
1 INTRODUCTION  

Deer Creek is one of the last drainages in the Sacra-
mento River system that supports spring-run Chi-
nook salmon, which have recently been added to the 
federal list of endangered species. As a result, Deer 
Creek has been recognized as a priority for habitat 
restoration by the CALFED Bay-Delta Program 
(CALFED 2000). A geomorphic study (DCWC 
1998) concluded that habitat in Deer Creek is lim-
ited mostly because of effects of the exis ting flood 
control project.  These effects include a lack of habi-
tat diversity and riparian vegetation due to channel 
maintenance and clearing, and a lack of suitable 
spawning material due to the high shear stresses 
which occur in the channel when high flows are 
constrained within the existing levees. 

Various proposals have been put forth to enhance 
salmon habitat and passage on Deer Creek, includ-
ing maintaining minimum base flows, artificial addi-
tion of smaller gravel for spawning, and planting of 
riparian trees to address the relative lack of vegeta-
tion on the banks of most of lower Deer Creek 
(CALFED 2000). The CALFED Strategic Plan for 
Ecosystem Restoration (2000) notes that many of 
the restoration efforts planned for Deer Creek are 
treatments of the symptoms of the current flood 
management strategy and do not address the under-
lying problems. Their proposed management alter-
native suggests that if the style of flood management 
were changed to set levees back, permit overbank 

flooding, and eliminate channel clearing, Deer Creek 
would, in the course of one or more floods, reestab-
lish a more natural channel form with better habitat. 

The California Department of Water Resources 
(DWR) is currently considering flood management 
alternatives for lower Deer Creek which would in-
corporate the proposed CALFED management 
strategies. As noted in the Lower Deer Creek Flood 
Management Study Draft Scope of Work (Cepello 
2000): “The opportunity exists through a combina-
tion of redesigning existing flood control features 
and encouraging appropriate land use to restore the 
reliability of the flood control project, reclaim a 
large portion of the historic floodplain, and incorpo-
rate natural distributary channels into an overflow 
bypass system for lower Deer Creek. These actions 
would also help natural stream processes occur and 
would be the most effective ecological strategy to 
restoring the terrestrial and aquatic habitats of lower 
Deer Creek.” 

A detailed understanding of river stage, flow ve-
locities, bed shear stresses, inundation areas, levy 
capacity and floodplain storage will be essential to 
understand the response of the system to various 
flood discharges and provide information necessary 
for developing further project objectives. Commonly 
used one-dimensional hydraulic models are not suit-
able for assessing complex flow systems that will re-
sult from the proposed flood management strategy, 
which includes reclamation of the historic floodplain 
and the incorporation of historic distributary chan-
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nels. This study utilizes a robust and efficient three-
dimensional hydrodynamic model, UnTRIM, to 
simulate a large flood event which occurred on 
lower Deer Creek in January, 1997. This modeling 
effort provides much more detailed information 
about channel conveyance, flow variability within 
the river channel, floodplain storage, the capacity of 
the natural distributary channels and existing cul-
verts for overflow bypass, and the effects of poten-
tial levee modifications on the flow system than 
could be obtained from existing one-dimensional 
models.  Through collaboration with California 
DWR and the Deer Creek Watershed Conservancy, 
this information will be used to help guide the im-
plementation of the proposed flood management 
strategy on lower Deer Creek. 

1.1 Site Description 

Deer Creek originates on the west slope of Mount 
Lassen and ultimately flows into the Sacramento 
River near Vina, CA. The watershed encompasses 
approximately 590 km2 and ranges in elevation from 
2400 m to less than 100 m above mean sea level. 
Historical aerial photographs taken in 1939 show 
that the lower portion of Deer Creek was highly 
sinuous, with small-scale bends, point bars, and al-
ternating pools and riffles (CALFED 2000). During 
floods, Deer Creek would regularly overflow its 
banks and inundate adjacent floodplains, providing 
water and nutrients to adjacent riparian zones. Under 
natural conditions, lower Deer Creek exhibited the 
multiple channels characteristic of alluvial fans. 
During floods, water flowed across the floodplain 
and into some of the multiple distributary channels 
on the alluvial fan. 

