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ABSTRACT: During development of a new hydrology manual for the City 
of Redding , California, anunusual stormoccurred on March 23, 1993 
which provided a unique opportunity for verification of the hydrology 
manual .methodology prior to adoption. From 1700 to 2300 PST on March 
23, 1993, an intense storm passed over the western and northern 
portions of the City of Redding causing unprecedented flooding in 
several streams. Storm total six-hour precipitation depths of up to 
7.0 inches were recorded. Street and subdivision flooding occurred 
at many locations. A data collection effort initiated immediately 
after the storm obtained precipitation data at 68 locations and high 
water marks at 94 locations. An isohyetal map of storm total 
precipitation was prepared. Storm event flood flows estimated by 
HEC-1 models were compared to flood flows determined from hydraulic 
analyses of the high water marks. A comparison was made of 
recurrence periods for design events, various durations for 
precipitation in the March 23, 1993 storm, and the stream flood 
peaks. At nearly all locations, peak discharges estimated from 
hydraulic analysis of high water marks matched the HEC-1 peak 
discharges from the March 23, 1993 storm precipitation within 20 
percent. 

INTRODUCTION 

A city-wide master storm drain study for the city of Redding was 
completed by Montgomery Watson of Sacramento in October 1993. The 
study report provided design peak flows for lo-, 25- and 100-year 
recurrences. 100-year projected future urban development peak 
flows were used to define flood plains on the major streams. This 
study report included a hydrology manual to facilitate updating of 
design flows for future urban development. The hydrologic 
methodology was based on the use of HEC-1 and synthetic design 
storms. 

The storm event on March 23, 1993 provided a unique opportunity to 
verify HEC-1 hydrologic models and associated HEC-2 hydraulic 
models. Two questions were addressed in the verification process, 
(1) Did the HEC-1 models simulate runoff accurately using actual 
precipitation?, and (2) Was there a reasonable correspondence 
between synthetic design storm recurrence interval and modeled peak 

' 

flow recurrence interval? 

DATA COLLECTION 

Heavy rain began in the Redding area at approximately 1900 PST, 
ending shortly after 2300 PST. Flooding was reported at many 
locations in the city between 2200 PST and midnight. The 
importance of the storm event to model verification was immediately 
recognized. On the following day a collection program began to 



compile high water marks and precipitation records. 

Five-minute recorded precipitation data were available for the 
Redding South Bonneyview Fire Station. An article placed in the 
Record Searchlight newspaper resulted in 68 responses from 
individuals who provided measured precipitation data. For several 
days af ter the storm, high water marks were identified and surveyed 
at flooded locations before vegetation growth and later 
precipitation could obscure evidence. 

ANALYSIS 

Antecedent precipitation had occurred nearly every day since March 
15, 1993, with heavy intensities on March 17. soiis were nearly 
saturated and streams were flowing with typical wet weather base 
flows. 

On March 23 a short period of precipitation occurred in the 
morning, accumulating from .10 to .55 inch (3-14 mm) in various 
locations. At 1900 PST, a period of continuous precipitation 
began, lasting until shortly after 2300 PST. Embedded in the 
generally widespread precipitation were a series of higher 
intensity showers or convective elements, moving slowly from south 
to north, which occurred at 1945, 2030, 2135 and 2200 PST. 
Streamflow peaks occurred between 2200 and 2400 PST. The 
continuously recording gage at the Redding Fire Station on South 
Bonneyview Road had 4.96 inches (126 mm) of precipitation. Storm 
totals elsewhere in the city ranged from 1.6 to 7.0 inches (41 to 
178 mm). 

