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EXECUTIVE SUMMARY 
This report updates the Master Drainage Plans for the Thermalito Area of Butte County and 
the City of Oroville.  The original Master Drainage Plans were completed in 1980 and were 
delivered as two documents, one for the County and one for the City.  This study 
consolidates the Master Drainage Plans and provides an update for present conditions.  The 
original Master Drainage Plans generally based improvement project recommendations on 
peak flow analysis.  A relatively limited amount of regional flood control detention had been 
included.  This update has been developed using more rigorous hydrologic methods that 
can allow for more detailed evaluation of detention than the original Master Drainage Plans.  
This update also considers the implications of detention that has and will continue to be 
required of new development.  Recommendations for improvements consistent with present 
conditions and requirements are presented with a greater emphasis on regional detention 
than the previously proposed projects. 

The original Master Drainage Plans presented financing and revenue information in the two 
reports.  Separate and different funding mechanisms were established for County and City 
areas.  Recommendations for a uniform funding system will be presented in a separate 
document being prepared as part of the update process. 

This Update of the Master Drainage Plans project included: 

 An updated site assessment, accomplished by compiling available topographic 
data, aerial photography, infrastructure data, and base maps together.  Field 
observations were made at many key locations to assess present drainage 
facility configurations and identify high-flow runoff paths. 

 Development of computer models that calculate drainage conditions in response 
to the 10 and 100 year storm events.  The model is readily adapted as conditions 
and facilities change over time, or as more precise topographic data becomes 
available. 

 Identification of deficiencies considering conditions reported to the City or 
County, situations observed during field investigations, and potential problems 
found using the results of the computer modeling. 

 Recommendations for regional improvements such as detention basins and trunk 
lines to correct present deficiencies and accommodate future development.  
Individual improvements are grouped together into capital improvement projects. 

 Planning level opinions of probable cost for recommended capital improvement 
projects.  These estimates include construction and right-of-way acquisition, and 
factors for contingency, detailed design, environmental permitting and 
administration. 

 
The recommended solutions are not intended to be definitive projects ready for construction 
because sufficient information was not available to evaluate projects beyond a conceptual 
master planning level of detail.  Rather, the master drainage plan update provides guidance 
to determine what general projects are necessary to meet specific objectives.  This update 
includes planning level costs and provides computer-modeling tools that can be used in the 
design process.  As improvements are more fully developed and then implemented, the 
models can then be readily updated to form a basis for subsequent analyses. 
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The Master Drainage Plans for the Thermalito Area (dated 1979/1980) identified existing 
deficiencies based on conditions in 1979.  The original Master Drainage Plans identified 
potential projects to correct existing deficiencies and to provide capacity for future 
development and costs were attributed to both existing conditions and future development.  
Some of the recommendations from the original Master Drainage Plans have been 
implemented.  This Update of the Thermalito Master Drainage Plans uses up-to-date 
computer modeling technologies to evaluate present conditions and includes measures 
implemented, and developments with approved drainage systems, through 2006.  This 
update replaces some of the originally recommended projects with on-site detention that is 
planned to be used to mitigate for increased runoff from new developments larger than one 
acre.  Also, the projects recommended in this update replace the originally recommended 
ones with improvements that emphasize use of regional detention facilities instead of 
increased conveyance, where appropriate. 

This Update takes a different approach, emphasizing detention rather that conveyance, than 
the original Master Plan because: 

1. Detention basins are likely more feasible than channel improvements considering 
regulatory constraints, and 

2. Detention basin implementation does not need to proceed from downstream to 
upstream to minimize potential negative impacts as is generally necessary for 
conveyance based flood control remedies.  Therefore, a capital improvement 
program emphasizing detention has more inherent flexibility than one 
emphasizing conveyance. 

The requirement for new development to include detention to limit peak runoff to 
predevelopment rates is also a significant change that has been integrated into this Update.  
Anticipating implementation of effective onsite detention requires a different approach to 
hydrologic analysis of future conditions than had been used in the original Master Plan.  
Onsite detention will be required of some projects and not others, depending on the size and 
location of the project.  Whether or not a development project includes onsite detention 
influences the costs of offsite projects necessary to mitigate for impacts from the new 
development project.  Therefore, the nexus analysis that will be prepared separately from 
this Update must address those development projects that include onsite detention 
differently from those that do not include onsite detention.  The approach in this Update 
assumes that detention and other measures that will be included in new developments on 
parcels larger than one acre will be generally, but not completely, effective at maintaining 
present downstream peak flow conditions.  The computer model prepared as part of this 
Update provides a means to evaluate the designed effectiveness of onsite mitigation 
measures on maintaining downstream peak flow conditions. 

The original Master Plans based impact fees for new development on the capacity needed 
to mitigate for the anticipated increase in peak discharge from new development.  The ability 
to quantify a nexus between new development that includes self-mitigating features and the 
cost of regional projects planned to both correct present deficiencies and accommodate 
future developments is significantly changed by requiring measures designed to minimize 
impacts of peak discharges in receiving waterways.  Therefore, the original nexus used to 
determine impact fees must be revised to be consistent with this change of approach to 
mitigate for impacts. 
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Even though new development will include measures to mitigate for impacts to the receiving 
storm drainage systems, some impacts, though difficult to quantify, will still occur.  
Uncertainties related to the function of detention basins, and other measures that may be 
used to mitigate for impacts from new development, make it impractical to quantify the 
residual impact of new development that includes some self-mitigating features on the storm 
drainage system.  The uncertainties related to the function of onsite stormwater mitigation 
measures are associated with: 

1. The long-term maintenance of the onsite mitigation measures.  (There is no 
guarantee that the systems will be maintained so that they will function as 
designed during every major storm event.) 

2. The timing of flows through the system and how this will be impacted by new 
development and the mitigation measures that will be incorporated into design. 

3. The effectiveness of various methods that may be proposed by, and approved 
for, new developments to meet current and future stormwater design criteria and 
regulations. 

4. Inherent uncertainties of rainfall distribution on the overall drainage basin. 

Therefore, it is reasonable to link some of the master planned storm drainage system 
capacity, and therefore cost, to potential impacts of new development associated with the 
uncertainty of the effectiveness of mitigation measures that may be incorporated into these 
projects.  Furthermore, even with the inclusion of detention and/or low impact development 
techniques, the duration of discharges during some storm events could increase the 
potential for erosion and the duration of flooding when system capacity is exceeded.  These 
factors provide a reasonable, albeit difficult to quantify, justification for requiring all new 
development projects to contribute to the costs of the projects necessary to both correct 
present deficiencies and accommodate future new development.   

Once implemented, the projects presented in this Update will provide some capacity, 
generally in the form of freeboard, above that necessary to convey design flows.  This 
freeboard capacity can be considered as part of the mitigation for some of the uncertainty 
related to the effectiveness of onsite mitigation systems.  Additionally, the proposed storm 
drainage system projects include measures to control erosion that can provide mitigation for 
increased duration of discharges that can result from projects with on-site peak detention for 
peak discharge mitigation. 

The hydrologic analysis performed for this update assumes that existing parcels that are 
one acre or less build-out to 60 percent impervious and that onsite detention will not be used 
to mitigate for the potential impacts of this increase in impervious area.  Considering that 
there are presently approximately 760 impervious acres within the parcels in the study area 
(this does not include public roadway right-of-way) and that the Update approach recognizes 
a potential for 166 acres of additional impervious area on parcels that are 1 acre or smaller, 
it may be reasonable to assign a cost share of 166/(760+166)=0.18 to new development on 
parcels that are one acre or smaller.  Based on this analysis, it would appear to be 
reasonable to have new development that increases impervious area on parcels that are 
one acre and smaller pay for 18 percent of the costs to correct present deficiencies and 
accommodate future development. 
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The current land use plans are consistent with approximately 938 impervious acres being 
added to existing parcels that are greater than one acre.  Generally, projects on these larger 
parcels will be required to include onsite detention and/or other measures, determined to be 
appropriate based on site-specific considerations, to mitigate for stormwater impacts.  This 
Update concludes that 20 percent of the costs of the measures to correct present 
deficiencies and accommodate future development can be associated with the potential 
impacts of future development on parcels larger than one acre due to uncertainty related to 
mitigation measure performance and flow duration. Current engineering principles of 
hydromodification support the assumption that development of parcels one acre or larger 
with on site detention will not totally mitigate the downstream affects of longer duration 
flows.  The conclusion that 20 percent is a reasonable share attributable to developments 
that are required to include detention or other appropriate mitigation measures is 
appropriately based on engineering judgment supported by typical estimates of hydrologic 
uncertainties and typical fractions of total capacity within system freeboard. 

This Update of the Thermalito Master Drainage Plans considered numerous potential 
projects.  Some of these potential projects were evaluated as alternatives to others.  For 
example, either increased channel capacity or detention could provide the desired level of 
service at some locations.  Where alternatives were identified, a preferred alternative was 
recommended.  Project Sets A through E include the recommended projects sorted into sets 
according to proximity and physical interrelationships.  The projects in these sets do not 
need to all be constructed at once, but conveyance improvements should proceed from 
downstream to upstream to avoid potential negative impacts.  Project Set F includes twelve 
independent projects that have been grouped together for presentation.  Exhibit 9 in the 
main report illustrates the locations of the present deficiencies and Exhibit 10 illustrates the 
locations of the projects and the areas covered by each project set.  Table ES-1 
summarizes the planning level costs for the recommended project sets.  Appendix B 
includes cost information for each individual project that was evaluated and identifies which 
projects are included in each set.  

Table ES-1. Summary of Project Costs 

Construction Only Right-of-way Engineering Environmental Contingency Administration Total 
Project 

Set Project Cost Cost 25% Project 20% Project 
20% Project & 

ROW 
10% Project & 

ROW Project Cost 
A  $             892,400  $      912,200  $      223,100  $      178,600  $    360,900  $       180,500  $   2,747,700 
B  $             490,800  $      322,300  $      122,700  $        98,200  $    162,600  $         81,300  $   1,277,900 
C  $             309,600  $      264,300  $        77,400  $        61,900  $    114,700  $         57,400  $      885,300 
D  $             100,900  $      333,000  $        25,400  $        20,300  $      86,900  $         43,400  $      609,900 
E  $             269,300  $      191,300  $        67,400  $        53,800  $      92,100  $         46,100  $      720,000 
F  $             659,400  $      124,000  $      165,000  $      131,900  $    156,700  $         78,400  $   1,315,400 
Total  $          2,722,400  $   2,147,100  $      681,000  $      544,700  $    973,900  $       487,100  $   7,556,200 
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Note to Users 
Users of the Update and associated model (included with Appendix C) should note that the 
model was created using limited topographic data and limited field observations.  The 
purpose of the field observations was to make appropriate approximations of the primary 
flow patterns that could not be defined using system or topographic information that was 
available.  The general purpose of the model was to provide reasonable flow hydrographs 
where projects were recommended to estimate conveyance and/or detention capacity 
necessary to correct deficiencies and mitigate impacts. 
 
All elevations included in the model should be considered approximate because no 
topographic survey was performed for this project.  The user should also note that the 
ground elevations, also referred to as spill crest elevations, were set high enough to be 
above the modeled flow elevations because the model requires flow to be contained in a 
defined system to perform reasonable flow routing.  The distance from the maximum water 
surface to the indicated ground elevation does not reflect a freeboard condition. 
 
The model results are intended to form the basis for master plan level project evaluation.  
The results are not intended to be used to directly establish the extent of flooding problems.  
Very detailed topographic information and modeling would be required for that purpose.   
 
Undoubtedly, as new projects are proposed and as additional field investigations are made, 
more detailed information will become available to further refine the model.  Typically, as 
new projects are proposed, a refined baseline model can be developed with more accurate 
information at the site of concern.  The revised baseline could then be used to evaluate the 
potential impacts and mitigations for the project.  The approximations included in the model 
at other locations would not be expected to be significant to this project design and review 
process.  Similarly, the same process should be followed to move storm drainage 
improvement projects from master plan concept level through preliminary design and 
ultimately to final design for construction.    
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1.0 INTRODUCTION 

1.1 PURPOSE 

The purposes of this Update to the Thermalito Master Drainage Plans include: 

 Preparation of an updated evaluation of the present storm drainage system that 
includes those improvements that have been implemented since the original 
Master Drainage Plans were completed. 

 Development of recommendations to correct present deficiencies and 
accommodate cumulative development. 

 Providing updated planning level opinions of probable cost for construction of 
recommended improvements. 

The original Thermalito Area Master Drainage Plans were completed in two parts.  The 
document for the unincorporated portions of Butte County was completed in February 1979 
and amended in June 1980.  The document for the City of Oroville portion was completed in 
February 1980.  This update compiles drainage information for the entire 3,570 acres that 
make up the Thermalito Area into one document to facilitate the current planning process 
that includes areas being incorporated into the City as development occurs.  This update 
forms the basis for consistent area-wide funding recommendations. 

The original Master Drainage Plans analyzed the drainage system using rational method 
hydrology and comparatively limited data.  The results were well suited for peak flow 
calculations for the relatively small watersheds, but are not as appropriate for evaluating 
current concepts that emphasize the use of detention basins.  As part of this update, the 
area was analyzed using computer hydrologic and hydraulic modeling tools, including using 
a unit hydrograph approach and physically based flow routing.  The updated approach 
provides a valuable tool for evaluating flow rates and durations through the study area for 
use in evaluating detention system improvements.  This report documents the analysis and 
discusses how the information can be used in the future. 

1.2 SETTING 

Thermalito is a largely unincorporated area in Butte County.  Parts of the area lie within the 
corporate limits of the City of Oroville.  The area is located adjacent to the Sierra Nevada 
foothills, between the cities of Chico and Marysville along State Highway 70.  Figure 1 is a 
map of the area, showing its relationship to principal highways and streets.  The City of 
Oroville boundary is shown with a dashed line, and the study area is lightly shaded.  The 
Thermalito Area consists of parts of Oroville north and northwest of the Feather River, south 
and east of the Thermalito Forebay, parts of Oroville northeast of the Oroville Airport, and 
much of the area in between. 
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Figure 1.  Map of study area with city limit and major roads 

The study area encompasses approximately 3,570 acres of rural and suburban land 
between Thermalito Forebay and the Feather River.  Of this total, some 2,580 acres 
contribute runoff to intermittent Ruddy Creek, which discharges to the state Oroville Wildlife 
Area to the south.  Topography is gently rolling to flat, with clayey soils. 

Rainfall typically occurs sporadically between October and April.  The average annual 
rainfall depth observed at the nearby Oroville Ranger Station (records from most water 
years 1900-1999) is approximately 27” but has varied from less than 10” (two years) to over 
50”.  Snowfall is rare.  Rainfall events in this region generally last one to three days.  During 
storm events, runoff typically begins at a low rate, has short durations of peak runoff after 
periods of intense rainfall and then tapers off after the peak at rates reflective of lower 
rainfall rates on saturated soil conditions.   

The primary storm drainage systems within the study area consist of open ditches and 
natural streams.  There is greater urban development in the northeastern section of the 
study area; this area has predominantly curb-and-gutter and underground pipe systems.  
These pipes lead to open-channel trunk ditches.  The older urbanized areas have informal 
roadside ditches leading to grassy open channel collector drains, many of which follow 
parcels boundaries.  These in turn route flow under streets through pipe or box culverts.  
Many of the smaller culverts are significantly filled with sediment and therefore have less 
flow capacity than designed.   The modeling done for this master drainage plan update 
shows that in some areas of Thermalito, even when clear, these culverts do not meet 
County capacity requirements.  There are also some areas where ditches overflow and 
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cause excessive street flooding relative to County Standards and, in some cases, may 
threaten to flood nearby structures. 

