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1. Introduction 
 
Northwest Hydraulic Consultants (nhc) is conducting a Flood Insurance Study for the Federal 
Emergency Management Agency (FEMA) under Contract Number EMF-2001-CO-0015, T005.  
The purpose of this mapping project is to develop updated Flood Insurance Rate Maps (FIRMs) 
and a Flood Insurance Study (FIS) for the area west of Highway 395 between 
Minden/Gardnerville north to Hot Springs Mountain in Douglas County, Nevada.  As part of this 
work, nhc is responsible for developing flood hydrographs representing the 10-, 2-, 1-, and 0. 2- 
percent annual chance exceedance events.  This report documents the methodology nhc used to 
develop these flood hydrographs and the resultant hydrographs.  
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2. Physical Setting 
 
The study area is located on the east side of the Carson Valley in Douglas County Nevada.  The 
overall study limits extend from Gardnerville north to Hot Springs Mountain and from Highway 
395 to the canyon mouths four to five miles east of Highway 395, encompassing an area of 
approximately 40 square miles.  The major tributary drainages in the study area, listed from 
north to south, include Buckbrush, Johnson Lane, Sunrise Pass, Airport, and Buckeye 
catchments.  These drainages are part of the Pine Nut Range.  The elevation along the drainage 
divide of the Pine Nut Range ranges from a high of 9450 feet at Mount Siegel to a low of 6200 
feet near Bismark Peak.  Generally, the ridgeline varies from 8000 to 9000 feet.  The landscape 
is sparsely vegetated with chaparral, low brush, and annual grasses in the foothills and 
undeveloped areas of the valley floor.  Near Minden and along Highway 395, agriculture is the 
dominant land use.  North of the Douglas County Airport, residential housing is the primary land 
use along Highway 395.  Soils in the study area are generally loams and sandy loams, with sands 
in the lower elevations.     
 
Within the study area, average annual precipitation increases with elevation.  The town of 
Minden receives an annual average rainfall of 8.3 inches and average annual snowfall of 18.2 
inches (WRCC 2003).  On average, sixty percent of the rainfall occurs between November and 
March.  The majority of this rainfall is produced by large frontal storms.  Cloudburst events 
occurring in the spring, summer, and fall may produce short-duration intense rainfall over 
localized areas.  Both large frontal storms and short-duration, high intensity cloudbursts have 
produced floods within the study area.   
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3. Review of Existing Data 
 
There are very few gaging stations within the study area or in surrounding areas with similar 
climatological and geographic characteristics.  The National Weather Service (NWS) operates 
hourly rainfall gages at Fish Springs, Mt. Como, and Minden.  The US Geological Survey 
(USGS) operated a continuously recording streamflow gage on a 46.3 square mile basin along 
Buckeye Creek (gage number 10309070) from April 1980 to September 1997.  During this 17 
year period, the streamflow gage recorded three peak flows greater than 500 cfs: 1070 cfs in 
August 1984, 850 cfs in July 1991, and 806 cfs in July 1988.  On August 29th, 1984, the day of 
the historical peak for the Buckeye Creek streamflow gage, the Fish Springs and Minden rainfall 
gages, approximately six and eleven miles away, respectively, did not record any precipitation.  
The lack of a densely spaced network of stream flow and precipitation gages relative to the storm 
cell size makes characterizing and modeling local high intensity rainfall runoff events difficult 
for the study area.  nhc consulted the NOAA Atlas 2 and NOAA Atlas 14 rainfall frequency 
atlases for western Nevada to obtain information on rainfall characteristics within the basin.    
 
nhc used NRCS soils maps, USGS Digital Elevation Models, aerial topography, and field 
reconnaissance to characterize the vegetation and morphologic characteristics of the study area. 
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4. Methodology 

4.1 Application of Regression Equations 
As described previously, there is little or no recorded streamflow data available for streams in the 
study area.  Thus, alternative methods were necessary to estimate peak flow data for input to 
hydraulic models of the study reaches.  Of the available methods, two seemed to be particularly 
applicable to the current study:  regression analysis and hydrologic modeling.  Regression-based 
analysis provides a reasonable approach for estimating peak flows in the absence of locally 
recorded streamflow data.  Regional regression studies have recently been conducted for streams 
in the Eastern Sierra region of Nevada and California (Thomas et al, 1994; Thomas and Sexton, 
1997).  nhc applied the equations resulting from both of these studies to estimate peak flows for 
the study streams.  Tables 4.1 and 4.2 show the computed peak flow quantiles for each of the 
study reaches being evaluated.  The 1994 regional study did not include an equation for 0.2-
percent annual chance exceedance event (500-year), so Table 4.1 does not provide an estimate 
for that frequency.  
 