An isohyetal map was prepared from data at the 68 locations with 
measurements. Gage catch efficiency was assumed to be near 100% 
due to the very light winds during the storm. Observers of 
unusually high or low values (compared to nearby locations) were 
questioned or visited to determine if siting factors or gage design 
influenced gage catch. No potential sources of bias were 
determined. There was very good agreement between most adjacent 
measurements, giving further evidence of data reliability. Storm 
total values were adjusted for precipitation in the morning of 
March 23rd. based on an isohyetal analysis which showed an even and 
consistent pattern to the morning precipitation. No rain fell on 
March 24, 1993 after the storm which facilitated separation of 
measured precipitation during the storm event itself from daily 
measurements taken at different times. 

Figure 1 is an isohyetal map of storm total precipitation. Storm 
total precipitation showed a clear pattern; the storm was centered 
west of downtown and north of the west bend of the Sacramento 
River. This area also represents the west edge of the Sacramento 

' .Valley floor and is a north-south trending area of hills 
approximately 300-500 feet higher than the Valley floor. Other 
historic flood events (i.e. September 1977 cloudburst) and long 





term precipitation records also showed a definite topographic 
relationship to heavy precipitation in this area. 

The heaviest precipitation, 5.5 to 7.0 inches (140-178 mm) , 
occurred from just south of Shasta High School (on Highway 299 W) 
north across the Sacramento River, over Lake Redding Estates and 
northeast into Sulphur Creek drainage. Secondary centers of heavy 
precipitation of 4.5 to 5.0 inches (114-127 mm) were located in 
central and eastern portions of Olney Creek, Oregon Gulch and 
Canyon Hollow basins; and downstream portions of Boulder, Newtown, 
Buckeye and Salt Creek basins. Storm totals in downtown Redding; 
east of the Sacramento River; south of Highway 299 E; and west of 
the city were less than 2.0 inches (50 mm). 

Figure 2 shows recorded statistics of hourly precipitation at the 
Redding South Bonneyview Fire Station gage. The 100-year design 
storm based on 36 years of record at Redding 5SSE (approximately 
1.5 km to southeast) is shown for comparison. In comparison to the 
long-term record, the March 23, 1993 event had the following 
recurrence intervals: 1-hour 50-year; 2-hour 100-year; 3-hour 200- 
year and 6-hour 200-year. Since for the larger stream basins, 
response times in the area of heaviest precipitation ranged from 
one to two hours, flood peak recurrence intervals would be expected 
to range from 50 to 100 years, if a correspondence existed between 
precipitation depth-duration-frequency and flood peaks. 

Figure 3 shows five minute values for the March 23, 1993 storm and 
the 100-year six-hour design event plotted as running two-hour 
means. These values are quite similar for basins with response 
times of 1.5 to 2.0 hours. If the March 23rd event had covered the 
drainage basin of a stream with a response time of 3-5 hours, the 
resulting flood peaks would have had a 200-year recurrence 
interval. Recurrence intervals of maximum storm duration less than 
one hour were lower. For example the maximum 30-minute depth had 
a recurrence interval of 20 years and 15-minute depth a recurrence 
interval of 5 years. Consequently, small basins in the area 
influenced by the storm did not have unusual flooding. 

HEC-1 Models 

Associated with the areas of heaviest precipitation, flooding 
occurred on south Sacramento Rivertributaries: Olney Creek, Oregon 
Gulch, Canyon Hollow, and downtown Redding drainages; north 
Sacramento River tributaries near Lake Redding Park and Sulphur 
Creek; and Churn Creek west tributaries Boulder, Buckeye, Newtown 
and Salt Creeks. 

As part of the City of Redding Master Storm Drain Study, HEC-1 
models for present land use were available for all stream basins 
reporting flooding during this storm. The isohyetal map (Figure I) 
was used to assign storm totals to each subbasin in the HEC-1 
models. The time distribution of the Redding South Bonneyview Fire 
station was used to distribute precipitation totals. This time 
distribution closelymatched partial time distributions recorded at 





FIGURE 3: March 23, 1993 Storm 
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five other locations in the city. HEC-1 was used to determine 
flood peaks for the March 23, 1993 storm, using the design 
parameters in Redding Hydrology Manual and 1992 land use 
conditions. 