1.3 BACKGROUND 

The original Master Drainage Plans for the Thermalito Area were completed in 1980, but 
only a limited number of the recommended drainage improvements either to correct existing 
deficiencies or accommodate future development were implemented.  The original Master 
Drainage Plans emphasized conveyance improvements.  Recent developments have been 
required to incorporate detention basins to mitigate for increased in runoff thereby potentially 
changing the future condition flows for which improvements would need to be designed 
compared to those anticipated in the original Master Drainage Plans.  This update study 
evaluated present (2006) conditions and recommends projects that emphasize detention, 
where appropriate. 

Development actions in the area are subject to the provisions of the Butte County 
Improvement Standards (Improvement Standards).  Chapter 10 of that document sets forth 
design criteria for storm water facilities, pertinent parts of which are summarized below 
(Section 1.5.1). 

1.4 APPROACH 

The general approach to this Update of the Thermalito Master Drainage Plans was to: 

1. Establish a present-condition computer model with sufficient detail to identify 
study area drainage deficiencies. 

2. Refine the model to be consistent with observed system performance. 
3. Compare the modeled performance of the system to the current Improvement 

Standards. 
4. Identify storm drainage criteria to guide future development or redevelopment. 
5. Develop a model to examine future condition flows. 
6. Identify specific deficiencies and specific recommendations to correct the 

deficiencies. 
7. Develop recommendations for capital improvement projects 
8. Prepare planning level opinions of probable costs for the recommended projects. 
9. Apply the results of the update to a study that results in funding 

recommendations. 

1.5 DESIGN CRITERIA 

Design criteria establish requirements for new systems and a basis for evaluation of existing 
systems to identify potential deficiencies. 

1.5.1 Current Design Criteria 

The two storm magnitudes specified in the Improvement Standards are addressed in this 
report.  These are the 1% annual exceedance probability (AEP) and 10% AEP magnitudes.  
These magnitudes are referred to as the 100-year and 10-year storm events, respectively.  
Following the convention set by the Improvement Standards, this report describes these 
storms in terms of the peak flow that would be expected to result.  The 1% AEP event peak 
flow is labeled Q100 and the 10% AEP event peak flow is labeled Q10. 
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While this analysis is not a legal interpretation of the Improvement Standards, key provisions 
highly relevant to this master drainage plan update include: 
 

 Master planned drainage projects must accommodate anticipated future 
development within the drainage area. 

 Cross culverts must pass the Q10 flow with the hydraulic grade line (HGL) at or 
below the top of the pipe at the culvert entrance, and the Q100 flow with 
available head. 

 In open channels having a Q10 depth of flow of one foot or over, a freeboard of 
0.5’ must be provided, or must be deep enough to contain the Q100 flow with no 
freeboard. 

 Roadside ditches and gutters may not inundate more than 1/3 of the traveled 
way during the Q100 flow event. 

 
1.5.2 Consistency With Other Standards 

The recommendations of this update are generally consistent with the Improvement 
Standards.  However, precise determinations were not possible do to topographic and 
system configuration data limitations.  This update did not calculate increased runoff from 
future development on larger parcels because on-site detention is planned to be used, 
where appropriate, to replace that portion of the projects in the original Master Drainage 
Plans that would have been necessary to accommodate future development that would 
have resulted from increased peak discharge from the larger parcels.  

1.5.3 Regional Drainage Considerations 

Thermalito is situated on a bluff.  All streams draining the area either discharge down 
relatively steep ravines to the Feather River or to the Oroville Wildlife Area.  Therefore, 
Thermalito is hydraulically isolated from the Feather River.  The river has no effect on 
drainage even when the river is flowing at flood stage. 

North and east of the eastern portion of Thermalito is the Thermalito Power Canal.  Some 
stormwater runoff from the northeastern part of the study area is directed to the canal.  This 
connection is hydraulically isolated and the water surface elevation in the canal has no 
effect on drainage from Thermalito. 

North of the western portion of Thermalito is the Thermalito Forebay, formed by a levee. The 
levee has toe drains that collect seepage and direct it to Ruddy Creek.  The amount of 
seepage would be expected to vary with the water level in the Forebay.  The water level has 
a diurnal variation that is about the same year round.  During dry season field observations, 
little flow was observed in the creek bed near the levee. It is expected that levee seepage is 
the same during the wet season when rainfall resulting in the Q10 or Q100 flow levels is 
more likely to occur.  Thus, seepage does not appear to contribute significantly to flow levels 
in Ruddy Creek during the Q10 or Q100 storm events. 
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2.0 HYDROLOGY 
The hydrologic analysis performed for this update consisted of calculating appropriate runoff 
rates and volumes from appropriate rainfall distributions for the purpose of evaluating the 
function of the existing drainage system and planning potential improvements. 

The process for computing the hydrology portion of this Update of the Thermalito Master 
Drainage Plans included: 

 Delineating drainage areas 

 Formulating precipitation depth data for the study area 

 Assigning a Soil Conservation Service (SCS) curve number based on the soil 
type and ground cover 

 Evaluating present and General Plan build out land use for the purpose of 
estimating the percentage of impervious cover within the study area 

 Assigning a time of concentration based on topography and impervious area 

 Calculating runoff in xpswmm {a computer program developed by XP Software, 
Inc. built upon the Environmental Protection Agency’s (EPA) Storm Water 
Management Model (SWMM)}. 

2.1 DRAINAGE AREAS 

One of the first steps in hydrologic analysis is to identify watersheds.  This divides the study 
area into catchments that are sufficiently small for runoff to be considered to enter the 
drainage system at one point appropriate for the level of detail of this study.  These 
concentration points are then linked together in the hydraulic analysis, which is described 
later in this report, Section 3.0. 

Watersheds were delineated for the master drainage plan update to identify areas that drain 
to concentration points of interest.  Concentration points were located at significant road 
crossings, stream junctions, topographic breakpoints, and at other locations relevant to 
drainage improvements.  Other watersheds and corresponding concentration points were 
added downstream from approved development projects.  In addition to the topographic 
information, field observations and parcel maps were used as a basis for delineations. 

The drainage areas are outlined on Exhibit 1, which lists their area in acres and watershed 
identifier.  The area was divided into more than 100 watersheds, about 70% of which are 
less than 40 acres in size. 

Hydrologic modeling was performed using computer program xpswmm, developed by XP 
Software, Inc.  
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2.2 PRECIPITATION 

One input to the hydrologic model is a design storm rainfall, known as a hyetograph.  Data 
from the Improvement Standards and a nearby rain gage provided the information needed 
to formulate a design storm.  A 2-day, 5-minute interval design storm was selected for this 
update.  The 2-day duration is appropriate for evaluating the function of detention basins in 
the Thermalito area that are, or would be, used for peak flow attenuation. 

Two sources of rainfall statistics were compared.  One of these was Exhibit D-1 of the 
Improvement Standards (see Appendix C), which provides Q10 and Q100 rainfall 
distributions intended for use with the Rational Method.  The other data was from the 
Oroville Ranger Station precipitation gage, located a short distance from Thermalito, which 
has a period of record beginning in 1939.  Jim Goodridge, retired California State 
Meteorologist, supplied statistics from this gage.  The rain gage statistics are provided in 
Appendix C. 

Figure 2 is an intensity-duration-frequency (IDF) plot made from data from these two 
sources. The plot shows that the gage statistics data (lines) and the County standard data 
(markers) coincide, which means that there is general agreement between the two sources.  
Though the values for the 24-hour precipitation average intensity listed in the Improvement 
Standards deviates from the gage statistics, this difference is not significant to the recom-
mendations contained in this document. 
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Figure 2.  Intensity-duration-frequency chart 
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A smooth curve was fit to the Oroville gage data resulting in the IDF equation that was 
applied to this analysis: 

bt
ai  , where i is the intensity in inches per hour, t is the duration in minutes, and a and b 

are as specified in Table 1. 

Table 1.  IDF coefficients 

 

Design storm rainfall suitable for analyzing the storm drainage system is derived from this 
equation.  A 2-day synthetic storm was formulated using the IDF equation and the 
alternating block method, providing an average intensity over any multiple of 5 minutes that 
matches the equation fit to the gage data.  The hyetograph is plotted in Figure 3.   
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Figure 3.  Design storm hyetographs 

2.3 HYDROLOGIC CHARACTERISTICS AND TR-55 METHODOLOGY 

Hydrologic characteristics are the physical aspects of a drainage area that determine what 
portion of rainfall becomes runoff and the timing of when the runoff occurs relative to when 
the rainfall occurs.  The key parameters that allow runoff to be calculated from rainfall 

Return Period Coefficient 
Q10 Q100 

a 7.65 10.9 
b 0.541 0.541 
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include times of concentration and loss rates.  The computer model was used to route flows 
through the drainage system to provide reasonable estimates of the timing and magnitude of 
peak discharges throughout the system.  Loss rates and rainfall to runoff transformations 
were calculated using SCS methodology described in the U.S. Department of Agriculture 
publication Urban Hydrology for Small Watersheds, TR-55, dated June 1986.  This 
procedure is based on hydrologic soil characteristics and ground cover as summarized in 
the following sections. 

2.3.1 Soils 

Hydrologic soil group data was extracted from the Soil Survey of Butte Area, California, 
Parts of Butte and Plumas Counties (CA612), issued by the United States Department of 
Agriculture.  This data was included in the GIS provided by Butte County.  The soil zones 
along and immediately adjacent to the East Branch and the main channel of Ruddy Creek 
are in hydrologic soil group B.  The remainder of the study area has soil in hydrologic soil 
group C.  The hydrologic soil groups are illustrated on Table 2. 

Table 2.  Runoff curve numbers for pasture or range, AMC II conditions 

Hydrologic Condition Soil Group A Soil Group B Soil Group C Soil Group D 
Poor 68 79 86 89 
Fair 49 69 79 84 
Good 39 61 74 80 
 

For this Update of the Master Drainage Plans, hydrologic characteristics typical of group C 
soil were assigned for all of the watersheds.  Group C soils include clay loams, shallow 
sandy loam, soils low in organic content, and soils usually high in clay with relatively high 
runoff potential.  Group B soils are generally coarser grained and more pervious with lower 
runoff potential than group C soils.  There is minimal amount of group B soil, and the group 
B soils are more likely to be saturated or inundated during high flow events due to their 
proximity to the creek.  Therefore, it was not necessary to consider the group B soil areas as 
having a lower runoff potential than the remainder of the study area. 

2.3.2 Runoff Curve Number 
One key hydrologic input is the runoff “curve number” (CN), which varies from 0 to 100 and 
is assigned based on hydrologic soil group, ground cover and antecedent moisture condition 
(AMC).  The pervious areas in the study area were assigned a curve number based on 
typical groundcover and hydrologic soil group C.  The AMC provides a means to adjust the 
portion of rainfall that becomes runoff based on recent precipitation.  AMC II, which is the 
moderate value, was used for both storm recurrence intervals. 

Information about selecting curve numbers is available in TR-55, which gives specific values 
based on the cover type.  For Thermalito, the curve number assigned for “pasture or range,” 
is 74, and this value was assigned to all pervious areas.  All the ground cover was assumed 
to be “good” because most pervious surfaces are covered with vegetation during the rainy 
season.  A curve number of 98 was assigned to all impervious areas. 
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Curve numbers are used to calculate effective rainfall (Re, in inches), which is that portion of 
incident rainfall (Ri, in inches) that becomes runoff according to the formula: 

 
SR
SR

R
i

i
e 8.0

2.0 2




 , where 101000


CN
S  

Therefore, the effective rainfall applied to each watershed was computed using CN = 74 and 
98, according to the contributing pervious and impervious areas.  This was used together 
with the design storm hyetographs presented in the previous section in Figure 3. 

2.3.3 Present Condition Land Use and Impervious Areas 

Impervious area is a key parameter in calculating effective rainfall and runoff rates because 
a significantly higher fraction of rainfall becomes runoff from impervious areas than pervious 
areas and flow across impervious areas is faster, resulting in shorter times of concentration 
than that of pervious areas.  This update calculates present condition hydrology for 
conditions based on estimates of the impervious area in the study area in 2006 including 
recently approved development for which storm drain plans were provided.  

For the present condition, impervious areas were calculated using two sources.  First, 
estimates of percent impervious were made from aerial photographs.  A zoning map and the 
Butte County Development Features dataset was consulted during this evaluation to identify 
areas of similar development.  Second, approved project plans provided by the City and 
County were included such that the present condition would include developments that have 
been approved but not yet completed.  Areas of similar development were outlined and the 
shape was assigned an impervious fraction value in the geographic information system to 
provide data to calculate the impervious area in each drainage area.  Exhibit 3 illustrates the 
present condition impervious areas by watershed, showing areas of similar development. 

A number of different impervious area values are indicated in this report.  Some values are 
based on the total study area; some values are based on the total area included in the 
hydrologic models which is slightly less than the total study area; and some areas are based 
on the parcel database which does not include public roadways.  Appendix C includes 
tables that list the acreage of each of the 109 drainage areas that were used in the 
hydrologic computer model.  The modeled area covers approximately 3530 acres of the 
3570 acres within the study area; the difference being an area north of Oro Dam Boulevard 
that drains to the west of the modeled systems and an area at the north end of Table 
Mountain Boulevard that drains to the north of the modeled systems.  Sections C-2, C-3, 
and C-4 of Appendix C contain tables for model areas 1, 2, and 3, respectively.  The tables 
list the present (and future) impervious percentage of each drainage area.  Based on the 
values in these tables, the present condition impervious area within the modeled area is 
approximately 947 acres.  The present condition impervious area within the total study area 
is estimated to be about 958 acres.  However, the present condition impervious area within 
just the parcels within the study area is estimated to be approximately 760 acres.  The 
difference of 198 acres is because the parcels due not include the imperious area of the 
public roadways. 
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2.3.4 Land Use Under Future Conditions 

For the future condition, the expected build-out condition of the region was considered.  
However, for the purposes of this update, only intensified use of small lots was included in 
the calculation of future flows.  This is because intensified use of large lots requires that the 
large lots include detention designed to replace the projects share of that portion of the 
projects identified in the original Master Drainage Plans attributable to future development.  
Development of smaller lots without detention could have an aggregate impact on regional 
flows even though individually the impacts may not appear to be significant.  Therefore, lots 
were classified by size with large lots being one acre or larger and small lots being less than 
one acre. 

In consultation with Butte County and City of Oroville officials, the lot size of one acre was 
selected as the cutoff for requiring site detention.  Therefore, to perform hydrologic 
calculations of future conditions for the regional system analysis, the impervious area of 
large lots were considered only in their present condition.  The impervious area of small lots 
was increased to 60 percent if the existing condition impervious value was less than 60 
percent.  Otherwise, no change in impervious area from the present conditions was applied.  
Therefore, subdividing a lot that is presently larger than one-acre and not requiring on-site 
detention would be inconsistent with this Update.  Exhibit 4 illustrates the locations where 
this update identified potential increases in impervious area on small lots and Exhibit 5 
illustrates the future conditions impervious area by watershed. 

