom width, 4H:1V side slopes, depth of 6.5’, and excavation cost of 

$3/CY. 
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Table 5-1B. New South Channel Estimated Annual O&M Cost 

Item Unit Unit Cost Quantity Cost 

South Channel O&M MILE 5,000 2.3 11,500

Present Value of O&M (based on a 3% discount rate for 25 years)   200,000

 

Table 5-2A. Capital Cost Estimate for Alternative 1 – Detention Basin in 
Northeast Quadrant 

Item Unit Unit Cost Quantity Cost 

Site Clearing AC 1,000 76 76,000 

Excavation  CY 3 840,000 2,520,000 

Road Crossings - 72” RCP Culverts LF 360 180 64,800 

Levee & Maintenance Road LF 30 15,000 450,000 

Riprap Levee Banks SY 13 53,700 698,100 

6’ Chain Link Fence LF 10 15,000 150,000 

Concrete Overflow Weir LS 10,000 1 10,000 

Subtotal    3,969,000 

Contingency @ 20%    794,000 

Land Acquisition AC 15,000 76 1,140,000 

Engineering, Administration, Legal @ 20%    794,000 

Total     6,697,000 

 

Table 5-2B. Annual O&M Cost Estimate for Alternative 1 – Detention Basin in 
Northeast Quadrant 

Item Unit Unit Cost Quantity Cost 

Detention Pond O&M ACRE 800 76 60,800 

Present Value of O&M (based on a 3% discount rate for 25 years)  1,058,000 
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Table 5-3A. Capital Cost Estimate for Alternative 2 – NEQ Pump Station and Open 
Channel to Putah Creek 

Item Unit Unit Cost Quantity Cost 

Detention Pond     

Site Clearing AC 1,000 48 48,000 

Excavation  CY 3 484,000 1,452,000 

Road Crossings - 72” RCP Culverts LF 360 180 64,800 

Levee & Maintenance Road LF 30 14,700 441,000 

Riprap Levee Banks SY 13 51,700 672,100 

6’ Chain Link Fence LF 10 14,700 147,000 

Concrete Overflow Weir LS 10,000 1 10,000 

Subtotal    2,835,000 

Pump Station and Outfall     

Pump Station CFS 8,000 100 800,000 

Open Channel (b=8, 2H:1V, d=6, Q=150) LF 22 21,000 462,000 

Road Crossings - Twin 60” RCP Culverts LF 480 400 192,000 

Outlet Structure LS 20,000 1 20,000 

Field Drains EA 1,000 20 20,000 

Gravel Access Road LF 30 42,000 1,260,000 

Subtotal    2,754,000 

Detention Pond, Pump Station, Outfall Total    5,589,000 

Contingency @ 20%    1,117,800 

Land Acquisition for Pond AC 15,000 48 720,000 

Land Acquisition for Outfall AC 15,000 48 720,000 

Engineering, Administration, Legal @ 20%    1,117,800 

Total     9,265,000 

 

Table 5-3B. Annual O&M Cost Estimate for Alternative 2 – NEQ Pump Station and Open 
Channel to Putah Creek 

Item Unit Unit Cost Quantity Cost 

Small Channel O&M MILE 3,000 4 11,900 

Detention Pond O&M ACRE 800 48 38,400 

Total Annual O&M Cost    50,300 

Present Value of O&M (based on a 3% discount rate for 25 years)  875,220 
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Table 5-4A. Capital Cost Estimate for Alternative 3 – NEQ to Tremont 3 to Yolo Bypass 
Toe Drain 

Item Unit Unit Cost Quantity Cost 

Detention Pond     

Site Clearing AC 1,000 48 48,000 

Excavation  CY 3 484,000 1,452,000 

Road Crossings - 72” RCP Culverts LF 360 180 64,800 

Levee & Maintenance Road LF 30 14,700 441,000 

Riprap Levee Banks SY 13 51,700 672,100 

6’ Chain Link Fence LF 10 14,700 147,000 

Concrete Overflow Weir LS 10,000 1 10,000 

Subtotal    2,835,000 

Outfall     

New Channel from NEQ to Tremont 3 LF 22 8,000 176,000 

Bore and Jack twin 60” RCP Culvert Under Railroad LF 100 1,000 100,000 

Culverts for new channel from NEQ to Tremont 3 EA 10,000 8 80,000 

Enlarge Tremont 3 (b=18, 2H:1V, d=70) LF 15 10,600 159,000 

Culverts along Tremont 3 EA 10,000 4 40,000 

New Channel from Tremont 3 to Buckley Road LF 22 10,600 233,200 

Culverts for new Channel from Tremont 3 to Buckley Road EA 10,000 8 80,000 

Enlarge Existing Ditch Along Hackman Road LF 15 13,300 199,500 

Culverts along Hackman Road EA 10,000 12 120,000 

Conveyance Through Private Property to Toe Drain MILE 100,000 5 500,000 

Field Drains EA 1,000 40 40,000 

Subtotal    1,728,000 

Detention Pond and Outfall Total    4,563,000 

Contingency @ 20%    912,600 

Land Acquisition for Pond AC 15,000 48 720,000 

Land Acquisition for Outfall AC 8,000 50 400,000 

Engineering, Administration, Legal @ 20%    912,600 

Total     7,508,000 

 

Table 5-4B. Annual O&M Cost Estimate for Alternative 3 – NEQ to Tremont 3 to Yolo 
Bypass Toe Drain 

Item Unit Unit Cost Quantity Cost 

Small Channel O&M MILE 3,000 13 39,100 

Detention Pond O&M ACRE 800 48 38,400 

Total Annual O&M Cost    77,500 

Present Value of O&M (based on a 3% discount rate for 50 years)   1,349,000 
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Table 5-5A. Capital Cost Estimate for Alternative 4 – NEQ to Tremont 3 to Lateral 5 to 
NSC 

Item Unit Unit Cost Quantity Cost 

Detention Pond     

Site Clearing AC 1,000 48 48,000 

Excavation  CY 3 484,000 1,452,000 

Road Crossings - 72” RCP Culverts LF 360 180 64,800 

Levee & Maintenance Road LF 30 14,700 441,000 

Riprap Levee Banks SY 13 51,700 672,100 

6’ Chain Link Fence LF 10 14,700 147,000 

Concrete Overflow Weir LS 10,000 1 10,000 

Subtotal    2,835,000 

Outfall     

New Channel from NEQ to Tremont 3 LF 22 8,000 176,000 

Bore and Jack twin 60” RCP Culvert Under Railroad LF 1,000 100 100,000 

Culverts for new channel from NEQ to Tremont 3 EA 10,000 8 80,000 

Enlarge Tremont 3 to New Det Basin (b=18, 2H:1V, d=70) LF 15 21,100 316,500 

Culverts along Tremont 3 to New Det Basin EA 10,000 6 60,000 

New Channel from Tremont 3 to Lateral 5 LF 22 5,300 116,600 

Culverts for new Channel from Tremont 3 to Lateral 5 EA 10,000 2 20,000 

Enlarge Lateral 5 LF 15 24,000 360,000 

Culverts along Lateral 5 EA 10,000 8 80,000 

Field Drains EA 1,000 40 40,000 

Subtotal    1,349,000 

Detention Pond and Outfall Total    4,184,000 

Contingency @ 20%    836,800 

Land Acquisition for NEQ Pond AC 15,000 48 720,000 

Land Acquisition for Outfall AC 8,000 32 256,000 

Engineering, Administration, Legal @ 20%    836,800 

Sub total (without New South Channel)    6,834,000 

New South Channel (Lump sum from Table 5-1A)    1,098,000 

Total     7,932,000 

 

Table 5-5B. Annual O&M Cost Estimate for Alternative 4 – NEQ to Tremont 3 to Lateral 
5 to NSC 

Item Unit Unit Cost Quantity Cost 

New South Channel MILE 5,000 2 11,500 
Small Channel O&M MILE 3,000 11 33,200 
Detention Pond O&M ACRE 800 48 38,400 

Total Annual O&M Cost    83,100 

Present Value of O&M (based on a 3% discount rate for 25 years)   1,4487,000
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Table 5-6A. Capital Cost Estimate for Alternative 5 – NEQ to New Pedrick Road Ditch to 
Laterals 2 and 3 to NSC 

Item Unit Unit Cost Quantity Cost 

Detention Pond     
Site Clearing AC 1,000 48 48,000 
Excavation  CY 3 484,000 1,452,000 
Road Crossings - 72” RCP Culverts LF 360 180 64,800 
Levee & Maintenance Road LF 30 14,700 441,000 
Riprap Levee Banks SY 13 51,700 672,100 
6’ Chain Link Fence LF 10 14,700 147,000 
Concrete Overflow Weir LS 10,000 1 10,000 

Subtotal    2,835,000 
Outfall     
Bore and Jack twin 60” RCP Culvert Under Railroad LF 1,000 100 100,000 
New Channel Along Pedrick Road LF 22 20,300 446,600 
Culverts for New Channel Along Pedrick Road EA 10,000 16 160,000 
Enlarge Lateral 2 LF 15 2,600 39,000 
Culverts along Lateral 2 EA 10,000 1 10,000 
Enlarge North Cross Channel LF 22 9,500 209,000 
Culverts along North Cross Channel EA 10,000 3 30,000 
Enlarge Lateral 3 LF 15 15,800 237,000 
Culverts along Lateral 3 EA 10,000 8 80,000 
Enlarge Dixon Main Drain LF 15 12,100 181,500 
Culverts Along Dixon Main Drain EA 10,000 1 10,000 
Field Drains EA 1,000 50 50,000 

Subtotal    1,553,000 
Detention Pond and Outfall Total    4,388,000 
Contingency @ 20%    877,600 
Land Acquisition for NEQ Pond AC 15,000 48 720,000 
Land Acquisition for Outfall AC 8,000 65 520,000 
Engineering, Administration, Legal @ 20%    877,600 

Sub total (without New South Channel)    7,383,000 
New South Channel (Lump sum from Table 5-1A)    1,098,000 

Total     8,481,000 
 

Table 5-6B. Annual O&M Cost Estimate for Alternative 5 – NEQ to New Pedrick Road 
Ditch to Laterals 2 and 3 to NSC 

Item Unit Unit Cost Quantity Cost 

New South Channel MILE 5,000 2 11,500 
Small Channel O&M MILE 3,000 11 34,300 
Detention Pond O&M ACRE 800 48 38,400 

Total Annual O&M Cost    72,700 

Present Value of O&M (based on a 3% discount rate for 25 years)   1,265,000 
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Alternative 2 – NEQ Drainage to Putah Creek 

The estimated cost for this project is $9.3 million. Critical cost assumptions include: 

a. Design as a linear basin. A square basin with the same volume would reduce the 
capital cost by about $0.7 million. 

b. The basin would be 8 feet deep (48 acre site with 280 af ft storage). A deeper basin 
costs less than a shallow basin of the same volume, however, depth to groundwater in 
this area may dictate a shallow basin. If the assumed basin depth changes, the 
estimated costs would also change. 

c. It was assumed, that gravity flow from the NEQ to Putah Creek would not be possible 
and that a pump station would be required. If gravity flow were possible, the cost for 
this project would decrease by about $1.1 million. 

d. Because this alignment does not follow an existing road, it was assumed that a gravel 
maintenance road would be required along both sides of the channel. If wet weather 
access to the channel were not required, the cost for this project would decrease by 
about $1.8 million. 

e. The conveyance facility from the detention pond to Putah Creek would be an open 
channel with a bottom width of 8 feet, 2H:1V side slopes, 6 feet deep, and a slope of 
0.00065. This channel would have a capacity of about 150 cfs, which would allow for 
the 100 cfs discharge from the NEQ and 50 cfs of inflow from the adjacent fields. If 
this open channel were replaced with a 60-inch diameter pipeline, the cost would 
increase by about $2.3 million, and no field drainage would be accommodated along 
the alignment.  

f. The conveyance facility from the detention pond to Putah Creek was sized as an open 
channel with a bottom width of 8 feet, 2H:1V side slopes. If this small channel was 
enlarged to a bottom width of 200 feet, it could serve as both a conveyance channel 
and a detention pond, which could reduce the cost of this option by as much as 
$2 million. 

Annual O&M cost is estimated to be about $50,000. 

Alternative 3 – NEQ to Tremont 3 to Yolo Bypass Toe Drain 

The cost estimate for this project is $7.5 million. This project crosses about 5 miles of private 
property about which little is known. It was assumed that the conveyance through this private 
property (either physical improvements or purchase of a flowage easement) would be achieved 
for $100,000 per mile. Annual O&M cost would be about $78,000. Cost assumptions A and B 
from Alternative 2 apply here also. 
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Alternative 4 – NEQ to Tremont 3 to Lateral 5 to NSC 

The capital cost estimate for this project was $7.9 million, and includes $1.1 million for the NSC. 
Annual O&M would be about $83,000. Cost assumptions A and B from Alternative 2 apply here 
also. 

Alternative 5 – NEQ to New Pedrick Road Ditch to Laterals 2 and 3 to NSC 

The capital cost estimate for this project was $8.5 million, and includes $1.1 million for the NSC. 
Annual O&M cost would be about $73,000. Cost assumptions A and B from Alternative 2 apply 
here also. 

ALTERNATIVE COMPARISON 

The drainage alternatives are compared in Table 5-7 and discussed below. 

Costs 

Costs are summarized in Table 5-7. 

Alternative 1 has the lowest capital and present value costs, but it has the highest cost per acre of 
improved flooding.  

Alternative 2 is based on the assumption of a 30 cfs discharge from the NEQ to Tremont 3. The 
30 cfs discharge is an estimate of the flow currently leaving the NEQ, but continued acceptance 
of this flow has been disputed in the past. If a smaller discharge were required, the cost for this 
project would increase. For example, if the required discharge was 10 cfs, the detention storage 
would increase from about 480 ac-ft to about 640 ac-ft, and the estimated capital cost would 
increase to about $8 million. 

Alternative 4 provides improved drainage for the largest flooding area, and has the lowest cost 
per acre of improved flooding. 

Environmental Concerns 

The primary environmental concerns for these alternatives appear to be: 

 Alternatives 4 and 5 include construction of an outlet into Hass Slough (the New 
South Channel), which may require significant environmental mitigation. 

 Alternatives 1 and 2 do not improve the downstream flooding of agricultural areas. 

 Alternative 2 includes constructing an outlet and discharging to Putah Creek, which 
may require significant environmental mitigation. 
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 Alternative 3 assumes runoff can be conveyed through the private property east of 
Solano County. This could be a significant concern since much of this alignment may 
be a natural channel. 

 Water quality impacts could be a concern for all alternatives. 

 All of the alternatives include detention basins, which provide a mitigation site for 
development within the city and present dual use opportunities. 

Right-of-Way/Land Acquisition 

The required right-of-way and detention pond acreage is presented in Table 5-7. All the 
alternatives except Alternative 1 include long reaches of new or enlarged channel. These long 
reaches of channel require purchase of right-of-way from multiple landowners. Problems with 
acquisition of right-of-way from any of the landowners could result in significant delay or 
threaten the feasibility of the project. The costs for right-of-way purchase are included in the 
overall costs for each project. 

Coordination with Basin/Pond C 

As described in Chapter 4, the current discharge from the City Basin C to the DRCD Lateral 2 
exceeds the agreed upon rate of 77.5 cfs. Compliance with this discharge rate could be achieved 
by construction of a detention basin (Pond C). An alternative to constructing Pond C is to 
construct improvements to the downstream conveyance facilities and increase the allowable 
discharge rates from the City up to 230 cfs. 

If the discharge from Basin C can be increased, the funding designated for construction of Pond 
C could be used for improvements to Laterals 2 and 3, the DMD, or even for the NSC. If the 
Basin C discharge limit is increased, the NSC should be designed to accommodate increased 
flow from Laterals 2 and 3. Consequently, resolution of the fate of Pond C is required before 
planning for the NSC (Alternatives 4 and 5) can be completed. Additionally, for Alternative 5, 
resolution of this issue is required before planning of the improvements in Laterals 2 and 3 and 
the DMD. 

