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Los Molinos Drainage Study 
Existing Condition Flood Hydrology 

 
 

INTRODUCTION 
 
The Town of Los Molinos experiences shallow flooding on a relatively frequent basis.  The State 
of California Department of Transportation (Caltrans) is developing drainage improvements 
along State Route 99E through the Town of Los Molinos. The Caltrans improvements are 
substantially limited to construction of facilities within Caltrans right-of-way.  Tehama County 
has received grant funding to study drainage problems in the Town of Los Molinos.  Unlike 
Caltrans, Tehama County is able to locate new drainage facilities where they can be more 
effective.  A combined effort of Tehama County and Caltrans may produce the most cost 
effective and best functioning drainage system for both the Town of Los Molinos and along State 
Route 99E. 
 
Knowledge of the sources and rough extents of flooding is necessary for an understanding of the 
existing flood problem and for identifying reasonable flood damage reduction measures.  This 
study and report has been commissioned to identify the sources and general characteristics of 
flooding in the Town of Los Molinos. 
 
  

HYDROLOGIC ENVIRONMENT 
 
The developed area of Los Molinos is located east of the Sacramento River, west of Champlain 
Slough and south of Los Molinos Creek on recent mildly south sloping alluvial deposits from 
Mill Creek.  The developed area of town is located out of the Sacramento River 100-year 
floodplain but may have been in the Sacramento River 100-year floodplain before construction 
of Shasta Dam.  Water surface elevations in the Sacramento River during times of flooding are a 
concern for design of storm drainage facilities exiting to the Sacramento River floodplain. 
Champlin Slough has two main branches draining a 4.18-square mile basin of the low foothills 
along the east edge of the Sacramento River valley.  At the base of the foothills, the Champlin 
Slough channels change direction from west to south.  Los Molinos Creek drains a small basin of 
1.84-square miles between the Champlin Slough basin and the Mill Creek channel.  Mill Creek 
drains a 131-square mile basin on the western slopes of the most southerly portions of the 
Cascade Range.  Topographic features indicate that at some time in the past, the Mill Creek 
channel may have been located where the Los Molinos Creek channel now exists.  Average 
annual precipitation ranges from approximately 23-inches near the Town of Los Molinos to 
approximately 25-inches at the headwaters of Champlin Slough.  Two irrigation ditches have the 
potential to affect flood peak flows to a minor degree.  A lower ditch is owned and operated by 
the Los Molinos Mutual Water Company and an upper ditch is privately owned and operated.  
The upper ditch has the potential to capture runoff from a small tributary to Mill Creek and 
convey it to Los Molinos Creek or Champlin Slough.  Figure 1 shows the Los Molinos Creek 
and Champlin Slough drainage basins along with the Mill Creek tributary basin and a basin 
representing local drainage in the developed area in the Town of Los Molinos. 
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Figure 1:  Hydrologic Environment 

 

 
 



 

Floods in the Sacramento River are generally associated with large frontal storm events that 
seldom produce flooding on small tributary streams such as Los Molinos Creek and Champlin 
Slough.  Floods in Los Molinos Creek and Champlin Slough as well as local flooding are 
associated with large local cloudburst events.  Although it is unlikely that a large local cloudburst 
event will coincide with the Sacramento River peak flow, given the flood control operation of 
Shasta Dam on the Sacramento River it is possible for the local cloudburst event to combine with 
high flows in the Sacramento River. 
 

 
SITE AND STREAM CHANNELS 

 
From a point upstream of Buena Vista Road to a point downstream of State Route 99E, flow in 
Los Molinos Creek is conveyed by a substantially straight constructed channel approximately 
50-feet in width and 4-feet in depth and having an average slope of approximately 0.7 percent 
(decimal 0.007).  Box culvert type structures convey flows in Los Molinos Creek under Buena 
Vista Avenue, Sherwood Boulevard, and State Route 99E.  Presently, the Los Molinos Creek 
channel has a healthy growth of cattail and willow upstream of Sherwood Boulevard.  The Los 
Molinos Mutual Water Company ditch supplying irrigation water to users in the vicinity of Los 
Molinos enters then exits the Los Molinos Creek channel upstream of Buena Vista Road.  
According to LMMWC staff, the water company ditch is gated during the winter flood season.  
Water leaving Los Molinos Creek as overflow will be conveyed to the south into the developed 
area as shallow overflow. 
 