As in the present condition, future condition impervious areas can be summarized based on 
drainage areas or parcels.  Additionally, future condition impervious areas can be tallied for 
development on small parcels only, as is necessary for the hydrologic calculations, or these 
areas can be based on actual build-out conditions.  Because there are some parcels that 
are in the study area (3570 acres) but not in the modeled drainage areas (3530 acres), two 
different summarized numbers are presented for the impervious areas that consider only 
development on the smaller parcels.  The future condition impervious area calculated for 
each of the 109 drainage areas included in the hydrologic models with the data included in 
Appendix C is 1109 acres.  Therefore, based on the drainage area analysis, there will be 
about 162 more impervious acres (over the 947 impervious acres identified it the previous 
section) in the future condition than the present condition within the portions of parcels that 
are one acre or less within the modeled areas.  Based on all of the parcels that are one acre 
or less within the study area, it is estimated that 166 acres of impervious surface will be 
added in the future condition over that in the present condition.  Values for present and fu-
ture conditions, based only changes that are expected within parcels that are one acre and 
smaller, are presented in Table 3 The data for “Total area in parcels” indicates that antici-
pated added impervious area on parcels that are one-acre and smaller (166 acres) is ap-
proximately 18 percent of the total impervious area on parcels contributing to present and 
future storm drainage system capacity requirements of all the parcels that will not include 
self mitigating detention [166/(760+166)=0.18]. 
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Table 3. Present and Future Impervious Areas for Based Only on Changes to Parcels One-Acre and Smaller 

 
Total 
Area 

(acres) 

Present 
Impervious 

Area 
(acres) 

Present 
Impervious 
Percentage 

Added 
Non-Self Mitigated 
Impervious Area 

(acres) 

Total Future 
Non-Self Mitigated 
Impervious Area 

(acres) 

Future 
Non-Self Mitigated 

Impervious 
Percentage 

Area in parcels one 
acre and less 890 397 45% 166 563 63% 

Area in parcels larger 
than one acre 2247 363 16% 0 363 16% 

Total area in parcels 3137 760 24% 166 926 30% 

Area in hydrologic 
models 3529 947.5 27% 162 1109 31% 

Area in study area 3570 958 27% 166 1124 31% 

 

Actual build-out conditions will result in significantly more impervious area than indicated in Table 3.  Based on residential parcels 
that are larger than one-acre, and are currently less than 60 percent impervious, building out to 60 percent impervious would add ap-
proximately 938 impervious acres within the study area.  This is in addition to the 166 impervious acres on the parcels that are pres-
ently one-acre or less.  
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2.3.5 Future Conditions Runoff Volume 

The previous section describes the method used to evaluate the impact of future 
development on impervious area.  There is generally less pervious area post-development.  
This means that less of the rainfall infiltrates and instead eventually enters the storm drain 
system. 

The Butte County Improvement Standards specify that mitigation is required for increased 
peak flow, but do not address the increase in total runoff volume and shift in timing of the 
runoff that will occur in the future.  For example, detention basins can reduce the post-
development runoff peak value to the pre-development value, and so would commonly be 
included in a large development project.  Due to the increased impervious area, a greater 
volume of water will enter the detention basin than formerly ran off the undeveloped land.  
Eventually this additional water must be released from the detention basin.  After the storm 
peak, the storm drain system downstream from the detention basin will experience high flow 
for a longer period than it did before development. 

Increased durations of moderate flows can have long-term impacts on channels 
downstream.  For example, erosion rates can increase in some areas and cause increased 
sediment deposition in other areas.  Therefore, even future projects that include detention 
that matches, or reduces, peak discharges may contribute to a need for increased erosion 
control projects. 

Shifts in the timing of discharges that can occur with development projects and detention 
can be significant and should be evaluated for major projects because in some cases 
delaying releases can cause combined increases due to a change in how hydrographs 
become superimposed.  The hydraulic model routes and combines flow hydrographs and 
can be used to evaluate potential impacts at representative downstream locations during the 
detention basin design process. 

2.3.6 Time of Concentration 

Time of concentration is the time for runoff to travel from the hydraulically most distant point 
of each watershed to a concentration point.  Time of concentration was computed from two 
factors: the overland flow travel time and street or ditch flow time.  Runoff generally travels 
much more slowly over undeveloped land than it does along roadside drainage ditches or 
concrete. 

In small non-urban watersheds, much of the travel time results from overland flow in 
upstream areas.  Typically, urbanization reduces overland flow lengths by conveying storm 
runoff into a channel.  Because channel designs have efficient hydraulic characteristics, 
runoff flow velocities increase and travel time decreases. 

A key input to this calculation was derived using a digital terrain model of the area.  The 
model of elevation was transformed to a model of slope, and this dataset was queried to 
compute watershed-mean slopes.  This is essentially an estimate of the land surface slope 
that is typical for each watershed.  The values were adjusted by inspection of the 
topography.  Then, using Figure 3-1 in TR-55 (and included in Appendix C), this typical 
basin slope was used to estimate average velocity of runoff. 
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The overland flow travel time in minutes (Tt) was computed using the ratio of flow length (L) 
in feet to flow velocity (V) in feet per second: 

V
LTt 60

  

This travel time was considered as one component of the time of concentration.  Additional 
time was added to account for the time to reach shallow concentrated flow.  The objective of 
this process was to estimate reasonable times of concentration appropriate for the level of 
development and drainage characteristics of the tributary area.  The following algorithm was 
used for this computation: 

 For basins that have no impervious surface, 15 minutes were added to the 
overland flow travel time. 

 For the highly impervious basins, 55% or greater, 5 minutes were added to the 
overland flow travel time. 

 For intermediate impervious values, between 0% and 55%, a value between 15 
minutes and 5 minutes was added to the overland flow time based on linear 
interpolation. 

The time of concentration is dependent on the impervious area.  Therefore, two sets of 
times of concentration were developed: one for the existing conditions, another for the future 
conditions.   Exhibit 6 presents the times of concentration used for each watershed. 

2.3.7 Other TR-55 Method Parameters 

When evaluating flood flows, the water that accumulates and flows through channels is of 
the most interest; this is called direct runoff.  Abstraction refers to water that falls as 
precipitation but does not contribute to direct runoff.   Water may be abstracted in several 
ways, for example, by infiltration into the soil profile or interception by foliage.   

In the TR-55 method, abstraction is modeled in two components:  the loss that occurs at the 
start of a storm, called the initial abstraction, and the loss that is ongoing during the storm.  
The ongoing loss is modeled implicitly with the curve number.  For this study, all watersheds 
were assigned the same initial abstraction, a value equal to 0.2 S where S is defined above 
in terms of the curve number CN as described in Section 2.3.2. 

The “curvilinear SCS hydrograph” was used, with a shape factor of 484 to transform the 
effective rainfall distribution to a runoff hydrograph based on the time of concentration.  This 
is a standard method when no other calibrating information is available. 

2.4 RUNOFF CALCULATIONS 

Runoff calculations were performed using the computer program xpswmm (Version 10).  A 
hydrology node was created for each drainage area.  The drainage area, SCS curve 
number, time of concentration and impervious percentage were entered into the models for 
use with the program’s runoff module.  The study area was divided into three areas for 
modeling purposes.  For each of these three areas there is one model for present conditions 
and one model to calculate potential future flows to provide a basis for sizing facilities.   
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Tables in Appendix C list the model parameters by watershed and the Q10 and Q100 
discharges for each watershed for the present conditions and conditions based on future 
conditions hydrology.  The area covered by each of the models, along with watershed 
designations and concentration points, is illustrated on Exhibit 7.  Appendix C of this Update 
of the Thermalito Master Drainage Plans includes a CD-ROM with the computer models. 
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3.0 - Hydraulic Analysis

3.0 - Hydraulic Analysis
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3.0 HYDRAULIC ANALYSIS 
Hydraulic analysis in the context of this study includes the calculation of depths and 
velocities of discharges in key drainage features such as pipes, ditches and culverts.  The 
process used for this update involved taking the flows hydrographs calculated using the 
methods described in Section 2.0 and using computer models to simulate the function of the 
storm drainage system.  The xpswmm computer program performs unsteady-state flow 
routing calculations that provide flow rates and depths over the entire period of the 
simulation, as well as peak conditions.   Hydraulic analysis of the present storm drain 
system was used to identify present deficiencies based on present conditions hydrology.  
The future conditions hydraulic model provided a basis for determining appropriate 
recommendations for detention and conveyance capacity to correct these present 
deficiencies and accommodate future development. 

3.1 METHODS 

The computer program xpswmm was used to perform the hydrologic and hydraulic analysis 
for this master drainage plan.  This computer program contains three modules.  The three 
modules are runoff, hydraulics, and sanitary.  The sanitary module is not required for storm 
drainage system analysis. 

The runoff module was used to calculate runoff hydrographs at selected nodes in the 
system based using the parameters described in Section 2.0 of this report.  The results from 
the runoff model are stored in an output file for use in the hydraulics module. 

The hydraulic model includes the physical definition of the storm drainage system.  Nodes 
are used to define inlets, storage areas (including detention basins), and junctions.  Links 
are used to define pipes, roadside swales, ditches, natural channels, and roadway culverts.  
The hydraulic model routes the runoff hydrographs through the drainage system using 
continuity and energy equation principles.  Hydraulic energy losses are calculated using 
Manning’s equation plus minor loss terms, where appropriate.  The output from the hydraulic 
model includes stage hydrographs at the nodes and flow hydrographs through the links.  
The results from the hydraulics model are stored for review and are used as the basis to 
evaluate system adequacy. 

3.2 PRESENT SYSTEM SCHEMATIC AND MODEL DEVELOPMENT 

3.2.1 Schematic Diagram 

The schematic diagram of the present system provided on Exhibit 8 shows the modeled 
portion of streams, trunk lines, and watersheds.  The 8-digit codes assigned to the model 
links shown on the schematic correspond the computer model designation.  Present 
conditions Q10 and Q100 are shown at key locations.  Appendix C includes the parameters 
used to define the physical system in the computer model and both present and future 
hydrology flows. 

3.2.2 Model Development 

Model development consisted of defining the drainage system adequately enough to 
simulate present system performance and develop concepts for potential improvements.  
First, the existing system of ditches, pipes, detention basins, and streams was modeled.   
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After analysis showed that the capacity of certain of these facilities would be exceeded, 
additional storage and conveyance to simulate locations of natural depressions and existing 
overland release paths were added to provide a reasonable simulation.   

Manning’s n-values for ditches, natural streams, and other channels were determined from 
site observations. Slopes were determined using the digital terrain model, adjusted by 
inspecting topography and aerial photographs.  Manning’s n-values for culverts and pipes 
were determined based on field observations or record drawing information to determine the 
type of pipe. 

Surface conveyance and storage outside of the primary storm drainage features were 
modeled to reflect present conditions using available information.  The paths defined for 
overland flow conveyed the flows necessary to keep all flows in the modeled system.  
Without overland conveyance and storage, the nodes would surcharge in the model and 
flow from the system could be lost or may not be simulated realistically. 

Because detailed elevation data was not available, invert and crown elevations at nearly all 
locations were estimated by inspection of the digital terrain model.  This included data with 
approximately 2-foot vertical accuracy.  Some bridges and culverts were located more 
accurately because their positions and elevations were found on construction drawings.  
Elevations and sections for the main channel of Ruddy Creek were available from FEMA 
and these sections were incorporated into the model.  Some parameters in the model were 
estimated by correlating available topographic data with aerial photography.  The elevations 
and slope of each conduit in the model was reviewed individually, and many model 
configurations were defined to be consistent with field observations. 

3.3 DESCRIPTIONS OF MODELED SYSTEMS 

The following information describes the drainage systems by the major watersheds used in 
this update, with the areas illustrated on Exhibit 9.  The alpha-numeric code in parenthesis 
following the names of the system links to the location in Appendix A that contains details of 
the drainage deficiencies identified in each area and descriptions of potential projects.  

East Branch, Ruddy Creek (A-6).  This basin straddles Highway 70 at Nelson Avenue, 
extending from 2nd Street west to its confluence with the mainstem Ruddy Creek near 12th 
Street.  Less than half of this 501-acre basin has low-density residential and commercial 
development.  The remainder is presently used for agriculture, but this may change with 
pending-approval residential development.  A small area near the intersection of Plumas 
Avenue and Grand Avenue is also in this basin, where existing storm water facilities direct 
some runoff to the ravine below the Hammon Park Basin. 

West Branch, Ruddy Creek (A-5).  This 312-acre basin generally west of 16th Street and 
Plumas Avenue is presently agricultural land, but this will change with construction of an 
approved residential development. 

Leta Lane Fork, Ruddy Creek (A-2).  This basin is generally located north of Grand 
Avenue between 16th Street and 20th Street.  Drainage from this 111-acre basin joins Ruddy 
Creek south of Grand Avenue. The basin has higher-density residential development at the 
lower (southeastern) end, where a series of pipes convey water in the place of a 
predevelopment ravine. 
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14th Street Fork, Ruddy Creek (A-3).  This basin is generally located north of Oro Dam 
Boulevard between 10th Street and 14th Street.  Drainage from this 206-acre basin joins 
Ruddy Creek just west of 14th Street, south of Oro Dam Boulevard.  The basin has lower-
density residential development at its lower end, and higher density development at its 
upper end. 

Fresno Avenue Fork, Ruddy Creek (A-4).  This basin is generally west of 18th Street and 
mainly south of Grand Avenue.  Drainage from this 420-acre basin joins the other forks of 
Ruddy Creek south of Fresno Avenue near 18th Street.  The basin has newer high-density 
residential development. 

Ruddy Creek, Mainstem (A-7).  This is the main fork of Ruddy Creek, which extends from 
the below the Forebay embankment to south of Oro Dam Boulevard.  Water follows an 
incised channel accumulating runoff from approximately 767 acres of mainly agricultural and 
low-density residential land in addition to other tributary areas.  The Fresno Avenue Fork 
and 14th Street Fork join this main fork south of Oro Dam Boulevard. 

East Creek (A-9).  This basin is mainly south of Grand Avenue, between 10th Street and the 
Feather River and is 371 acres in area.  The upper or northern half of the basin consists of 
low-density residential lots.  5th Street is included in this basin, although part of this street 
drains eastward to the ravine below the Hammon Park basin.  The lower half of the basin 
has low density residential mixed with agricultural land.  In the lower half, runoff follows an 
incised channel until it is diverted southeast toward the Feather River along the base of an 
abandoned railroad grade.  The 1980 Master Drainage Plan named this area the East 
Basin. 

Hammon Park Basin (A-12).  The 297-acre area generally northeast of the corner of 2nd 
Street and Grand Avenue to the ridge above the Power Canal comprises this basin.  Some 
undeveloped parcels are here surrounded by mixed-density residential development.  The 
prior drainage study named this Basin Number 1. 

Deer Creek (A-13).  This creek, unnamed on USGS maps, collects runoff from Deer Creek 
Estates subdivision.  The creek descends a ravine and discharges to the Feather River 
upstream of the hatchery fish barrier dam.  Upstream, its 82 acres of rolling hills consist of 
medium density residential development and open land pending approval for residential 
development.  The prior drainage study named this Basin Number 11. 

Middlehoff Basin (A-10).  This basin straddles the southern portion of Middlehoff Lane 
north of Oro Dam Boulevard.  Runoff from this 97-acre area collects to a creek at the bottom 
of a weedy ravine, then enters a gravel tailings area south of Oro Dam Boulevard.  In the 
prior drainage study, part of this area was called Southeast Basin. 

Upper Hatchery Basin (A-11).  This 55-acre basin straddles Grand Avenue generally 
southwest of Table Mountain Boulevard, above the Feather River Fish Hatchery.  It consists 
of medium and high density residential development.  In the prior drainage study, this area 
was referred to as Basin Number 6, Basin Number 7, and Basin Number 8. 

Lower Ruddy Creek (A-8).  This 258-acre basin consists mainly of undeveloped and 
agricultural land.  Runoff from all forks of Ruddy Creek combines here.  Future land 
development in this area must consider that there is an area of over 2,500 acres upstream 
contributing runoff.  This basin was not part of the prior drainage study. 
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Basins A, B, C, D.  These small basins are located along the edges of the study area.  The 
57-acrea agricultural Basin A is north of the airport.  Basin B is the 9 acres south of the 
intersection of Grand Avenue and Wildflower Terrace.  Basin C covers 8 acres along Table 
Mountain Boulevard as it descends south from Grand Avenue toward the Feather River 
bridge.  Basin D drains 20 acres surrounding the portion of Table Mountain Boulevard 
directly south of the Power Canal.  In the prior drainage study, Basins A and D were not 
analyzed, and Basins B and C were named Basin Number 5 and Basin Number 10, 
respectively. 