Alternatives 1, 2 and 3 are independent of the consideration of Basin C. 

Coordination with Milk Farm Project 

A project is currently being planned for the Milk Farm area (just across I-80 from the NEQ). One 
of the problems preventing this project from proceeding is a lack of adequate drainage. The 
current plan for the Milk Farm is to provide on-site detention. Drainage for the Milk Farm 
Project could be provided by Alternatives 1 through 5. If the Milk Farm plan was revised to 
include less detention and increased discharge, the estimated costs for Alternatives 1 through 5 
would increase somewhat to account for the additional flow from the Milk Farm. All alternatives 
must accommodate the runoff from the 2,700 acres north of Interstate 80, including the Milk 
Farm. 
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Table 5-7. Comparison of Alternatives 

 
 
 

Evaluation Criteria 

 
 

Alternative 1 
Detention Basin in NEQ 

 
 

Alternative 2 
NEQ to Putah Creek 

 
Alternative 3 

NEQ to Tremont 3 to Yolo 
Bypass Toe Drain 

 
Alternative 4 

NEQ to Tremont 3 to Lateral 5 
through New South Channel 

Alternative 5 
NEQ to New Pedrick Rd Ditch 
to Laterals 2 & 3 through New 

South Channel 
Capital Cost Estimate ($ million) 6.7 9.3 7.5 7.9 (Includes NSC) 8.5 (Includes NSC) 
Annual O&M Cost Estimate ($/yr) 61,000 50,000 78,000 83,000 73,000 
Present Value Cost Estimate ($ million) 7.8 10.1 8.9 9.4 9.8 
Agricultural Area Provided with Improved 
Drainage (flooded acres) 
(See Figure 1 for Delineation of Benefit Areas) 

250 530 972 3,967 2,730 

Present Value Cost per Improved Acre ($/acre) 28,500 19,100 9,100 2,400 3,600 
Environmental Concerns  Continued flooding of 

downstream agricultural 
areas 

 Discharge water quality 

 Outlet to Putah Creek 
 Continued flooding of 

downstream agricultural 
areas 

 Discharge water quality 

 Crossing of private property 
and conveyance through a 
natural stream 

 Discharge water quality 

 Outlet into Hass Slough 
 Discharge water quality 

 Outlet into Hass Slough 
 Discharge water quality 

Right-of-Way/Land Acquisition      
Acreage  76 acres for detention pond  48 acres for NEQ pond 

 28 acres for channel 
 22 acres for dirt storage 

 48 acres for NEQ pond 
 28 acres for channel 
 22 acres for dirt storage 

 48 acres for NEQ pond 
 27 acres for channel 
 23 acres for dirt storage 
 60 acres for South Channel 

 48 acres for NEQ pond 
 36 acres for channel 
 29 acres for dirt storage 
 60 acres for South Channel 

Potential Problems  Conflicts with underground 
utilities along tracks 

Conveyance through private 
property 

Natural gas pipelines along 
channel alignment 

Natural gas pipelines along 
channel alignment 

Coordination with Basin/Pond C Independent of Basin C Independent of Basin C Independent of Basin C New South Channel sizing 
dependent on Basin C/Lateral 2 
& 3 Improvements 

New South Channel and Lateral 
2/3 sizing dependent on Basin C 
Improvements 

Provide Drainage for the Milk Farm Area Yes Yes Yes Yes Yes 
Potential for receiving grant funding Moderate Potential for NEQ 

Pond 
Moderate Potential for NEQ 
Pond 

Moderate Potential for NEQ 
Pond 

 Moderate potential for NEQ 
pond 

 High Potential for South 
Channel 

 Moderate potential for NEQ 
pond 

 High Potential for South 
Channel 

Dual Use Potential  Wetland/Upland habitat 
 Water quality enhancement 
 Ball fields 

 Wetland/Upland habitat 
 Water quality enhancement 
 Ball fields 

 Wetland/Upland habitat 
 Water quality enhancement 
 Ball fields 

 Wetland/Upland habitat 
 Water quality enhancement 
 Ball fields 

 Wetland/Upland habitat 
 Water quality enhancement 
 Ball fields 
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Potential for Receiving Grant Funding 

A listing of potential grant funding sources for a drainage project for the NEQ was prepared for 
the Solano County Department of Environmental Management. The Solano County Department 
of Environmental Management work was funded by a grant from the U.S. Department of 
Commerce, Economic Development Administration. A copy of this TM is included in 
Appendix B. The potential exists to secure additional grant funding from the Department of 
Commerce for design or construction of facilities serving the NEQ (Alternatives 1 through 5). 

Table 5-8. Potential Permits and Authorizations 

Agency/Permit Applicability Requirements for Application 

U.S. Army Corps of Engineers 
Section 404 Nationwide and 
Section 10 Individual Permits 

Required when working in 
natural streams and rivers. 

Required for Alternatives: 

NSC 1, 2, 3, 4, and 5 

Site Plan and Section Drawings 

Location Map 

CVRWQCB Sect. 401 Water Quality Certification 
(may be done concurrently) 

COE Application 4345 

Environmental Documentation 

Central Valley Regional Water 
Quality Control Board Section 
401 Water Quality Certification 

Required when working in 
natural streams and rivers if the 
construction area is less than 5 
acres. 

Required for Alternatives: 

NSC 2, 3, 4, and 5 

CEQA Certification 

Application Form and Fee 

Section 1600 Stream Alteration Agreement or note 
contact with CDFG 

Copy of COE Application 4345 

Central Valley Regional Water 
Quality Control Board NPDES 
Discharge Permit 

Required if construction area is 
greater than 5 acres. 

Required for Alternatives: 

NSC 1, 2, 3, 4, and 5 

NPDES Application and Fee 

California Department of Fish and 
Game Section 1600 Stream 
Alteration Permit 

Required when natural 
streambed is to be altered by 
construction. 

Required for Alternatives: 

NSC 2, 3, 4, and 5 

Environmental Documentation 

Application Form and Fee 

Project Location Map 

Site Plan 

California State Reclamation 
Board Encroachment Permit 

Required when construction 
alters levees. 

Required for Alternatives: 

2 and 3 

Permit Application Form 

Completed Questionnaire 

4 copies of the Site Plan, Section Drawings, and 
Location Map 

2 Photos of the Project Site 

Environmental Documentation 

State Historic Preservation 
Officer and National Historic 
Preservation Section 106 
Coordination 

Required for construction. 

Required for Alternatives: 

NSC 1, 2, 3, 4, and 5 

Archaeological Inventory Survey and Report 

California Endangered Species 
Act (CESA) Consultation 

Required for construction. 

Required for Alternatives: 

NSC 1, 2, 3, 4, and 5 

State lead agency designated 

Threatened and endangered biological review 

Endangered Species Act (ESA) 
Compliance 

Required for construction. 

Required for Alternatives: 

NSC 1, 2, 3, 4, and 5 

Federal lead agency designated 

Site Visit 

Threatened and endangered biological review 
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There are several potential sources for funding of constructed wetlands projects. The NSC could 
potentially include a significant area of constructed wetlands, while still serving as a conveyance 
channel. Similarly, the detention basins could also include constructed wetlands. A large channel 
(200 feet wide, see cost assumptions above) from the NEQ to Putah Creek could also be 
configured to include wetlands. 

Permitting 

A number of permits could be required as shown in Table 5-8. The permitting for most 
alternatives is comparable, except for Alternative 4. Because Alternative 4 may include enlarging 
a natural stream channel, permitting for this project could be more difficult and time consuming. 

CONCLUSIONS  

The following conclusions were reached as a result of this evaluation of the alternatives to 
provide a drainage outfall for the NEQ: 

 Alternative 2 includes the shortest outfall length, and consequently may be the 
simplest to implement. Alternative 2 includes several assumptions that significantly 
impact the project cost (such as the requirement of a pump station). If these 
assumptions do not apply, the capital cost could be reduced by as much as $4 million, 
which would result in this project having the lowest capital cost. 

 Alternatives 4 and 5 provide significant regional flood control benefit. Alternative 4 
serves a larger agricultural area than Alternative 5 and is less expensive. 
Consequently, Alternative 4 was selected for evaluation in greater detail (see 
Chapter 6).  
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CHAPTER 6. EASTSIDE DRAINAGE PROJECT 

The NEQ is planned for development at some time in the future. Before significant development 
can proceed, an adequate drainage outfall must be planned and constructed to handle runoff from 
the NEQ and the 2,700 acres of agricultural land north of Interstate 80 that drains through the 
NEQ. The Eastside Drainage Project (EDP) is intended to provide that outfall. In Chapter 5 
several potential outfall alternatives were evaluated and compared. Alternative 4 was preferred 
because it provided the greatest agricultural flood control benefit. Alternative 4, as defined in 
Chapter 5, is described below: 

Alternative 4 – The existing culverts draining the NEQ under Pedrick and Vaughn 
Roads would be removed. Runoff from the NEQ would be detained in a 280 ac-ft 
pond (48-acre site) and discharged at a rate of 135 cfs through a new channel along 
Vaughn Road to Tremont 3. Tremont 3 would be enlarged to provide an additional 105 
cfs capacity from Vaughn Road to the point where it crosses Sikes Road. At this point 
a new channel would be constructed running south to Lateral 5. The entire length of 
Lateral 5 and the V-2 Drain would be enlarged to provide capacity for the increased 
flow. The V-2 Drain discharges into the DMD at the location of the NSC. From this 
point, the NSC would run south to Hass Slough. 

Alternative 4 was hydrologically and hydraulically evaluated with the XP-SWMM computer 
model. However, during calibration of the model it was determined that lower infiltration rates 
were appropriate, (see Page 1-15) which resulted in a required detention volume of 380 ac-ft 
(rather than 280 ac-ft). In the computer model, the additional 105 cfs of channel capacity was 
added by widening the channel bottom by 9 feet. The additional culvert capacity was provided 
by adding a 60-inch RCP at each existing culvert crossing. The NSC was included with a bottom 
width of 12 feet, a depth of 6 feet, and 2H:1V side slopes, for a capacity of 241 cfs (105 cfs 
allocated the EDP, and 136 cfs allocated to Basins B/C). 

Through this evaluation, it was determined that adding the same increment of capacity (105 cfs) 
throughout the project alignment results in worsened flooding in the downstream areas (primarily 
in RD 2068). The increased conveyance capacity conveys the planned 105 cfs, but also allows 
more agricultural runoff from the upstream areas to enter the channel system. This additional 
agricultural runoff accumulates in the lower reaches of the system, resulting in worsened 
flooding. Consequently Alternative 4, as defined above, was considered unacceptable. It was 
determined that sizing of system conveyance capacity must increase moving downstream. 
Alternative 4 was refined (to accommodate the unplanned flow) into the two EDP alternatives 
described and evaluated below. 

The detention basin in the NEQ (described in Chapter 5 as Alternative 1) had a volume of 480 
ac-ft with a 30 cfs discharge rate. During calibration of the system model, it was determined that 
infiltration rates lower than had previously been used were more appropriate (see Page 1-17). 
The lower infiltration rates resulted in resizing this detention basin to about 1,200 ac-ft. The 
larger detention basin greatly increased the cost of this alternative, and it was excluded from 
further consideration. 
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FINAL EASTSIDE DRAINAGE PROJECT OPTION DESCRIPTIONS 

Presented in Figure 6-1 is a comparison of estimated costs of detention and downstream 
conveyance versus discharge rate from the NEQ. As shown in the figure, if no discharge was 
allowed, a very large detention basin would be needed, costing about $14 million. If a discharge 
rate of 30 cfs was allowed (the estimated current discharge rate) with no downstream 
improvements, a large detention basin would be needed (about 1,200 ac-ft) and would cost about 
$10 million. The lowest cost option appears to be a 250 cfs discharge, along with channel/culvert 
capacity improvements of 250 cfs, and a moderate sized detention basin (70 ac-ft of storage 
covering a 10-acre). If no detention basin was required, downstream capacity improvements of 
600 cfs would be required at a cost of about $7 million. This 600 cfs discharge rate option would 
provide the greatest flood control benefit to the downstream agricultural areas. Consequently, the 
two options evaluated in detail are the EDP - 250 cfs discharge option and the EDP - 600 cfs 
discharge option. 

EDP - 250 cfs Option  

This project is shown on Figure 6-2, and includes: 

 A 70 ac-ft detention basin (covering 10 acres) located in or near the Northeast 
Quadrant, which detains flows greater than 250 cfs. 

 Channel improvements that start out as a new channel with a bottom width of 12 feet 
along Vaughn Road. The channel size increases moving downstream. Just above the 
Tremont 3 culverts under Sikes Road, the channel is 32 feet wide. Just above the 
Dixon Main Drain, the channel width is 45 feet. These channels were sized with two 
horizontal to one vertical side slopes; however, to facilitate maintenance, the channels 
could be reconfigured to four horizontal to one vertical side slopes, and narrower 
bottom widths. 

 The New South Channel, constructed as a wetlands habitat channel, with bottom 
width of 75 feet, a depth of 7 feet, and 4H:1V side slopes.  

 Twin 60-inch RCP culverts (or an equivalent box culvert) along Vaughn Road and 
downstream to Sikes Road. Along Sikes Road (all the way to the Dixon Main Drain) 
the culverts would be triple 60-inch RCPs (or equivalent). Along the New South 
Channel, the culverts would be 5 parallel 60-inch RCPs (or equivalent). To help 
reduce overall project costs, where there are existing culverts with diameters of 
48-inches or larger, they would be retained (substituting for one of the 60-inch 
RCPs). These culverts (and channels) have been sized to increase the overall 
coapacity of the drainage system without inundating the downstream areas. 

 At the Tremont 3 crossing under Sikes Road, a control structure will direct winter 
time runoff down the new channel.  When flow in the new channel approaches the 
new channel capacity, flow will then also drain into Tremont 3. This structure will be 
reconfigured in the summer time to direct irrigation flow into Tremont 3 rather than 
into the new channel.  
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As shown on Figure 6-3, when the discharge from the Northeast Quadrant is below the allowed 
peak of 250 cfs, the unused capacity would be available to drain agricultural lands. The benefit to 
the agricultural community from this project thus occurs through the use of this available 
conveyance capacity.  

Eastside Drainage Project – 600 cfs Option  

This project is shown on Figure 6-4, and includes: 

 No detention basin in the Northeast Quadrant.  

 Channel improvements that start out as a new channel with a bottom width of 40 feet 
along Vaughn Road. The channel size increases moving downstream. Just above the 
Tremont 3 culverts under Sikes Road, the channel is 63 feet wide. Just above the 
Dixon Main Drain, the channel width is 75 feet. These channels were sized with two 
horizontal to one vertical side slopes; however, to facilitate maintenance, the channels 
could be reconfigured to four horizontal to one vertical side slopes, and narrower 
bottom widths.  

 The New South Channel constructed as a wetlands habitat channel, with a bottom 
width of 100 feet, a depth of 7 feet, and 4H:1V side slopes.  

 At the Tremont 3 crossing under Sikes Road, a control structure will direct wintertime 
runoff down the new channel.  When flow in the new channel approaches the new 
channel capacity, flow will then also drain into Tremont 3. This structure will be 
reconfigured in the summertime to direct irrigation flow into Tremont 3 rather than 
into the new channel. 

 Triple 60-inch RCP culvert (or an equivalent box culvert) along Vaughn Road. Along 
Hackman Road and downstream to Radio Station Road the culverts would be four 
parallel 60-inch RCPs (or equivalent). At Radio Station Road and downstream to the 
Dixon Main Drain, the culverts would be 5 parallel 60-inch RCPs (or equivalent). 
Along the New South Channel, the culverts would be 6 parallel 60-inch RCPs (or 
equivalent). To help reduce overall project costs, where there are existing culverts 
with diameters of 48-inches or larger, they would be retained (substituting for one of 
the 60-inch RCPs). These culverts and channels have been sized to increase the 
overall capacity of the drainage system without inundating the downstream areas. 