As can be seen from Tables 4.1 and 4.2, the two sets of equations offer similar estimates of most 
peak flow quantiles, with the exception of the smaller, lower elevation basins.  For these basins 
(Juniper Road, Calle Hermosa, Airport Tributary, and Airport South), the 1994 equations predict 
significantly lower 0.1-percent chance exceedance flow.  It should be noted that the range of 
mean basin elevations considered in the development of each set of regression equations had a 
minimum above 5,500 feet; thus, extreme caution is warranted when applying these equations in 
basins at or below this level.  Furthermore, the standard error of peak flow predictions made with 
the equations was quite high (up to 100 percent) and would likely be even higher for basins 
outside the range of the explanatory variables.  Considering the range of uncertainties 
accompanying both sets of regression equations, it was felt that either would be equally valid for 
use in the current study.  The 1994 equations are incorporated in the National Flood Frequency 
Program and are thus somewhat more likely to be applied in other studies in this region.  Based 
on the foregoing considerations, nhc used the 1994 equations as the primary basis for 
refinement of the hydrologic models required to develop input flow hydrographs for hydraulic 
modeling.  Comparisons of model results to both sets of regression equations are provided in 
Section 4.4.  
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Table 4.1 Regression-Based Flow Estimates per Thomas, 1994 
Equations from NFF Program (Thomas, 1994):

Q2 = 0.0333A0.853(ELEV/1,000)2.68[(LAT – 28)/10]4.1

Q10 = 28.0A0.826[(LAT – 28)/10]4.3

Q50 = 2,030A0.798(ELEV/1,000)-1.71[(LAT – 28)/10]4.4

Q100 = 7,000A0.782(ELEV/1,000)-2.18[(LAT – 28)/10]4.6

Where:
A = Basin Area in Square Miles
LAT = Lattitude in Decimal Degrees
ELEV = Mean Basin Elevation

A LAT ELEV Q50% Q10% Q2% Q1%

Site (sq miles) (degrees) (feet) (cfs) (cfs) (cfs) (cfs)
Buckeye Creek 67.45 38.99 6560 276 1363 3555 4825
Juniper Road 4.00 38.96 5141 13 131 559 890
Calle Hermosa 2.41 38.95 5090 8 85 377 608
All Buckeye 73.85 38.99 6437 283 1467 3943 5391
Buckbrush 4.40 39.06 5383 16 147 580 903
Johnson Lane 10.47 39.07 5954 45 302 979 1435
Sunrise 1.63 39.02 5081 6 64 286 465
Airport 21.56 39.04 6003 84 542 1699 2451
Airport Tributary 1.29 39.01 5034 5 52 239 391
Airport South 1.98 38.99 4972 6 74 342 560

 

Table 4.2 Regression-Based Flow Estimates per Thomas and Sexton, 1997 
Flow Equations from Thomas and Sexton (1997 [revised])

Q 50% = 1.64 (A 0.98)(P2 1.55) [(ELEV - 4000)/1000)]0.018

Q 10% = 35.2 (A 0.89)(P2 1.22) [(ELEV - 4000)/1000)]-0.98

Q 2% = 226.3 (A 0.84)(P2 1.05) [(ELEV - 4000)/1000)]-1.58

Q 1% = 435.7 (A 0.83)(P2 1.00) [(ELEV - 4000)/1000)]-1.79

Q .2% = 1638 (A 0.80)(P2 0.91) [(ELEV - 4000)/1000)]-2.22

Where:
A = Basin Area in Square Miles
P2 = 2-Year, 24-Hour Precipitation
ELEV = Mean Basin Elevation