The Deer Creek Flood Control Project, autho r-
ized by the 1944 Flood Control Act, was completed 
by the U.S. Army Corps of Engineers in 1953 and 
transferred to the jurisdiction of the State Reclama-
tion Board in 1956 (Cepello 2000). About 16 km of 
levees were built along lower Deer Creek by the 
U.S. Army Corps of Engineers to control flooding, 
and the channel was straightened and cleared (CAL-
FED 2000). As a result of this work, the role of the 
natural distributary channels was disrupted and the 
riparian zone was limited to a small band within the 
constructed levees.   

Although the average flow rate on Deer Creek is 
only about 9  m3/s, Deer Creek experiences a high 
snowmelt flow virtually every year, and large floods 
often result from warm winter rains on snow. Large 
floods have occurred in January 1997 (680 m3/s), 
1970 (530 m3/s), December 1964 (570 m3/s), 1940 
(610 m3/s), and 1937 (675 m3/s) (CALFED 2000). 
Although the 1997 flood experienced flows greater 
than 7500% of the average flow rate, frequency 
analysis indicates that this is only considered a 25-
year recurrence interval flow event (CALFED 

2000). Under the pressure of such floods, mainte-
nance of the stream channel and levee system has 
been an expensive undertaking. Major levee repair 
work was undertaken by the Corps of Engineers fo l-
lowing the flood of February 1986 and by the Na-
tional Resources Conservation Service and Tehama 
County after the January 1997 flood (Cepello 2000).  

 During the January 1997 flood, Deer Creek 
breached its levee and flowed across the floodplain 
for several kilometers. The areas which were 
flooded during the 1997 flood were predominantly 
agricultural land, including orchards, grazing land, 
and farms. Based on field observations following the 
flood and eyewitness accounts, a conceptual model 
of the  January 1997 flood on lower Deer Creek has 
been developed by the California DWR. This con-
ceptual model, shown in Figure 1, demonstrates the 
importance of the role of the floodplain for provid-
ing flood storage and the importance of the natural 
distributary channels in influencing the flow of wa-
ter on the floodplain. In particular, Delaney Slough 
(top right) and China Slough (bottom center) play an 
important role in the natural hydrology of Deer 
Creek and served as conduits for water on the flood-
plain during the 1997 flood. 

The conceptual model of the 1997 flood on lower 
Deer Creek provides a valuable resource for ident i-
fying the features on the floodplain which had a sig-
nificant effect on floodplain hydrodynamics; how-
ever the conceptual model does not provide any 
quantifiable information about flow on the lower 
Deer Creek floodplain.  The collection of data dur-
ing large flood events is not practical, and thus lim-
ited quantifiable information is available to help 
guide efforts to redesign the flood management 
strategy.  The application of a three-dimensional hy-
drodynamic model to lower Deer Creek provides an 
opportunity to quantify floodplain storage and the 
capacity of specific pathways on the floodplain to 
convey bypass flow. 

2 METHODS 

2.1 Model Description 

This study applies the three-dimensional non-
hydrostatic hydrodynamic model for free-surface 
flows on unstructured grids, UnTRIM, described in 
Casulli and Zanolli (2002).  The model solves the 
three-dimensional Navier-Stokes equations on an 
unstructured grid in the horizontal plane.  A struc-
tured grid is used in the vertical direction, such that 
the domain is divided into vertical layers of uniform, 
but not necessarily equal, thickness.  Volume con-
servation is expressed by the incompressible cont i-
nuity equation, and the free-surface is calculated by 
integrating the continuity equation over the depth 
and using a kinematic condition at the free-surface  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. DWR Conceptual model of the January 1997 flood. The Sacramento River flows from top left to bottom left, and Deer 
Creek flows from top right to lower left. The levee breach occurred on the upper right portion of the figure. The breaches shown in 
the center served to allow water back into the main channel. Note the influence of Delaney Slough and China Slough in influencing 
the flow of water on the floodplain (Source: Califo rnia DWR). 
 
as described in Casulli and Cheng (1992). The gov-
erning equations are discretized using a finite differ-
ence – finite volume algorithm.  The numerical 
model accounts for bottom friction, wind stress, con-
vective and viscous acceleration, gravitational accel-
eration, and vertical eddy viscosity.  For the work 
presented in this study, several additional enhance-
ments were added to the model presented by Casulli 
and Zanolli (2002).  An inflow boundary condition 
for volume and momentum, a radiation outflow 
boundary condition, a modified formulation of bed 
drag and vertical eddy viscosity, and a method for 
modeling hydraulic structures were added, as de-
scribed in MacWilliams (2004).  The modified Un-
TRIM code was applied to simulate flow on lower 
Deer Creek. 