As shown on Figure 6-5, when the discharge from the NEQ is below the allowed peak of 600 cfs, 
the unused capacity would be available to drain agricultural lands. This available conveyance 
capacity will greatly reduce downstream flooding. In Figure 6-5 the peak discharge is about 
630 cfs, which represents a totally free discharge from the NEQ. Storage in the channel within 
the NEQ, and backwater from the downstream channel actually reduce the peak discharge to 
about 600 cfs. 
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MODEL RESULTS 

The two EDP options and a base case representing existing conditions were evaluated using the 
100-year, 4-day design storm with the XP-SWMM model. The locations of the reported model 
results discussed below are shown on Figure 6-6, and the results are shown on Figures 6-7 
through 6-15. 

Shown in Figure 6-7 are discharge hydrographs from the NEQ for the base case, the 250 cfs 
option, and the 600 cfs option. There is a culvert under the Union Pacific Railroad Tracks near 
Vaughn Road that has been open sometimes and plugged sometimes. The flooding along Vaughn 
Road occurs when this culvert is open, so modeling the base case, it was assumed that this 
culvert was open. There is a culvert under Pedrick Road north of the railroad tracks. In the base 
case there is about 105 cfs of flow through this culvert and over Pedrick Road. In the 250 cfs and 
600 cfs options, the culvert was removed in the model. The improvement projects eliminated the 
flooding over Pedrick Road. 

Stagegraphs for the new channel along the south side of Vaughn Road at Robben Road are 
presented in Figure 6-8. As shown, both of these options would eliminate flooding of the fields 
along Vaughn Road.  

Stagegraphs for the enlarged Tremont 3 at the upstream side of the Hackman Road crossing are 
presented in Figure 6-9. The 250 cfs option would result in about the same peak water level as 
the base case, but the duration of the field flooding would be reduced by about 3 days. The 600 
cfs option would eliminate the flooding over Hackman Road and reduce the duration of field 
flooding by about 5 days. 

Presented in Figure 6-10 are stagegraphs for Tremont 3 at the Sikes Road crossing. As shown, 
both improvement options would eliminate flooding over Sikes Road and significantly reduce 
the duration of field flooding. 

Both the improvement options include a segment of new channel from Tremont 3 at the Sikes 
Road crossing to Lateral 5 south of Midway Road. Shown in Figure 6-11 are stagegraphs for the 
new channel at the Upstream side of the Midway Road culverts. The 250 cfs option would not 
eliminate flooding of Midway Road, but would reduce the duration of field flooding by about 
5 days. The 600 cfs option would eliminate flooding of Midway Road and reduce the field 
flooding by about 7 days. 

Stagegraphs at Radio Station Road are presented in Figure 6-12. The 250 cfs option would 
eliminate flooding of Sikes Road, would not eliminate flooding of Radio Station Road, and 
would reduce the duration of field flooding by about 7 days. The 600 cfs option would eliminate 
flooding of both Radio Station Road and Sikes Road and reduces the duration of field flooding 
by about 8 days. 
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Stagegraphs for the DMD at the NSC are presented in Figure 6-13. Both improvement projects 
would perform about the same at this location by reducing the duration of field flooding by about 
4 days. The stage at this location is affected by the flow to this location from the EDP and from 
the Unrestricted Discharge Project for Basins B/C. About 866 cfs would reach this location from 
the Basin B/C project. About 750 cfs would reach this location from the EDP – 250 cfs option. 
About 1,170 cfs would reach this location from the EDP – 600 cfs option.  

Hydrographs of the discharge into the NSC are presented in Figure 6-14. The NSC does not exist 
now; consequently, for the base case no hydrograph is shown.  

Presented in Figure 6-15 are stagegraphs for the north crossing by the NSC of Bunker Station 
Road. There is no stagegraph for the base case. Both improvement options would perform about 
the same at this location, and would not cause any field flooding.  

Stagegraphs of Hass Slough at the end of the NSC are presented in Figure 6-16. The water level 
at this location is initially controlled by the downstream tail water elevation, which was set at 
8.5 feet NAVD for the base case, and for both of the improvement options. Under both 
improvement options, the stage at this location would stay below the north levee (at about 
elevation 12.5 feet) and well below the south levee (at about elevation 19 feet). Also, for both 
improvement options, the peak water level would be below that experienced when the Yolo 
Bypass is flooded (up to elevations of 15 to 16 feet).  

PROJECT COST ESTIMATES 

Cost estimates for these projects are summarized in Table 6-1 and presented in Tables 6-2 and 
6-3. 

Table 6-1. EDP Option Cost Summary. 

Project Total Capital Cost, 
dollars million 

Annual O&M Cost, 
dollars million 

Total Present Value Cost,
dollars million 

250 cfs option 5.6 0.09 7.1 

600 cfs option 7.9 0.16 10.4 

 

The capital cost for the 250 cfs option is $2.3 million lower than for the 600 cfs option. The 
O&M cost for the 250 cfs option is $0.07 million lower than the 600 cfs option. The present 
value cost for the 250 cfs option is $3.3 million lower than the 600 cfs option. 

Total capital costs include the construction cost, costs for contingencies (cost for unanticipated 
problems), and costs for engineering, legal, administration, and environmental mitigation. The 
cost of contingencies is estimated at 20 percent of the construction cost for ponds and 30 percent 
for channels because the ponds are less likely to have unanticipated problems than the channels. 
The cost for engineering, legal, administration, and environmental mitigation is estimated at 
25 percent of the construction cost for ponds and 35 percent for channels because ponds are 
simpler to implement (e.g., less potential for conflicts with existing utilities and fewer property 
owners with whom to negotiate right of way purchase). 
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Item Unit Quantity
Unit Cost

 $
Estimated

Cost

Pond Improvements
Excavation  Cubic Yard 120,000       3                  360,000             
Levee & Maintenance Road Lineal Foot 2,200           30                66,000               
Seed Pond Banks Square Yard 12,222         1                  12,222               
6' Chain Link Fence Lineal Foot 2,300           6                  13,800               
Concrete Overflow Weir Cubic Yard 40                500              20,000               
60 Inch Pond Discharge Pipe Lineal Foot 100              240              24,000               
Pond Discharge Pipe Flap Gate Each 1                  8,000           8,000                 
Twin 60 Inch Pedrick Road Culvert LF 120              240              28,800               
Pond Construction Subtotal 533,000             
Contingency (@ 20%) 107,000             
Engineering, Legal, Admin, Environmental (@25%) 133,000             
Land Acre 10                5,000           50,000               
Pond Total Capital Cost 823,000             

Downstream Improvements
60 Inch Culverts LF 1,060           240              254,400             
Check Dams Each 2                  10,000         20,000               
Channel Enlargement Cubic Yard 448,000       3                  1,344,000          
Field Drains Each 50                1,000           50,000               
Share of New South Channel
     Culverts LF 353              240              84,720               
     Excavation CY 197,000       3                  591,000             
     Plant Wetlands/Uplands Vegetation Acre 46                5,000           230,000             
Downstream Improvements Construction Subtotal 2,574,000          
Land Acre 140              4,000           560,000             
Contingency (@ 30%) 772,000             

Engineering, Legal, Admin, Environmental (@ 35%) 901,000             
Downstream improvements Total Capital Cost 4,807,000          

Total Construction Cost 3,107,000          
Total Capital Cost 5,630,000          

Detention Pond O&M Acre 10                800              8,000                 
Pipeline/Channel Maintenance (existing and enlarged width) Ft*mile 423              200              84,600               
Total Annual Cost 92,600               

Capital Cost 5,630,000          
Present Value of Annual Costs (3% for 20 years) 1,445,000          
Total Present Value of Costs 7,075,000          

Table 6-2. Cost Estimate for Eastside Drainage Project - 250 cfs Option

Off Line Gravity Pond

Present Value Analysis

Annual Costs

Construction & Capital Costs
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Item Unit Quantity
Unit Cost

 $
Estimated

Cost

Pond Improvements
Excavation  Cubic Yard -                        
Levee & Maintenance Road Lineal Foot -                        
Seed Pond Banks Square Yard -                        
6' Chain Link Fence Lineal Foot -                        
Concrete Overflow Weir Cubic Yard -                        
60 Inch Pond Discharge Pipe Lineal Foot -                        
Pond Discharge Pipe Flap Gate Each -                        
Twin 60 Inch Pedrick Road Culvert LF -                        
Pond Construction Subtotal -                        
Contingency (@ 20%) -                        
Engineering, Legal, Admin, Environmental (@25%) -                        
Land Acre -                        
Pond Total Capital Cost -                        

Downstream Improvements
60 Inch Culverts LF 1,700           240              408,000             
Check Dams Each 2                  20,000         40,000               
Channel Enlargement Cubic Yard 771,000       3                  2,313,000          
Field Drains Each 100              1,000           100,000             
Share of New South Channel
     Culverts LF 460              240              110,400             
     Excavation CY 286,000       3                  858,000             
     Plant Wetlands/Uplands Vegetation Acre 75                5,000           375,000             
Downstream Improvements Construction Subtotal 4,204,000          
Land Acre 234              4,000           936,000             
Contingency (@ 30%) 1,261,000          

Engineering, Legal, Admin, Environmental (@35%) 1,471,000          
Downstream improvements Total Capital Cost 7,872,000          

Total Construction Cost 4,204,000          
Total Capital Cost 7,872,000          

Detention Pond O&M Acre -                        
Pipeline/Channel Maintenance (existing and enlarged width) Ft*mile 807              200              161,400             
Total Annual Cost 161,400             

Capital Cost 7,872,000          
Present Value of Annual Costs (3% for 20 years) 2,518,000          
Total Present Value of Costs 10,390,000        

Table 6-3. Cost Estimate for Eastside Drainage Project - 600 cfs Option

Off Line Gravity Pond

Present Value Analysis

Annual Costs

Construction & Capital Costs
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The project costs are sensitive to the unit cost for excavation. For pond excavation a unit cost of 
$3/cubic yard was used. For channel excavation a unit cost of $3/CY was used because of the 
large size of the channels.  

The NSC would be shared by the EDP options and the possible project for Basins B/C (see 
Chapter 4, the Unrestricted Discharger Option). The cost split was based on the proportional 
share of the increase of authorized urban discharge into the system. For the Basin B/C 
Unrestricted Discharge option, the increase of authorized urban discharge would be 152 cfs 
(230 cfs minus 77.5 cfs). For the EDP – 250 cfs option, the increase of authorized urban 
discharge would be 250 cfs (the NEQ is not currently within the DRCD drainage fee area). These 
increases in authorized discharge result in 37 percent of the NSC cost allocated to the Basins B/C 
project and 63 percent allocated to the EDP – 250 cfs option. For the EDP – 600 cfs option, all of 
the incremental cost for enlarging the channel from a bottom width of 75 feet to 100 feet was 
allocated to the EDP – 600 cfs option. 

JOINT USES 

The 250 cfs option would include a detention pond located somewhere within or near the City. 
This detention pond could be configured to provide joint uses such as wetlands/uplands habitat, 
community gardens, sports fields, play grounds, and/or jogging paths. The 600 cfs option would 
not include a detention basin and does not provide joint use opportunities near the City. The NSC 
(part of both options) would provide wetlands/uplands habitat opportunities. 

WATER QUALITY 

Sacramento RWQCB staff (Leo Sarmiento) said that the requirements recently issued for the San 
Diego Area would soon be required in the Sacramento Valley. Water quality basins are identified 
in the San Diego order as one method of improving the quality of storm drainage. 

One of the methods for sizing the water quality basins is contained in Appendix D of the 
California Stormwater Best Management Practices Handbook – Industrial/Commercial (1993). 
The water quality pond should be sized to achieve a volume treated of 90 percent or more of the 
total runoff. The required data for the NEQ and upstream tributary areas using this method are: 

 Total Watershed Area = 3,300 acres 

 Impervious Area (NEQ at 85% impervious, agricultural area at 5% impervious) = 645 
acres 

 Directly Connected Impervious Area (Assuming 80 percent of the impervious area is 
directly connected) = 516 acres 

 Directly connected percent impervious = 16 percent 

 Required runoff capture rate = 90 percent (10 percent of runoff allowed to bypass 
pond) 
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From Appendix D of the California Stormwater Best Management Practices Handbook – 
Industrial/Commercial (1993), the storage volume requirement should be 0.022 ac-ft of water 
quality pond volume per acre of watershed area. For the NEQ (at 3,300 acres) the water quality 
pond should be at least 73 ac-ft (10-acre site). This volume should be drained from the water 
quality pond over a time period of at least 40 hours.  

Water quality ponds are intended to capture and treat the first flush and low flows. Off-line flood 
control basins, as discussed above, are intended to bypass the first flush and low flow, and then 
capture just the peak flow above the allowed discharge rate. Although the two types of ponds 
have contradictory modes of operation, a pond configuration could be developed that provides 
water quality treatment volume in the lowest 2 or 3 feet and flood control storage in the upper 4 
or 5 feet. Such a configuration could result in a total cost savings over constructing two separate 
basins. Consequently, if/when these requirements are implemented for the Sacramento Valley, 
compliance would be easier if flood control basins had already been constructed. No cost for a 
water quality treatment basin was included in the cost estimates above. 

OPERATIONAL CONSIDERATIONS 

The EDP alignment includes channels within the service areas of DRCD and RD 2068 and along 
the border of the MPWD service area. These agencies have several operational considerations 
that must be accommodated in the final design of the selected option including: 

 The channels are currently used to convey irrigation water in the summer, and the 
ability to continue to do so is essential. This requirement results in the need for check 
dams at several locations in the channel system. 

 At the point of discharge from DRCD to RD 2068, the culverts should be sized to 
physically restrict the rate of discharge to the agreed upon limits (either existing or 
revised limits). 

 At the Tremont 3 culverts under Sikes Road, the project should be configured to 
direct low flows into the new channel. When flow in the new channel approaches the 
new channel capacity, flow should then also drain into Tremont 3. In the summer 
time irrigation waters must be directed into Tremont 3. 

OPTIONAL ALIGNMENTS 

No houses or other buildings should be impacted by the EDP. Irrigation wells, irrigation 
pipelines, fiber optic cables, and natural gas wells and pipelines exist along much of the project 
alignment. These existing utilities will causes significant conflicts with the EDP. 

Two potential optional alignments exist that may reduce the number of required culverts and the 
potential for conflicts with the existing utilities. These optional alignments include: 

 Use of Lateral C instead of all or some of the new Vaughn Road channel.  
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 A new channel (and required culverts) starting just downstream of the Tremont 3 
culverts under Hackman Road and running due south to the upstream end of 
Lateral 4. Expansion of the Lateral 4 channel and culverts to the confluence with 
Lateral 5.  

CONCLUSIONS  

The following conclusions were reached after analysis of alternatives for the EDP: 

 Both options provide drainage for the NEQ.  

 The 250 cfs option has a lower capital cost, a lower annual O&M cost, and a lower 
total present value cost than the 600 cfs option. 

 The 600 cfs option provides greater flood control benefit to the downstream 
agricultural community than the 250 cfs option. 

 Use of the optional alignments should be evaluated in greater detail to determine their 
potential to eliminate conflicts with existing utilities and to reduce the number of 
required culverts. 
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CHAPTER 7 - OPERATIONS AND MAINTENANCE 

To operate and maintain the facilities described in the previous chapters, a Joint Powers 
Authority (JPA) should be formed. The JPA governing boards will be elected/appointed officials 
of the following agencies: City, MPWD, RD 2068, and DRCD. 