3.4 IDENTIFICATION OF PRESENT DEFICIENCIES 

The master drainage plan update process included an evaluation of present conditions that 
used model results, field observations and reported problems to identify deficiencies that 
would require improvements to obtain a satisfactory level of performance and protection of 
structures.  Those areas that were found to not meet current Improvement Standards for 
drainage based on present conditions were identified as requiring improvements.  The 
locations of these deficiencies are shown on Exhibit 9 and described in Appendix A.  The 
identifiers on Exhibit 9 refer to the section within Appendix A that describes the deficiency 
and potential projects to alleviate the identified problems. 

3.5 POTENTIAL MEASURES TO CORRECT DEFICIENCIES 

This update evaluates potential projects to correct present deficiencies that consider the 
cumulative development that has occurred, and drainage improvements that have been 
constructed, since the original Master Drainage Plans.  In some cases, alternative projects 
were evaluated to develop recommended measures to correct present deficiencies and 
accommodate future flows, if necessary.  The recommended projects were sized to 
accommodate future flows by adding detention and/or conveyance to balance the rate and 
volume of future flows with existing or recommended system capacity.  The preliminary 
locations for the recommended projects are illustrated on Exhibit 10.  Future flows were 
calculated based on the impervious area on all lots less than one-acre increasing to 60 
percent.  It is expected that detention would be included on larger developments to replace 
the measures proposed in the original Master Plans to convey increased discharge rates 
from the large lots. 

Concept level locations where improvements are recommended are illustrated on Exhibit 9.  
In some cases, the recommended corrective measures are not located at the targeted 
deficiency because detention upstream from the deficiency is proposed to reduce peak 
discharges to within the capacity of the conveyance where the deficiency had been noted.  
In any case, the exact location and configuration of the proposed improvements would need 
to be determined as part of a preliminary and detailed design process.  

Information regarding specific measures to correct deficiencies is presented in Appendix A 
and Appendix B.  

 Appendix A summarizes the identified deficiencies and describes potential measures to 
correct present deficiencies and to meet future drainage system needs.  The 
descriptions are listed by major watershed.  Exhibit 9 can be used as a key to find 
information within Appendix A.  

 Appendix B provides a preliminary, planning-level opinions of probable cost for 
construction of each of the potential construction projects described in Appendix A. 
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The projects have been grouped together into sets based on proximity and relationship 
within the drainage system to present organized sets of potential capital improvement 
projects.  However, numerous options could be available for sequencing implementation.  In 
some cases upstream detention improvements should be implemented before downstream 
conveyance projects to avoid potential interim negative impacts. 

This update is only an overview examination of drainage in the region.  The recommended 
measures have been presented were developed with preliminary planning-level engineering 
analysis only.  Locations shown for particular features, such as pipes and detention basins 
consider only the need to convey flood flows in a manner that brings the area into 
compliance with the Improvement Standards.  Alternative sites and configurations may be 
available for some improvements.  

3.6 ONSITE DETENTION CONSIDERATIONS 

Increased runoff from some locations of potential future development may not increase peak 
discharges in significant parts of the study area due to the timing of flows.  In these locations 
large lot detention may not need to be required, and could potentially cause increased peak 
discharges.  The specific areas where detention for peak flow control may not benefit the 
regional system would be in the lower end of the drainage basin and include: lands south of 
Oro Dam Boulevard; areas around Middlehoff Lane; and lands adjacent to Ruddy Creek 
south of Tehama Avenue.  The potential impacts of proposed large lot developments within 
this specific area (illustrated on Exhibit 5) should be evaluated on a case-by-case basis to 
determine if the area-wide system would be better served by either providing local 
conveyance improvements between the proposed development and a location that can 
accommodate cumulative flows, or contributing to regional detention upstream. 
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4.0 CAPITAL IMPROVEMENTS 
This master drainage plan update identifies projects that correct present deficiencies and 
accommodate build-out flows based on potential increases in runoff that could result from 
increasing the impervious area on small lots to 60 percent coverage.  Lots that are one acre 
or larger would be required to include detention designed to limit discharges to current 
levels.  The design of onsite detention basins for regional mitigation can and should be 
developed, or at least tested, using the regional system model.  The recommended projects 
described herein and the use of detention on larger lots substitutes for the projects included 
in the original master plans.  Due to the vastly different approach to drainage planning taken 
by this Update compared to the original Master Plans and current stormwater regulations, 
projects and costs presented in original Master Plans are not comparable to those 
presented in this Update.  The recommended projects in this Update and the funding 
program described in a separate report form the basis for a capital improvement program. 

Even though new development on parcels larger than one acre will include measures to 
mitigate for impacts to the receiving storm drainage systems, some impacts to the drainage 
system, though difficult to quantify, will still occur.  Uncertainties related to the function of 
detention basins, and other measures that may be used to mitigate for impacts from new 
development, make it impractical to quantify the residual impact on the storm drainage 
system from new development that includes some self-mitigating features.  The 
uncertainties related to the function of onsite stormwater mitigation measures are associated 
with: 

1. The long-term maintenance of the onsite mitigation measures.  (There is no 
guarantee that the systems will be maintained so that they will function as 
designed during every major storm event.) 

2. The timing of flows through the system and how this will be impacted by new 
development and the mitigation measures that will be incorporated into design.  
(It is anticipated that the proposed project will be tested using the standard 
design storms included in this Update to evaluate potential impacts.  
Demonstrating mitigated impacts for these hypothetical events does not mean 
that full mitigation is achieved for all events.) 

3. The effectiveness of various methods that may be proposed by, and approved 
for, new developments to meet current and future stormwater design criteria and 
regulations.  (For example, use of Low Impact Development (LID) measures to 
reduce runoff toward a project’s detention basin may be accepted as part of a 
proposed project’s mitigation plan, but the true effectiveness of the LID measures 
can be highly variable and difficult to quantify.) 

Uncertainty is typically factored into storm drainage system design by including freeboard 
along channels and in detention basins.  Sometimes, other appropriate, but conservative, 
parameters, such as high roughness values or pipeline hydraulic grade constraints are used 
in design to address hydrologic uncertainties.  By factoring uncertainty into design, storm 
drainage system improvements should be able to accommodate runoff from new 
developments that may have some impacts on discharges, even though the developments 
would be designed to greatly limit potential impacts. 
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Therefore, it is reasonable to link some of the master planned storm drainage system 
capacity, and therefore cost, to potential impacts of new development associated with the 
uncertainty of the effectiveness of mitigation measures that may be incorporated into these 
projects.  Furthermore, even with the inclusion of detention and/or low impact development 
techniques, the duration of discharges during some storm events could increase the 
potential for erosion and the duration of flooding when system capacity is exceeded.  These 
factors provide a reasonable, albeit difficult to quantify, justification for requiring all new 
development projects to contribute to the costs of the projects necessary to both correct 
present deficiencies and accommodate future new development.   

Once implemented, the projects presented in this Update will provide some capacity, 
generally in the form of freeboard, above that necessary to convey design flows.  This 
freeboard capacity can be considered as part of the mitigation for some of the uncertainty 
related to the effectiveness of onsite mitigation systems.  Additionally, the proposed storm 
drainage system projects include measures to control erosion that can provide mitigation for 
increased duration of discharges that can result from projects with on-site peak detention for 
peak discharge mitigation. 

The hydrologic analysis performed for this update assumes that existing parcels that are 
one acre or less build-out to 60 percent impervious and that onsite detention will not be used 
to mitigate for the potential impacts of this increase in impervious area.  Considering that 
there are presently approximately 760 impervious acres within the parcels in the study area 
(this does not include public roadway right-of-way) and that the Update approach recognizes 
a potential for 166 acres of additional impervious area on parcels that are 1 acre or smaller, 
it may be reasonable to assign a cost share of 166/(760+166)=0.18 to new development on 
parcels that are one acre or smaller.  Based on this analysis, it would appear to be 
reasonable to have new development that increases impervious area on parcels that are 
one acre and smaller pay for 18 percent of the costs to correct present deficiencies and 
accommodate future development. 

The current land use plans are consistent with approximately 938 impervious acres being 
added to existing parcels that are greater than one acre.  Generally, projects on these larger 
parcels will be required to include onsite detention and/or other measures, determined to be 
appropriate based on site-specific considerations, to mitigate for stormwater impacts.  This 
Update concludes that 20 percent of the costs of the measures to correct present 
deficiencies and accommodate future development can be associated with the potential 
impacts of future development on parcels larger than one acre due to uncertainty related to 
mitigation measure performance and flow duration. Current engineering principles of 
hydromodification support the assumption that development of parcels one acre or larger 
with on site detention will not totally mitigate the downstream affects of longer duration 
flows.  The conclusion that 20 percent is a reasonable share attributable to developments 
that are required to include detention or other appropriate mitigation measures is 
appropriately based on engineering judgment supported by typical estimates of hydrologic 
uncertainties and typical fractions of total capacity within system freeboard. 

4.1 PROJECT SETS 

Potential projects to correct present deficiencies and accommodate future flows are 
described in Appendix A.   The deficiencies and potential projects are listed in sections 
corresponding to major watershed areas and can be referenced from Exhibit 9.  Some of the 
potential projects listed in Appendix A are not included in the recommendations because 
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preferred alternatives were identified.  The measures recommended by this master drainage 
plan update were divided into six groupings of improvements.  Five of the six sets of 
improvements were compiled based on the area served and interrelationships between the 
components as described in the following section.  The sixth set of recommended 
improvements includes miscellaneous independent measures that have been grouped 
together to simplify presentation.  The general preliminary locations of the master plan 
update projects are illustrated on Exhibit 10.  Table 4 lists each project, the construction 
subtotal, and total project cost.  The bases for the master plan level opinions of probable 
costs are provided in Appendix B. 

There is considerable flexibility in the implementation of the recommended projects.  The 
components of each project set can generally be constructed in phases as funding and 
development conditions permit.  The primary constraint would be to verify that projects 
proceed from downstream to upstream wherever there may be a potential for the upstream 
project to increase downstream peak discharges.  Additionally, the projects included in this 
report are preliminary and have been configured without benefit of accurate topographic 
mapping.  Design level investigations for specific projects may reveal opportunities and 
constraints that were not identified in this update.  The system computer model created as 
part of this investigation can be used to evaluate design options and can be updated to 
include new systems as these are constructed, thereby allowing this update to function as a 
living document. 

Table 4. Summary of Project Costs 

Construction Only Right-of-way Engineering Environmental Contingency Administration Total 
Project 

Set Project Cost Cost 25% Project 20% Project 
20% Project & 

ROW 
10% Project & 

ROW Project Cost 
A  $             892,400  $      912,200  $      223,100  $      178,600  $    360,900  $       180,500  $   2,747,700 
B  $             490,800  $      322,300  $      122,700  $        98,200  $    162,600  $         81,300  $   1,277,900 
C  $             309,600  $      264,300  $        77,400  $        61,900  $    114,700  $         57,400  $      885,300 
D  $             100,900  $      333,000  $        25,400  $        20,300  $      86,900  $         43,400  $      609,900 
E  $             269,300  $      191,300  $        67,400  $        53,800  $      92,100  $         46,100  $      720,000 
F  $             659,400  $      124,000  $      165,000  $      131,900  $    156,700  $         78,400  $   1,315,400 
Total  $          2,722,400  $   2,147,100  $      681,000  $      544,700  $    973,900  $       487,100  $   7,556,200 

4.2 SUMMARY OF THE SETS OF CAPITAL IMPROVEMENT PROJECTS 

4.2.1 Project Set A, East Creek Improvements 

Project Set A includes a 1.5 acre-foot detention basin south of Grand Avenue and north of 
Colusa Avenue.  This basin would receive runoff from most of the area of East Creek that is 
north of Grand Avenue.  This includes runoff from the area north of Grand Avenue, which 
would be diverted to this basin by way of a new pipe system installed under Grand Avenue. 
Another major feature of this project set is a system of ditches and a drainage swale that 
would direct runoff from the eastern side of the East Creek basin directly to the Feather 
River at the end of 5th Street.  Channel capacity will also be increased throughout the East 
Creek basin as part of this project set. 

4.2.2 Project Set B, Hammon Park Basin Improvements 

Project Set B includes increasing conveyance in the channel between Fogg Avenue and 
Hammon Park, providing inlets for the northern half of Fogg Avenue, and adding detention 
in the Hammon Park basin.  Detention will be provided in two basins, a small 0.1 acre-foot 
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basin proximate to the development north of Mono Avenue, and a 2.0 acre-foot basin near 
Hammon Park.  This project set also includes adding inlets at the corner of Table Mountain 
Boulevard and Grand Avenue along with the necessary laterals and manholes to connect to 
the existing 48” line in Grand Avenue. 

4.2.3 Project Set C, Leta Lane Fork Improvements 

Project Set C includes construction of a 1 acre-foot detention basin and a pipe system in the 
identified area along Cooley’s Way, Leta Lane and 16th Street.  This project also includes 
additional conveyance along Tehama Avenue, and additional conveyance along the channel 
downstream of Tehama Avenue. 

4.2.4 Project Set D, 14th Street Fork Improvements 

Project Set D includes diverting runoff from the Ruddy Creek basin into other basins, or 
adding additional detention in the upstream portion of this watershed.  Conveyance for 
channels in this area will also need to be increased to provide adequate capacity for the 
100-year event flows.  The separate components of this project would essentially relieve the 
overburdened drainage system along southern 12th Street. 

4.2.5 Project Set E, East Branch Ruddy Creek Improvements 

Project Set E includes constructing a detention basin located east of 6th Street that would 
reduce peak flows west of 6th Street.  This detention basin would also accommodate 
increased inflow directed into it from two poorly draining areas (5th Street and Plumas 
Avenue, and 4th Street and Nelson Avenue).  This project set also includes constructing 
roadside ditches along 6th Street with an approximate 500-foot long grassy swale to convey 
the runoff to the existing channel.  A final component to this project is the construction of 
approximately 450 linear feet of 24-inch storm drain line along Nelson Avenue to convey 
excess runoff in the 100-year event. 

4.2.6 Project Set F, Independent Improvements 

Project Set F includes independent improvements to various drainage systems in Thermalito 
to provide adequate capacity for the master planned flows. 

Projects in the Fresno Avenue Fork include improvements to the culvert under 18th Street 
near the intersection of 18th Street and Oro Dam Blvd, and increasing conveyance in 
channels north and east of the intersection of Grand Avenue and 21st Street.  The project 
located in the West Branch of Ruddy Creek watershed proposes to raise 16th Street slightly 
when to meet the current design standard for no roadway overtopping in the 100-year event.  
The Ruddy Creek mainstream watershed project includes installing roadside ditches and 
driveway culverts near 12th Street and Tehama Avenue to convey runoff to the main channel 
of Ruddy Creek.  The project for the Lower Area of Ruddy Creek will provide channel 
stabilization measures.  The Middlehoff basin project will increase culvert conveyance where 
the main channel crosses Oro Dam Boulevard.  Projects located in the Upper Hatchery 
basin include adding inlets to the existing storm drain.  Projects in the Deer Creek drainage 
area projects include increasing conveyance capacity and channel stabilization near the 
system’s outlet.  Deer Creek area projects also include replacing 12-inch pipes with larger 
pipes to meet current design standards. 
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4.3 FUNDING SOURCES 

A separate accompanying report will address issues related to project funding.  The follow-
ing information may be used in the funding analyses. 
 
As summarized in Table 4, the total cost of the recommended improvements is approxi-
mately $7.56 million.  Of this, 18 percent, or $1.36 million, is associated with capacity to ac-
commodate increased runoff from development on parcels that are presently one acre and 
smaller.  Twenty percent, or $1.51 million, is associated with capacity to accommodate flows 
from developments on larger parcels, in additional to on-site mitigation measures, to ad-
dress capacity necessary to address uncertainty in project impacts.  The balance, 62 per-
cent, or $4.68 million is attributable to the capacity necessary to correct present deficiencies. 
 