A P2 ELEV Q50% Q10% Q2% Q1% Q.2%

Site (sq miles) (inches) (feet) (cfs) (cfs) (cfs) (cfs) (cfs)
Buckeye Creek 67.45 1.93 6560 287 1329 3521 5162 10760
Juniper Road 4.00 1.34 5141 10 152 802 1460 4845
Calle Hermosa 2.41 1.32 5090 6 99 551 1019 3506
All Buckeye 73.85 1.88 6437 301 1462 3991 5914 12588
Buckbrush 4.40 1.51 5383 13 159 728 1264 3811
Johnson Lane 10.47 1.75 5954 39 292 1015 1612 4028
Sunrise 1.63 1.30 5081 4 70 398 741 2591
Airport 21.56 1.77 6003 82 551 1818 2850 6884
Airport Tributary 1.29 1.27 5034 3 57 340 640 2305
Airport South 1.98 1.26 4972 5 88 537 1022 3730
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4.2 Hydrologic Model Development 
The complex hydraulics at the lower end of the study area necessitates unsteady hydraulic 
modeling and therefore requires hydrographs, rather than peak flows, as input.  While the 
regression equations provide reasonable estimates of peak flows for the study area, they do not 
provide any information about hydrograph characteristics (e.g. duration, volume, and recession 
characteristics) for the events producing these flows.  Therefore, the necessary input hydrographs 
were developed using an event-based hydrologic model adjusted to produce peak flows similar 
to those estimated using the regression equations. 
 
HEC-HMS was selected for this modeling, in large part because it offers modeling approaches 
that could be empirically parameterized from available GIS data for the study area.  Using the 
HEC-GeoHMS extension for ArcView, subbasins were delineated from 1:24,000 scale, 10-meter 
digital elevation models (DEMs) downloaded from the USGS (USGS, n.d.).  A subbasin was 
defined at the outlet point of each drainage basin, with further subbasin divisions at upstream 
points where flow inputs were required for the hydraulic models.  A subbasin map is shown in 
Figure 1.   The automated stream definitions and basin delineations were checked against USGS 
quad maps and updated by hand in areas where the DEM did not capture local topography with 
sufficient accuracy. 
 
The loss rate method selected for the hydrologic model was based on the Green-Ampt equation 
for infiltration.  This method uses a variable infiltration capacity, which was felt to provide a 
more accurate representation of basin response to short, high-intensity events than other methods 
available in HEC-HMS.  Previous HEC-1 modeling done by the USGS used the SCS curve 
number method.  nhc initially attempted to use this loss rate method but found that, because of 
the constant loss approach and large initial abstractions, the model could not reproduce the large 
cloudburst peaks commonly observed in this area.  Soil parameters for the Green-Ampt method 
were estimated from literature values (Rawls et al., 1983) based on soil texture and attributes 
obtained from NRCS SSURGO data (NRCS, n.d.).  Impervious areas were calculated based on 
estimated effective impervious area fractions for land covers in the National Land Cover Dataset 
(USGS, n.d.).  All loss-rate parameters were computed on a lumped basis for each model 
subbasin, with weighting factors determined from spatial analysis in GIS.  Soil parameter values 
were adjusted based on published ranges to better simulate peak magnitudes. 
 
Runoff transformation was performed using the SCS Unit Hydrograph method, which requires 
calculation of SCS lag time for each model subbasin.  SCS lag time is a function of time of 
concentration, calculated as the sum of overland (or sheet flow) travel time, shallow concentrated 
flow travel time, and channel travel time.  The longest flow path for each model subbasin was 
delineated from USGS DRG quad sheets.  Overland flow was assumed to be limited to the first 
300 feet of the flow path, and a roughness value of 0.13 was used for all basins, based on 
characterization of land cover from aerial photos.  A constant shallow concentrated flow length 
of 700 feet was assumed to follow the overland flow portion, with the remainder of the longest 
flow path assumed to be channel flow.  For channel flow, Manning’s equation was used to 
calculate flow velocity, using a roughness value of 0.07 for all channels, based on data collected 
for hydraulic modeling.  Hydraulic radii were estimated from channel data collected for the 
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HEC-RAS model of Buckeye Creek; separate values were defined for upper (elevation greater 
than 5700 feet) and lower basins. 
 