The MPWD, RD 2068, and DRCD currently maintain drainage channels that will be included in 
the recommended projects. Each agency will continue to maintain the channels that they 
currently maintain. New channel segments will be assigned to the agencies that are maintaining 
the adjacent facilities. All project maintenance will be done by the existing agencies through a 
combination of public agency staff and private contractors. 

The JPA will assign each agency a segment of the project facilities to maintain. Work will be 
charged to the JPA, at approved rates, and the JPA will reimburse each agency for the work 
performed. 

ANNUAL WORK PLAN 

Each Spring, the members of the Technical Advisory Committee of the JPA should conduct a 
field tour to inspect all JPA facilities. They will review the maintenance work completed in the 
current year and develop maintenance priorities for the upcoming year. They will identify needed 
rehabilitation, betterment, or capital projects in an annual work plan. This annual work plan will 
serve as the basis for budgeting for the JPA. The work plan and the budget will be approved by 
the governing board of the JPA. 

COST ALLOCATION 

There will be some type of urban stormwater collection system and/or detention pond at the 
upstream ends of the JPA facilities. These ponds and any facilities upstream will be maintained 
by the City at the City’s cost. The JPA facilities will start downstream of the City collection 
system/detention ponds. The easements for JPA facilities will be held by the JPA, although 
initially the easements may be acquired along Lateral 1 by the City while the JPA is forming. 

Maintenance costs will be allocated between the City, DRCD, MPWD and RD 2068 based upon 
a formula included in the JPA documents. The Solano Irrigation District may also contribute to 
maintenance. Solano County will be asked to provide certain in-kind services because the JPA 
facilities benefit the County road system. 

ADMINISTRATIVE COSTS 

The bookkeeping function was estimated to cost $15,000 per year. The bookkeeper will be 
responsible for receiving funds from member agencies and disbursing funds for maintenance 
work completed by each agency and any other administrative costs identified. 
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The treasurer function will be performed (tentatively) by the City at no cost to the JPA. The 
treasurer will arrange for banking services for the JPA and an annual audit. The treasurer will 
also be responsible for any audit reports necessary of the JPA. 

A contingency fund for obtaining legal and engineering assistance of $10,000 per year was 
included in the estimated budget. The liability insurance cost was estimated to be 
$5,000 per year. 

The total administrative cost was estimated to be $30,000 per year following the completion and 
start-up of the three projects. 

MAINTENANCE COSTS 

An estimated average annual O&M cost for JPA facilities is $2,400 per mile. The actual size 
(width and depth) of the channel varies significantly at different locations along the JPA 
facilities. At the upstream ends the bottom widths of channels will be as small as four feet. At the 
downstream end, the NSC bottom width will be 75 or 100 feet. The unit cost of $2,400 per miles 
was judged to be an expected average cost to maintain the JPA facilities. There will be 28.1 
miles of the JPA facilities at full build-up, which results in a total annual O&M cost of $67,440 
per year. Table 7-1 contains a breakdown of system mileage to be maintained by the member 
agencies, and Table 7-2 contains an estimate of the cost to maintain these facilities. 

The O&M costs will be phased in over time.  The Lateral 1 Project will be the first to be built, 
with the other two projects built later. 

Table 7-1. JPA Facility Maintenance Responsibility(a) 

Lateral 1 Project 
DRCD 3.2 miles Lateral 1 to MPWD boundary 
MPWD 3.1 miles MPWD boundary to Ulatis Creek 
 6.3 miles  

 
Pond C Lateral 2/3 Project (Includes New South Channel) 

DRCD 6.4 miles Pond C to Dixon Main Drain 
MPWD 2.3 miles Dixon Main Drain to New South Channel 
RD 2068 2.5 miles New South Channel 
 11.2 miles  

 
Eastside Drainage Project 

DRCD 8.6 miles NE Quadrant Pond to Lateral 4 
RD 2068 2.0 miles Lateral 4 to New South Channel 
 10.6 miles  
   

Total 28.1 miles  
(a) Allocation tentatively based on discussions of agency managers. 
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Table 7-2. Estimated Maintenance Costs (a) 

 
Project 

 
Miles of Channel 

Maintenance Costs, 
dollars 

Lateral 1 6.3 15,120 

Pond C Lateral 2/3 11.2 26,880 

Eastside Drain 10.6 25,440 

Total 28.1 67,440 
(a) Based on system wide average estimated cost of $2,400/mile, not applicable to specific 

channels. 

 

 

 

memorandum 

 

 

DATE:       Project No.:        

TO:       CC:       

       

 

FROM: _____________ 

 _____________ 

SUBJECT:       
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APPENDIX A 
Survey Data 



 

Provided in this appendix is a compact disk containing all of the survey data collected for this 
project. The survey data was collected using the following datums: 

 Vertical Datum:  North American Vertical Datum of 1988. 

 Horizontal Datum:  The North American Datum of 1983, using the California State 
Plane Coordinate System - Zone 2. 



APPENDIX B 
Analysis of the Rate of Rise and fall of Ulatis Creek 
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On August 21, 2000, at the Maine Prairie Water District, the planned improvements for Pond A 
and Lateral 1 were presented to the public. One of the concerns expressed (by Mr. Mike 
Dannenberg) was that there would be a delay in the flow reduction when a signal was sent from 
Ulatis Creek to Pond A to shut off the pumps. Water already released from Pond A but had not 
yet entered Ulatis Creek would contribute to increased flooding as it drained Lateral 1 to Ulatis 
Creek. An analysis of this problem and the proposed operational procedures to eliminate the 
problem are presented below. 

Presented in Figure B-1 are the model results of a simulation of a discharge from Pond A with no 
rainfall or runoff. Hydrographs for the Pond A release and for the discharge from Lateral 1 to 
Ulatis Creek are presented. Based on these model results, it takes about 6 hours for a change in 
the pumping rate to be realized at the discharge into Ulatis Creek. 

Shown in Figure B-2 are stagegraphs for Ulatis Creek at Maine Prairie Road (about 1 mile 
downstream of Highway 113) and Ulatis Creek at Leisure Town Road (about 7 miles upstream 
of Highway 113). Information for the stagegraph at Maine Prairie Road was collected by Mr. 
Mark Martinson of the Solano Irrigation District. The only information available was the time of 
start of rise of the water level, and the time and height of the peak water level. Based on this 
stagegraph, the rate of rise of the water level is about 0.67 foot per hour. Information for the 
stagegraph at Leisure Town Road is from the City of Vacaville, and is presented in 20 minute 
intervals. Based on this stagegraph, the rate of rise of the water level is about 0.39 foot per hour. 
A weighted average (weightings inversely proportional to distances from Highway 113) of these 
rates of rise is 0.64 foot per hour. 

The time for the water released from Pond A to pass through Lateral 1 is about 6 hours. In 
6 hours, Ulatis Creek would rise about 4.0 feet. To allow time for the water released from Pond 
A into Lateral 1 to drain into Ulatis Creek, the Ulatis Creek water level to shut down the Pond A 
discharge should be set at about 4.0 feet below the design water level in Ulatis Creek. The design 
freeboard in Ulatis Creek is 1.5 feet. Thus, the shut off level in Ulatis Creek should be about 
5.5 feet below the top of bank, which is 28.5 feet NAVD.  
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INTRODUCTION 

The Eastside Drain Project is a regional drainage project intended to provide an outfall for the 
Northeast Quadrant of Dixon and to reduce flooding of agricultural lands. This Conceptual 
Design Report is intended to provide a brief and comprehensive description of the project. The 
report includes the following four sections: 

• Project Location and Channel Cross Sections 

• Project Description 

• Project History 

• Project Cost Estimate  

PROJECT LOCATION AND CHANNEL CROSS SECTIONS 

Figure 1 is an aerial photograph of the project area with the Eastside Drain Project alignment 
delineated. Figures 2 and 3 show cross sections of the channels taken at six locations. There are 
three segments to the project: Eastside Drain Connection, 3-Mile Extension and Dixon Main 
Drain V-Drain. These three segments make up the Eastside Drain project.  

PROJECT DESCRIPTION 

The Eastside Drain Project is a regional drainage project intended to provide an outfall for the 
Northeast Quadrant of Dixon and to reduce flooding of agricultural lands. The alignment of the 
Eastside Drain Project is shown on Figure 1. The Eastside Drain Project and the upstream 
tributary projects consist of the following elements: 

Detention Storage Upstream of the Railroad (Not A Part of the Eastside Drainage Project) 

A 478 ac-ft detention basin will provide storage and water quality treatment for runoff from the 
Northeast Quadrant of Dixon and Basin D. The location of The Northeast Quadrant is shown in 
Figure 1. The location of Basin D is shown on Attachment A, which is Figure 2-2 from the 
Dixon Storm Drainage Report (West Yost Associates, March 1999). Storm water will discharge 
from the basin at a rate of 140 cubic feet per second (cfs). During off peak times, when 
downstream channels have capacity, the discharge from the basin could be increased to a 
maximum of 214 cfs. The detention basin discharge would be through a new 42-inch culvert 
constructed under the railroad. The location of the detention basin is shown in Figure 1. 

The owners or developers of the Northeast Quadrant would fund, plan, design, acquire property, 
and construct this detention storage basin. The basin would have to comply with all of the City of 
Dixon’s design criteria.  
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Eastside Drain Connection 

A new channel will be constructed from the railroad tracks to Tremont 3. The existing 
Tremont 3 channel from the new channel to the point that Tremont 3 crosses Sikes Road would 
be enlarged. The enlarged channel will provide 214 cfs of increased conveyance capacity above 
the original design capacity of Tremont 3. (The Dixon Resource Conservation District’s (DRCD) 
original design capacity of Tremont 3 is 11cfs per square mile of tributary area.) The total 
capacity of the enlarged channel will be 245 cfs at the upstream end. Capacity will be added to 
the channel as it flows south and more tributary drainage area is added. At the point where 
Tremont 3 crosses Sikes Road the total capacity will be 314 cfs.  

At this point the total flow splits and 100 cfs continues under Sikes Road in the original 
Tremont 3 facility while 214 cfs will flow south in a new channel. This new channel will join the 
existing Lateral 5 which will be enlarged. From the start of the new channel to start of the 
Three Mile Extension the total capacity of the channel will increase from 214 cfs to 253 cfs as 
the tributary area increases. Along this channel 60-, 66- and 72-inch culverts will be constructed 
at roadway crossings. The location of the Eastside Drain Connection is shown in Figure 1 and 
cross sections are shown in Figure 2. 

The cost to construct the Eastside Drain Connection would be paid for by the developers of the 
Northeast Quadrant through Storm Drainage Facilities Impact Fees collected by the City of Dixon. 

The 3-Mile Extension 

The 3-Mile Extension begins at the end of the Eastside Drain Connection where Lateral 4 enters the 
channel. The required total capacity at this point is 344 cfs (253 cfs from the Eastside Drain 
Connection plus 91 cfs from Lateral 4). Capacity will be added to the 3-Mile Extension (at a rate of 
26 cfs per square mile) as it flows south and tributary drainage area is added. The downstream end of 
this segment will have a capacity of 494 cfs. Along this channel twin and triple 72-inch culverts will 
be constructed at roadway crossings. A 7’ x 24’ conspan structure will be constructed at the Swan 
Road crossing. The location of the 3-Mile Extension is shown in Figure 1, and cross sections are 
shown in Figure 2. 

At Delhi Road an existing culvert under Sikes Road will divert about 105 cfs eastward in an 
existing channel to the V-Drain. This existing culvert and channel will remain when the 3-Mile 
Extension is constructed. 

The cost to construct the 3-Mile Extension would be funded with a $200,000 grant from the 
Solano County Water Agency to the JPA and money from the Northeast Quadrant developers 
through Storm Drainage Facilities Impact Fees collected by the City of Dixon. 
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Dixon Main Drain and V-Drain 

The 3-Mile Extension joins the Dixon Main Drain at Swan Road. The existing Dixon Main Drain 
channel will be enlarged to provide an increase of capacity of about 494 cfs to provide a capacity 
of 734 cfs throughout this reach of the DMD. The Dixon Main Drain has little tributary area, so 
no incremental increase in capacity will be provided. The Dixon Main Drain joins the V-Drain 
about 0.6 miles to the east. The V-Drain will also be enlarged to provide an additional capacity 
of about 494 cfs plus an additional 11 cfs capacity for additional adjacent tributary area for a 
total increase of 505 cfs. This increase provides the V-Drain with a capacity of 1,637 cfs 
throughout the length of this reach of the V-Drain. Culverts and check dams along the channels 
alignment will be replaced to accommodate the larger channel. The location of the Dixon Main 
Drain and V-Drain is shown in Figure 1, and cross sections are shown in Figure 3. 

The cost to construct the Dixon Main Drain and V-Drain will be funded with a contribution of up 
to $1.32 million from the City of Dixon and money paid by the Northeast Quadrant developers 
through Storm Drainage Facilities Impact Fees collected by the City of Dixon. 

Currently, improvements to enlarge the Dixon Main Drain and V-Drain by an initial additional 
capacity of 375 cfs are being designed. Construction of this incremental improvement project is 
anticipated for summer of 2008. The cost of increasing the capacity of the channel by 375 cfs is 
being funded by the $1.32 million contribution from the City of Dixon. Additional future 
improvements to increase the capacity by the total 494 cfs will be funded through fees as 
described above. 

PROJECT HISTORY 

Provided below is a summary of the historical engineering studies leading to the development of 
the Eastside Drain Project: 

Tremont 3 Drain Preliminary and Reconnaissance Report (Early 1960s) 

This planning study documents the planning and sizing of the Tremont 3 Drain and identifies its 
service area. The Tremont 3 Drain was constructed in the early 1960’s. 

It identifies the purpose of the Tremont 3 Drain as “This area was originally traversed by various 
shallow sloughs which carried off the surface drainage. Individual landowners have leveled their 
land, thus breaking up the natural drainage pattern. The rate of penetration into the soil is very slow 
so that it is necessary to provide for both winter drainage and drainage from summer irrigation.” 

The drain was planned to vary in size from bottom widths of 2 to 6 feet and depths of 2 to 
4.5 feet. The length was planned as 12.5 miles (including laterals C and D). It was planned to 
drain into the RD 2068 Main Canal, Hass Slough, and then to the Sacramento River. The inlet 
and outlet structures to and from the RD 2068 main canal were identified as part of the project, 
however, no other improvements were identified for the RD 2068 main canal or channels further 
downstream. The tributary area was identified as 5,860 acres, and included no areas west of 
Pedrick Road and limited area west of the railroad tracks. The project was sized based on the 
Dixon hydrology using a runoff rate of 11 cfs per square mile. 
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The project was funded by a voluntary group consisting of property owners who signed the 
agreement for construction and maintenance and by a grant from the soil conservation service. 
The costs were prorated by the acres that benefit from the project. The County Transportation 
Department was a participant by constructing the culverts under the County Roads. 

Curry Drain Hydrology and Peak Flow Calculation Sheets and Planning Study (1963) 

In 1963, the Curry Drain was planned, but it was never constructed.  

The Curry Drain was intended to convey a flow of 50 cfs from the railroad to the Tremont 3 
Drain. The runoff was to be from the large watershed west of Interstate 80 and the Northeast 
Quadrant to the Tremont 3 Drain (4.53 square miles total). This project would have included 
improvements to the Tremont 3 Drain, including channel enlargement and culvert replacement.  

The Curry Drain hydrology calculations were based on a 10-year storm producing a runoff of 
125 cfs at the highway (35.4 cfs per square mile) and 157 cfs at the railroad (34.6 cfs per square 
mile). The Curry Drain was only planned for a capacity of 50 cfs from the railroad to the 
Tremont 3 Drain. Within the study, it was determined that the resulting duration of flooding at 
the highway would be about 30 hours and the duration of flooding at the railroad would be about 
40 hours.  

Thus in 1963, the problem of flooding at Interstate 80 and at the railroad was recognized, a 
solution was developed, but the solution was not implemented. 