In the vicinity of the Town of Los Molinos Champlin Slough has a mildly meandering 
substantially natural channel of varying width and depth with an average slope of approximately 
0.10-percent (decimal .0010) upstream of Lincoln Street and of approximately 0.025-percent 
(decimal 0.00025) downstream of Lincoln Street.  Portions of the Champlin Slough channel also 
presently support a heavy growth of vegetation.  South Center Street, Lee Street, Lincoln Street, 
and Sherman Street all cross the Champlin Slough channel over short span bridge structures.  
Overflow from Champlin Slough is generally conveyed to the south as shallow overflow 
adjacent to the channel. 
 
The Town of Los Molinos does not have a storm drainage collection system.  Local runoff in the 
Town of Los Molinos along with any overflow from Los Molinos Creek is conveyed in a 
southerly direction through the developed area of town as shallow overflow.  Some of this flow 
will combine with overflow from Champlin Slough to the east and south of town and some will 
continue to the south as shallow overflow along the east side of State Route 99E.  Ponding 
occurs in low lying areas and upstream of roads having crowns higher than the surrounding 
ground. 

 
 

HYDROLOGIC ANALYSIS 
 

No flow data are available in Los Molinos Creek, Champlin Slough, or other small east side 
tributaries of the Sacramento River from which to estimate infrequent flood peak flows.  Long 
term records of flow are available for Mill Creek and Deer Creek but these stream basins are 
much larger than the Los Molinos Creek and Champlin Slough basins and will respond to storms 
in a different manner.  Nevertheless, estimates of infrequent flood peak flows in Champlin 
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Slough by adjustment of infrequent flood statistics in these larger basins can provide an idea of 
the infrequent flood peak flows that can be expected in Champlin Slough. 
 
Given the complexity of the hydrologic environment producing shallow flooding in the Town of 
Los Molinos including upstream flow diversions, overflow from Los Molinos Creek and 
Champlin Slough, and timing differences between overflow peaks and locally generated runoff 
peaks, a HEC-HMS rainfall-runoff model using a synthetic design storm has been selected for 
characterizing infrequent flood hydrologic conditions in and adjacent to the Town of Los 
Molinos.  Initial results of the rainfall-runoff model were compared to runoff estimated using 
regional methods and adjustments were made to rainfall-runoff data as necessary and appropriate 
to reach reasonable agreement between the methods.  The HEC-RAS backwater program has 
been selected for estimating incipient overflow from the Los Molinos Creek and Champlin 
Slough channels. 
 
A rainfall-runoff model was prepared using the US Army Corps of Engineer’s HEC-HMS 
program to assist in the identification of existing causes of flooding.  Contributing subbasins 
were identified from USGS topographic maps considering potential influences by irrigation 
ditches.  Although surface drainage from the developed area in the Town of Los Molinos is 
conveyed away from town at several locations, a single subbasin was used to represent the entire 
developed area.  Subbasins used in the model are schematically identified on Figure 2.  With the 
exception of 10-cfs assumed to be conveyed by the upper diversion ditch to Champlin Slough, 
flow in the Mill Creek tributary was assumed not to contribute to Los Molinos Creek or 
Champlin Slough.  Initial model results indicate runoff on the order of 500-cfs from this 
tributary.  Flow of this magnitude will most likely overtop the diversion ditch and be conveyed 
down the Mill Creek tributary rather than be captured by the ditch and conveyed to the Los 
Molinos Creek or Champlin Slough basins. 
 