Muskingum routing was used to model translation and attenuation of runoff through the channel 
network.  The Muskingum K parameter was estimated as reach travel time.  Where HEC-RAS 
models had been created, flow velocities were taken from the HEC-RAS results.  For other 
reaches, roughness and hydraulic radius values were based on cross section data collected for the 
HEC-RAS model, as described above for channel flow.  The Muskingum x parameter, a 
weighting coefficient for inflow and outflow, was initially estimated at 0.2, as a typical value for 
natural channels (Bedient and Huber, 1992).  In the model refinement process, this value was 
reduced to 0.1 for all reaches. 
 

4.3 Design Storm Development 
Given the lack of observed data from which storm patterns and frequencies could be evaluated, 
nhc elected to use a design storm approach for generating input hyetographs for the HEC-HMS 
model.  As described previously, NOAA recently published Atlas 14 data for the semi-arid 
southwest region (including Nevada) online in a digital grid format (NWS, n.d.).  Rainfall grids 
for 5-minute to 24-hour durations at 2-, 10-, 50-, 100-, and 500-year recurrence intervals were 
downloaded, and spatial analysis was used to determine the average precipitation over each basin 
for each duration and recurrence interval (Table 4.3). 

Table 4.3 NOAA Atlas 14 Rainfall Depths 
Basin 5-min 15-min 60-min 2-hr 3-hr 6-hr 12-hr 24-hr 

100-year Rainfall (inches) 
Airport 0.41 0.76 1.27 1.44 1.55 2.33 3.48 4.61 
Airport Trib 0.34 0.64 1.07 1.20 1.25 1.81 2.59 3.19 
Buckbrush 0.37 0.70 1.17 1.31 1.39 2.03 3.00 3.86 
Buckeye Creek 0.42 0.80 1.33 1.52 1.69 2.58 3.85 5.23 
Calle Hermosa 0.35 0.65 1.08 1.21 1.27 1.85 2.65 3.33 
Johnson Lane 0.40 0.76 1.27 1.42 1.53 2.28 3.42 4.52 
Juniper Road 0.35 0.66 1.10 1.23 1.30 1.88 2.70 3.40 
Sunrise 0.35 0.65 1.09 1.21 1.29 1.84 2.66 3.28 

500-year Rainfall (inches) 
Airport 0.60 1.14 1.90 2.01 2.11 2.60 3.89 5.91 
Airport Trib 0.51 0.97 1.61 1.65 1.69 2.00 2.89 4.05 
Buckbrush 0.56 1.06 1.77 1.83 1.89 2.26 3.35 4.93 
Buckeye Creek 0.62 1.18 1.96 2.13 2.27 2.90 4.32 6.74 
Calle Hermosa 0.52 0.98 1.64 1.68 1.73 2.05 2.95 4.23 
Johnson Lane 0.61 1.14 1.90 2.00 2.09 2.54 3.82 5.80 
Juniper Road 0.53 1.00 1.66 1.71 1.76 2.10 3.02 4.32 
Sunrise 0.52 0.99 1.64 1.68 1.73 2.04 2.96 4.17 
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A review of USGS gaging records indicated that in the eastern Sierra region, high peak flows 
may be generated by either localized short-duration, high-intensity storms or long-duration 
regional storms.  As it is unlikely that peak short-duration rainfalls would occur within the 
largest longer-duration storms, nhc took the approach of creating two separate design storms for 
each basin, a 3-hour cloudburst event and a 24-hour frontal type storm. 
 
4.3.1 Short-Duration (Cloudburst) Event 
The short-duration storm for each basin was developed by nesting the 5-minute, 15-minute, 60-
minute, 2-hour, and 3-hour rainfall depths, at a single return period, within a single event.  The 
hyetograph was calculated in HEC-HMS using the hypothetical storm option (i.e. balanced 
storm).  A single storm was developed for each of the basins for each recurrence interval, using 
the contributing area to the outlet as the storm area (for the purpose of determining area 
reduction factors).  This storm was then applied to all of the smaller model subbasins within that 
basin.   
 