As indicated in Section 2.3.4, this plan is based on future condition runoff from 166 more 
acres of impervious area on parcels that are one acre and smaller than exist in the present 
condition.  Therefore, $1.36 million of project costs can be associated with these 166 acres.  
Of the 166 acres, 155 acres are zoned for residential development, and 11 acres are zoned 
for other uses.  Build out on parcels that are presently larger that one acre could add an-
other 938 acres of impervious area.  Therefore, $1.51 million of project costs can be associ-
ated with these 938 acres.  Of the 938 acres, 741 acres are zoned for residential develop-
ment and 197 acres are zoned for other uses.   
 
The number of units per acre of development has been estimated based on densities of 20 
units per acre on Residential High Density, 13 units per acre on Residential Medium Den-
sity, 6 units per acre on Residential Low Density, 1 unit per acre on Residential Very Low 
Density zone areas.  For example, 15.1 acres of added impervious area on Residential High 
Density zoned area would require 15.1/0.60=25.2 acres of Residential High Density at 60 
percent imperviousness.  Therefore, 25.2 acres at 20 units per acre corresponds to 504 
units.  The numbers of units are summarized in Table 5. 
 
Table 5.  Added Impervious Area by Land Use 

 Parcels One Acre or Less Parcels Larger than One Acre 
Land Use Added Impervi-

ous area (ac.) 
Number 
of Units 

Added Impervi-
ous area (ac.) 

Number 
of Units 

Residential High Density 15.1 504 42.8 1427 
Residential Low Density 0.3 2 27.3 273 
Residential Medium Density 138.1 2992 653.3 14155 
Residential Very Low Density 1.7 2 17.2 28 
Airport Business Park 6.0  128.0  
Environmental Cons./Safety 1.8  27.7  
Retail Business and Services 2.0  4.2  
Unclassified 1.2  27.7  
Public 0.0  9.7  
Total 166 3500 938 15883 
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Appendix A 
Summary of Findings and Recommendations 
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A-1 Overview 

A-1.1 DESCRIPTION OF SUMMARY SECTIONS 

Appendix A summarizes the evaluation of drainage system needs for the twelve basins.  The 
basins and the locations of identified deficiencies are shown on Exhibit 9 in the main report.  Each 
basin is described in a separate section, with the basin under discussion highlighted in white on a 
map that shows pipes, culverts, bridges, and natural channels.  Crosshatched areas marked with 
capital letter labels on the maps denote areas with present deficiencies.  The locations shown are 
approximateand are indicated to aid the reader in understanding the corresponding 
recommendation. 

Areas with present deficiencies are described in the text.  The description consists of four 
columns: the letter key from the map, a description of the deficiency, a recommended solution for 
the deficiency, and the total project cost to solve the deficiency.  Appendix B contains the details 
for each cost associated with a recommended solution, with the superscripted number after the 
cost linking the value to Appendix B.   

Recommendations were developed with the expectation that future development in areas 
presently zoned Agricultural-Residential larger than one acre in size would either provide onsite 
detention of stormwater, or would provide other mitigation measures so that the present 10-year 
and 100-year downstream flood conditions are not made worse.  The recommended solutions are 
not intended to be definitive projects ready for construction because sufficient information was not 
available to evaluate projects beyond a conceptual master planning level of detail.  In some 
cases, particularly related to proposed detention basins, there are multiple options for the specific 
location for an improvement.  The master drainage plan update provides guidance to determine 
what general projects are necessary to meet specific objectives.  This update includes planning 
level costs and provides computer-modeling tools that can be used in the design process.  As 
improvements are more fully developed and then implemented, the models can then be readily 
updated to form a basis for subsequent analyses. 

A representative selection of photographs accompanies each drainage basin description.  Many 
of the photograph captions include additional information about drainage problems observed in 
the area.   

The major drainage basins have the following abbreviations: 

LL Ruddy Creek, Leta Lane Fork LA Ruddy Creek, Lower Area 
FS Ruddy Creek, 14th Street Fork EC East Creek 
FA Ruddy Creek, Fresno Avenue Fork MI Middlehoff Basin 
WB Ruddy Creek, West Branch UH Upper Hatchery Basin 
EB Ruddy Creek, East Branch HP Hammon Park Basin 
RC Ruddy Creek (mainstem) DC Deer Creek 



A-2 to A-4

A-2 to A-4



   

Update of the Thermalito Master Drainage Plans A-4 May 2007 
Butte County and City of Oroville   

A-2 Ruddy Creek, Leta Lane Fork 
This drainage area is located north of Grand Avenue between 16th Street and 20th Street.  Pipes 
drain a residential development at the downstream end of the basin, with channels conveying flow 
in the middle of the basin.  Other areas of the basin have no defined flow path for the 100-year 
event that would avoid flooding structures or streets. 

 
A Excessive street flooding may occur 

on Park Way (north of Tehama Ave-
nue between 16th Street and 18th 
Street) during a 100-year event.  Some 
structures along Tehama Avenue and 
Leta Lane may be at risk of flooding in 
a 100-year event. 

Either: 
(a) Enlarge underground detention 

facility in the subdivision north of 
Tehama Avenue to reduce down-
stream peak discharges.  Ap-
proximately 0.15 ac-ft of additional 
detention would be required, or 

(b) Install 36-inch pipe under Tehama 
Avenue between 16th Street and 
18th Street, and a vegetated chan-
nel to provide a flow path south to 
the creek. 

 
$201,3001 

 
 
 
 
 
$60,9002 

B 36-inch culvert under Grand Avenue 
east of 16th Street has insufficient ca-
pacity for the 100-year event placing 
structures immediately upstream at 
risk of flooding.  The 24-inch storm 
drain system under 16th Street is too 
small.  Flooding may occur across 16th 
Street and possibly along lots immedi-
ately upstream. 

Add an approximately 1 acre-foot de-
tention basin upstream from 16th Street 
to reduce peak flow entering this area.  
This detention basin could be located 
generally south and east of Cooley’s 
Way (upstream of pipe network run-
ning from Leta Lane to 16th Street).  
This proposed project would include 
replacing approximately 90’ of 30-inch 
CMP pipe under 16th with a 36-inch 
RCP pipe.  The proposed upstream 
detention would reduce peak flow to 
the capacity of the 36-inch culvert. 

$363,5003 

C Pipe system from Leta Lane to 16th 
Street is inadequate. 

Either: 
(a)   Replace pipe with new 36-inch 

storm drain, or 
(b)   Implement the detention basin 

recommended in part B to reduce 
flows to capacity of the existing 
facility. 

 
$57,2004 

 
$0, addi-
tional to B 

D Flow from the 100-year event will ex-
ceed capacity of culvert under 18th 
Street and ditch downstream along 
Cooley’s Way. 

Install 36-inch storm drain pipe system 
under 18th street and under Cooley’s 
Way routed to detention basin de-
scribed in part B. 

$284,2005 

E Stream flow in the ditch exceeds cur-
rent capacity in the 100-year event and 
water levels can threaten structures. 

Clear debris in channel and increase 
capacity in channel to handle the 100-
year event. 

$176,7006 

 
Note: The superscripted number after the cost links the value to the table in Appendix B. 
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 Ruddy Creek, Leta Lane Fork (A-2) 

Update of the Thermalito Master Drainage Plans A-6 May 2007 
Butte County and City of Oroville  

 

 
Figure A1. Outlet of culvert under 16th Street, looking west.   

Culvert is end of 24-inch pipe system that originates west of Leta Lane.  

 

 
Figure A2. Looking southeast from culvert under 16th Street toward Grand Avenue. 
Inlet to culvert under Grand Avenue is visible in center background.  This culvert restricts outflow 
from this swale.  



 Ruddy Creek, Leta Lane Fork (A-2) 
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Butte County and City of Oroville  

 
Figure A3. Looking southeast, along ditch under 18th Street toward Cooley's Way. 

Runoff from the 100-year event continues this direction and threatens these structures and road-
way. 

 
Figure A4. Looking west up Cooley's Way from east end 

Ditch conveys runoff from west of 18th Street. 
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A-3 Ruddy Creek, 14th Street Fork 
This drainage area is north of Oro Dam Boulevard, in the central portion of Thermalito between 
10th Street and 14th Street.  The drainage system analysis indicated that some flooding along 
channels during the 100-year event.  It appears that it would be feasible to divert a portion of the 
runoff from headwater area of this drainage area into the East Creek basin to the east where 
there is an existing channel to the Feather River with available capacity. 

 



 Ruddy Creek, 14th Street Fork (A-3) 

Update of the Thermalito Master Drainage Plans A-9 May 2007 
Butte County and City of Oroville  

Note: The superscripted number after the cost links the value to the table in Appendix B. 

A Under construction detention facility at 
Tonriha Subdivision, southwest of 10th 
Street and Feather Avenue, is adequate 
for onsite runoff but too small when up-
stream inflows are included.                                   
 
Flow exceeds capacity of roadside 
ditches south of Feather Avenue along 
10th Street. 

Either: 
(a) Provide approximately 0.10 acre-foot 

of additional detention capacity under 
or just east of 10th Street to receive 
flows from diches along 10th Street, or 

(b) Convey flow that reaches the vicinity 
of the intersection of Feather Avenue 
and 10th Street to the existing ditch 
that originates near this intersection 
and drains the East Creek Basin.  Re-
place plugged 24 -inch CMP with a 24-
inch RCP under 10th Street.Some mi-
nor grading of the downstream chan-
nel downstream may be required but 
no significant adverse impact of this 
approach has been identified. 

 
$187,0007 

 
 
 
$34,8008 

B Drainage facilities at intersection of 12th 
Street and Biggs Avenue lack adequate 
capacity, and intersection will likely be 
inundated during the 100-year event. 

Either: 
(a) Provide 0.5 acre-foot of additional de-

tention capacity in the area east of in-
tersection, or 

(b) Divert runoff from proposed develop-
ment area east of this intersection to 
the south into the creek in Middlehoff 
Basin.  These improvements could be 
incorporated into development east of 
12th Street.  The master plan project 
for which planning level costs have 
been developed includes vegetated 
channel improvements. 

 
$197,6009 
 
 
$152,80010 

C The 100-year flow west of 12th Street will 
exceed capacity of the relatively small 
channel and may flood nearby structures. 

Either: 
(a) Increase channel capacity, or 
(b) Reduce flow by following measures 

recommended under item A, above. 

 
$179,90011 

$0 addt’l 
 

D The 100-year flow will overtop culvert at 
Biggs Avenue.  Land-owner improve-
ments lack flow capacity; structures up-
stream and downstream are at risk. 

Either: 
(a) Significantly widen and deepen private 

channels in this area to accommodate 
100-year flow; lower invert of culverts 
under Biggs Avenue, or 

(b) Construct approximately 0.25 ac-ft de-
tention basin upstream. 

 
$51,50012 

 
 
 
$111,00013 

E Overland flow through poorly-defined 
channel between lots east of 12th Street 
threatens structures. 

Obtain drainage easement and construct a 
600-foot long grassy swale toward 12th 
Street.  Typical channel section to be de-
termined at time of detailed design. 

$91,70014 

F Insufficient channel capacity. Expand channel in area to convey the 100-
year flow, typical channel section to be 
determined at time of detailed design. 

$81,80015 

G The 100-year flow likely over tops chan-
nel in area 

Expand Channel in area to convey the 
100-year flow, typical channel section to 
be determined at time of detailed design. 

$137,80016 
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 Ruddy Creek, 14th Street Fork (A-3) 
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Butte County and City of Oroville  

 

 
Figure A5. Looking west toward Tonriha subdivision, 10th Street 

This culvert inlet may experience backwater from the downstream detention pipe system. 

 
Figure A6. Looking west, Biggs Ave between 12th Street and 14th Street 

Landowner’s channel improvements extend upstream (north), to the right of the photo.  

 
 



 Ruddy Creek, 14th Street Fork (A-3) 

Update of the Thermalito Master Drainage Plans A-12 May 2007 
Butte County and City of Oroville  

 
Figure A7. Looking south, downstream of 1312 Biggs Avenue bridge 

 
Figure A8. 12th Street south of Feather Avenue, looking south 

 
Figure A9. 12th Street south of Feather Avenue, looking west. 

Flow is estimated to spread several feet above the channel bottom in this area. 



 Ruddy Creek, 14th Street Fork (A-3) 

Update of the Thermalito Master Drainage Plans A-13 May 2007 
Butte County and City of Oroville  

 
Figure A10. Looking southeast at culvert inlet, 12th Street and Biggs Avenue 

The 100-year flow would likely overtop the road here due to channel conditions downstream. 
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A-4 Ruddy Creek, Fresno Avenue Fork 
This fork of Ruddy Creek drains the area west of 18th Street on the southwest side of Thermalito.  
Present detention may not be sufficiently large enough to mitigate the 100-year flow to the pre-
development level. 

A Biggs Avenue may be overtopping during the 
100-year event.  

Detailed analysis of this location could 
be performed as part of future projects 
in this area and, if necessary, some 
moderate amount of additional deten-
tion could be incorporated into project 
improvements to keep design flows 
within system capacity. 
 

 

B There is apparently chronic debris buildup on 
upstream side of the creek culvert at 18th 
Street north of Oro Dam Boulevard; 18th 
Street could be inundated. 

The two existing 24” culverts under 
18th Street north of Oro Dam Blvd. 
need to be replaced with twin 42” di-
ameter culverts. 

$70,70017 

C Some culverts under Grand Avenue are 
blocked with debris.  Structures northeast of 
20th Street and Grand Avenue may be at risk 
of flooding. 
 

Add end walls and channel transitions. $20,30018 

D Channel flows spread out rapidly in this area 
and may impact structures in the 100-year 
event. 

Increase channel conveyance. $143,90019 

 
Note: The superscripted number after the cost links the value to the table in Appendix B. 
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Figure A11. Looking northwest, at culvert inlet west of 18th Street 

 
Figure A12. Looking south from south end of Calle Vista Drive



A-5 to A-7

A-5 to A-7
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A-5 Ruddy Creek, West Branch  
The West Branch of Ruddy Creek is west of 16th Street and north of Tehama Avenue.  It is largely 
undeveloped, but a residential development has been approved for the lower (eastern) half of the 
basin.  Present conditions include significant storage of water during the 100-year event in this 
area.   

A Predevelopment flooding is significant to 
overall system function.  (This is not a present 
deficiency.  It is an issue that needs to be 
considered as part of development of this 
area.) 
 

Development in this area should in-
clude on-site detention to mitigate for 
areas of fill that could impact off-site 
flooding 
 

 

B Based on the estimated existing floodplain 
storage, this 16th Street culvert has adequate 
capacity.  The existing culvert headwalls are 
failing 

The existing effective flood storage 
should be maintained.  The end walls 
on this culvert need to be replaced due 
to structural cracking. 

$34,80020 

 
Note: The superscripted number after the cost links the value to the table in Appendix B. 
 

 
Figure A13. Looking west at outlet of culvert under 16th Street 

The headwall is cracked but the culvert is functional.  Further debris here could restrict flow, but 
upstream area is presently open land. 
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A-6 Ruddy Creek, East Branch 
This branch of Ruddy Creek ends at the main Ruddy Creek near Nelson Avenue and 12th Street.  
It extends upstream eastward to include the intersection of Grand Avenue and 6 th Street, 
continuing as far as 2nd Street. 

Some of the potential solutions that were investigated and described herein could reduce flooding 
within this area, but may have undesirable impacts downstream.  This is because some measures 
that could correct upstream deficiencies can increase downstream peak discharges.  Therefore, 
upstream detention is recommended over channel improvements.  Construction of a detention 
basin upstream of 6th Street would not increase the peak discharge downstream, and would 
permit selection of lower-cost options to reduce problem areas B and C. 