County Wide Flood Control Master Plan 1998 

In 1998 the Solano County Water Agency sponsored a County-Wide flood control master plan 
in which flooding problems throughout the County were identified and prioritized. Flooding 
within the Dixon Watershed received a high priority, leading to the more detailed Dixon 
Watershed Management Plan.  

Dixon Watershed Management Plan (August 24, 2001)  

In this document five alternatives were evaluated to provide drainage for development of the 
Northeast Quadrant. These alternatives included: 

• Detention within the Northeast Quadrant to existing discharge rates  

• Pumping from the Northeast Quadrant to Putah Creek  

• Drainage from the Northeast Quadrant to the Yolo Bypass in a new channel along 
Hackman Road  

• Drainage from the Northeast Quadrant to Hass Slough by increasing the Capacity of 
the Treamont 3 Drain and Lateral 5, and construction of the New South Channel.  

• Drainage from the Northeast Quadrant to Hass Slough by increasing the Capacity of the 
Laterals 2 and 3 and the Dixon Main Drain and construction of the New South Channel. 
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The fourth of these alternatives was selected because it provided flood reduction benefit to the 
largest area and at the lowest cost per acre of flood reduction. This report also identified the 
optimum detention storage volume (70 acre-feet at a cost of $0.8 million) and discharge rate 
(250 cfs at a cost for downstream conveyance improvements of $4.8 million) to minimize the 
overall project costs. It was decided that the developers within the Northeast Quadrant would 
fund, design, and construct the required detention basin within (or near) the Northeast Quadrant. 
The downstream conveyance project was named the Eastside Drain Project (EDP). Over the next 
two years, the Eastside Drain Project was further refined and cost estimates updated, leading to a 
final cost estimate of $6.8 million for the project including the New South Channel. The New 
South Channel is the most downstream segment of this project: and as such, it was identified as 
the project element that should be constructed first. At that time, the New South Channel was 
planned to provide a conveyance capacity of 375 cfs and cost $1.1 million. 

New South Channel Conceptual Design (December 2002) 

This document provided additional planning for just the New South Channel. It included the 
flood control channel and culverts; however, it also included wetlands and upland wildlife 
habitat creation in the project in an effort to seek grant funding for the project. 

Update to the Storm Drainage Facilities Fee for the City of Dixon (June 10, 2003)  

Based on fully funding the Eastside Drain Project (including the New South Channel), the City 
of Dixon revised its Storm Drainage Facilities Fees for the Northeast Quadrant to $15,686 per 
acre of development within the Northeast Quadrant. This fee is currently being collected by the 
City of Dixon from all development within the Northeast Quadrant. This fee is adjusted annually 
based on current inflation rates.  

Letter to Mike Dean (June 16, 2004) 

In this letter the original planning and design documents for the Tremont 3 Drain were reviewed 
and summarized. The Tremont 3 Drain indirectly receives runoff from the Northeast Quadrant. It 
was concluded that in the original planning of the Tremont 3 Drain, no capacity was allocated for 
runoff from lands west of Pedrick Road. Nevertheless, some runoff would have come off of 
those lands, and it was probably intended that the runoff would be limited by the 30-inch culvert 
under the railroad east of Pedrick Road. The intended flow rates through the culvert were 
estimated to be about 23.1 cfs in a 5-year storm, 27.2 cfs in a 10-year storm, and 37.2 cfs in a 
100-year storm.  

Letter to Mike Dean (July 23, 2004) 

This letter was prepared while the Dixon Downs race track was under consideration by the City 
of Dixon. In this letter, the Eastside Drain Project was revised to a Recommended Project to 
utilize detention basin facilities initially proposed by Dixon Downs. This Recommended Project 
included a variable discharge rate under the railroad of 140 to 214 cfs. The Northeast Quadrant 
could always discharge at least 140 cfs under the railroad, and when downstream capacity was 
available, that discharge could be increased to 214 cfs. A storage volume of 478 ac-ft in or near 
the Northeast Quadrant was required to achieve this discharge rate under the railroad.  
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Joint Powers Agreement – Dixon Regional Watershed Joint Powers Authority 
(September 2004) 

This document created the Dixon JPA and its signatories were the City of Dixon, the Dixon 
Resource Conservation District (DRCD), Reclamation District 2068 (RD 2068), and the Maine 
Prairie Water District (MPWD). The main goal of the JPA is to plan, design, construct, operate, 
and maintain drainage projects that reduce flooding in the Dixon Watershed. The JPA document 
and its attachments: 

• Acknowledge properties west of Pedrick Road and most of the properties west of the 
railroad tracks did not participate in the Tremont 3 Drain project, and consequently 
have no entitlement to discharge runoff into the Tremont 3 Drain.  

• Acknowledge that the 30-inch CMP culvert under the railroad was the only railroad 
culvert intentionally kept open capable of accepting flow from the Northeast 
Quadrant area. The estimated flow rates through this culvert, by action of the 
JPA agreement, are accomodated at ratesof 23.1 cfs in a 5-year storm, 27.2 cfs in a 
10-year storm, and 37.2 cfs in a 100-year storm. Under the JPA agreement the City is 
permitted to discharge these flow rates from the Northeast Quadrant under the 
railroad even though there is no planned capacity in or direct connection to the 
Tremont 3 Drain for that flow.  

• The JPA document further requires that the JPA member agencies pursue 
construction of increased downstream conveyance capacity for these discharge rates.  

• Recognizes that to limit flows from the Northeast Quadrant to these 5-year, 10-year 
and 100-year rates would require construction of an 871 ac-ft detention basin.  

• It further acknowledges that it may be preferable to construct greater downstream 
conveyance capacity and a smaller detention basin. It identifies a 478 ac-ft detention 
basin (sized based on a drainage rate of 140 cfs) and an increase of downstream 
conveyance capacity of 214 cfs as the JPA Recommended Project. The actual 
discharge rate under the railroad would vary between 140 cfs and 214 cfs depending 
upon the available capacity in the downstream channels.  

• It also acknowledges that further modifications of the JPA Recommended Project may 
occur as planning of development projects and associated drainage facilities proceed. 

• Identified the Eastside Drain Project (including the New South Channel) as one of 
the high priority projects and identified January 1, 2012 as the goal for having this 
project constructed. 

• Identified the New South Channel as the first phase of the Eastside Drain Project, 
established the NSC project capacity to be 375 cfs and the cost to be $1.1 million. 
Established a contingency cost of $220,000 for the New South Channel. The City of 
Dixon agreed to contribute up to $1.32 million to construct the New South Channel.  

• The signatories to the JPA agreed to use their best efforts to obtain funding for the 
East Side Drain through a variety of private, local, state and federal funding sources, 
with a goal of completing the Eastside Drain Project by January 1, 2012. 
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• The JPA also identifies anticipated operations and maintenance (O&M) costs for 
the JPA channels and facilities and identified the O&M cost sharing amongst the 
member agencies.  

Letter to John Currey (January, 2006) 

This letter is a study of providing conveyance at the south end of the Eastside Drain Project via 
the New South Channel or constructing improvements along the Dixon Main Drain and V-Drain. 
Although costs for the Dixon Main Drain and V-Drain were somewhat higher, the Dixon Main 
Drain V-Drain alignment was preferred by landowners in the area. Therefore, the Dixon Main 
Drain V-Drain alignment was selected as the preferred alignment for the south end of the 
Eastside Drain Project. 

PROJECT COST ESTIMATE 

A planning level cost estimate for the Eastside Drain project is shown in Table 1. 

As Shown, the estimated construction cost is $4,284,000 and the estimated capital cost is 
$6,870,000. 



Item Unit
Unit Cost, 

dollars Quantity Cost, dollars

Dixon Main Drain Improvements
Channel Excavation from Swan Road to V-Drain (dry excavation) CY 4.00 36,000 144,000
BridgeTech Conspan 7' x 24' Bridge at Private Road (effective flow area is equal to six 60-inch 
culverts) LF 1,300 32 41,600
Headwalls/Wingwalls Each 19,000 2 38,000
Relocate Existing Private Pump Each 5,000 1 5,000
Existing Facilities Conflicts Lump Sum 80,000 1 80,000
Vegetative Erosion Control acre 2,000 8.2 16,400
Contingency at 10 percent Lump Sum 32,500 1 32,500

DMD Construction Cost 358,000
V-Drain Improvements

Channel Excavation (Assumed 50% dry excavation) CY 4.00 95,000 380,000
Channel Excavation (Assumed 50% wet excavation) CY 6.00 95,000 570,000
Check Dam in V-Drain near Swan Road Lump Sum 20,000 2 40,000
Modifications to RD2068 Intake Structures Lump Sum 160,000.00 1 160,000
Reconstruct Irrigation Channel CY 6 38,000 228,000
Vegetative Erosion Control Acre 2,000 41.0 82,000
Contingency at 10 percent Lump Sum 146,000 1 146,000

V-Drain Construction Cost 1,606,000
Construction Cost Total 1,964,000

   Dixon Main Drain Right-of-Way/Easement Acre 7,000 8.8 61,600
   V-Drain Right-of-Way/Easement Acre 7,000 45.0 315,000

Environmental Evaluation/Mitigation and Permitting @ 10 % 196,400
Engineering, Administration, Legal @ 20 % 392,800

Dixon Main Drain and V-Drain Total  (rounded up) 2,930,000

Three Mile Extension
BridgeTech Conspan 7' x 24' Bridge at Swan Road (effective flow area is equal to six 60-inch culverts) LF 1,300 64 83,200
Headwalls/Wingwalls Each 19,000 2 38,000
Twin 72-Inch Culverts LF 456 128 58,337
Triple 72-Inch Culverts LF 612 288 176,256
Headwalls for Twin Culverts Each 14,000 4 56,000
Headwalls for Triple Culverts Each 16,000 6 96,000
Channel Excavation CY 4.00 61,300 245,200
Relocate Existing Irrigation Channel CY 6.00 6,000 36,000
Field Drains Each 1,000 8 8,000
Existing Facilities Conflicts Lump Sum 40,000 1 40,000
Vegetative Erosion Control Acre 2,000 36 72,000
Contingency at 10 percent Lump Sum 90,899 1 90,899

Three Mile Extension Construction Cost 880,000
   Three Mile Extention Right of Way/Easement Acre 7,000 36 252,000

Environmental Evaluation/Mitigation and Permitting @ 10 % 88,000
Engineering, Administration, Legal @ 20 % 176,000

Three Mile Extension Total (rounded up) 1,400,000

Eastside Drain Connection
60-inch Culverts LF 230 180 41,400
66-inch Culverts LF 260 582 151,320
72-inch Culverts LF 290 214 62,060
Headwalls Each 10,000 28 280,000
Check Dams / Orifice Structure Each 10,000 1 10,000
Channel Excavation CY 4.00 116,300 465,200
Existing Utility Conflicts Lump Sum 116,000 1 116,000
Vegetative Erosion Control Acre 2,000 75 150,000
Field Drains (every quarter mile) Each 1,000 30 30,000
Contingency at 10 percent Lump Sum 130,598 1 130,598

Eastside Drain Construction Cost 1,440,000
   Eastside Drain Connection Right of Way/Easement Acre 7,000 75 525,000

Environmental Evaluation/Mitigation and Permitting @ 20 % 288,000
Engineering, Administration, Legal @ 20 % 288,000

Eastside Drain Connection Total (rounded up) 2,540,000

Table 1.  Preliminary Cost Estimate for the Eastside Drainage Project
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Mr. John Currey 

Dixon Regional Watershed Joint Powers Authority 

Dixon Resource Conservation District 

1170 N. Lincoln Street, Suite 110 

Dixon CA  95620 

 

SUBJECT: Main Drain and V�Drain—Hydraulics Study 

 

Dear John: 

West Yost Associates (West Yost) prepared this hydraulic study to confirm the Dixon Main Drain 

and V�Drain Project channel design. Information in this report on the existing average capacity 

and the proposed increase to that capacity was taken from the letter report titled, Conceptual 

Design of the New South Channel, Enlarging the Dixon Main Drain and V�Drain, and the Three 

Mile Extension dated January 3, 2006 prepared by West Yost. The January 3, 2006 report 

included a Mannings Equation analysis of the Main Drain and V�Drain channels and was used in 

planning the project. The following information from the January 3, 2006 report was used as the 

basis for the design of the improvement plans for the Dixon Main Drain and V�Drain 

Enlargement Project and is used in the analysis presented in this letter report: 

• Existing average capacity Dixon Main Drain – 240 cfs 

• Existing average capacity V�Drain – 1,132 cfs 

• Target capacity for the enlarged Dixon Main Drain – 615 cfs (increase of 375 cfs) 

• Target capacity for the enlarged V�Drain – 1,518 cfs (increase of 386 cfs) 

The January 3, 2006 report presented some basic channel dimensions to provide the increased 

capacity. It also discussed the existing bridge over the channel and concluded that the existing 

channel section at the bridge provides adequate conveyance capacity for the increased flows and 

that the bridge does not need to be replaced. 

In 2010 and 2011, West Yost prepared improvement plans for the Dixon Main Drain and V�Drain 

Enlargement Project. These construction documents show the final cross sectional configuration 

of the enlarged channels. As a part of the design, an XP�SWMM model was prepared to verify the 

adequacy of the final channel improvements for the design flows of 615 cfs in the V�Drain and 

1,518 cfs in the V�Drain. The model was also used to compare the flow and resulting water 

surface elevations of the enlarged channel to the existing channel. This letter report presents the 

results of the XP�SWMM modeling. 



Mr. John Currey 

May 10, 2012 

Page 2 
 

 

  N:\C\298\00
07
02\WP\051012 np1 L Hydraulics 

MODEL INPUT 

The existing condition model used a steady state flow of 240 cfs in the Dixon Main Drain and 

1,132 cfs in the V�Drain. The existing condition channel was taken from surveyed cross sections. 

A tail water elevation in Hass Slough of 8.5 feet was assumed, which represents a very high tide, 

but not flooding of the Yolo Bypass. A Manning’s n value of 0.035 was used.  

The future conditions model used a steady state flow of 615 cfs in the Dixon Main Drain and 

1,518 cfs in the V�Drain. The future condition channel was taken from the cross sections shown 

on the Dixon Main Drain and V�Drain Enlargement Project improvement plans. A tail water 

elevation in Hass Slough of 8.5 feet was assumed. A Manning’s n value of 0.035 was used for the 

earth channel sections and a value of 0.05 was used for the sections near the bridge where the 

channel will be lined with rock rip rap. 

The Manning’s n value of 0.035 used in the XP�SWMM model differs from the value of 0.040 

used in the conceptual design analysis done in the January 2006 report. The conceptual design 

analysis was preliminary and used assumed channel slope and channel cross sections with which 

the more conservative n value of 0.040 was appropriate. The enlarged channel XP�SWMM model 

cross sections and channel slope were as per the design. The Manning’s n value of 0.035 reflects 

the roughness of the earth sections of the channel. Table 5�6 of Chow (attached in Appendix 1) 

shows a range of n values for earth channels from 0.016 for clean and recently completed channel 

to 0.12 for non�maintained channels with weeds and brush uncut and dense and as high as the 

flow depth. The 0.035 value selected reflects the level of expected vegetation in the Main Drain 

and V�Drain channel. Additionally the publication “Roughness Characteristics of Natural 

Channels”, US Geological Survey Paper 1849 was consulted for a recommended n value. An 

excerpt from this text is shown in Appendix 2. This second reference depicts a calibrated stream 

that is quite similar in appearance to the Main Drain and V�Drain and confirms our selection of a 

0.035 n value. 

MODEL RESULTS 

Figure 1 presents a profile of the channel showing the existing and proposed channel inverts 

along with the channel banks. It shows the water surface elevations for the existing channel 

flowing at its existing average capacity of 240 cfs in the Main Drain and 1,132 cfs in the V�Drain. 