4.3.2 Long-Duration (Frontal) Event 
The long-duration storm for each basin was developed from the 6-hour, 12-hour, and 24-hour 
rainfall depths.  As with the short-duration events, a single storm was developed for each of the 
basins for each recurrence interval, and the drainage area to the basin outlet was used to 
determine appropriate area-reduction factors.  Area-reduction factors for the 6-hour and 24-hour 
durations were obtained from curves published in NOAA Atlas 2 (Miller et al., 1973), and the 
12-hour reduction factors were interpolated.  nhc developed a balanced hydrograph for the 24-
hour storm.  The 6-hour precipitation was distributed according to EM 1110-2-1411 criteria 
(Table 4.4), with the peak hour distributed into 5-minute intervals as suggested in the HEC-HMS 
Technical Reference Manual (HEC, 2000) (Table 4.5).  With the exception of the peak hour, all 
other hourly amounts were distributed into equal 5-minute intensities.  Residual 12-hour and 24-
hour amounts were distributed equally on either end of the hydrograph. 
 

Table 4.4  Peak 6-hour Distribution 
Time (hr) Percent of 6-hr 

(%) 
1 10 
2 12 
3 15 
4 38 
5 14 
6 11 

         Source:  HEC, 2000 
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Table 4.5 Peak 1-hour Distribution 
Time (min) Percent of  Max 1-hr 

(%) 
5 3 
10 4 
15 5 
20 6 
25 9 
30 17 
35 25 
40 11 
45 8 
50 5 
55 4 
60 3 

         Source:  HEC, 2000 
 
A second frontal storm was developed using the total study area as the storm area, rather than the 
individual basin areas.   Point precipitation amounts, determined for each drainage basin, 
remained the same.  The intent of the basin-wide storm was to provide a scenario in which the 
entire study area is affected by a single event.  This storm simulates the maximum downstream 
scenario, once runoff from the individual basins is combined.  Because the other storm events 
were developed independently for each basin, it cannot be assumed that those events would 
occur simultaneously, so basin outflow hydrographs from those events should not be combined 
to estimate the downstream flow.  
 
4.3.3 Implementation in HEC-HMS Model 
Five-minute hyetographs of the short- and long-duration storms for each basin and recurrence 
interval were saved to DSS and defined as Precipitation Gages in the HEC-HMS model.  HEC-
HMS meteorologic models were created for 10-, 50-, 100- and 500-year short-duration, long-
duration, and basin-wide storm scenarios using the User-Defined Hyetograph option.  The 
appropriate hyetograph for each model subbasin was then selected from the list of precipitation 
gages. 
 

4.4 Model Refinement 
Due to the lack of coincident streamflow and precipitation data for the study area, traditional 
model calibration could not be performed.  As a means of providing some validation of the 
model’s ability to reasonably represent hydrology of the study area, the HEC-HMS model was 
instead adjusted to reproduce the 100-year peak flows determined from the regression equations.  
The cloudburst storm was assumed to produce the more critical scenario for all basins with less 
than 20 square miles of drainage area, while the frontal storm was deemed more critical in the 
larger basins (Airport and Buckeye Creek).  Because convective cells are limited in size, it is 
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unlikely that an extreme cloudburst event would strike all areas of the larger basins 
simultaneously. 
 
As discussed in Section 4.2, soil parameter values were adjusted within published ranges to 
better fit the peak discharges computed using HEC-HMS to the peak discharges calculated using 
the regression equations.  Table 4.6 shows a comparison of the modeled and calculated peaks for 
each basin. 
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Table 4.6 Model Results 
Regression Peak (cfs) Percent Difference (%) Basin 

USGS 94 TS 97 

Event 
Type 

Modeled Peak 
(cfs) 

USGS 94 TS 97 
Airport 2459 2885 Frontal 2791 13.5 -3.3 
Airport Trib 398 683 Cloudburst 397 -0.3 -41.9 
Buckbrush 886 1184 Cloudburst 1091 23.1 -7.9 
Buckeye 
Creek 