2.2 Grid Development 

One of the limitations of using three-dimensional 
models is the capacity to accurately specify complex 
topography (Lane et al. 1999). At the Deer Creek 
site, high resolution photogrammetric data had al-
ready been collected, and this photogrammetric to-

pography was available in digital form. Photogram-
metry was completed as part of the Lower Deer 
Creek Flood Management Study and includes de-
tailed (0.6 m contours) topography for the lower 
Deer Creek study area (approximately 75 km2) 
based on photography and ground control data pro-
vided by the Department of Water Resources. Proc-
essing of aerial photography and terrestrial and 
bathymetric surveys into detailed topography was 
completed by the U.S. Army Corps of Engineers and 
the California DWR under the Sacramento and San 
Joaquin River Basins Comprehensive Study.  This 
terrain and bathymetric data was obtained from Cali-
fornia DWR and used in the development of the 
grids used in UnTRIM. Using this detailed topogra-
phy it was possible to minimize the difficulties asso-
ciated with specifying channel geometry and gene r-
ate a high resolution grid consistent with the actual 
topography at the site. 

An orthogonal unstructured grid was generated 
over the horizontal domain for use with the Un-
TRIM model. The grid was generated in two sec-
tions using the mesh generation program TRIAN-
GLE (Shewchuck 1996).  The first section of the



 
 

 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 2. Model grid for lower Deer Creek (black).  The grid for the channel of lower Deer Creek is bounded by the levees or high 
topography (shown as two “parallel” white dotted lines from top right to bottom left).  The floodplain grid is bounded predomi-
nantly by bordering roads (solid white).  The top inset shows a portion of the grid with the low flow channel and the South-Main 
Canal highlighted.  The lower inset shows a close-up view of the area identified in the top inset, again showing a portion of the low 
flow channel and the South-Main Canal (bottom right).  The model grid extends approximately 5 km upstream of the area shown. 

 
grid was generated for the portion of lower Deer 
Creek which is bounded by the levees on each side 
of the channel, shown in Figure 2.  In this portion of 
the grid, the grid was constrained such that the lev-
ees and the low water waterlines were aligned with 
cell edges in the grid mesh.  Where no distinct lev-
ees were present, the grid is bounded by the local 
topographic break along the edge of the floodplain. 
This was done to ensure that the topographic high 

associated with the levees was captured in the grid, 
and to delineate the area within the low flow channel 
as a distinct portion within the grid.  Because the to-
pography for lower Deer Creek was obtained 
through photogrammetric mapping, the topographic 
data extend only to the edge of the wetted channel 
on the date which the photogrammetry was col-
lected.  No bathymetric data were available for the 
low water channel.   

The bathymetry of the low water channel was es-
timated through a series of model calibrations.  The 
aerial photogrammetry for lower Deer Creek was 
completed on May 11, 1999.  On this day, the ave r-
age daily flow in Deer Creek was measured to be 11 
m3/s.  A series of UnTRIM simulations was made by 
assuming an initial bathymetry where the bed was 
set to be 1 m below the observed water surface in 
the low flow channel.  A constant flow rate of 11 
m3/s was applied and the downstream water surface 
elevation was set to be 51.5 m, which is the water 

surface elevation observed in the photogrammetric 
data at the mouth of Deer Creek on May 11, 1999.  
By comparing the predicted water surface through-
out the low flow channel to the water surface ob-
served in the photogrammetric survey, the low flow 
channel bathymetry was adjusted and the procedure 
was iteratively repeated.  Although this method is 
not expected to provide a highly accurate estimate of 
low flow bathymetry, visual comparison of calibra-
tion results and channel morphology visible on the 
aerial photographs suggests that this calibration pro-



cedure produced a reasonable bathymetric profile for 
the low flow channel.  Because the flow capacity of 
the low flow channel is only 11 m3/s, it is not ex-
pected that errors associated with this bathymetric 
calibration will introduce significant effects on mod-
eling flood flows on the order of 500 m3/s.  Addi-
tionally, it is believed that this approach is more 
consistent with the other available topographic data 
than conducting a present-day bathymetric survey on 
the low flow channel, which has been altered since 
1999 and since the pre-flood 1997 bathymetry.  