It also shows the water surface elevation for the enlarged channel flowing at the target capacities 

of 615 cfs in the Main Drain and 1,518 cfs in the V�Drain. As shown in Figure 1, the future 

conditions water surface is lower at all locations along the channel than the existing conditions 

results. The bridge crossing at the V�Drain is also shown on Figure 1. Bridge elevations were 

taken from a topographic survey. The bridge deck is at elevation 16.0 feet and the bottom of the 

bridge is 23 inches below the deck. The water surface elevation of the enlarged channel at the 

target capacity is below the bottom of the bridge.  
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Figure 2 shows the existing and enlarged cross section of the V�Drain approximately 185 feet 

upstream of the bridge. The proposed channel cross sections north of the bridge have a 10�foot 

wide low flow channel with 2:1 side slopes. There is a 42�foot wide maintenance bench at 

elevation 9.0. This bench will be above the tidal elevation and will be dry during the summer so 

that it can be mowed. The side slope above the maintenance bench is 4:1. As shown on Figure 2 

the maximum water surface with the enlarged channel at target flows is about 1.5 feet lower than 

the existing condition channel flowing at its existing average capacity. 

Figure 3 shows the channel section at the bridge. The channel will not be widened at the bridge; it 

will only be deepened approximately two feet along the invert. Model results show the maximum 

water surface at the target flows after the project is constructed will be below the bottom of the 

bridge and about 1.9 feet lower than the existing condition channel flowing at its existing average 

capacity. The modeled channel velocity at the bridge section in the existing condition is 

approximately 4.4 feet per second. In the proposed conditions model it is approximately 6.8 feet 

per second. Because of this higher channel velocity at the bridge, the channel will be lined with 

rock rip�rap to prevent scour. 

Figure 4 shows the existing and enlarged cross section of the V�Drain approximately 500 feet 

downstream of the bridge. The proposed channel cross sections south of the bridge have a 40�foot 

wide low flow channel with 2:1 side slopes on the east and 4:1 side slopes on the west. There is a 

21�foot wide maintenance bench at elevation 9.0. The channel south of the bridge experiences more 

tidal inundation; however this bench will facilitate channel cleaning and maintenance. The side slope 

above the maintenance bench is 4:1 and the side slope of the adjacent high line canal is 2:1. As shown 

on Figure 4, the maximum water surface with the enlarged channel at target flows is about two feet 

lower than the existing condition channel flowing at its existing average capacity. 

The modeling results presented in this letter report confirm that there should be lower overall 

water surface elevations in the channel and at the bridge with the Main Drain and V�Drain 

Enlargement Project than for current conditions. Please call or email me if you have questions or 

need additional information. 

Sincerely,  

WEST YOST ASSCOCIATES 

 

 

 

Mary L. Young 

Principal Engineer 

R.C.E. #C39713 

 

MLY:np 

  



Mr. John Currey 

May 10, 2012 

Page 4 
 

 

  N:\C\298\00
07
02\WP\051012 np1 L Hydraulics 

Figure 1. Profile Main Drain and V Drain 

Figure 2. Section 185 Feet Upstream of Bridge 

Figure 3. Section at Bridge 

Figure 4. Section 500 Feet Downstream of Bridge
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1.  INTRODUCTION 

On behalf of Dixon Regional Watershed Joint Powers Authority (herein referred to as the 
Applicant), Monk & Associates, Inc. (M&A) has prepared this Mitigation and Monitoring Plan 
(Mitigation Plan) that when implemented would compensate for impacts to 15,385 linear feet 
(8.46 acres) of Main Drain and V-Drain, 3,610 linear feet (3.2 acres) of jurisdictional ditches 
(primary and secondary channels), and 1.2 acres of Corps-jurisdictional adjacent wetlands. 
Implementation of the proposed project will impact these features. In addition, the proposed 
project will require the fill of 0.09-acre (615 square feet) of Corps jurisdictional area for other 
project improvements. These project improvements and the associated impacts are discussed in 
further detail below. 
 
This Mitigation Plan provides a description of the existing conditions of the project site including 
the functions and values of the “other waters” and the adjacent seasonal wetlands that now occur 
on the project site. This Mitigation Plan also describes the functions and values of the 
approximately 18 to 19 acres of widened channels that will be created as part of the proposed 
project. Finally, this Mitigation Plan provides the goals and success criteria for the widened 
channels and adjacent floodplain areas, and details the proposed monitoring and reporting 
requirements. Once implemented, this Mitigation Plan will compensate for all impacts to waters 
of the United States and State that will occur from implementation of the proposed project. 

2.  PROPOSED PROJECT 

The proposed project involves the enlargement of the Dixon Main Drain and V-Drain channels 
to provide an increase in flow capacity. The project consists of two primary elements, 
enlargement of the Dixon Main Drain along Swan Road, and the enlargement of the existing V-
Drain between Swan Road and the RD 2068 Canal near to Haas Slough. During extreme storm 
events, high flows exceed the capacity of the channels, resulting in flooding along the floodplain, 
as evidenced by debris deposited approximately 20 feet above the baseflow elevation of the open 
water in the channel. 
 
The goal of the proposed project is to reduce local flooding caused by regional drainage flows 
that exceed the existing capacity of these channels by increasing the capacity of these 
constructed drainage facilities. The Dixon Main Drain would be enlarged to have a capacity 
increase of 375 cfs (cubic feet per second) over the existing average capacity of 240 cfs. This 
would be achieved by excavating the channel to provide a bottom width of six to eight feet 
(approximately two feet wider than existing), increasing the channel depth about two feet, and 
creating a 4:1 slope along the southern bank. The V-Drain will be designed for a target capacity 
of 1,518 cfs, which includes the average existing capacity of 1,132 cfs, an increase of 375 cfs, 
and an additional 11 cfs to accommodate runoff from the local tributary areas. This increase in 
capacity would be achieved by providing a bottom width of 26 to 40 feet (approximately 13 to 
18 feet wider than existing), increasing the channel depth in some locations by about 1.5 feet, 
and creating a 4:1 slope along the western bank. The RD 2068 Canal has a capacity that is at 
least 212 cfs greater than the target capacity of the V-Drain, so channel improvements are not 
required for the RD 2068 Intake Canal. The screens on the existing trash rack located 
immediately south of the existing pump station on the RD 2068 Intake Canal will be replaced as 
part of the routine maintenance of this structure. 
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In addition, the proposed project will require the fill of 0.09-acre (615 square feet) of Corps 
jurisdictional area for other project improvements. The proposed project will require the 
replacement of two 60-inch culverts along Swan Road with a new conspan bridge structure and 
associated rip-rap, replacement of two weir structures, relocation of an adjacent irrigation supply 
ditch (Primary Irrigation Ditch)(alternatively this supply ditch may be placed in a pipeline), and 
re-alignment of the V-Drain outlet into the RD 2068 Canal. Rip-rap will be placed on the eastern 
bank of the RD 2068 Canal to reduce erosion at this location. In addition, the existing railcar 
bridge crossing will remain. Consequently, the channel will transition from the widened channel 
up and downstream of the bridge. The applicant is proposing to protect the channel banks at the 
existing railcar bridge crossing with rip-rap. The proposed improvements to these drainage 
features are shown on Figure 4, Sheet 1, and the attached set of plans for the Dixon Main Drain 
and V-Drain Expansion project prepared by West Yost Associates (dated 2/26/09). The 
Applicant states that project site grading/excavation would commence in late summer of 2009, 
providing all applicable permits are obtained from permitting agencies. At that time, the 
applicant will concurrently implement the Mitigation Plan. The target completion date for this 
project is late Fall of 2009. 

3.  PROJECT IMPACTS TO WATERS OF THE U.S. AND STATE 

The proposed project will require the excavation of 15,385 linear feet (8.46 acres) of Main Drain 
and V-Drain, 3,610 linear feet (3.2 acres) of jurisdictional ditches (primary and secondary 
channels), and 1.2 acres of Corps-jurisdictional adjacent wetlands. Areas of excavation within 
Corps jurisdiction are shown on the representative cross-sections provided on Sheets 1-6 
(attached). Table A and B detail the various impacts to waters of the United States/State that 
would result from implementation of the proposed project. 
 
Table A.   Excavation in Waters of the United States/State 
 
WATERS OF THE U.S. - Impact - Excavation Impacts  
 acreage linear feet 
Wetlands   
Adjacent Seasonal Wetlands - excavate  1.20 -- 
Other Waters of the U.S.   
Main Drain and V-Drain- excavate jurisd. channel  8.46 15.385 
Primary and Secondary Channels - excavate jurisd. channel 3.20 3,610 
Total Waters of the U.S.  - excavation 12.86 18,995 
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In addition, the proposed project will require the fill of 0.09-acre (615 square feet) of Corps 
jurisdictional area for other project improvements. The proposed project will require the 
replacement of two 60-inch culverts along Swan Road with a new conspan bridge structure and 
associated rip-rap, replacement of two weir structures, relocation of an adjacent irrigation supply 
ditch (Primary Irrigation Ditch)(alternatively this supply ditch may be placed in a pipeline), and 
re-alignment of the V-Drain outlet into the RD 2068 Canal. Rip-rap will be placed on the eastern 
bank of the RD 2068 Canal to reduce erosion at this location. In addition, the existing railcar 
bridge crossing will remain. Consequently, the channel will transition from the widened channel 
up and downstream of the bridge. The applicant is proposing to protect the channel banks at the 
existing railcar bridge crossing with rock rip-rap. The proposed improvements to these drainage 
features are shown on Figure 4, Sheet 1, and the attached set of plans for the Dixon Main Drain 
and V-Drain Expansion project prepared by West Yost Associates (dated 2/26/09). 
 
Table B.   Fill in Waters of the United States/State 
 
WATERS OF THE U.S. - Impact - Fill Impacts  
 acreage linear feet 
Other Waters of the U.S.    
Main Drain - replacement of two 60-inch culverts with a 
conspan bridge 

0.13 20 

Main Drain – replace weir structure 0.02 10 
V-Drain - replace weir structure 0.02 10 
V-Drain – rip-rap protection at existing railcar bridge 
crossing 

0.65 400 

RD 2068 Canal – rip-rap on eastern bank 0.08 175 
Total Waters of the U.S. - fill 0.09 615 

4.  PROPERTY LOCATION AND SETTING 

The proposed project covers approximately 56 acres and is located approximately 7 miles 
southeast of the City of Dixon, Solano County, California (Figures 1 and 2). The project site, that 
includes the adjacent stockpile areas, extends along the Dixon Main Drain, an irrigation drainage 
channel, for 0.6 mile along the south side of Swan Road and then continues south as the V-Drain, 
another irrigation drainage channel, for 2.5 miles paralleling the RD 2068 Irrigation Canal 
(Figure 3). The project site includes an area approximately 70 feet to the south of the Dixon 
Main Drain and 80 to 120 feet to the west of the V-Drain. The project site terminates at the 
confluence of the V-Drain and the RD 2068 Irrigation Canal. The RD 2068 Canal has 
connectivity to the Sacramento River and the greater Delta via the Haas Slough. The project site 
is surrounded for many miles by agricultural fields used for crops (alfalfa, corn, sunflower) 
and/or for grazing (sheep, cattle). Figure 3 provides an aerial photograph of the project site and 
the surrounding land uses.  

5.  DESCRIPTION OF THE PROJECT SITE 

The primary habitats of interest in this analysis are the Dixon Main Drain and the V-Drain, both 
irrigation drainage channels that receives contributions from upstream watersheds, as well as 
runoff from the adjacent agricultural fields. Both the Dixon Main Drain and the V-Drain remove 
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stormwater sheet flows in the winter and collect irrigation tailwater runoff in the spring and 
summer. Most of the other areas within the project area are devoted to agriculture or livestock 
grazing, including open fields and irrigation ditches, which are highly disturbed and manipulated 
habitats. Ruderal (weedy) uplands and shallow seasonal wetlands also occur within the project 
area. These habitats provide some important functions and values, and following construction, the 
widened channels will provide an enhanced aquatic resource that will likely attract waterfowl 
and other wildlife. Project site photographs 1-8 (Attachment A) illustrate the project site features. 

5.1  Hydrology and Topography  

The Dixon Drain system is comprised of a 70-mile system of ditches designed to attenuate the 
flooding of agricultural lands. The Dixon Drain system receives upstream contributions from the 
historic Dickinson Creek and Dudley Creek watersheds, as well as runoff from the adjacent 
agricultural fields. The Dixon Drain removes stormwater sheet flows in the winter and collects 
irrigation tailwater runoff in the spring and summer. 
 
The Main Drain and V-Drain drainage channels appear to be subject to extreme fluctuations in 
water level depending on stormwater runoff from upstream watersheds or the volume of 
tailwater flowing into this system. During extreme storm events, high flows exceed the capacity 
of these channels, resulting in flooding of the floodplain benches, as evidenced by rack lines and 
deposited debris along the floodplain benches. 

5.1.1  DIXON MAIN DRAIN AND V-DRAIN  

Both the Dixon Main Drain and the V-Drain are large trapezoidal stormwater/irrigation drainage 
ditches characterized by an open water low-flow channel with steep banks on both sides. These 
linear man-made drainage channels total approximately 3 miles in length on the project site. The 
Dixon V-Drain was constructed in the late 1920’s and enlarged in the 1940’s, and the Dixon 
Main Drain was constructed in 1953. Project site photographs 1-8 (Attachment B) illustrate the 
project site features as they exist today. They have been routinely maintained since they were 
first created and thus there is not a riparian community associated with these drains. The Dixon 
Main Drain and the V-Drain receive contributions from upstream watersheds, as well as runoff 
from the adjacent agricultural lands east and south of the City of Dixon. The perennial features 
remove stormwater sheet flows in the winter and collect irrigation tailwater runoff in the spring 
and summer. These features ultimately are hydrologically connected to the navigable waters of 
the Sacramento River and the greater Delta via Haas Slough. 
 
These drainage channels were excavated approximately 8 feet below the existing grade of the 
surrounding landscape. Routine maintenance of these drainage channels removes any buildup of 
sediments or silts and “problematic” vegetation (Photograph 2). The distance between ordinary 
high water marks (OHWM) in these drainage channels on the project site ranges between 20 and 
50 feet.  

5.1.2  ADJACENT AGRICULTURAL DITCHES 

South of the Dixon Main Drain and west of the V-Drain are a series of smaller man-made 
ditches. The larger of these man-made irrigation channels range in width from 20 to 35 feet, and 
appear to be permanent features that are used to supply irrigation water to the surrounding 
agricultural fields (Photograph 5). Historically, these features were excavated in dry ground to 
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convey irrigation water and do not otherwise constitute a straightened or channelized natural 
drainageway. Other permanent, smaller man-made drainage features convey irrigation tail-
waters away from the agricultural fields.  
 
The shallow man-made ditches that are excavated on a year-to-year basis are designed to provide 
water to agricultural crops (supply ditches). These features range from approximately 1 to 2 feet 
in width (Photograph 6). These supply ditches are usually temporary features that are tailored to 
each year’s crop species, and are routinely created and destroyed in conjunction with the 
agricultural activities occurring in the fields. These ditches are also subject to maintenance to 
ensure adequate flows are delivered to crops.  

5.1.3  ADJACENT WETLANDS 

Several topographic low areas occur within the floodplain benches alongside the V-Drain 
channel (Photographs 7 and 8). These topographic lows areas were originally created when the 
channel was created by imprecise grading of the flood control bench. These low areas can collect 
water when the water elevations in the ditches flood up to the elevation of the benches. After 
flows subside, the depressional topography holds water. To some extent these depressional 
features can also collect vertical precipitation. Evidence that they remain inundated for 
prolonged periods of time include the presence of oxidized rhizospheres, sediment deposits and 
drift deposits.  

5.2  Soils 

The Natural Resource Conservation Service (NRCS)(USDA 1972) mapped three soil units on 
the project site which are shown in Figure 5. The mapped soil units are San Ysidro Sandy Loam, 
which occurs on 0 to 2 percent slopes (SeA), Capay clay (Cc), and Clear Lake clay, which occurs 
on 0 to 2 percent slopes (CeA).  
 