5387 5901 Frontal 6891 27.9 16.8 

Johnson 
Lane 

1397 1511 Cloudburst 1478 5.8 -2.2 

Sunrise 459 710 Cloudburst 547 19.2 -23.0 
Airport 
Overflow 

560 1025 Cloudburst 548 -2.1 -46.5 

 
Considering the large uncertainties in the peak flow estimates developed using the regression 
equations (as described in Section 4.1), total reliance on these was not felt to be appropriate.  
However, nhc believes that the HEC-HMS model, which was refined to roughly reproduce the 
regression flow estimates while maintaining parameter values within reasonable bounds, 
provides an adequate representation of the hydrology of the study area and can be used to 
develop unsteady flow hydrographs for input to the hydraulic modeling. 
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5. Results 
nhc simulated the hydrologic response of subbasins in the study area to short-duration, long-
duration, and basin wide storms for 0.1- and 0.02-percent chance exceedance events.  Short 
duration events represent cloudburst events, long duration events represent frontal events, and 
basin wide storm represents flood events that cover the entire study area.  The USGS (Pers. 
Comm. Rhea Williams) state that it is not plausible that an extremely intense cloudburst event 
would an area greater than 5 to 20 square miles.  He added that historically the smaller basins 
respond independently of one another during extreme cloudburst events.  nhc used flows from 
the cloudburst events for the hydraulic models for Buckbrush, Johnson Lane, Sunrise, Juniper 
Road, Calle Hermosa, Calle de Asco, and Bobwhite basins.  Flows simulating frontal events 
were used in the hydraulic models for Buckeye Creek, Buckeye Wash, and Airport Wash.  Index 
points for these flows are shown in Figures 2 and 3.  Peak discharges at the index points are 
summarized in Table 5.1.  
 
Event volumes are tabulated in Table 5.2.  Event volumes for the 3-hour storms are higher at 
most locations, despite lower total rainfall.  This occurs because the high precipitation intensities 
during the cloudburst events exceed the rate at which water can infiltrate through the soil 
column, overwhelming the surface infiltration capacity.  In the less intense frontal storms, 
rainfall intensities generally do not exceed infiltration rates, so runoff is generated only once the 
soil column becomes fully saturated.  Again, results for the cloudburst storm are not reliable for 
the Airport Wash and Buckeye Creek subbasins. 
 
Peak flows calculated using the methodology discussed in this report exceed the peak flows 
presented in the effective FIS (FEMA, 1999).  Table 5.3 summarizes the 100-year peak flows at 
selected locations and compares these flows with those published in the effective FIS.  
Recalculated peak flows range from 1.8 times to 2.5 times larger than the effective flows.  nhc 
believes the recalculated flows should replace the effective flows, as the revised flows were 
developed using the most current hydrologic and topographic data.  The recalculated flows are 
based on a rainfall-runoff model that was refined to approximately reproduce peak discharges 
calculated using the USGS regional regression equations (1994).  The model also provides flood 
hydrographs as required for input to the hydrodynamic models to be used by nhc to delineate 
flood hazard boundaries on the fans.   
 
As discussed previously, the piedmont regions of the study area are subject to hydraulically 
disconnected flows during large runoff events.  These regions include Buckbrush, Johnson Lane, 
Sunrise Pass, Airport Tributary, Airport Wash, Airport Overflow Wash, and portion of the 
piedmont region of Buckeye basin, which include portions of the downstream reaches of 
Buckeye Creek, Juniper Road Wash, and Calle Hermosa Wash.  nhc applied a 2-d 
hydrodynamic model using the HEC-HMS hydrographs as inflows to assess the flood hazards 
within these portions of the study area.  Model runs were conducted for the 1 and 0.2 percent 
annual chance of exceedence hydrographs.  Index points for these models include Buckbrush 
(BB-A), Johnson Lane (JL-A), Sunrise (SR-A), Airport Tributary (AT-A), Airport Wash (AP-A), 
Airport Overflow (AO-A), Buckeye Creek (BC-A), Juniper Road (JR-A), Calle Hermosa (CH-
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A).  These index point locations are shown on Figure 2.  Table 5.4 summarizes the peak 
discharges at each index point used as inflows in the 2d models.  
 