A grid of the upper portion of the lower Deer 
Creek floodplain was also developed using TRIAN-
GLE.  The western boundary of the floodplain grid  
was constrained so that the grid sides aligned with 
the edge of the levee-bounded grid.  Additionally, 
the edges of the South-Main Canal, which flows 
across the floodplain, were identified and preserved 
in the floodplain grid.  The floodplain grid is 
bounded by a series of roads which are topographic 
highs and serve as hydraulic barriers.  Highway CA-
99 runs along the southwestern edge of the flood-
plain grid.  The merged grid consisting of the levee-
bounded grid and the upper floodplain grid, shown 
in Figure 2, contains 45,668 triangular elements in 
the horizontal grid and over two and a half million 
computational cells. As seen in Figure 2, the model 
grid follows the topography such that the levees, low 
flow channel, and South-Main Canal are all aligned 
with grid cell faces.  This ensures that the elevations 
associated with these features are captured in the 
model grid, because grid elevations are located on 
the center of each cell side.  The resolution of the 
model grid surrounding the South-Main canal, as 
seen in the lower offset is on the order of 5 m.  The 
grid spacing on the majority of the floodplain is 
typically on the order of 25 m, and a slightly finer 
resolution of approximately 20 m is typically used 
between the levees and in the low flow channel.  A 
uniform vertical grid spacing of 1 m was used. 

2.3 Boundary Conditions 

The simulation of the 1997 flood on lower Deer 
Creek requires the specification of an inflow hydro-
graph and a downstream water surface elevation.  
Additional boundary conditions are applied to model 
hydraulic structures on the floodplain. 

A USGS gauging station is located on Deer 
Creek, approximately 14.5 km upstream of its con-
fluence with the Sacramento River, and approxi-
mately 2.5 km upstream of the upstream end of the 
model domain.  This gauge reports river stage, and a 
stage-discharge relationship exists for this station.  
Using the USGS stage-discharge relationship with 
the measured stage data predicts two flood peaks of 
564 and 680 m3/s.  It is known that the second peak 
resulted in levy failure on Deer Creek and that the 
first peak did not exceed the capacity of the levees. 

   Preliminary simulations, an analysis of previous 
levee failures, and a one-dimensional model indicate 
that the magnitude of both of these flood peaks ex-
ceeds the capacity of the levee system.  Annual peak 
discharge data are available for lower Dear Creek 
from 1912 through 1997.  Comparing the yearly 
peak discharge with the years in which levee failure 
occurred indicates that flows greater than 450 m3/s 
consistently resulted in levee failure.  This suggests 
that the two peaks predicted by the USGS rating 
curve are not accurate because if the first flood peak 
was actually more than 560 m3/s, as predicted by the 
measured stage data and the USGS rating curve, 
levee failure almost certainly would have occurred. 

The measured stage for the second flood peak is 
only 0.33 m greater than the stage measured for the 
first peak.  This small difference in measured stage 
is inconsistent with eyewitness accounts of river 
stage near the breach location.  Additionally, the 
measured stage for the second flood peak varies by 
less than 0.06 m during the seven hours surrounding 
the peak.  This flat stage measurement at the flood 
peak suggests that the stage for the flood peak has 
exceeded the height which can be measured at the 
gauge and that the actual stage at the gauge was 
greater during the peak than was reported at the sta-
tion.   