A Flow in creek downstream of 6th Street 
bridge may flood adjacent structures and 
100-year flow overtops 6th Street bridge. 

Construct detention basin between 4th 
Street and 6th Street sized so that peak 
outflow remains in bank downstream of 
6th Street.  It is estimated that this will 
require at 1 ac-ft of detention capacity. 

$367,00021 

B Street drainage is inadequate.  Structures 
in the level terrain west of intersection of 
5th Street and Plumas Avenue are subject 
to flooding. 

Either: [(c) may reduce item A, above] 
(a) Construct 500’ of ditches to convey 

flows from the intersection of Plumas 
Avenue and 6th Street to the north 
along 6th Street and also add inlets 
and storm drain at the intersection of 
5th Street and Plumas Avenue and 
connect these to the existing storm 
drain on the school site, or 

(b) Construct a storm drain system of 
pipes and inlets from 5th Street to 6th 
Street along Plumas and north to the 
stream crossing, or 

(c) Install 1,300 feet of 24-inch pipe 
southeast under Grand Avenue, 5th 
Street, and Butte Avenue to the ra-
vine adjacent to Highway 70. 

 
$62,80022 

 
 
 
 
 
$485,30023 

 
 
 
$398,00024 

C Pipes in the area near the intersection of 
Nelson Avenue and 4th Street are sized to 
accommodate the 10-year flow.  The 100-
year flow could be directed overland, but 
there is no defined overland flow path for 
except through developed lots.  Structures 
are at risk of inundation.   
 

Either: 
(a) Replace 24” pipes near Nelson Ave-
nue and 4th Street with 42” pipes and 
increase adjacent channel capacity.  
May exacerbate problems noted above 
in area A. 
(b) Install 1000’ of 24” pipe along Nelson 
Avenue to convey the runoff directly to 
the west, daylighting to channel north of 
Nelson Avenue and west of 6th Street. 

 
$817,60025 

 
 
 
$290,20026 

D Wide floodplain may impact existing struc-
tures. 

Peak flows could be reduced using de-
tention integrated into proposed devel-
opment open space. 

 

E Flooding threatens structures in the 100-
year event. 

Detention basin to solve problem area A 
will also solve problem area E. 

 

Note: The superscripted number after the cost links the value to the table in Appendix B. 
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Figure A14. Looking southeast at East Branch Ruddy Creek at 6th Street bridge 
A potential off-channel detention pond site. 

 
Figure A15. Looking west from 6th Street 
Structures in this area are at risk of flooding. 

 
Figure A16. Plumas Avenue at 5th Street looking west 
Flat terrain and no drainage system on this side of street. 
 



 Ruddy Creek, East Branch (A-6) 
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Figure A17. Looking southeast at Ruddy Creek, culvert under Nelson Avenue 

At higher flows the creek will flood the structure and undeveloped land to the west (right of the pho-
tograph). 
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A-7 Ruddy Creek (mainstem) 
This is the main fork of Ruddy Creek, extending from the Forebay to south of Oro Dam Boulevard.  
Ruddy Creek’s mainstream follows a well-defined channel through the heart of Thermalito, 
between 12th Street and 18th Street.  Runoff from the East Branch and West Branch combine in 
the north, and inflow from tributary ditches on the east and Leta Lane Fork on the west combine 
north of Grand Avenue.  For most reaches, the 100-year flow will not affect adjacent structures. 

 

Note: The superscripted number after the cost links the value to the table in Appendix B. 

A Streets near 12th St. and Tehama Ave-
nue lack drainage system 

Install roadside ditches and driveway culverts 
to convey runoff to creek, 900’ west 

$52,40027 

B Tehama Avenue bridge, just east of 
14th Street, is sized adequately for the 
100-year peak flow, but channels north 
and south of this point may not be 
adequately sized to avoid flooding ad-
jacent structures. 
 

Perform detailed hydraulic analysis of Ruddy 
Creek between Plumas Avenue and Grand 
Avenue to determine 100-year water surface 
profiles and compare to pad elevations using 
detailed survey data.  Take corrective ac-
tions, if necessary. 

 

C Biggs Avenue bridge, just east of 14th 
Street, is sized adequately for the 100-
year peak flow, but channels north and 
south of this point may not be ade-
quately sized to avoid flooding adja-
cent structures. 

Perform detailed hydraulic analysis of Ruddy 
Creek between Feather Avenue and Biggs 
Avenue to determine 100-year water surface 
profiles and compare to pad elevations using 
detailed survey data.  Take corrective ac-
tions, if necessary. 
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Figure A18. Looking north at Ruddy Creek from bridge at Tehama Avenue  

 

 
Figure A19. Looking northeast, Ruddy Creek bed, upstream of Tehama Avenue 

Dry season view of same area as Figure A18. 

 
Figure A20. Looking south at upstream end of Tehama Avenue Bridge 
Flow capacity is adequate



A-8 to A-10

A-8 to A-10



   

Update of the Thermalito Master Drainage Plans A-26 May 2007 
Butte County and City of Oroville   

A-8 Ruddy Creek, Lower Area 
Runoff in this area overtops the banks of incised natural channels during a 100-year event and 
spreads into this historical floodplain.  Development proposals for this area must be designed to 
accommodate this runoff.  Furthermore, development upstream in the Ruddy Creek watershed 
will increase the duration of high flows and may necessitating measures here to reduce erosion. 

A Ruddy Creek runoff leaves the 
incised channels in this area.  
Increased upstream develop-
ment will increase high-flow 
duration. 

Provide channel stabilization such as plantings 
through potential revetment measures (deter-
mined in design process) to control bank ero-
sion.  Limit encroachment into existing flood-
plain. 

$87,50028 

 
Note: The superscripted number after the cost links the value to the table in Appendix B. 
 

 

Figure A21. Looking south from Fresno Avenue at the outlet of culvert. 

Culvert conveys all runoff from Fresno Avenue Fork 

 
Figure A22. Looking east from Larkin Road at stream channel draining part of airport. 

Structures may be at risk of flooding due to backwater from mainstem Ruddy Creek  
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Update of the Thermalito Master Drainage Plans A-28 May 2007 
Butte County and City of Oroville  Revised  - October 2007 

A-9 East Creek 
East Creek is formed by the combination of three tributary ditches that drain an area along the 
eastern edge of Thermalito.  The area extends southward from Plumas Avenue, and is bounded 
by 10th Street and the Feather River.  Runoff from the northern portion of this drainage area is 
routed between developed residential lots, through ditches and pipes. 

A detention pond and an overflow ditch near the upstream reach of this basin would attenuate the 
100-year event peaks in the neighborhoods both north and south of Thermalito Avenue. The 
detention pond would serve both of the ditches that drain the area northwest of Grand Avenue. 

There are also areas not marked on the accompanying map north of Grand Avenue where there 
is no developed roadside ditch system (see Figure A33 for example) that may experience 
localized drainage problems. 

A Channels south of Grand Avenue, extending to 
Colusa Avenue are either blocked or under-
sized for the Q100 flow.  Street flooding will 
occur, and adjacent structures are threatened.   
 
NOTE: Project B is a required predecessor to 
Project A because of its location in the water-
shed. 

Improve channels to have a capac-
ity of 40 cfs.  Construct 36” pipe 
system directing runoff in excess of 
40 cfs from north of Grand Avenue 
to a new detention basin, described 
in part B.  Clear culverts and 
ditches downstream. Diversion of 
flow is justified once downstream 
channel capacity is increased. 

$503,40029 

B An area south of Grand Avenue and north of 
Colusa Avenue presently detains some of the 
peak 100-year flow causing some flooding in 
this area.  The swale south of Thermalito Ave-
nue may be too small to accommodate the 
100-year flow without threatening adjacent 
structures. 

Improve channels to have a capac-
ity of 40 cfs. Construct 2 ac-ft de-
tention basin southwest of Yuba 
and Grand Avenue and north of 
Colusa Avenue and limit Q100 out-
flow to channel capacity. Clear cul-
verts and ditches downstream. Re-
place the existing 18” culvert at 
Grand Avenue with a 36” culvert. 

$773,60030 

C Channel and roadside swales southwest of 
Yuba Avenue and 6th Street are undersized; 
excess 100-year flow may cause flooding of 
adjacent structures. 

Construct roadside ditches and a 
grassy swale that discharges flow 
in excess of the Q10 to Feather 
River, southeast in the general vi-
cinity of Yuba Avenue and 5th 
Street.  Provide downstream ero-
sion protection. Diversion of flow is 
justified because it does not nega-
tively effect downstream system. 

$116,40031 

D Culvert under Tehama Avenue is partially 
blocked; street flooding may result. 

Replace the existing 24” culvert 
under Tehama Avenue, west of the 
intersection of Tehama and Grand 
Avenue with a 30” culvert. 

$58,30032 

E Channels do not appear to have 100-year ca-
pacity.  Flow likely overtops channels and 
threatens existing structures. 

Increase channel capacity to ap-
proximately 40 cfs, and add 3 ac-ft 
of detention for area near the vicin-
ity of the channel in question. 

$1,296,00033 

Note: The superscripted number after the cost links the value to the table in Appendix B. 
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 East Creek (A-9) 
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Butte County and City of Oroville  

 
Figure A23. Looking south from culvert under Grand Avenue near 9th Street 

 
Figure A24. Looking south from Tehama Avenue east of 10th Street 

 
Figure A25. Looking west, near 947 Tehama Avenue at culvert inlet 



 East Creek (A-9) 
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Figure A26. View south, of swale downstream of culvert, 911 Thermalito Avenue  

 
Figure A27. Looking north across Grand Avenue west of 9th Street, culvert outlet 

 
Figure A28. Looking east, toward end of Yuba Avenue, from 6th Street.  



 East Creek (A-9) 
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Figure A29. View north along 6th Street near Yuba Avenue 

Culvert inlet in foreground  

 
Figure A30. Looking north, culvert under Grand Avenue, east of 8th Street. 

 
Figure A31. Looking south along Yuba Avenue 

Flow travels from east under the driveway culvert and then continues south from this point.  



 East Creek (A-9) 

Update of the Thermalito Master Drainage Plans A-33 May 2007 
Butte County and City of Oroville  

 
Figure A32. Culvert under Yuba Avenue near 8th Street  

 

 
Figure A33. Looking south down 7th Street from 1893 7th Street 

No apparent drainage system. 
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A-10 Middlehoff Basin 
This drainage area is in the southeast corner of Thermalito, north of Oro Dam Boulevard, and 
bounded by Middlehoff Lane to the east. There are development proposals for a large portion of 
this area.  Existing channels downstream of this watershed have available capacity.  This capacity 
could be used to relieve excess flow in the adjacent 14th Street Fork of Ruddy Creek. 

A Development is planned in lands surrounding 
where the main runoff channel crosses 10th 
Street.  (This is not a present deficiency.  It is 
an issue that needs to be considered as part 
of development of this area.) 
 

Site detention design should consider 
present condition flows limited by pre-
project site grades. 

 

B Water overtops Oro Dam Blvd in both the 10-
year and the 100-year event. 

Add two 3-foot diameter culverts to 
adequately convey the 100-year flow 
under Oro Dam Blvd.  The two pro-
posed culverts would run parallel to 
the existing 3-foot diameter culvert. 

$113,90034 

 
Note: The superscripted number after the cost links the value to the table in Appendix B. 
 

 

Figure A34. Looking east, 10th Street north of Oro Dam Blvd., drainage crossing. 

100-year runoff ponds and naturally detains in the meadow shown, upstream of a 24-inch culvert 
under 10th Street 
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A-11 Upper Hatchery Basin 
Upper Hatchery Basin straddles Grand Avenue southwest of Table Mountain Boulevard.  The 
existing pipe system in the Upper Hatchery Basin is up to current standards, yet there is nuisance 
street flooding due to inadequate curbside drainage and lack of drainage inlets to allow water to 
enter the system. 

 

Note: The superscripted number after the cost links the value to the table in Appendix B. 

A Inadequate curbside drainage at the corner of 
Table Mountain Boulevard and East Grand 
Avenue, continuing east along Grand Avenue 
to the intersection of Morningstar Avenue. The 
inadequate drainage leads to street flooding. 

Add approximately 6 drain inlets at 
low points near the two intersections 
and necessary pipe to connect to ex-
isting 48” line in Grand Avenue. 

$108,30035 
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Figure A35. Looking southeast along Table Mountain Blvd. toward Grand Avenue  

 
Figure A36. Looking southwest, East Grand Avenue toward Table Mountain Blvd. 
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A-12 Hammon Park Basin 
The storm drain system along Fogg Avenue cannot accommodate the major storm events and 
excessive street flow occurs.  Localized street flooding in the area during more frequent events 
could be resolved with additional drain inlets.  One of the main channels downstream in the 
watershed cannot handle the 100-year event, with the flow exceeding the banks and spilling onto 
adjacent lots. 

 

Note: The superscripted number after the cost links the value to the table in Appendix B. 

A Channel between Fogg Avenue and 
Hammon Park is too small and some 
structures in area east of Fogg Ave-
nue are at risk of flooding.  The 100-
year flow from north of Nelson Ave-
nue can flow to Fogg Avenue. 
 

Increase capacity for 600 linear feet of chan-
nel flowing towards Hammon Park.  Channel 
should be capeable of handling approximately 
30 cfs. 

$94,60036 

 
 

B The northern half of Fogg Avenue 
lacks adequate drainage capacity. 

Connect approximately 300’ of pipe with addi-
tional drain inlets to the existing pipe system.  
Add two 18” cross-street pipes at low points 
on the east side of street. 

$100,90037 

C Pipe system below Mono Avenue 
does not meet current standards.  
  

Provide 0.4 acre-feet of detention upstream of 
problem area, near Mono Avenue, to attenu-
ate peak flows. 
 

$164,30038 

D Excess street flow in 100-year event Solution to problem E also works for Problem 
D.  Detention listed in part E will allow capacity 
in the channel to adequately handle upstream 
flows. 
 

 

E Channel beyond capacity, 100-year 
flow exceeds banks and flows onto 
adjacent lots 
 

Construct 2 acre-ft of detention upstream of 
channel in vicinity of Hammon Park. 

$686,30039 

F Excess street flow in 100-year event 
along Grand Avenue 

Replace existing 18” pipe with 48” pipe to 
adequately handle the 100-year flows 

$396,10040 
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Figure A37. Fogg Avenue south of Paula Court, looking south 

Additional drainage inlets would alleviate this nuisance flooding. 

 

 
Figure A38. Hammon Park channel, looking south from near pipe outlets  
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Figure A39. Head of ditch draining Fogg Avenue, looking west  
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A-13 Deer Creek 
The Deer Creek drainage area is generally east of the intersection of Table Mountain Boulevard 
and Grand Avenue.  There are a couple of locations where existing storm drain lines are under-
sized, and present conditions do not meet current design standards. 

 

Note: The superscripted number after the cost links the value to the table in Appendix B. 

A Runoff from Deer Creek northeast of Riverview 
Terrace will exceed capacity of the existing rocky 
channel, resulting in bed mobilization and erosion.  
 

Construct channel stabilization 
measures for approximately 400 
linear feet of channel along ac-
cess road. 

 
 
$19,30041 

B At northeast area of Riverview Terrace, the 12” 
storm drain aligned through the adjacent lots and 
in Riverview Terrace does not meet current stan-
dards. 
 

Replace approximately 300 linear 
feet of 12” pipe aligned through 
lots with 24” pipe, and replace 
approximately 500 linear feet of 
12” pipe aligned in street with 36” 
pipe. 

$343,00042 

C The 12” storm drain in Mira Loma Drive does not 
meet current design standards.  
 