HEC-2 Models and Hvdraulic Calculations 

Stream crossing structures at 94 locations of reported flooding or 
high precipitation were visited by hydrologists and surveyors in 
the days immediately after the flood. High water marks were 
obvious in all cases and they were measured and referenced to 
channel invert or structure elevations. Peak discharges were 
calculated using the HEC-2 model, when possible, and Federal 
Highway Administration culvert charts otherwise. Flows were 
adjusted for debris accumulations and culvert blockage if 
appropriate. 

RESULTS 

A comparison was made between HEC-1 simulated values and flood 
peaks estimated from high water marks. For a few subbasins in the 
HEC-1 models, storm totals, where gage records did not exist, were 
adjusted within reasonable limits, and the isohyetal map modified, 
which improved flow comparisons. Some of the original HEC-2 
hydraulic bridge models were inaccurate, with the obvious 
unlikeljness of flood peaks decreasing downstream. In several 
cases cross sections were not representative of channel geometry 
with water levels below soffits (i.e. special bridge models). 
Insertion of measured cross sections at the upstream and downstream 
faces of the structures improved comparisons. Some structures were 
completely resurveyed resulting in improved estimates of peak flows 
using HEC-2. Other structures required modification of loss 
coefficients and Manning's n within theoritical limits. The FHWA 
inlet control culvert charts generally proved to be 
oversimplifications, since submerged or supercritical flow was 
common. 

All simulated and calculated peak flows values were within 20%, 
with no consistent bias. For the design conditions investigated, 
no changes to the HEC-1 hydrologic model parameters (i .e. SCS curve 
numbers, initial and constant losses, channel routing) were 
indicated. 

A comparison of March 23. 1993 flood peaks with design storm peaks 
gave estimated recurrence intervals for flood peaks in the areas 
influenced by the heaviest precipitation (see Table 1). 



Table 1. 

Recurrence Interval of Selected Flood Peaks 

Location 

Oregon Gulch 
Canyon Hollow 
Sulphur Cr 
Boulder Cr 
Buckeye Cr 
Newtown Cr 
Salt Cr 
Churn Cr 

Area 
(sq mi) 
3.9 
3.2 
4.4 
3.6 
2.0 . 

2.2 
4.8 
34.6 

Observed Peak 100-Year Recurrence 
(cfs) (cf s) (years) 
1800 1940 70 
2200 2600 60 
1900 2760 3 0 
1850 2620 20 
800 1500 15 
550 1610 10 
1700 2640 25 
7700 11160 20 

A comparison of depth-duration frequency data showed that there was 
a consistent agreement between the recurrence interval of the 
stream basin, at its response time, for synthetic design storm 
depth-duration and the March 23, 1993 event. 

CONCLUSIONS 

It was concluded that the methodology in the Redding Hydrology 
Manual can be expected to simulate, with reasonable accuracy, flood 
peaks of recurrence intervals of 10-years or greater. No further 
calibration is required if the recommended SCS curve numbers, 
initial and constant infiltration losses, and routing parameters 
are used. For urbanized land use or nearly saturated type C and D 
soil conditions, a synthetic design storm can be expected to 
produce a similar recurrence interval flood peak. 

No evidence in this investigation was obtained that more frequent 
design storms (less than 10-year recurrence interval) can be 
expected to produce similar recurrence flood peaks using the HEC-1 
model. Soils would be likely to exhibit significantly greater and 
highly variable infiltration losses and a partial duration series 
adjustment would also be appropriate. 

It was also found that HEC-2 simulation of stream crossing 
structures to determine their capacity and upstream water levels 
required detailed and accurate cross-sectional geometry. This data 
required field survey and could not be obtained from 
orthophotographic mapping methods where serious distortion may 
occur due to dense riparian vegetation, water surfaces, and steep 
terrain. 