By assuming that the actual stage for the second 
flood peak exhibited a similar shape to the stage 
measured for the first peak, the flat stage data for the 
second peak were augmented by an appropriate fil-
ter. Using this filter, the difference in stage between 
the first and second flood peaks was increased from 
0.33 to 0.91 m. A new stage-discharge relationship 
was developed, as shown in Figure 3, which main-
tained the discharge at the augmented peak stage to 
be identical to the discharge at the original peak 
stage for the second flood peak. However, the dis-
charge associated with the first peak in flood stage is 
reduced relative to the original rating curve. Using 
the modified stage data and the new stage-discharge 
relationship, the discharge associated with the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

     
Figure 3. Original USGS stage-discharge relationship and 
modified stage-discharge relationship. 



 
 
 
 
 
 
 
 
  
 
  
 
 
 
 
Figure 4. Hydrograph for lower Deer Creek (top) used for in-
flow boundary condition and Sacramento River stage elevation 
(bottom) used as downstream boundary condition. 

 
second flood peak remained at 680 m³/s, while the 
first flood peak was calculated to be 450 m³/s, which 
is within the capacity of the levee system.  This hy-
drograph is shown in Figure 4 and was used as the 
inflow boundary condition.  Based on observational 
information about stage and breach timing, an analy-
sis of past levee failures, one-dimensional simula-
tions and preliminary simulations using the three-
dimensional model, this hydrograph is a more ap-
propriate estimate of the hydrograph for the January 
1997 flood than the hydrograph calculated from the 
raw stage data using the USGS stage-discharge rela-
tionship (MacWilliams 2004).   

The downstream boundary is specified using the 
river stage on the Sacramento River measured at 
DWR Woodson-Vina gauging station at Woodson 
Bridge, shown in Figure 4. The Woodson Bridge 
gauge is approximately 1.7 km downstream of the 
mouth of Deer Creek.  Based on the photogrammet-
ric data and the DWR stage data at Woodson Bridge, 
the stage at the mouth of Deer Creek is estimated to 
be 0.3 m above the stage observed at the Woodson-
Vina Bridge gauge.  This estimate is used to calcu-
late the downstream boundary stage and is based on 
the assumption that the water surface slope on this 
reach of the Sacramento River does not change sig-
nificantly during higher flows.  

In addition to the upstream and downstream 
boundary conditions, culvert rating curves were de-
veloped for three hydraulic structures that are impor-
tant conduits for flow on the lower Deer Creek 
floodplain.  The rating curves were developed using 
HEC-RAS based on field measurements of the cul-
vert dimensions for each of the three culverts.  The 
rating curves used assume free-flow conditions at 
the outlet, which provides the largest possible flow 
through the culvert based on the set of rating curves 
developed.  

Using these boundary conditions and rating 
curves, UnTRIM was used to simulate the 1997 

flood on lower Deer Creek.  A period of six days 
was simulated using a time step of 1 second.  The 
bottom roughness was specified over the domain us-
ing a roughness height of 1×10-3 m in the channel 
and on the floodplain values of 1×10-2 and 1×10-1 m 
were specified for areas delineated as grazing lands 
and orchards, respectively.  The roughness parame-
ters on the floodplain were calculated from the ta-
bles of Chow (1959) by converting the appropriate 
roughness coefficient to a roughness height using 
the approach described in MacWilliams (2004). 

The levee failure resulted in a significant change 
in local geometry at the location of the levee breach 
and a section of levee was washed out.  To capture 
this effect in the flood simulations, a similar adjus t-
ment is made to the model grid by removing a sec-
tion of levee at the breach location at the time in the 
simulation when significant levee topping occurs.  

3 RESULTS 

Because no data were collected during the 1997 
flood, there is only a limited capacity to quantita-
tively validate the model results.  However, efforts 
have been made to gather as much quantitative or 
qualitative information as possible about the 1997 
flood to perform an assessment of model perform-
ance. 