Replace approximately 1,000 lin-
ear feet of 12” pipe with 24” pipe 

$321,30043 
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Figure A40. Inlet of culvert under Mira Loma Drive  

 
Figure A41. View of channel upstream of culvert under Mira Loma Drive  
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Appendix B 
Master Plan Level Opinions of Probable Cost 

 

Appendix B includes the supporting information used to develop opinions of probable costs for 
the recommended and alternative projects identified in this Update of the Thermalito Master 
Drainage Plans.  The unit costs are listed on page B-2 and the summary of the planning level 
costs for the recommended projects are included on page B-3.  Pages B-4 and B-5 provide a 
more detailed basis for the planning level costs for all of the projects.  The costs presented 
herein are for planning level use only.  Project design based on more detailed information may 
significantly change the ultimate project configurations.  

 



Unit costs

Item Unit Cost Unit
Saw-cutting (includes both sides) $4.00 LF
Pavement Removal $1.10 SF
Excavation $20.00 CY
Existing 12" Storm Drain Removal $9.00 LF
Existing 15" Storm Drain Removal $10.00 LF
Existing 18" Storm Drain Removal $11.00 LF
Existing 24" Storm Drain Removal $12.00 LF
Existing 36" Storm Drain Removal $16.00 LF
Existing Utility Protection $25.00 LF
Bedding $40.00 CY
18" Pipe RCP $70.00 LF
24" Pipe $80.00 LF
30" Pipe $100.00 LF
36" Pipe $120.00 LF
42" Pipe $145.00 LF
48" Pipe $170.00 LF
Pavement Replacement $4.00 SF
Inlets $2,000 EA
Manholes $2,400 EA
Surface Detention (Exc. & Facilities) $80,000 AC-FT
Landscaping $1.00 SF
ROW Acquisition $300,000 AC

Update of the Thermalito Master Drainage Plans
Butte County and City of Oroville B-2 May 2007



Summary of Costs of Recommended Projects
Construction Only ROW Engineering Environmental Contingency Administration Total

Description Project Cost Cost 25% Project 20% Project
20% Project & 

ROW
10% Project & 

ROW Project Cost

(East Creek A): Channel improvements and diversion to detention basin A 287,700$                         -$                71,900$           57,500$          57,500$         28,800$           503,400$         

(East Creek B): Channel improvements and detention basin A 214,800$                         260,300$        53,700$           43,000$          95,000$         47,500$           714,300$         

(East Creek C): Construct grassy swale A 12,800$                           72,300$          3,200$             2,600$            17,000$         8,500$             116,400$         

(East Creek D): End walls and transitions A 12,500$                           -$                3,100$             2,500$            2,500$           1,300$             21,900$           

(East Creek E): Channel improvements and detention basin A 310,000$                         579,600$        77,500$           62,000$          177,900$       89,000$           1,296,000$      

Subtotal A 837,800$                         912,200$        209,400$         167,600$        349,900$       175,100$         2,652,000$      

(Hammon Park Basin A): Increase channel capacity and erosion control B 8,000$                             62,000$          2,000$             1,600$            14,000$         7,000$             94,600$           

(Hammon Park Basin B): Add drain inlets B 57,700$                           -$                14,400$           11,500$          11,500$         5,800$             100,900$         

(Hammon Park Basin E): Construct detention basin B 198,800$                         260,300$        49,700$           39,800$          91,800$         45,900$           686,300$         

(Hammon Park Basin F): Increase pipe conveyance B 226,300$                         -$                56,600$           45,300$          45,300$         22,600$           396,100$         

Subtotal B 490,800$                         322,300$        122,700$         98,200$          162,600$       81,300$           1,277,900$      

(Leta Lane Fork A): Add pipe under Tehama Ave. and swale C 29,700$                           6,900$            7,400$             5,900$            7,300$           3,700$             60,900$           

(Leta Lane Fork B&C): Construct detention basin C 100,900$                         143,800$        25,200$           20,200$          48,900$         24,500$           363,500$         

(Leta Lane Fork D): Install pipe under Cooley's Way C 162,400$                         -$                40,600$           32,500$          32,500$         16,200$           284,200$         

(Leta Lane Fork E): Increase channel conveyance C 16,600$                           113,600$        4,200$             3,300$            26,000$         13,000$           176,700$         

Subtotal C 309,600$                         264,300$        77,400$           61,900$          114,700$       57,400$           885,300$         

(Fourteenth Street Fork A): Install pipe, clear channel D 19,800$                           -$                5,000$             4,000$            4,000$           2,000$             34,800$           

(Fourteenth Street Fork B): Construct diversion channel D 25,900$                           82,600$          6,500$             5,200$            21,700$         10,900$           152,800$         

(Fourteenth Street Fork D): Construct detention basin D 27,100$                           48,900$          6,800$             5,400$            15,200$         7,600$             111,000$         

(Fourteenth Street Fork E): Construct grassy swale D 6,300$                             62,000$          1,600$             1,300$            13,700$         6,800$             91,700$           

(Fourteenth Street Fork F): Increase channel conveyance D 8,300$                             51,700$          2,100$             1,700$            12,000$         6,000$             81,800$           

(Fourteenth Street Fork G): Increase channel conveyance D 13,500$                           87,800$          3,400$             2,700$            20,300$         10,100$           137,800$         

Subtotal D 100,900$                         333,000$        25,400$           20,300$          86,900$         43,400$           609,900$         

(East Branch Ruddy Creek A): Construct detention basin E 102,900$                         143,800$        25,700$           20,600$          49,300$         24,700$           367,000$         

(East Branch Ruddy Creek B): Construct roadside ditches & Pipes E 28,200$                           10,300$          7,100$             5,600$            7,700$           3,900$             62,800$           

(East Branch Ruddy Creek C): Install new pipe E 138,200$                         37,200$          34,600$           27,600$          35,100$         17,500$           290,200$         

Subtotal E 269,300$                         191,300$        67,400$           53,800$          92,100$         46,100$           720,000$         

(Fresno Avenue Fork B): End walls and transitions F 11,600$                           -$                2,900$             2,300$            2,300$           1,200$             20,300$           

(Fresno Avenue Fork C): End walls and transitions F 11,600$                           -$                2,900$             2,300$            2,300$           1,200$             20,300$           

(Fresno Avenue Fork D): Increase channel conveyance F 13,200$                           93,000$          3,300$             2,600$            21,200$         10,600$           143,900$         

(West Branch Ruddy Creek B): Replace culvert F 44,100$                           -$                11,000$           8,800$            8,800$           4,400$             77,100$           

(Ruddy Creek A): Install roadside ditches and culverts F 29,900$                           -$                7,500$             6,000$            6,000$           3,000$             52,400$           

(Lower Area Ruddy Creek A): Provide channel stabilization F 50,000$                           -$                12,500$           10,000$          10,000$         5,000$             87,500$           

(Middlehoff B): Increase culvert conveyance F 65,100$                           -$                16,300$           13,000$          13,000$         6,500$             113,900$         

(Upper Hatchery A): Add drain inlets F 61,800$                           -$                15,500$           12,400$          12,400$         6,200$             108,300$         

(Deer Creek A): Increase channel capacity and erosion control F 11,000$                           -$                2,800$             2,200$            2,200$           1,100$             19,300$           

(Deer Creek B): Increase pipe conveyance F 55,300$                           31,000$          13,800$           11,100$          17,300$         8,600$             137,100$         

(Deer Creek B): Increase pipe conveyance F 117,700$                         -$                29,400$           23,500$          23,500$         11,800$           205,900$         

(Deer Creek C): Increase pipe conveyance F 183,600$                         -$                45,900$           36,700$          36,700$         18,400$           321,300$         

Subtotal F 654,900$                         124,000$        163,800$         130,900$        155,700$       78,000$           1,307,300$      

Master Plan Update Total 2,663,300$                      2,147,100$     666,100$         532,700$        961,900$       481,300$         7,452,400$      

Set
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Quantity 
(LF) Cost

Quantity 
(SF) Cost LF

Avg. 
Depth 
(FT)

Avg. 
Width 
(FT)

Quantity 
(CY) Cost

Quantity 
(LF) Unit Cost Cost Quantity (LF) Cost

Quantity 
(CY) Cost

1 (Leta Lane Fork A): Enlarge pipe detention — 0 -$          0 -$          520 9 7 1213 24,267$      0 -$           0 -$               58 2,311$       

2 (Leta Lane Fork A): Add pipe under Tehama Ave. and swale C 60 240$         360 396$         60 8 6 162 3,244$        0 -$           60 1,500$           6 222$          

3 (Leta Lane Fork B&C): Construct detention basin C 0 -$          0 -$          0 -$            0 -$           0 -$               0 -$           

4 (Leta Lane Fork B&C): Increase pipe capacity — 90 360$         540 594$         90 8 6 160 3,200$        90 12 1,080$       90 2,250$           8 333$          

5 (Leta Lane Fork D): Install pipe under Cooley's Way C 50 200$         300 330$         800 8 6 1422 28,444$      0 -$           800 20,000$         74 2,963$       

6 (Leta Lane Fork E): Increase channel conveyance C 0 -$          0 -$          1,100 3 3 367 7,333$        -$           0 -$               0 -$           

7 (Fourteenth Street Fork A): Expand underground detention — 180 720$         2520 2,772$      350 9 7 817 16,333$      0 -$           350 8,750$           39 1,556$       

8 (Fourteenth Street Fork A): Install pipe, clear channel D 50 200$         250 275$         50 7 5 65 1,296$        50 12 600$          50 1,250$           4 148$          

9 (Fourteenth Street Fork B): Construct detention basin — 0 -$          0 -$          0 -$            0 -$           0 -$               0 -$           

10 (Fourteenth Street Fork B): Construct diversion channel D 0 -$          0 -$          800 1.5 10 444 8,889$        0 -$           0 -$               0 -$           

11 (Fourteenth Street Fork C): Increase channel conveyance — 0 -$          0 -$          1,000 1.5 10 556 11,111$      0 -$           0 -$               0 -$           

12 (Fourteenth Street Fork D): Increase channel conveyance — 0 -$          0 -$          300 3 4 133 2,667$        0 -$           0 -$               0 -$           

13 (Fourteenth Street Fork D): Construct detention basin D 0 -$          0 -$          0 -$            0 -$           0 0 -$           

14 (Fourteenth Street Fork E): Construct grassy swale D 0 -$          0 -$          600 6 1 133 2,667$        0 -$           0 -$               0 -$           

15 (Fourteenth Street Fork F): Increase channel conveyance D 0 -$          0 -$          500 3 3 167 3,333$        -$           0 -$               0 -$           

16 (Fourteenth Street Fork G): Increase channel conveyance D 0 -$          0 -$          850 3 3 283 5,667$        -$           0 -$               0 -$           

17A (Fresno Avenue Fork B): Increase pipe conveyance F 50 200$         650 715$         74 8.5 13 303 6,057$        148 12 1,776$       148 3,700$           15 603$          

18 (Fresno Avenue Fork C): End walls and transitions F 0 -$          0 -$          100 3 2 22 444$           0 -$           0 -$               0 -$           

19 (Fresno Avenue Fork D): Increase channel conveyance F 0 -$          0 -$          900 3 3 300 6,000$        -$           0 -$               0 -$           

20A (West Branch Ruddy Creek B): Replace culvert headwall F 24 96$           72 79$           12 8 12 43 853$           0 16 -$           24 600$              0 -$           

21 (East Branch Ruddy Creek A): Construct detention basin E 0 -$          0 -$          0 -$            0 -$           0 -$               0 -$           

22 (East Branch Ruddy Creek B): Construct roadside ditches & Pipes E 100 400$         450 495$         100 6.5 5 219 4,387$        0 -$           100 2,500$           6 259$          

23 (East Branch Ruddy Creek B): Plumas & 6th storm drain — 1500 6,000$      7500 8,250$      1,500 7 5 1944 38,889$      0 -$           1500 37,500$         111 4,444$       

24 (East Branch Ruddy Creek B): Diversion storm drain — 1300 5,200$      6500 7,150$      1,300 7 5 1685 33,704$      0 -$           1300 32,500$         96 3,852$       

25 (East Branch Ruddy Creek C): Increase pipe conveyance — 1500 6,000$      9750 10,725$    80 8.5 7 164 3,274$        1500 12 18,000$     1500 37,500$         153 6,111$       

26 (East Branch Ruddy Creek C): Install new pipe E 1000 4,000$      5000 5,500$      450 7 5 583 11,667$      0 -$           1000 25,000$         33 1,333$       

27 (Ruddy Creek A): Install roadside ditches and culverts F 180 720$         720 792$         900 6 1 200 4,000$        0 -$           -$               10 400$          

28 (Lower Area Ruddy Creek A): Provide channel stabilization F 0 -$          0 -$          0 -$            0 -$           0 -$               0 -$           

29 (East Creek A): Channel improvements and diversion to detention basin A 1100 4,400$      6600 7,260$      1,100 8 6 2289 45,778$      0 -$           1100 27,500$         102 4,074$       

30A (East Creek B): Channel and pipe improvements and detention basin A 90 360$         540 594$         1,590 11 9 660 13,200$      128 11 1,408$       128 3,200$           12 474$          

31 (East Creek C): Construct grassy swale A 0 -$          0 -$          700 6 1 156 3,111$        0 -$           0 -$               0 -$           

32A (East Creek D): Increase pipe conveyance A 118 472$         649 714$         118 7.5 6 180 3,606$        118 12 1,416$       118 2,950$           10 393$          

33 (East Creek E): Channel improvements and detention basin A 0 -$          0 -$          2,000 3 2 444 8,889$        -$           0 -$               0 -$           

34 (Middlehoff B): Increase culvert conveyance F 80 320$         1440 1,584$      270 8 6 480 9,600$        0 -$           160 4,000$           15 593$          

35 (Upper Hatchery A): Add drain inlets F 240 960$         1080 1,188$      400 4 3 178 3,556$        0 -$           240 6,000$           16 622$          

36 (Hammon Park Basin A): Increase channel capacity and erosion control B 0 -$          0 -$          600 2 3 133 2,667$        0 -$           0 -$               0 -$           

37 (Hammon Park Basin B): Add drain inlets B 300 1,200$      1350 1,485$      300 6.5 5 325 6,500$        0 -$           300 7,500$           19 778$          

38 (Hammon Park Basin C): Construct detention basin F 0 -$          0 -$          0 -$            0 -$           0 -$               0 -$           

39 (Hammon Park Basin E): Construct detention basin B 0 -$          0 -$          0 -$            -$           0 -$               0 -$           

40 (Hammon Park Basin F): Increase pipe conveyance B 700 2,800$      4900 5,390$      700 9 7 1633 32,667$      700 10 7,000$       700 17,500$         78 3,111$       

41 (Deer Creek A): Increase channel capacity and erosion control F 0 -$          0 -$          400 2 4 119 2,370$        0 -$           0 -$               0 -$           

42a (Deer Creek B): Increase pipe conveyance F 0 -$          0 -$          300 7 5 389 7,778$        300 9 2,700$       300 7,500$           22 889$          

42b (Deer Creek B): Increase pipe conveyance F 500 2,000$      3000 3,300$      500 8 6 889 17,778$      500 9 4,500$       500 12,500$         46 1,852$       

43 (Deer Creek C): Increase pipe conveyance F 1000 4,000$      5000 5,500$      1,000 7 5 1296 25,926$      1000 9 9,000$       1000 25,000$         74 2,963$       

Set

Excavation & Backfill

Description

Existing Utility Protection BeddingSaw-cutting Pavement Removal Existing Storm Drain Removal
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1 (Leta Lane Fork A): Enlarge pipe detention —