The San Ysidro series occurs between 25 to 100 feet above sea level and is characterized as a 
moderately well drained soil found on terraces. It was formed in alluvium derived from 
sedimentary rock. Permeability is very slow, available water capacity is moderate and runoff is 
slow. The surface layer for San Ysidro typically is light brownish-gray sandy loam and fine 
sandy loam about 14 inches thick. The sub-soil is dark yellowish-brown heavy clay loam and 
light yellowish-brown light clay loam that extends to a depth of more than 60 inches. San Ysidro 
sandy loam, 0 to 2 percent slopes is not classified as a hydric soil by the NRCS (1995). 
Capay clay soil consists of moderately well drained soils on basin rims. These soils formed in 
alluvium derived from sedimentary rocks. Elevation ranges from 10-125 feet. Permeability in the 
soil is slow, available water capacity is moderate, and runoff is very slow. The surface layer for 
Capay clay is dark grayish-brown and grayish-brown clay loam 40 inches thick. The next layers 
are pale-brown and yellowish-brown clay loam that extends to a depth of more than 60 inches. 
Capay clay is not classified as a hydric soil by the NRCS. 
 
The Clear Lake clay soil unit occurs at elevations between 10 and 100 feet. The soil unit consists 
of poorly drained soils in basins. These soils formed in mixed alluvium. Permeability is slow, 
available water capacity is moderate, and runoff is very slow. This soil was poorly drained, but 
drainage can be improved by leveling, using open drains, and general lowering of the water 
table. The surface layer for Clear Lake clay is dark-gray clay 45 inches thick. The substratum is 
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grayish-brown clay that extends to a depth of more than 60 inches. The Clear Lake clay, 0 to 2 
percent slopes is classified as a hydric soil by the NRCS.  

5.3  Vegetation 

M&A biologists examined the habitats and characterized the vegetation present within the 
project area. Tables 1 and 2 (attached) provide a complete list of plant species observed in the 
project area and a complete list of animals observed in the project area, respectively. Habitats 
found within the project area are described below.  

5.3.1  DRAINAGE CHANNELS 

The Dixon V-Drain and Dixon Main Drain are large trapezoidal stormwater/irrigation drainage 
ditches characterized by an open water low-flow channel with steep banks on both sides. 
Emergent wetland vegetation grows along the edges of the channels and in intermittent patches 
within the channels. The dominant species growing along the bottom of the channels include 
broad-leaved cattail (Typha latifolia), hard-stem tule (Schoenoplectus acutus ssp. occidentalis), 
tall flatsedge (Cyperus eragrostis), curly dock (Rumex crispus), and giant bur-reed (Sparganium 
eurycarpum eurycarpum). The dominant species growing along the banks of the channels 
include broad-leaf peppergrass (Lepidium latifolium), common California aster (Symphyotrichum 
chilensis), California loosestrife (Lythrum californicum), perennial smartweed (Persicaria 
punctata), woolly sedge (Carex lanuginosa), sprangletop (Leptochloa fascicularis, L. uninervia), 
Dallis grass (Paspalum dilatatum) and Philadelphia fleabane (Erigeron philadelphicus). 
However, like all man-made ditches in the region, these channels are subjected to on-going 
maintenance activities to remove accumulated sediments and vegetation to accommodate more 
efficient flows.  
 
Tree species that grow sporadically along the upper edge of the banks of the V-Drain channel 
include Northern California black walnut (Juglans californica var. hindsii), narrow-leaved 
willow (Salix exigua), Fremont cottonwood (Populus fremontii fremontii), and valley oak 
(Quercus lobata). While these tree species are typically referred to as “riparian” species if they 
grow in proximity to water/creeks, the sporadic occurrence of these species on the project site 
does not create a true riparian community. 

5.3.2  IRRIGATION DITCHES 

There are a few large irrigation delivery channels and several smaller irrigation tailwater ditches 
to the west of the V-Drain drainage channel. The primary purpose of these irrigation ditches is to 
provide water to the agricultural fields and irrigated pastureland in the area and to remove excess 
irrigation water from the fields via tailwater ditches. The tailwater ditches are relatively 
permanent features that support plant species commonly found in wetlands. In the project area, 
the tailwater ditches support cattail, hard-stem tule, and willow (Salix sp.) saplings. The smaller 
irrigation ditches support hydrophytic (wetland) vegetation including tall flatsedge, broad-leaf 
peppergrass, annual beard grass (Polypogon monspeliensis), Bermuda grass (Cynodon dactylon), 
barnyard grass (Echinochloa crus-galli), and curly dock. Although this vegetation performs a 
valuable function in natural wetlands (for example, filtering the water, and providing wildlife 
with food and cover), it restricts the flow of water through agricultural ditches; hence, the growth 
of this vegetation is frequently controlled. That is, it is often cut back, physically removed, or 
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treated with herbicides. In addition, there are several smaller supply ditches that are usually 
temporary features that are excavated on a year-to-year basis and are tailored to crop species.  

5.3.3  ADJACENT WETLANDS 

The floodplain benches along the V-Drain channel support pockets of wetland vegetation, 
particularly in the topographic low areas. The wetland areas are dominated by cattails, tule, tall 
flatsedge, water plantain (Alisma plantago-aquatica), creeping spikerush (Eleocharis 
macrostachya), and water primrose (Ludwigia sp.). During high flows, water overflows the steep 
banks of the channel and wets the adjacent floodplain benches. 

5.3.4  RUDERAL HABITAT 

Ruderal habitat consists of plant species adapted to continuous disturbance (Holland and Keil 
1995). Many of the plant species found within the project area are non-native species. Within the 
project area, this habitat occurs along the top-of-banks of the ditches, along the graded road to 
the east of the V-Drain, and in upland areas adjacent to fields. Common ruderal species in the 
project area include Queen Anne’s lace (Daucus carrota), milk thistle (Silybum marianum), 
white-stem filaree (Erodium moschatum), horseweed (Conyza canadensis), black mustard 
(Brassica nigra), Italian ryegrass (Lolium multiflorum),bindweed (Convolvulus arvensis), wild 
oats (Avena barbata, A. fatua),  ripgut grass, (Bromus diandrus), sweet fennel (Foeniculum 
vulgare), purple and yellow star thistle (Centaurea calcitrapa and C. solstitialis), smooth and 
rough cat’s ear (Hypochaeris glabra and H. radicata), and bristly ox-tongue (Helminthotheca 
echioides).  

5.3.5  AGRESTAL AND PASTORAL COMMUNITIES 

The fields to the west of the project area support vegetation communities that are classified as 
agrestal (croplands) and pastoral (grazing land) (Holland & Keil 1995). These are highly 
disturbed communities that are the result of long-term ground manipulation and/or cultivation. 
These communities are dominated by plant species well-adapted to grazing of livestock or 
disturbance associated with cultivation. The main crop grown in the agricultural fields adjacent 
to the project is alfalfa (Medicago sativa), thus these fields require regular ground disturbance 
for both cultivation (disking activities) and harvesting practices. The remaining fields adjacent to 
the project site are used for cattle grazing.  

6.  MITIGATION CREATION  

The attached set of plans for the Dixon Main Drain and V-Drain Expansion project prepared by 
West Yost Associates (dated 2/26/09) illustrate the proposed channel widening/enlargement 
project which when implemented would create approximately 18 to 19 acres of 
improved/widened channel within the project area where there is approximately 13 acres of 
channel now. It is important to note that while the Main Drain, V-Drain and other jurisdictional 
drainages within the project area will be either partially excavated to enlarge these features or 
completely removed and relocated, the total acreage of Corps-regulated area following 
implementation of the project will be approximately 1.5 times greater than the area that will be 
directly impacted. In addition, it is important to note that there will be no temporal loss of 
jurisdictional area. Hence, the impacts to Corps jurisdiction should be considered to be “self-
mitigating.” 
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The applicant is proposing to enlarge the Dixon Main Drain and V-Drain by excavating the 
channel to increase the channel depth and widen the channel width to provide increased capacity. 
The channel widening will greatly increase the area of open water along the Dixon Main Drain 
and V-Drain. To further increase channel capacity, the applicant proposes to lay-back the banks 
by creating a 4:1 slope along the southern bank of the Dixon Main Drain, and along the western 
bank of the V-Drain (see plans). In addition, the applicant is proposing to create an adjacent 
floodplain bench in certain locations (see plans), which will provide large level (flat) areas 
adjacent to the widened channel. The applicant proposes to seed the created floodplain benches 
with salt grass (Distichlis spicata) and creeping wild rye (Leymus triticoides) to control erosion.  
 
It is anticipated that the created floodplain bench areas would undergo wetting during high flows 
in the Dixon Main Drain and V-Drain, particularly during large winter storm events. It is likely 
that these created floodplain bench areas will remain saturated for a minimum of 15 days a year 
(likely many more days), and that each time the created floodplain bench areas are wetted that 
they will remain inundated/saturated for a number of days until subsequent storm events again 
wet the benches. Lastly, the applicant may re-create the Primary irrigation ditch that will be 
removed by the proposed V-Drain enlargement (alternatively this supply ditch may be placed in 
a pipeline). Consequently, the total acreage of Corps-regulated area following implementation of 
the project will be approximately 18 to 19 acres. 

7.  MITIGATION GOALS AND SUCCESS CRITERIA 

7.1  Success Criteria Overview  

The success of the mitigation plan will be based upon the functions and values provided by 
enlarged channels relative to the existing channels impacted by the project. To be judged 
successful, the enlarged channels must provide increased open water habitat, and some sections 
of the created adjacent floodplain benches must provide suitable conditions to support the 
establishment of a self-sustaining hydrophytic plant community that includes representative 
wetland taxa (i.e., wetland plant genera and species).  

7.2  Function and Value Goal for Mitigation Pools 

The enlarged channels are designed to provide improved or superior functions and values over to 
the existing channels impacted by the project. The improved functions and values are likely to 
become evident the first winter following project implementation. Without doubt there will be 
increased channel capacity and improved functions and values at the end of a five-year annual 
monitoring program.  

7.3  Target Jurisdictional Acreage to be Created 

The proposed project will result in impacts to a total of 19,610 linear feet (12.95 acres) of 
Corps/RWQCB jurisdictional areas. The applicant will mitigate impacts to waters of the United 
States/State at approximately a 1.5:1 mitigation ratio (or greater) (created area to impacted area). 
The total acreage of Corps-regulated area following implementation of the project will be 
approximately 18 to 19 acres (or more). 
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7.4  General Success Criteria Goals  

The parameters of measuring success that must be met before mitigation plan is determined to be 
successful are as follows: 

7.4.1  VEGETATION COLONIZATION 

The center of the Dixon Main Drain and V-Drain channels are designed to experience long-term 
inundation are not expected to vegetate. The intent is to create widened channels with open water 
habitat similar to the existing ditches that support a fringe of hydrophytic vegetation along the 
banks. Accounting for the expectation of vegetation suppression in areas with long-term 
inundation, the side slopes of the Dixon Main Drain and V-Drain channels will remain saturated 
or inundated long enough during each wet season to promote growth of hydrophytic vegetation. 
At a minimum, the side-slopes will be considered vegetated if there is at least 5 percent or more 
total cover, as measured in the summer (i.e., July). Hydrophytic vegetation shall exceed 50 
percent of the dominant of the plant species growing on the side-slopes of pools. The vegetation 
cover must meet the criterion for dominance of hydrophytic vegetation as defined in the Federal 
Manual for Identifying and Delineating Jurisdictional Wetlands (Corps, 1987) and the Regional 
Supplement to the Corps of Engineers Wetland Delineation Manual: Arid West Region (Corps, 
2008).   
 
Plant cover shall be measured as relative percent cover growing on the side-slopes of the Dixon 
Main Drain and V-Drain channels. In general, we believe it is important to use relative percent 
cover in mitigation wetlands since prolonged inundation and/or open water areas result in 
vegetation suppression and limited plant cover. Thus, if one were to use total cover, which 
includes bare ground and open water, hydrophytic vegetation might not be dominant (or over 50 
percent of dominant of the plant species). In contrast, measuring the dominance of what plants 
are present (i.e., relative percent cover) is a better indication of the dominance of hydrophytic 
plant colonization. To qualify as dominant plant cover, the relative percent cover of hydrophytic 
plant species shall be greater than 50 percent of the dominant of the plant species growing on the 
side-slopes of pools.  
 
In addition to the plant species that will be seeded on the created floodplain, such as salt grass 
(Distichlis spicata) and creeping wild rye (Leymus triticoides), targeted wetland plants for 
colonization of created floodplain benches adjacent to the channels would also include umbrella 
sedge (Cyperus eragrostis), creeping spikerush (Eleocharis macrostachya), broad-leaf water-
plantain (Alisma plantago-aquatica), dotted smartweed (Polygonum punctatum). These species 
are hydrophytic species that are expected to become established if the hydrologic regime targeted 
for the created floodplain benches is achieved.  
 
It is important to note that the Dixon Main Drain and V-Drain channels and possibly the 
created floodplain benches will be subjected to on-going maintenance activities to remove 
accumulated sediments and vegetation to accommodate more efficient water flows. Such 
maintenance occurs today and out of necessity must continue in the future to protect 
property from flooding. 
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7.4.2  HYDROLOGY 

It is expected that the Dixon Main Drain and V-Drain channels will continue to support 
perennially flowing water. In order to be judged successful, the created floodplain benches 
adjacent to the channels must remain inundated or saturated for at least 2 months of the year, and 
the water table must be 12 inches or less below the ground/soil surface for 14 or more 
consecutive days (Corps 2008). Hydrology conditions will be considered successful if the above 
hydrology regime is met in each pool in at least 3 of the 5 years of the monitoring program. 

7.4.3  HYDRIC SOILS 

The soils of created floodplain benches adjacent to the channels will exhibit hydric properties at 
the end of the five year monitoring period.  

7.5  Annual Mitigation Pool Performance Criteria 

Following implementation of the project, a five-year monitoring program will be conducted to 
determine whether the enlarged channels and the created floodplain benches adjacent to the 
channels have achieved success criteria. The following criteria will be used to determine the 
success of the proposed project. 
 
YEAR 1 
 

• The Dixon Main Drain and V-Drain channels will support perennially flowing water. 
 
• Low portions of the created floodplain benches adjacent to the channels pools will remain 

inundated or saturated for a minimum of 1 month.  
 

• At least three hydrophytic plant species will colonize the side-slopes outside of open 
water habitats  

 
• At least three hydrophytic plant species will colonize the created floodplain benches 

adjacent to the channels.  
 
YEAR 3 
 

• The Dixon Main Drain and V-Drain channels will support perennially flowing water. 
 
• Low portions of the created floodplain benches adjacent to the channels pools will remain 

inundated or saturated for a minimum of 2 months each year.  
 

• Relative percent cover of hydrophytic vegetation on the side-slopes of the channels will 
average at least 25 percent of the dominant species growing on the side-slopes, as 
measured in the summer (i.e., July).  
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YEAR 5 
 

• The Dixon Main Drain and V-Drain channels will support perennially flowing water. 
 
• Low portions of the created floodplain benches adjacent to the channels pools will remain 

inundated or saturated for a minimum of 2 months each year.  
 

• Relative percent cover of hydrophytic vegetation on the side-slopes of the channels will 
average at least 51 percent of the dominant species growing on the side-slopes, as 
measured in the summer (i.e., July).  

 
• Soils shall meet hydric soil properties set forth in the Corps’ 1987 Wetland Delineation 

manual and the Regional Supplement to the Corps of Engineers Wetland Delineation 
Manual: Arid West Region (Corps, 2008).  

 
• At least 18 acres of the enlarged channels and portions of the adjacent floodplain benches 

must meet criteria to be considered “waters of the U.S.” as set forth in the Corps’ 1987 
Wetland Delineation manual and the Regional Supplement to the Corps of Engineers 
Wetland Delineation Manual: Arid West Region (Corps, 2008). 