 
 

Figure 2: Rainfall-Runoff Model Subbasin Schematic 
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The SCS method (now sometimes referred to NRCS method) was selected to represent 
abstraction and transform.  Abstraction data for the subbasins including land use and hydrologic 
soil class were provided by Tehama County.  Within each subbasin, SCS curve numbers were 
assigned each combination of land use and soil class and an area weighted average SCS curve 
number was computed for the entire subbasin.  Table 1 identifies the curve numbers assigned 
each combination of land use and soil class.  After identification of an area weighted SCS curve 
number for each subbasin, an initial abstraction was assigned to each subbasin in accordance 
with the data identified in Table 2.  Impervious percents were estimated from observation of 
aerial photographs.  For the stream basins, impervious percents of 1- to 3-percent were used.  In 
the developed are of the Town of Los Molinos, the impervious surfaces were estimated at 15-
percent.  When compared to peak flow estimates from regional methods, initial rainfall-runoff 
model results using these data significantly underestimated peak flows that would be expected 
during the most probable 100-year flood in Champlin Slough.  After adjusting the subbasin SCS 
curve numbers and initial abstractions to represent Antecedent Moisture Condition (AMC)-III 
(wet ground), rainfall-runoff model results compared well with the regional methods.   Table 3 
identifies the AMC-III SCS curve numbers corresponding to the area weighed AMC-II (average 
ground moisture) SCS curve numbers. Table 4 identifies the area weighted subbasin SCS curve 
numbers and initial abstraction data determined and used in the rainfall-runoff model for all 
subbasins. 
 
 

Table 1 
SCS Curve Numbers (compiled from various sources) 

 
 Soil Group 

Land Use / Cover B C D 
Commercial/Highways/Parking 80 87 90 

Apartments/Offices/Trailers 79 86 90 
Condominiums/Schools/Industry 76 84 88 

Residential >10 units/acre 72 81 86 
Residential 4-10 units/acre 69 79 84 
Residential 1-4 units/acre 66 76 83 
Residential <1 unit/acre 63 73 82 

Bare/Rockland/Newly Graded 86 91 93 
Pasture/Mowed Grass 69 79 84 

Agricultural Crops 78 85 89 
Orchards 66 77 83 

Natural Grassland 61 74 80 
Dense Oak/Pine/Vines/Brush 45 55 70 

Open Oak/Pine Woodland/Grass 65 77 82 
Chaparral/Shrubs/Weeds 62 74 85 

Urban Landscaping 56 69 75 
Urban Lawns (fair quality) 65 77 82 
Urban Lawns (poor quality) 74 83 87 
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Table 2 
Initial Abstraction (USDA) 

 
 

Curve Number 
Initial Abstraction 

(inches) 
 

Curve Number 
Initial Abstraction 

(inches) 
60 1.333 80 0.500 
61 1.279 81 0.469 
62 1.226 82 0.439 
63 1.175 83 0.410 
64 1.125 84 0.381 
65 1.077 85 0.353 
66 1.030 86 0.326 
67 0.985 87 0.299 
68 0.941 88 0.273 
69 0.899 89 0.247 
70 0.857 90 0.222 
71 0.817 91 0.198 
72 0.778 92 0.174 
73 0.740 93 0.151 
74 0.703 94 0.128 
75 0.667 95 0.105 
76 0.632 96 0.083 
77 0.597 97 0.062 
78 0.564 98 0.041 
79 0.532   

 
 

 
Table 3 

SCS Curve Numbers for AMC-III (USDA) 
 

AMC-II 
Curve Number 

AMC-III 
Curve Number 

AMC-II 
Curve Number 

AMC-III 
Curve Number 

60 78 80 91 
61 78 81 92 
62 79 82 92 
63 80 83 93 
64 81 84 93 
65 82 85 94 
66 82 86 94 
67 83 87 95 
68 84 88 95 
69 84 89 96 
70 85 90 96 
71 86 91 97 
72 86 92 97 
73 87 93 98 
74 88 94 98 
75 88 95 98 
76 89 96 99 
77 89 97 99 
78 90 98 99 
79 91 99 100 
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Table 4 
Area Weighted Curve Numbers and Initial Abstractions 

 
AMC-II (from abstraction data) AMC-III (used in model)  

Subbasin Curve Nunber Initial Abstraction Curve Number Initial Abstraction 
Mill Tributary 81 .469 92 0.174 

Los Molinos Ck 70 .857 85 0.353 
Upper Champlin 80 .500 91 0.198 
Lower Champlin 75 .667 88 0.273 
Champlin Trib 78 .564 90 0.222 