The Buckeye tributaries, which include Buckeye Creek, Juniper Road Wash, Bobwhite Wash, 
Calle Hermosa Wash, and Calle de Asco are laterally confined and are comprised of a main 
channel with hydraulically connected floodplains.  nhc calculated flood hazard zones on these 
tributaries using a 1-dimensional steady state model.  Model inflows are from the nhc HEC-
HMS peak flows and are summarized in Table 5.5.  Flows from the Cloudburst events were used 
on the Juniper Road Wash , Bobwhite Wash, Calle Hermosa Wash, and Calle Asco reaches.  
Index points for these tributaries are shown on Figure 3 and include the following reaches: 
Buckeye Creek (BC-A), Juniper Road Wash (JR-B, JR-C, JR-D, JR-F) Bobwhite Wash (BW-A), 
Calle Hermosa Wash (CH-A, CH-B), and Calle Asco (CdA-A).  
 
The summary of discharges nhc recommends for inclusion in the Douglas County Flood 
Insurance Study is shown in Table 5.6. 
 
 

Table 5.1 HEC-HMS Peak Flows 
100-Year Peak Flow (cfs) 500-Year Peak Flow (cfs) Index 

Point 3-Hour 24-Hour Basin-wide 3-Hour 24-Hour Basin-wide 
BB-A 1091 397 265 2315 532 384 
JL-A 1478 1063 884 2855 1322 1099 
SR-A 547 186 132 1103 240 177 
AT-A 397 164 120 786 207 157 
AP-A 3425 2791 2391 6635 3403 2962 
AO-A 548 271 205 1070 343 264 

BC-Out 6013 6891 6889 11920 8612 8099 
BC-A 6009 6870 6870 11913 8587 8077 
JR-A 1336 796 642 2474 970 782 
JR-B 819 494 397 1539 605 486 
CH-A 519 303 246 937 365 298 
CH-B 151 95 79 263 113 94 
CdA-A 231 141 117 406 169 139 
JR-C 818 499 402 1531 611 491 
BW-A 273 172 139 508 210 169 
JR-D 526 314 254 960 382 309 
JR-E 286 170 138 521 207 168 
JR-F 295 170 138 520 203 166 
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Table 5.2 HEC-HMS Event Volumes 
100-Year Flow Volume (acre-feet) 500-Year Flow Volume (acre-feet) Index 

Point 3-Hour 24-Hour Basin-wide 3-Hour 24-Hour Basin-wide 
BB-A 73.9 27.2 18.3 157.5 36.5 26.4 
JL-A 304.2 219.3 182.4 589.2 273.2 226.9 
SR-A 30.5 12.5 9.4 61.8 16.3 12.6 
AT-A 26.3 10.8 7.9 52.6 13.7 10.4 
AP-A 579.0 470.4 402.4 1131.8 575.4 499.9 
AO-A 44.4 22.0 16.6 87.6 28.1 21.5 

BC-Out 1771.4 1945.5 1923.2 3530.9 2465.0 2288.9 
BC-A 1583.2 1812.7 1812.7 3182.1 2300.3 2152.3 
JR-A 188.2 132.8 110.5 348.8 164.7 136.6 
JR-B 113.4 72.6 59.1 213.3 89.6 72.7 
CH-A 74.8 60.2 51.3 135.5 75.0 63.8 
CH-B 14.7 16.3 14.4 25.4 20.4 17.9 
CdA-A 21.1 22.6 19.9 36.9 28.5 24.9 
JR-C 76.4 52.7 43.2 144.0 65.4 53.4 
BW-A 18.1 14.1 11.7 34.2 17.6 14.6 
JR-D 33.1 23.2 19.2 62.1 28.8 23.7 
JR-E 15.2 9.4 7.5 29.0 11.6 9.3 
JR-F 11.1 6.9 5.5 21.0 8.5 6.8 

 

Table 5.3 Comparison of nhc Peak Flows with Effective FIS Flows 
Flooding Source and Location Effective 

100-year 
flows 

Revised 
100-year 

Flow 

Percent 
Increase (%) 

Airport Wash 1 mile east of East Valley Rd 1550 2790 80 
Airport Wash Tributary at Freemont St 160 400 148 
Buckbrush at East Valley Rd 600 1090 82 
Buckeye Creek at East Valley Rd 3500 6890 97 
Johnson Lane at Nye Drive 620 1480 138 
Sunrise at East Valley Road  230 550 138 
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Table 5.4 Index points for the 2-d models on the piedmont regions of the study 
area 

Flooding Source and Location Index 
Point 
Id 

Event 
Type 

Drainage 
Area 
(square 
miles) 