7.6  Determination of Success 

The Corps will have final decision-making authority in determining whether the proposed project 
meets the mitigation goals and success criteria. The Corps shall use the Corps’ 1987 Wetland 
Delineation Manual in addition to the 2008 Regional Supplement to the Corps of Engineers 
Wetland Delineation Manual: Arid West Region to determine if 18 acres of the enlarged channels 
and portions of the adjacent floodplain benches meet criteria to be considered waters of the U.S 
(and State). The RWQCB may provide comments to the Corps that may be used in the final 
decision; however, since the RWQCB defers to the Corps to define wetlands, the Corps 
ultimately should make the final determination whether the mitigation pools have successfully 
met the requirements set forth in the Corps’ Manual. 

8.  MITIGATION IMPLEMENTATION DETAILS AND SCHEDULE 

Implementation of the proposed project is scheduled to commence in mid-August of 2009, 
provided all applicable permits are obtained from permitting agencies. A biological monitor will 
be present while the channels are excavated to ensure that all mitigation plan components are 
implemented according to specifications presented herein. If this project does not commence in 
Fall of 2009, the Applicant proposes to begin construction/excavation in uplands in May of 2010, 
and in-channel work on August 1, 2010. 

9.  MITIGATION MONITORING PROGRAM 

9.1  Monitoring Duration 

Upon the completion of grading and excavation of the proposed project, mitigation monitoring 
will begin with the first wetting cycle (winter) and will continue for a total of five years 
thereafter.  
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9.2  Hydrology Monitoring Methods 

Hydrologic monitoring will be conducted at least once a month during the months of December, 
February, April, June, and August (five monitoring visits per year). During each hydrologic 
monitoring visit, the percent of the enlarged channels and the adjacent floodplain benches that 
are dry, saturated, or inundated will be determined visually and as necessary supplemented by 
shovel testing. The total areas of the enlarged channels and the adjacent floodplain benches that 
are dry, saturated, and inundated will be expressed as a percent of the total created area, as 
reported in an As-built Report (discussed below). 

9.3  Plant Community Monitoring Methods  

Vegetation monitoring will occur once annually in July. Vegetation composition and frequency 
indices shall be developed for all plant species found growing on the side-slopes of the channels 
and on the created floodplain benches. For the vegetation composition analysis, a plant list will 
be made each year. Based upon this plant list, the habitat affinities of all plants growing on the 
side-slopes of the channels and on the created floodplain benches (i.e. obligate, facultative 
wetland, and facultative species) shall be determined from the "Revision of the National List of 
Plant Species That Occur in Wetlands" (Reed 1988).  
 
Baseline transects will be established and monitored for five consecutive years. Systematic 
point-intercept sampling methods will be used to quantify relative wetland plant cover along 
these transects. Using this frequency index, a determination shall be made as to whether or not 
the side-slopes of the channels and on the created floodplain benches are meeting the 
hydrophytic plant species success criteria. Frequency indices can be used to detect changes in 
vegetation structure growing on the side-slopes of the channels and on the created floodplain 
benches over time.   

10.  REPORTING 

10.1  As-Built Report 

Following the completion of the grading and excavation of the proposed project, an As-Built 
Report will be prepared and submitted to the Corps, RWQCB and the California Department of 
Fish and Game. This report will document the construction effort. Channel widths and lengths 
will be mapped using GPS technology with sub-meter accuracy. Cross-sections of channels will 
be prepared by the project engineer. Photographs documenting the post-construction site 
conditions will be submitted in the As-Built report. The As-Built Report would be submitted to 
the agencies by the end of the first winter after the grading and excavation of the proposed 
project.  

10.2  Annual Monitoring Reports 

At the end of each monitoring year (years one through five), a detailed annual monitoring report 
will be prepared. At a minimum, each monitoring report shall contain: 
 
A) Hydrology data; 
 
B) Plant community sampling data and summaries; 
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C) Photographic documentation of channels and the created floodplains benches. During each 
wet season, photographs will be taken to document the extent of inundation/saturation in the 
channels and the created floodplains benches. Photographs will be taken from permanently 
established photo-stations. Photo-stations will be marked in the field via installation of t-posts. 
Taking pictures from the same location each year will allow a visual analysis of the year to year 
changes that occur in the channels and the created floodplains benches. 

11.  MITIGATION SITE MAINTENANCE AND OTHER REMEDIAL ACTIONS 

During the monitoring efforts, plant establishment failure and/or damage to project site features 
(such as erosion) will be noted. Arrangements will be made for remedial action and/or repair as 
necessary to meet success criteria.  

12.  CONTINGENCY MEASURES 

If annual or final success criteria are not met, the applicant will prepare an analysis of the 
cause(s) of failure and, if determined necessary by the Corps or the RWQCB, propose remedial 
actions for approval. The applicant or his legal assignee shall be responsible for reasonably 
funding the remedial procedures necessary for successful completion of the mitigation plan. 

13.  FISCAL RESPONSIBILITIES AND OTHER ADMINISTRATIVE COMPONENTS 

The Dixon Regional Watershed Joint Powers Authority (Applicant), or a legal assignee, shall be 
solely liable for financing all work associated with mitigation plan implementation, monitoring, 
remedial actions, and contingency plans as specified in this mitigation plan. Fiscal responsibility 
for these tasks shall remain the sole obligation of the applicant or it legal assignee until 
mitigation is considered successful pursuant to success criteria as determined by the Corps. After 
the applicant meets the mitigation plan success criteria presented herein, and the Corps and 
RWQCB verify the success criteria are met, the applicant, or subsequent assignee, shall retain all 
financial obligations for perpetual management of the mitigation site.  
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Table A.   Excavation in Waters of the United States/State 
 
WATERS OF THE U.S. - Impact - Excavation Impacts  
 acres linear feet 
Wetlands   
Adjacent Seasonal Wetlands - excavate  1.20 -- 
Other Waters of the U.S.   
Main Drain and V-Drain- excavate jurisd. channel  8.46 15.385 
Primary and Secondary Channels - excavate jurisd. channel 3.20 3,610 
Total Waters of the U.S.  - excavation 12.86 18,995 
 
 



Table B.   Fill in Waters of the United States/State 
 
WATERS OF THE U.S. - Impact - Fill Impacts  
 acreage linear feet 
Other Waters of the U.S.    
Main Drain - replacement of two 60-inch culverts with a 
conspan bridge 

0.13 20 

Main Drain – replace weir structure 0.02 10 
V-Drain - replace weir structure 0.02 10 
V-Drain – rip-rap protection at existing railcar bridge 
crossing 

0.65 400 

RD 2068 Canal – rip-rap on eastern bank 0.08 175 
Total Waters of the U.S. - fill 0.09 615 
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Angiosperms - Dicots
Amaranthaceae

*Amaranthus albus Tumble pigweed

Anacardiaceae
Toxicodendron diversilobum Western poison-oak

Apiaceae
*Daucus carrota Queen Anne's lace

*Foeniculum vulgare sweet fennel

Hydrocotyle verticillata Whorled penny-wort

Asclepiadaceae
Asclepias fascicularis narrow-leaf milkweed

Asteraceae
*Carduus pycnocephalus Italian thistle

*Centaurea calcitrapa Purple star-thistle

*Centaurea solstitialis Yellow star-thistle

Centromadia fitchii Fitch's spikeweed

*Cichorium intybus Chicory

*Cirsium vulgare bull thistle

Conyza canadensis Horseweed

Eclipta prostrata Yerba de tajo

Erigeron philadelphicus Philadelphia fleabane

Euthamia occidentalis Western goldenrod

Grindelia camporum camporum Great Valley gumweed

Helenium puberulum Sneezeweed

*Helminthotheca echioides bristly ox-tongue

Hemizonia congesta luzulifolia White hayfield tarweed

*Hypochaeris glabra Smooth cat's-ear

*Hypochaeris radicata rough cat's-ear

*Lactuca saligna Willow lettuce

*Lactuca serriola prickly lettuce

Layia chrysanthemoides Smooth tidy-tips

*Senecio vulgaris Common groundsel

*Silybum marianum Milk thistle

*Sonchus asper asper Prickly sow-thistle

*Sonchus oleraceus common sow-thistle

Symphyotrichum chilensis Common California aster

Symphyotrichum subulatum ligulatum Annual saltmarsh aster

*Taraxacum officinale Dandelion

*Tragopogon porrifolius Salsify

Xanthium spinosum Spiny cocklebur

Xanthium strumarium Cocklebur

Boraginaceae
Amsinckia menziesii Fiddleneck

Heliotropium curassavicum Heliotrope

Brassicaceae
*Brassica nigra Black mustard

*Lepidium latifolium Broad-leaf peppergrass

Page 1 of 4* Indicates a non-native species
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*Sinapis arvensis Charlock

Caryophyllaceae
*Spergularia rubra Ruby sand-spurrey

Chenopodiaceae
Atriplex triangularis Spearscale

*Chenopodium sp. Goosefoot

*Salsola tragus Russian thistle

Convolvulaceae
*Convolvulus arvensis Bindweed

Cressa truxillensis Alkali weed

Fabaceae
*Lotus corniculatus birdfoot trefoil

*Medicago polymorpha California burclover

*Medicago sativa Alfalfa

*Melilotus alba White sweetclover

*Melilotus indica Sour clover

*Trifolium dubium Little hop clover

*Trifolium fragiferum Strawberry clover

*Trifolium repens White clover

Trifolium variegatum White-tip clover

*Vicia benghalensis Purple vetch

*Vicia sativa common vetch

Fagaceae
Quercus lobata Valley oak

Frankeniaceae
Frankenia salina Alkali heath

Gentianaceae
Centaurium muehlenbergii June centaury

Geraniaceae
*Erodium botrys broad-leaf filaree

*Erodium cicutarium Red-stem filaree

*Erodium moschatum White-stem filaree

*Geranium dissectum cut-leaf geranium

*Geranium molle Crane's-bill geranium

Juglandaceae
Juglans californica hindsii Northern California black walnut

Lamiaceae
Lycopus americanus American bugleweed

Mentha arvensis Field mint

*Mentha pulegium Pennyroyal

Prunella vulgaris lanceolata Self-heal

Lythraceae
Lythrum californicum California loosestrife

*Lythrum hyssopifolium Hyssop loosestrife

Malvaceae
Abutilon theophrasti Velvet-leaf

*Malva parviflora Cheeseweed
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Malvella leprosa Alkali mallow

Sidalcea sp. Checkerbloom

Onagraceae
Epilobium brachycarpum Summer cottonweed

Epilobium ciliatum ciliatum Hairy willow-herb

Ludwigia sp. Primrose

Plantaginaceae
*Plantago lanceolata English plantain

*Plantago major Common plantain

Polygonaceae
Persicaria lapathifolia Willow weed

Persicaria punctata Perennial smartweed

*Polygonum aviculare common knotweed

*Rumex crispus curly dock

Rosaceae
*Rubus discolor Himalayan blackberry

Salicaceae
Populus fremontii fremontii Fremont cottonwood

Salix exigua Narrow-leaved willow

Scrophulariaceae
Triphysaria eriantha eriantha Butter-and-eggs

Veronica americana American brooklime

*Veronica anagallis-aquatica Water speedwell

Verbenaceae
Phyla nodiflora nodiflora Common frog-fruit

Zygophyllaceae
*Tribulus terrestris Puncture vine

Angiosperms -Monocots
Alismataceae

Alisma plantago-aquatica Water plantain

Cyperaceae
Carex lanuginosa Woolly sedge

Cyperus eragrostis Tall flatsedge

Eleocharis macrostachya creeping spikerush

Schoenoplectus acutus occidentalis Hard-stem tule

Juncaceae
Juncus balticus Baltic rush

Juncus bufonius toad rush

Juncus mexicanus Mexican rush

Lemnaceae
Lemna sp. Duckweed

Liliaceae
Triteleia laxa Ithuriel's spear

Poaceae
*Agrostis gigantea Black bentgrass
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*Avena barbata slender wild oat

*Avena fatua Wild oat

*Avena sativa Cultivated oat

*Bromus diandrus ripgut grass

*Bromus hordeaceus soft chess

*Bromus stamineus Brome

*Cynodon dactylon Bermuda grass

Distichlis spicata Saltgrass

*Echinochloa crus-galli Barnyard grass

Elymus multisetus Big squirreltail

Eragrostis mexicana virescens Mexican lovegrass

Hordeum brachyantherum Meadow barley

*Hordeum marinum gussoneanum Mediterranean barley

*Hordeum murinum leporinum Foxtail barley

Leersia oryzoides Rice cutgrass

Leptochloa fascicularis Bearded spangletop

Leptochloa uninervia Mexican spangletop

Leymus triticoides Creeping wildrye

*Lolium multiflorum Italian ryegrass

*Lolium perenne Perennial ryegrass

Panicum capillare Witchgrass

*Paspalum dilatatum Dallis grass

Paspalum distichum Joint paspalum

*Phalaris aquatica Harding grass

*Phalaris minor Littleseed canary grass

*Phalaris paradoxa Paradox canary-grass

*Poa annua annual bluegrass

*Poa trivialis Rough bluegrass

*Polypogon interruptus Ditch beard grass

*Polypogon monspeliensis Annual beard grass

Setaria gracilis Knotroot bristle grass

*Setaria pumila Yellow bristle grass

*Sorghum bicolor Sorghum

*Sorghum halepense Johnsongrass

*Taeniatherum caput-medusae Medusa-head

*Triticum aestivum Wheat

*Vulpia bromoides six-weeks brome grass

Typhaceae
Sparganium eurycarpum eurycarpum Giant bur-reed

Typha latifolia broad-leaved cattail
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Invertebrates

Red swamp crayfish Procambarus clarkii

Fish

Common carp Cyprinus carpio

Amphibians

Pacific tree frog Hyla regilla

Reptiles

Pacific pond turtle (=western pond turtle) Actinemys marmorata (=Clemmys m.)

Birds

Great blue heron Ardea herodias
Great egret Ardea alba
Snowy egret Egretta thula
Turkey vulture Cathartes aura
Mallard Anas platyrhynchos
White-tailed kite Elanus leucurus
Northern harrier Circus cyaneus
Red-tailed hawk Buteo jamaicensis
Ring-necked pheasant Phasianus colchicus
Killdeer Charadrius vociferus
Long-eared owl Asio otus
Black phoebe Sayornis nigricans
American crow Corvus brachyrhynchos
Marsh wren Cistothorus palustris
Savannah sparrow Passerculus sandwichensis
Song sparrow Melospiza melodia
White-crowned sparrow Zonotrichia leucophrys
Red-winged blackbird Agelaius phoeniceus
Western meadowlark Sturnella neglecta

Mammals

Black-tailed hare Lepus californicus
Botta's pocket gopher Thomomys bottae
American beaver Castor canadensis
Muskrat Ondatra zibethicus
Coyote Canis latrans
Raccoon Procyon lotor
Southwestern river otter Lontra canadensis sonorae
Striped skunk Mephitis mephitis

Page 1 of 1
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Representative Photographs 
Dixon Main Drain and V-Drain Wetland Delineation  

 
Photograph 1:  View of V-Drain from Swan Road looking south, showing open water low-flow 

channel with steep banks on both sides. 
 

 
Photograph 2. View of V-Drain following routine maintenance removing any buildup of 

siltation and problematic vegetation. 
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Photograph 3: Primary Irrigation Ditch used as supply irrigation water. 
 

 
 

Photograph 4: Temporary ditch used to convey tail-water away from the agricultural fields. 
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Photograph 5: Topographic low with seasonal wetland characteristics along the V-Drain canal 
flood plain  

 

 
 

Photograph 6: Riparian vegetation along the banks of the V-Drain in the southern portion of 
project site. Note seasonal wetland on floodplain on opposite bank. 
