2 (Leta Lane Fork A): Add pipe under Tehama Ave. and swale C

3 (Leta Lane Fork B&C): Construct detention basin C

4 (Leta Lane Fork B&C): Increase pipe capacity —

5 (Leta Lane Fork D): Install pipe under Cooley's Way C

6 (Leta Lane Fork E): Increase channel conveyance C

7 (Fourteenth Street Fork A): Expand underground detention —

8 (Fourteenth Street Fork A): Install pipe, clear channel D

9 (Fourteenth Street Fork B): Construct detention basin —

10 (Fourteenth Street Fork B): Construct diversion channel D

11 (Fourteenth Street Fork C): Increase channel conveyance —

12 (Fourteenth Street Fork D): Increase channel conveyance —

13 (Fourteenth Street Fork D): Construct detention basin D

14 (Fourteenth Street Fork E): Construct grassy swale D

15 (Fourteenth Street Fork F): Increase channel conveyance D

16 (Fourteenth Street Fork G): Increase channel conveyance D

17A (Fresno Avenue Fork B): Increase pipe conveyance F

18 (Fresno Avenue Fork C): End walls and transitions F

19 (Fresno Avenue Fork D): Increase channel conveyance F

20A (West Branch Ruddy Creek B): Replace culvert headwall F

21 (East Branch Ruddy Creek A): Construct detention basin E

22 (East Branch Ruddy Creek B): Construct roadside ditches & Pipes E

23 (East Branch Ruddy Creek B): Plumas & 6th storm drain —

24 (East Branch Ruddy Creek B): Diversion storm drain —

25 (East Branch Ruddy Creek C): Increase pipe conveyance —

26 (East Branch Ruddy Creek C): Install new pipe E

27 (Ruddy Creek A): Install roadside ditches and culverts F

28 (Lower Area Ruddy Creek A): Provide channel stabilization F

29 (East Creek A): Channel improvements and diversion to detention basin A

30A (East Creek B): Channel and pipe improvements and detention basin A

31 (East Creek C): Construct grassy swale A

32A (East Creek D): Increase pipe conveyance A

33 (East Creek E): Channel improvements and detention basin A

34 (Middlehoff B): Increase culvert conveyance F

35 (Upper Hatchery A): Add drain inlets F

36 (Hammon Park Basin A): Increase channel capacity and erosion control B

37 (Hammon Park Basin B): Add drain inlets B

38 (Hammon Park Basin C): Construct detention basin F

39 (Hammon Park Basin E): Construct detention basin B

40 (Hammon Park Basin F): Increase pipe conveyance B

41 (Deer Creek A): Increase channel capacity and erosion control F

42a (Deer Creek B): Increase pipe conveyance F

42b (Deer Creek B): Increase pipe conveyance F

43 (Deer Creek C): Increase pipe conveyance F

Description Set

Traffic Control End Structures

Size 
(in)

Quantity 
(LF)

Unit 
Cost Cost Quantity (SF) Cost Quantity Cost Quantity Cost Cost Cost  Quantity Cost

48 520 170 88,400$        0 -$            0 -$           0 -$           -             -$                    

36 60 120 7,200$          360 1,440$        2 4,000$       0 -$           500$                    10,000$                -             -$                    

0 -$              0 -$            0 -$           0 -$           1.00           80,000$              

36 90 120 10,800$        540 2,160$        2 4,000$       1 2,400$       500$                    5,000$                  -             -$                    

36 800 120 96,000$        300 1,200$        4 8,000$       2 4,800$       500$                    -             -$                    

-$              0 -$            -$           -$           500$                    -$                    

48 350 170 59,500$        2520 10,080$      0 -$           1 2,400$       500$                    -             -$                    

24 50 80 4,000$          250 1,000$        0 -$           0 -$           500$                    10,000$                -             -$                    

0 -$              0 -$            0 -$           0 -$           0.50           40,000$              

0 -$              0 -$            0 -$           0 -$           5,000$                  -             -$                    

0 -$              0 -$            0 -$           0 -$           -             -$                    

0 -$              0 -$            0 -$           0 -$           1,000$                 -             -$                    

0 -$              0 -$            0 -$           0 -$           0.25           20,000$              

0 -$              0 -$            0 -$           0 -$           -             -$                    

-$              0 -$            -$           -$           1,000$                 -$                    

-$              0 -$            -$           -$           1,000$                 -$                    

42 148 120 17,760$        650 2,600$        0 -$           0 -$           2,000$                 5,000$                  -             -$                    

0 -$              0 -$            0 -$           0 -$           500$                    10,000$                -             -$                    

-$              0 -$            -$           -$           -$                     -$                      -$                    

0 0 145 -$              1500 $6,000 -$           -$           2,000$                 10,000$                -$                    

0 -$              0 -$            0 -$           0 -$           2,000$                 1.00           80,000$              

18 100 70 7,000$          450 1,800$        2 4,000$       1 2,400$       2,000$                 -             -$                    

24 1500 80 120,000$      7500 30,000$      6 12,000$     3 7,200$       8,000$                 5,000$                  -             -$                    

24 1300 80 104,000$      6500 26,000$      1 2,000$       0 -$           8,000$                 5,000$                  -             -$                    

42 1500 145 217,500$      9750 39,000$      8 16,000$     5 12,000$     4,000$                 5,000$                  -             -$                    

24 450 80 36,000$        5000 20,000$      4 8,000$       3 7,200$       10,000$               5,000$                  -             -$                    

12 180 70 12,600$        -$            0 -$           0 -$           6,000$                 -$                      -             -$                    

0 -$              0 -$            0 -$           0 -$           -$                     -$                      -             -$                    

36 1100 120 132,000$      6600 26,400$      4 8,000$       3 7,200$       8,000$                 5,000$                  -             -$                    

36 128 120 15,360$        540 2,160$        0 -$           0 -$           4,000$                 10,000$                2.00           160,000$            

0 -$              0 -$            0 -$           0 -$           500$                    5,000$                  -             -$                    

30 118 120 14,160$        649 2,596$        0 -$           0 -$           2,000$                 5,000$                  -             -$                    

-$              0 -$            -$           -$           2,000$                 5,000$                  3.00           240,000$            

36 160 120 19,200$        1440 5,760$        -$           -$           4,000$                 20,000$                -$                    

18 240 70 16,800$        1080 4,320$        6 12,000$     3 7,200$       6,000$                 -             -$                    

0 -$              0 -$            0 -$           0 -$           500$                    -             -$                    

18 300 70 21,000$        1350 5,400$        4 8,000$       2 4,800$       1,000$                 -             -$                    

0 -$              0 -$            0 -$           0 -$           500$                    0.40           32,000$              

-$              0 -$            -$           0 -$           1,000$                 2.00           160,000$            

48 700 170 119,000$      4900 19,600$      4 8,000$       3 7,200$       4,000$                 -$                    

0 -$              0 -$            0 -$           0 -$           5,000$                  -             -$                    

24 300 100 30,000$        0 -$            2 4,000$       1 2,400$       -             -$                    

36 500 100 50,000$        3000 12,000$      4 8,000$       2 4,800$       1,000$                 -             -$                    

24 1000 70 70,000$        5000 20,000$      6 12,000$     3 7,200$       2,000$                 -             -$                    

Pipe Pavement Replacement Inlets Manholes Surface Detention Pond
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1 (Leta Lane Fork A): Enlarge pipe detention —

2 (Leta Lane Fork A): Add pipe under Tehama Ave. and swale C

3 (Leta Lane Fork B&C): Construct detention basin C

4 (Leta Lane Fork B&C): Increase pipe capacity —

5 (Leta Lane Fork D): Install pipe under Cooley's Way C

6 (Leta Lane Fork E): Increase channel conveyance C

7 (Fourteenth Street Fork A): Expand underground detention —

8 (Fourteenth Street Fork A): Install pipe, clear channel D

9 (Fourteenth Street Fork B): Construct detention basin —

10 (Fourteenth Street Fork B): Construct diversion channel D

11 (Fourteenth Street Fork C): Increase channel conveyance —

12 (Fourteenth Street Fork D): Increase channel conveyance —

13 (Fourteenth Street Fork D): Construct detention basin D

14 (Fourteenth Street Fork E): Construct grassy swale D

15 (Fourteenth Street Fork F): Increase channel conveyance D

16 (Fourteenth Street Fork G): Increase channel conveyance D

17A (Fresno Avenue Fork B): Increase pipe conveyance F

18 (Fresno Avenue Fork C): End walls and transitions F

19 (Fresno Avenue Fork D): Increase channel conveyance F

20A (West Branch Ruddy Creek B): Replace culvert headwall F

21 (East Branch Ruddy Creek A): Construct detention basin E

22 (East Branch Ruddy Creek B): Construct roadside ditches & Pipes E

23 (East Branch Ruddy Creek B): Plumas & 6th storm drain —

24 (East Branch Ruddy Creek B): Diversion storm drain —

25 (East Branch Ruddy Creek C): Increase pipe conveyance —

26 (East Branch Ruddy Creek C): Install new pipe E

27 (Ruddy Creek A): Install roadside ditches and culverts F

28 (Lower Area Ruddy Creek A): Provide channel stabilization F

29 (East Creek A): Channel improvements and diversion to detention basin A

30A (East Creek B): Channel and pipe improvements and detention basin A

31 (East Creek C): Construct grassy swale A

32A (East Creek D): Increase pipe conveyance A

33 (East Creek E): Channel improvements and detention basin A

34 (Middlehoff B): Increase culvert conveyance F

35 (Upper Hatchery A): Add drain inlets F

36 (Hammon Park Basin A): Increase channel capacity and erosion control B

37 (Hammon Park Basin B): Add drain inlets B

38 (Hammon Park Basin C): Construct detention basin F

39 (Hammon Park Basin E): Construct detention basin B

40 (Hammon Park Basin F): Increase pipe conveyance B

41 (Deer Creek A): Increase channel capacity and erosion control F

42a (Deer Creek B): Increase pipe conveyance F

42b (Deer Creek B): Increase pipe conveyance F

43 (Deer Creek C): Increase pipe conveyance F

SetDescription

Engineering Environmental Contingency Administration Total

Quantity (SF) Cost Sum Project Cost Quantity (AC) Cost 25% Project 20% Project
20% Project & 

ROW
10% Project & 

ROW Project Cost

-$              114,978$               115,000$                               0.00 -$              28,800$              23,000$              23,000$         11,500$               201,300$            

1,000            1,000$          29,743$                 29,700$                                  0.02 6,900$          7,400$                5,900$                7,300$           3,700$                 60,900$              

20,880          20,880$        100,880$               100,900$                               0.48 143,800$      25,200$              20,200$              48,900$         24,500$               363,500$            

-$              32,677$                 32,700$                                  0.00 -$              8,200$                6,500$                6,500$           3,300$                 57,200$              

-                    -$              162,437$               162,400$                               0.00 -$              40,600$              32,500$              32,500$         16,200$               284,200$            

8,800            8,800$          16,633$                 16,600$                                  0.38 113,600$      4,200$                3,300$                26,000$         13,000$               176,700$            

4,200            4,200$          106,811$               106,800$                               0.00 -$              26,700$              21,400$              21,400$         10,700$               187,000$            

500               500$             19,769$                 19,800$                                  0.00 -$              5,000$                4,000$                4,000$           2,000$                 34,800$              

11,926          11,926$        51,926$                 51,900$                                  0.27 82,100$        13,000$              10,400$              26,800$         13,400$               197,600$            

12,000          12,000$        25,889$                 25,900$                                  0.28 82,600$        6,500$                5,200$                21,700$         10,900$               152,800$            

15,000          15,000$        26,111$                 26,100$                                  0.34 103,300$      6,500$                5,200$                25,900$         12,900$               179,900$            

2,700            2,700$          6,367$                    6,400$                                    0.10 31,000$        1,600$                1,300$                7,500$           3,700$                 51,500$              

7,098            7,098$          27,098$                 27,100$                                  0.16 48,900$        6,800$                5,400$                15,200$         7,600$                 111,000$            

3,600            3,600$          6,267$                    6,300$                                    0.21 62,000$        1,600$                1,300$                13,700$         6,800$                 91,700$              

4,000            4,000$          8,333$                    8,300$                                    0.17 51,700$        2,100$                1,700$                12,000$         6,000$                 81,800$              

6,800            6,800$          13,467$                 13,500$                                  0.29 87,800$        3,400$                2,700$                20,300$         10,100$               137,800$            

-$              40,411$                 40,400$                                  0.00 -$              10,100$              8,100$                8,100$           4,000$                 70,700$              

700               700$             11,644$                 11,600$                                  0.00 -$              2,900$                2,300$                2,300$           1,200$                 20,300$              

7,200            7,200$          13,200$                 13,200$                                  0.31 93,000$        3,300$                2,600$                21,200$         10,600$               143,900$            

204               204$             19,833$                 19,800$                                  0.00 -$              5,000$                4,000$                4,000$           2,000$                 34,800$              

20,880          20,880$        102,880$               102,900$                               0.48 143,800$      25,700$              20,600$              49,300$         24,700$               367,000$            

3,000            3,000$          28,241$                 28,200$                                  0.03 10,300$        7,100$                5,600$                7,700$           3,900$                 62,800$              

-$              277,283$               277,300$                               0.00 -$              69,300$              55,500$              55,500$         27,700$               485,300$            

-$              227,406$               227,400$                               0.00 -$              56,900$              45,500$              45,500$         22,700$               398,000$            

-$              375,110$               375,100$                               0.41 124,000$      93,800$              75,000$              99,800$         49,900$               817,600$            

4,500            4,500$          138,200$               138,200$                               0.12 37,200$        34,600$              27,600$              35,100$         17,500$               290,200$            

5,400            5,400$          29,912$                 29,900$                                  0.00 -$              7,500$                6,000$                6,000$           3,000$                 52,400$              

50,000$        50,000$                 50,000$                                  0.00 -$              12,500$              10,000$              10,000$         5,000$                 87,500$              

12,100          12,100$        287,712$               287,700$                               0.00 -$              71,900$              57,500$              57,500$         28,800$               503,400$            

37,796          37,796$        248,552$               248,600$                               0.87 260,300$      62,200$              49,800$              101,800$       50,900$               773,600$            

4,200            4,200$          12,811$                 12,800$                                  0.24 72,300$        3,200$                2,600$                17,000$         8,500$                 116,400$            

-$              33,307$                 33,300$                                  0.00 -$              8,300$                6,700$                6,700$           3,300$                 58,300$              

54,154          54,154$        310,043$               310,000$                               1.93 579,600$      77,500$              62,000$              177,900$       89,000$               1,296,000$        

-$              65,057$                 65,100$                                  0.00 -$              16,300$              13,000$              13,000$         6,500$                 113,900$            

3,200            3,200$          61,846$                 61,800$                                  0.00 -$              15,500$              12,400$              12,400$         6,200$                 108,300$            

4,800            4,800$          7,967$                    8,000$                                    0.21 62,000$        2,000$                1,600$                14,000$         7,000$                 94,600$              

-$              57,663$                 57,700$                                  0.00 -$              14,400$              11,500$              11,500$         5,800$                 100,900$            

10,042          10,042$        42,542$                 42,500$                                  0.23 69,200$        10,600$              8,500$                22,300$         11,200$               164,300$            

37,796          37,796$        198,796$               198,800$                               0.87 260,300$      49,700$              39,800$              91,800$         45,900$               686,300$            

-$              226,268$               226,300$                               0.00 -$              56,600$              45,300$              45,300$         22,600$               396,100$            

3,600            3,600$          10,970$                 11,000$                                  0.00 -$              2,800$                2,200$                2,200$           1,100$                 19,300$              

-$              55,267$                 55,300$                                  0.10 31,000$        13,800$              11,100$              17,300$         8,600$                 137,100$            

-$              117,730$               117,700$                               0.00 -$              29,400$              23,500$              23,500$         11,800$               205,900$            

-$              183,589$               183,600$                               0.00 -$              45,900$              36,700$              36,700$         18,400$               321,300$            

ROW AcquisitionConstruction SubtotalLandscaping Area

Update of the Thermalito Master Drainage Plans
Butte County and City of Oroville Appendix B-6 Addendum October 2007
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