Developed Area 71 .817 86 0.326 
 

 
Subbasin lag data were estimated using the Synthetic Unit Hydrograph Lag Time Equation 
(USBR) and Snyder’s Method.  Coefficients for these methods were selected within reasonable 
recommended limits such that the two methods were close to agreement.  The coefficients settled 
upon were 0.023 for the USBR Kn and 1.0 for Snyder Ct.  The average of the lag times estimated 
by the two methods was used in the rainfall-runoff model.  Data and computed lag times are 
summarized in Table 5 
 

 
Table 5 

Lag Time Data and Computation 
 

      USBR Snyder  
 High Elev Low L Lca S Lag Lag Average 

Subbasin (feet) (feet) (miles) (miles) (ft/ft) (minutes) (minutes) (minutes)
Mill Creek Trib 480 365 2.0 0.7 0.011 85 66 75 
Los Molinos Ck 365 225 3.0 1.7 0.009 133 97 115 
Upper Champlin 510 365 2.7 1.1 0.010 111 84 97 
Lower Champlin 365 220 2.7 1.4 0.010 119 90 105 
Champlin Trib 510 245 5.3 1.5 0.009 153 112 133 

Developed Area 235 222 0.9 0.5 0.003 71 46 58 
 

 
Design storm precipitation data were from rainfall statistics collected in the City of Corning.  No 
long term rainfall data records from which to identify depth-duration-frequency relationships for 
development of a design storm were identified at a location closer to the Town of Los Molinos.  
Nine years of short duration precipitation records and forty years of long duration precipitation 
records at rain gauges in the City of Corning were reduced, plotted, and transposed to develop 
depth-duration-frequency curves for the City of Corning.  The transposed data and visual fit 
curves of these data are shown in Figure 3.  From these data, depth statistics for a 24-hour, 100-
year storm were entered as data and a centered, balanced hyetograph was selected as the design 
storm for the rainfall-runoff model. 



8

 
Figure 3:  Precipitation Depth-Duration-Frequency Data for Corning 

 

 

 
 



 

Routing data were only included for flows from the upper Champlin Slough basin.  A 45-minute delay 
estimated by dividing the distance traveled through the lower Champlin Slough basin by reasonable 
natural channel velocities were added to the flow from the upper Champlin Slough basin.  As a 
consequence, the combined flows from upper and lower Champlin Slough basins produced a peak flow 
coinciding with the peak flow of the Champlin Slough tributary.  This is expected because the shape and 
area of the Champlin Slough tributary is similar to the combined shape and area of the upper and lower 
Champlin Slough subbasins. 
 
Incipient overflow from Los Molinos Creek and Champlin Slough were estimated from backwater 
models prepared for these channels.  The US Army Corps of Engineer’s HEC-RAS backwater program 
was used for the backwater models.  A detailed model was prepared for Champlin Slough and a 
substantially hypothetical model based on bridge data was prepared for Los Molinos Creek.  The 
nominal capacity of the Los Molinos Creek channel was estimated to be approximately 350-cfs.  
Between South Center Street and Lincoln Street, the nominal capacity of the Champlin Slough channel 
was estimated to be approximately 400-cfs.  During large floods, the confluence of Champlin Slough 
with the tributary is functionally upstream of Lincoln Avenue.  A separate but similar bridge has been 
provided at Lincoln Street for the tributary.  Therefore, assuming similar hydraulic capacity for both 
bridges, the combined nominal channel capacities above Lincoln Street have been assumed 
approximately 800-cfs for the calculation of overflow in the rainfall-runoff model.  A reasonable 
division of flow between the channel and overbank areas was assumed after incipient overflow.  
Overflow data for the rainfall-runoff model are shown in Figure 4.  Both overflows were assumed to 
contribute to the subbasin representing the developed area in the Town of Los Molinos.  Backwater 
model descriptions and results are included in Appendix A. 
 

 
 

Figure 4:  Overflow Relationships 
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No precipitation records or flow measurements are available for calibration of the rainfall-runoff model.  
The rainfall-runoff model was verified, however, by comparison with the peak flow estimated for 
Champlin Slough by regional methods from stream flow records collected at Mill Creek and Deer Creek 
and by direct application of the USGS Sierra Region Equation.  The 100-year flood peak flows 
estimated for Champlin Slough below the tributary confluence by all methods are summarized in Table 
6.  Additional data and plots developed from the regional methods are included in Appendix B. 
 