Following the 1997 flood, high water mark sur-
veys were conducted on January 13-16, 1997.  The 
data from these surveys were obtained through the 
California Department of Water Resources Northern 
District Office.  Eighteen high water marks were 
surveyed on the east levee of Deer Creek and twenty 
high water marks were surveyed on the west levee 
of Deer Creek.  At each survey point, the high water 
mark (HWM) was photographed, sketched relative 
to surrounding features, and surveyed.  Using the in-
formation available in the survey notes, each of the 
HWM survey stations within the study area was 
identified and located on the model grid.  The pre-
dicted HWM was calculated to be the maximum wa-
ter surface at the survey location during the flood 
simulation.  The differences between predicted and 
measured HWM along the Deer Creek levees for the 
January 1997 flood are shown in Figure 5.  All of 
the predicted HWM elevations are higher than the  

 
 

 
 
 
 
 
 
Figure 5. Difference between predicted and observed high wa-
ter marks at stations surveyed by DWR following the January 
1997 flood.



 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. DWR Conceptual model of January 1997 flood (left) shown with UnTRIM model predictions during maximum floodplain 
inundation (right).  Lightly hatched area on conceptual model indicates flooded areas; flooded area on the model results shown as 
light-colored area overlaid by velocity vectors.  Arrows on the conceptual model show flow pathways but are not scaled to flow 
magnitude or velocity.  Arrows on the model predictions show surface velocity vectors for a subset of the computational cells.   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7. Post-flood aerial photograph showing sediment deposited along flow pathways (left) shown with conceptual model of 
January 1997 (center) and UnTRIM model predictions during maximum floodplain inundation (right).  Arrows on the conceptual 
model show flow pathways.  Arrows on the model predictions show surface velocity vectors for a subset of the computational cells.    
 



observed HWM elevations, which suggests that the 
modeled peak discharge may exceed the actual peak 
flood discharge.  The average difference between the 
predicted and observed HWM is 0.36 m.  This dif-
ference can also be attributed to error associated 
with the field HWM survey elevations, error in the 
photogrammetric topography, error in the simulated 
hydrograph, and model accuracy.  The error associ-
ated with the topographic data are on the order of 
0.15 m; a slightly higher error is associated with the 
HWM  surveys. Based on this, the model results 
show good agreement with the surveyed HWM ele-
vations within the accuracy of the available data.   

In addition to the high water mark surveys, the 
other primary sources for model validation come 
from the DWR conceptual model of lower Deer 
Creek flood actions, shown in Figure 1, and from 
post-flood aerial photographs.  The post- flood aerial 
photographs give a good indication of flooded areas 
and flow direction based on disruption of floodplain 
vegetation and deposition sediment on the flood-
plain.  A comparison between the inundation area 
predicted by UnTRIM at the time of maximum 
floodplain inundation and the inundation area incor-
porated in the DWR conceptual model is shown in 
Figure 6.  As seen in this figure, the results from the 
UnTRIM simulation show good agreement with the 
conceptual model both in terms of inundation areas 
and flow direction on the floodplain.   

Figure 7 shows a comparison between post- flood 
aerial photographs, the DWR conceptual model and 
the UnTRIM predictions in the section of the flood-
plain containing the South-Main Canal.  The orienta-
tion of the conceptual model and the UnTRIM re-
sults have been rotated to match the boundaries of 
the aerial photographs.  As seen in this figure, there 
is good agreement between the inundation areas 
predicted by UnTRIM and the flooded areas shown 
by the conceptual model.  The grey areas in the Un-
TRIM model (top left of the right panel) which des-
ignate portions of the model grid which remain dry 
agree well with the areas in the aerial photograph 
which show no evidence of sediment deposition and 
thus are assumed to have been above the elevation 
of the flood waters.  One of the major flow pathways 
back into the main channel is shown crossing the ir-
rigation canal in the top center of each panel on Fig-
ure 7 and then entering the main channel in the bot-
tom half of each panel.  On the aerial photograph, 
the sediment deposition pattern between the South-
Main Canal and the main channel of Deer Creek in-
dicate the significance of this flow pathway.  A simi-
lar pathway is observed in the UnTRIM results and 
is shown in the conceptual model.  In the aerial pho-
tograph, a significant amount of headcut erosion into 
the floodplain is visible at the location where flow 
re-enters the main channel.  This is consistent with 
model results which indicate a large fraction of the 
flow on the floodplain re-enters the main channel in 

this reach.  Overall these comparisons suggest the 
UnTRIM model is providing a reasonable estimate 
of flow on the floodplain for the January 1997 flood.   

