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1.0 Introduction

On August 4, 1999 the Massey Draw basin in southeastern Jefferson
County experienced a significant flash flood episode during the late afternoon
and early evening hours. The event produced both stream and localized urban
street flooding. The flash flooding was caused by the runoff from a two-hour
period of heavy thunderstorm rainfall followed by an additional five to seven
hours of steady rainfall with brief periods of moderate thundershowers.

The Massey Draw basin is located in southeastern Jefferson County just
to the north of Chatfield Reservoir and approximately 12 miles south-southwest
of downtown Denver. The basin is shown in Figure 1 on a map provided by
Urban Drainage & Flood Control District.

This brief technical report presents the highlights of the rainfall reconstruction
requested by Urban Drainage & Flood Control District.

2.0 Rainfall Reconstitution

HMS has developed a standard technigue for accomplishing radar-rainfall
reconstitutions for the Urban Drainage & Flood Control District. This technique
has been described in several publications, which are referenced at the
conclusion of the report.

In general, HMS utilizes the standard Level lil base reflectivity observations
taken by the National Weather Service (NWS) at their WSR-88D located near
Watkins, Colorado. This radar is within 40 miles of the entire basin and thus
provides a clear radar picture of the storm. The observations used were taken at
a 0.5-degree elevation angle, which is a standard observation mode.

HMS acquires the base reflectivity data through a satellite data feed from
Kavouras, Inc a NIDS provider. Kavouras provides the data in an x-y co-ordinat
system instead of the standard NWS polar coordinate format. The Kavouras
format simplifies navigating the data into a Mapinfo Pro GIS format, which HMS
links to Microsoft Excel 7.0 spreadsheets.

@®

HMS has created a workbook comprised of sheets of both radar reflectivity level
data and radar-estimated rainfall. Maps of the basin have been superimposed
over the spreadsheets and presented in a 0.5 by 0.5 mile square. This size grid
approximates very closely the scale of each pixel of the NWS radar reflectivity
observations.




A basin grid is prepared for each of the WSR-88D observations times and it is
placed in a spreadsheet. A workbook of observation spreadsheets is prepared
for each storm and summations of rainfall prepared from these estimations.

HMS follows a five-step process in assigning a rainfall value to each radar
reflectivity value:

1. First, the radar data is navigated into the Mapinfo Pro grid. The grid
consists of 0.5 by 0.5 mile squares. The entire basin is then identified on the
grids using boundaries supplied by the District.

2. Next, HMS calculates the atmospheric peak hourly rainfall rates using
observations from the District Mesonet weather stations, the NWS atmospheric
sounding and the equations below once an hour:

Peak 60-minute rainfall = PWI* times (Depth of updraft warm layer) times 2%*

1.5km
Peak 30-minute rainfall = (.70 (Peak 60-min rain)
Peak 10-minute rainfall = 0.60 (Peak 30-min rain)
3. Next, these equations are used to atmosphere truth the peak radar

reflectivity levels and rainfall rates observed in the 55 dBZ or greater portions of
the storm. Lower reflectivity levels and rainfall rates are logarithmically assigned
as seen in the table below:

0.10”/5min 0.22”/5min
0.20”/5min 0.30”/5min
0.30”/5min 0.41”/5min
0.40”/5min 0.57”/5min
0.40”/5min 0.57”/5min
4. Next, HMS takes the radar-estimated rainfall and compares it to observed

District gauges. This step allows the data to be ground-truthed with actual gauge
data and radar data within the atmospheric structure observed. Additionally,
HMS ground-truths the radar reflectivity data to see if rainfall is actually observed
when the radar would estimate rain are occurring. Frequently HMS is able to
detect non-raining updraft areas of the storm using this technique. This
knowledge is used to interpret the radar data and assign rain rates.

This process insures reasonable radar-rainfall estimation and accounts for most
of the errors commoniy observed in such calculations.




3.0 Observed Rainfall Characteristics

The user of this rainfall data will find the data in standard Excel 7.0 workbook
formats on the attached 3.5-inch diskette. Rainfall observations are provided for
each radar observation with a standard observation interval of about 6 minutes,
the time it takes the radar dish to rotate about its axis one time.

HMS has prepared four tables of information on this storm exclusive from this
workbook. Each table is a colorized map of rainfall or radar reflectivity for the
event.

Table 1 shows the thunderstorm rainfall, which fell across Massey Draw from
430PM until 630PM. During this period three distinct thunderstorms crossed a
portion of the basin producing the approximately four square mile area of rainfall
over 4.00 inches. The peak rainfall amount in this period was 5.21 inches in the
north-central portion of the basin. lt is interesting to note the over 3:1 increase in
rainfall from the western to central portions of the basin in a short distance of less
than 3 miles. A time distribution of the rainfall in the grid square receiving the
most rainfall is also presented. It shows the passage of the three storm cells and
the dominating influence of the final cell, which persisted for almost an hour.

Table 2 shows the rainfali from 630PM until 1159PM, MDT that fell as a more
general steady rain with a few brief periods of thunder rain showers. Note that
the eastern end of the basin received 2-4 times as much rainfall as the western
third of the basin. The stratiform rainfall peaked at 2.87 inches in one grid and its
time distribution is shown.

Finally, Table 3 shows the storm total rainfall for the summed thunderstorm and
strati-form rainfalls. Note that the central portion of the basin received 5.50" to
over 7.00 inches of total rain. The peak grid rain of 7.46 inches fell close to the
unofficial reports of almost 6 inches of rain received from a cooperative local
observer.

Finally, Table 4 shows the summed WSR-88D radar reflectivity levels for the
storm. Clearly the radar summation locates the location of the peak rainfall but
seems to miss the aerial distribution of the rainfall shown in Table 3. This resuit
puts a caution to using NWS radar precipitation products for flash flood
prediction.

4.0 Conclusion

A radar estimated rainfall study was completed for the Massey Draw flash flood
of August 4, 1999, Basin average rainfall of almost 4.00 inches was noted with a
peak point rainfalt of 7.46 inches due to a combination of two hours of
thunderstorm rain and seven hours of general rainfall.
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