Table 6 
Summary of 100-Year Flood Peak Flow Estimates 

 
Estimated From 100-Year Peak Flow (cfs) 

Mill Creek 2312 
Deer Creek 1566 
USGS Sierra Region Equation 1816 
Rainfall-Runoff Model 1972 

 
 

RESULTS AND CONCLUSIONS 
 

The rainfall-runoff model indicates a 100-year flood peak flow of 800-cfs in Los Molinos Creek.  Of 
this, approximately 350-cfs will leave the channel and be conveyed south through the developed area as 
shallow overflow.  The 100-year flood peak flow in Champlin Slough downstream of the tributary 
confluence is estimated to be 1970-cfs with approximately 780-cfs of this leaving the channel as 
overflow.  Total 100-year flood peak runoff generated from the developed area is estimated to be 
approximately 440-cfs.  Including overflow from Los Molinos Creek and Champlin Slough, a total 
combined 100-year flood peak flow of approximately 1350-cfs can be expected from the developed 
area. 
 
Under present conditions the flow emanating from the developed area drains to Champlin Slough, along 
the east side of State Route 99E, and possibly over and along the west side of State Route 99E.  
Capturing and conveying the high peak flows from the developed area resulting from the combination of 
direct runoff and overflow will be difficult given the low gradients in the Town of Los Molinos Creek 
and the high water surface elevations in the Sacramento River during times of flooding.  If projects 
capable of preventing overflow from Los Molinos Creek and Champlin Slough can be identified, 
drainage facilities within the developed area may be designed to collect and convey the much lower 
peak flows from local contributing areas.  Both channels may benefit from vegetation management 
programs that reduce the hydraulic roughness of the channel areas.  Preliminary backwater model 
calculations indicate that the State Route 99E bridge over Los Molinos Creek has the capacity to convey 
the 100-year flood peak flow estimated for Los Molinos Creek.  It appears likely that a combination of 
channel, minor bridge, and LMMWC facility improvements may be capable of preventing overflow 
from Los Molinos Creek.  Given the very low gradients and wide floodplain along Champlin Slough, 
preventing overflow from Champlin Slough will require considerably more work including significant 
improvements to and possibly replacement of crossings at South Center Street and Lincoln Street.  
Overflow from Champlin Slough, however, is not likely to enter the more densely developed areas near 
the center of town.  Should protection of less dense development near Champlin Slough be desired, 
projects that focus on management of overflows such as set back embankments preventing overflow 
from extending far from the channel may be a more cost effective project addressing Champlin Slough 
flow. 
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If overflow from Los Molinos Creek and Champlin Slough can be prevented from entering the 
developed area, it should be possible to design reasonable facilities to capture and convey runoff from 
the developed area to the existing outlets, Champlin Slough and along the east side of State Route 99E, 
and new outlets that may be considered west of State Route 99E including Mill Creek off the west end 
of Grant Street (conveyed under UPRR using improved LMMWC facilities), and Mill Creek off the 
west end of South Center Street (new facilities required under UPRR), and possibly other locations. 
 
 

RECOMMENDATIONS 
 

Additional study is recommended to investigate the capacity of Los Molinos Creek and of improvements 
preventing overflow from Los Molinos Creek.  This study should include preparation of a detailed 
backwater model based on surveyed cross-section and bridge data. 
 
Further refinement of the backwater model prepared to identify the capacity of Champlin Slough is 
recommended to more accurately estimate the water surface elevations and to identify the extent of 
flooding during the most probable 100-year flood.  This requires extension of cross-section data to 
represent the floodplain. 
 
Contingent on the results of the prior recommendation if overflow from Champlin Slough is considered 
to be a problem needing to be addressed, after identification of projects to prevent or minimize overflow 
from Champlin Slough, hydraulic evaluation of these projects is recommended to verify the ability of 
the projects to address the overflow without increasing flood risk for other property owners. 
 
After identification of candidate local drainage facilities, modification of the rainfall-runoff model is 
recommended to better identify runoff from the contributing area of each facility. 
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