Peak 
Discharge
(cfs) 

Buckbrush Wash  
At East Valley Rd 

 
BB-A 

Convective
4.404 1091

Johnson Road Wash 
at East Valley Road 

 
JL-A 

Convective
10.467 1478

Sunrise Wash  
at East Valley Road 

 
SR-A 

Convective
1.634 547

Airport Tributary  
at East Valley Road 

 
AT-A 

Convective
1.286 397

Airport Wash  
approximately 1 mile u/s of East Valley 
Road 

 
AP-A 

Cyclonic  
21.557 2791

Airport Wash Overflow 
At East Valley Rd (not including flows from 
Airport Wash) 

 
AO-A 

Cyclonic  
1.984 

 
271

Buckeye Creek  
Approx. 0.25 miles u/s of East Valley Rd 

 
BC-A 

Cyclonic  
67.446 6870

Juniper Road Wash 
At confluence with Buckeye Creek 

 
JR-A 

Cyclonic  
3.333 796

Calle Hermosa 
At confluence with Buckeye Creek 

 
CH-A 

Cyclonic  
1.78 303

 

Table 5.5 Index points for the 1-d model on the Buckeye Catchment 
Flooding Source and Location Index 

Point 
Id 

Event Type Drainage Area 
(square miles) 

Peak 
Discharge 
(cfs) 

Buckeye Creek  
Approx. 0.25 miles u/s of East 
Valley Rd 

 
BC-A 

Cyclonic  
67.446 

 
6870 

Juniper Road Wash 
At Confluence with Calle Hermosa 
Wash 
Approx. 1.25 miles u/s of conf 
w/CHW  
At confluence with Bobwhite Wash 
Approximately 0.3 miles u/s of 
Carlson Dr 

 
JR-B 
 
JR-C 
 
JR-D 
JR-F 

Convective  
3.333 
 
2.058 
 
1.162 
0.398 
 

 
819 
 
818 
 
526 
295 

Calle Hermosa Wash 
At confluence with Juniper Road 
Wash 
At confluence with Calle de Asco 

 
CH-A 
 
CH-B 

Convective  
1.784 
 
0.413 

 
519 
 
151 

Calle de Asco 
At confluence with Juniper Road 
Wash 

 
CdA-A 

Convective  
0.622 

 
231 
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Table 5.6 Summary of Proposed Discharges 
Drainage Area 
(square miles) 

Peak Discharge 100-year 
(cfs) Flooding Source and Location 

Proposed Effective 
FIS Proposed Effective 

FIS 
Airport Wash 

1 Mile east of East Valley Road 
 
21.56 

 
21.7 

 
2791 

 
1550 

Airport Wash Tributary 
At Freemont Street 

 
1.29 

 
1.17 

 
400 

 
160 

Bobwhite Wash 
At Mouth 

 
0.67 

 
0.76 

 
273 

 
190 

Buckbrush Wash 
At East Valley Road 

 
4.40 

 
4.58 

 
1091 

 
600 

Buckeye Creek 
Just upstream of confluence of Juniper Road 
Wash 
At East Valley Road 

 
 
67.45 

 
 
67.50 
73.8 

 
 
6870 

 
 
3450 
3500 

Calle de Asco Wash 
At Mouth 

 
0.62 

 
0.6 

 
231 

 
125 

Calle Hermosa Wash 
Just upstream of confluence of Calle de Asco 
Wash 
Just downstream of confluence of Calle de Asco 
Wash 
At Mouth 

 
0.41 
 
 
1.03 
2.40 

 
N/A 
 
 
1.04 
2.41 

 
151 
 
 
380 
519 

 
N/A 
 
 
245 
310 

Johnson Lane Wash 
At Nye Drive 

 
10.47 

 
10.40 

 
1478 

 
620 

Juniper Road Wash 
0.50 Mile East of Carlson Lane 
At Coyote Road 
Just upstream of confluence with Bobwhite Wash 

 
0.95 
3.33 
1.16 

 
0.79 
3.86 
N/A 
 

 
295 
796 
526 

 
225 
400 
N/A 
 

Sunrise Pass Wash 
At East Valley Road 

 
1.63 

 
1.78 

 
547 

 
230 

N/A – Data is not available 
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