A schematic of the primary flow pathways on the 
Deer Creek floodplain for the January 1997 flood is 
shown in Figure 8.  The primary levee breach on 
lower Deer Creek occurred approximately 0.5 km 
downstream of Leininger Bridge.  The majority of 
the water traveling across the floodplain re-entered 
the main channel at two locations, downstream of 
the Stanford-Vina diversion dam, and immediately 
upstream of highway CA-99.  Figure 9 shows the 
hydrographs for the flow contained between the lev-
ees at Leininger Bridge, the Stanford-Vina diversion 
dam, and at the highway CA-99 Bridge.  These hy-
drographs are obtained by calculating the total flow 
through each of these channel cross-sections during 
each time step during the simulation.  As seen in 
Figure 9, the levee breach truncates the second flood 
peak at the Stanford-Vina diversion dam due to the 
flow across the floodplain.  The peak discharge pre-
dicted at the Stanford-Vina diversion during the first 
flood peak was 450 m3 /s.  The discharge predicted at 
the Stanford-Vina diversion at the time of the levee 
breach was approximately 475 m3/s and following 
the levee breach the maximum discharge predicted 
was 450 m3/s.  This reduction in maximum dis-
charge results because, following the breach, a la r-
ger amount of water is diverted onto the floodplain 
and the effective downstream conveyance capacity 
of the main channel at the breach is truncated.  
Downstream of Stanford-Vina diversion dam, the 
floodplain elevation is sufficiently above the main     
channel that no significant levees were constructed.  
As a result, water from the floodplain can freely 
flow back into the main channel of lower Deer  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 8. Schematic of primary flood pathways on lower Deer 
Creek during January 1997 flood.  The boundaries of the main 
channel (white dashed lines) and the boundaries of the flood-
plain grid (white solid line) are indicated for reference.  The 
dark arrows show primary flow pathways.  Text boxes and 
white arrows identify the locations corresponding to the chan-
nel and hydraulic structure hydrographs shown in Figures 9-10.  



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9. Predicted hydrographs in the main channel of lower 
Deer Creek at three locations identified on Figure 8. 

 
Creek.  A significant fraction of the flow on the 
floodplain during the 1997 flood re-entered the main 
channel at this location (as seen in Figure 7).  The 
remaining water flowed down the floodplain until it 
reached highway CA-99.  At the highway, which is 
elevated significantly above the surrounding flood-
plain, the water backed up until the levees were 
breached to allow the water to flow back into the 
main channel immediately above the CA-99 high-
way bridge.  As seen in Figure 9, the hydrograph at 
the CA-99 Bridge shows a flood peak similar to the 
hydrograph at Leininger Bridge, which indicates that 
the majority of water has re-entered the main chan-
nel by the time Deer Creek flows under CA-99.  The 
simulation results predict a peak discharge of 670 
m3/s at Leininger Bridge and a peak discharge of 
620 m3/s at CA-99. 

The balance of water which does not re-enter the 
main channel upstream of CA-99 flows under the 
highway at overpasses located on Delaney Slough 
and China Slough.  The flow hydrographs for these 
two structures, and the hydrograph for the culvert 
under Vina Road which connects the main area of 
the floodplain with China Slough, are shown in Fig-
ure 10.  The culvert under Vina Road is quite small 
and based on the large discharge predicted through 
the end of the simulation it is evident that this cul-
vert is limiting flow into China Slough.  The culvert 
on China Slough under CA-99 provides a larger con-
veyance capacity but also shows a significant flow 
rate following the initial flood pulses.  If a substan-
tial flow is to be routed through China Slough as is 
suggested in the Lower Deer Creek Flood Manage-
ment Study, this culvert would also need to be re-
sized to increase its capacity. 

4 DISCUSSION 

The three-dimensional simulation of the January 
1997 flood on lower Deer Creek provides valuable  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. Predicted hydrographs through the hydraulic struc-
tures at the locations identified on Figure 8. 

 
quantifiable information about water levels, flow ve-
locities, inundation areas, flow pathways on the 
floodplain, and the performance of existing flood-
plain hydraulic structures.  Coupled with the knowl-
edge provided by the DWR conceptual model of the 
1997 flood on lower Deer Creek, this information 
can serve as a valuable tool in planning future resto-
ration strategies on lower Deer Creek. 

The implementation of flood management alter-
natives that will change the style of flood manage-
ment to set levees back, permit overbank flooding, 
and incorporate natural distributary channels back 
into the floodplain system depends on an adequate 
understanding of hydrodynamics on the floodplain 
during large flood events.  This understanding is 
necessary in order to help improve the reliability of 
the existing flood management system and to help 
foster the restoration of the terrestrial and aquatic 
habitats of lower Deer Creek by allowing natural 
stream processes to occur. 

Kondolf (2000) argues that “aquatic and riparian 
habitat for salmon and other organisms is, in effect, 
a by-product of the channel geomorphology, which, 
in alluvial reaches, largely reflects the prevailing 
flow and sediment regimes, as well as effects of ri-
parian vegetation and human modifications.” As a 
result, a detailed understanding of the flow regime 
on lower Deer Creek during floods is necessary for 
the proper evaluation of future restoration efforts on 
Deer Creek. 

Restoration projects, such as that on the Cosum-
nes River, CA, have demonstrated the benefit of 
breaching and setting back levees. Based on the re-
sult of a levee breach on the Cosumnes River it was 
concluded that “if the natural process of flooding is 
allowed to take place, the river can reforest its old 
flood plain and restore fish and wildlife habitat 
quickly and effectively. When natural processes are 
allowed to shape the landscape on a large scale, the 
habitat becomes very diverse, enabling many species 
to live together in a balanced ecosystem” (Cosumnes 



2003).  A similar opportunity exists on lower Deer 
Creek to setback levees and reclaim a large portion 
of the historic floodplain. Deer Creek remains one of 
the least altered streams in the Central Valley and 
still supports all four runs of Chinook salmon, as 
well as runs of steelhead. As a result, the preserva-
tion of this resource is a high priority. 

Using the model developed in this study as a 
starting point, it is possible to simulate the potential 
effects of various structural modifications to the 
floodplain using UnTRIM.  Information about flood 
inundation and frequency under the proposed man-
agement plan can be used to recommend sensitive 
areas that should be obtained through purchase or 
land-easements to ensure the reliability of the pro-
posed flood management strategy. An analysis of the 
hydraulic effects of levee setbacks, allowing inunda-
tion of the natural floodplain, and the incorporation 
of natural distributary channels into the flood man-
agement strategy, can be used to recommend appro-
priate modifications to the levee system that will al-
low natural channel and floodplain processes to 
occur while still providing adequate protection to 
existing structures. As a result, the extension of this 
modeling study can be used to provide information 
that will help to maximize the effectiveness of the 
proposed management strategy.  Funds spent on this 
type of planning study can help prevent much larger 
expenditures on projects that would prove to be ine f-
fective or unnecessary (Kondolf 2000). 

5 CONCLUSIONS 

These results demonstrate the ability of detailed hy-
drodynamic modeling to simulate flooding on a 
large-scale complex river floodplain.  Through the 
application of a newly-developed three-dimensional 
hydrodynamic model, this study made use of avail-
able topographic, and hydrologic data to quantify the 
major flow pathways on the lower Deer Creek 
floodplain.  In the absence of detailed field meas-
urements during the flood, model results were vali-
dated against post- flood high water mark surveys, a 
conceptual model of the flood developed by Califor-
nia DWR, and post-flood aerial photographs.  The 
UnTRIM simulations provide good overall agree-
ment with these available data sources. 

The simulation of the January 1997 flood on 
lower Deer Creek provides a state-of-the-art analysis 
of the capacity of the levee system on lower Deer 
Creek and the important flow pathways on the 
floodplain.  If used in guiding future management 
decisions, this work has the potential to have a last-
ing impact on the management and conservation 
practices in the Deer Creek watershed. The imple-
mentation of these management practices through 
the collaboration of the California DWR and CAL-
FED will provide a unique opportunity within the 

Central Valley to preserve one of the regions most 
important salmon habitats, and demonstrate the ca-
pacity of innovative flood management strategies to 
preserve the watershed's ecological and agricultural 
resources. 
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