CONTRA COSTA COUNTY FLOOD CONTROL
AND WATER CONSERVATION DISTRICT
255 GLACIER DRIVE, MARTINEZ, CALIFORNIA

DATE:December23, 20

TO: Greg Connaughton, Assistant Public Works Director, Flood Control
FROM: Mark BoucherSr. Hydrologist-lood ConterW
COPY: Mitch Avalon, Deputy Public Works Diregt&dministration

SUBJECT: Report on theOctober 13, 2009 Storm

On Tuesday, October 13009,a large storm struck the Bay Area. The National Weather Service reported
it was the largest October storto hit the area since 1962 TheOctober 13storm started around 3:30

AM and ended around 6:00 PM with minor showers continuing till late morning on theltiwas
widespread with spatially varied intensities. The plot below is an average &fittiaute rainfall totals

for 25 ofour 26 gaugeduring that storm

Figurel Average o5 minute Dataof 25 Gauges
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Engineers developed a 9tbur design storm based on the October 1962 "Orinda Filters" storm. This rain gauge is operated by
the East Bay Municipal Utilities District at their Orinda Filter Plant. We us@6theur design storm rainfall distribution curve

from that Corps of Engineers study as ous@®ir storm standard.
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For all gauges, the #2our storm duration resulted in the highest return frequenéymapin the
attachmentspresentsthe maximum rainfall depth and return period for the-h2ur storm duration.
Tablel belowsummarizes the data shown on the m&gationsthat are shaded had extreme return
periods greater than one hundred years (3. Theestimatedreturn periodwe calculated varieffom
as low as 7-yearstormto overa 1000yearstorn?’.The backup calculations ftire return periods for
this stormare also attached.

Tablel -- Summary of Approximate Return Periodsrf@ctober 13, 2009 Storm

Rainfall Approx.
Duration Period
ADH 37 3.551n. 19-Yr ADH - ARROYO DEL HAMBRE FERNDALE ROAD MARTINEZ
BAP 45* 3.63in. >1000-Yr | BAP - BYRON AIRPORT
BCO 86 3.69in. >1000-Yr | BCO - CC COUNTY CORPORATION YARD BRENTWOOD
BIF 44* 3.42in. >1000-Yr | BIF - BETHEL ISLAND FIRE
BIX 14 2.41in. 47-Yr BIX - EBMUD PUMP STATION BIXLER
BLD 32 5.00 in. 23-Yr BLD - EBRPD BALD PEAK TILDEN PARK
CCP 43 2.43in. 9-Yr CCP - CONCORD PAVILION
CRK 35 3.07.in. 18-Yr CRK - CUMMINGS PEAK MICROWAVE STATION CROCKETT
DBF 20 3.58in. 27-Yr DBF - DUBLIN FIRE STATION DUBLIN
DBL 22 4.69 in. 40-Yr DBL - MT DIABLO MICROWAVE STATION
DVB 31 4.39.n. 88-Yr DVB - DANVILLE LIBRARY
FCD 11 3.41in. 52-Yr FCD - CCC FLOOD CONTROL DISTRICT MARTINEZ
HLD 10 4.04in. 74-Yr HLD - HIGHLAND PEAK
ISD 39* 3.32.in. 490-Yr ISD - IRONHOUSE SANITARY DISTRICT
KRG 38 2.65in. 7-Yr KGR - KREGOR PEAK MICROWAVE STATION CLAYTON
MCF 16 5.33in. >1000-Yr | MCF - MARSH CREEK FIRE STA CLAYTON
MCR 25 2.63in. 37-Yr MCR - MARSH CREEK RESERVOIR
MDP 13 4.40 in. 109-Yr MDP - MT. DIABLO PARK ROCK CITY
MED 19 3.47in. 577-Yr MED - LOS MEDANOS CHEVRON PUMP PLANT
ORF 18 4.25in. 19-Yr ORF - ORINDA FIRE STATION ORINDA
RIC 21 3.731in. 33-Yr RIC - RICHMOND CITY HALL
RKY 34 4.31in. 22-Yr RKY - ROCKY RIDGE MICROWAVE STATION
ROF 15 3.121in. 26-Yr ROF - RODEO FIRE STATION RODEO
RSS 29 6.02in. >1000-Yr | RSS - ROSSMOOR 800 ROCKVIEW DR WALNUT CREEK
SMC 12 5.10in. 58-Yr SMC - SAINT MARY'S COLLEGE MORAGA
YGF 33 3.72in. 123-Yr YGF - FIRE TRAINING CNTR TREAT BLVD WC/CON
Notes:

*These gauges are some of our most recently installed gauges. The BAP, BIF, and ISD gauges are in the
east county where we have little lortgrm data.

?please keep in mind the calculation of a return period is not precise and the values should be rounded off-fDiomdech
numbers are sbwn here simply to provide the detail reflected in the data.
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Initial Data Review and Correctian

This storm produced the highest return periods | have ever calcul&@uhereturn periodvalues were
so extremeandinconsistently distributed spatiallyhat | immediately doubted thagll ofthe gauges
were collecting data correctly.

Our review of the data took some timeesulting in the delaypf this report. We reviewed the data and
discussed it with our vendd@HydroLynx Systems, Ifjuntil we were satisfied with their explanations
and able tocorrectthe data.

Our rain gauges are all tipping bucket rain gaugesexample
image to the right)We expect to record only one t{0.01 inches
of rainfall) for eachtime recordin the data.

In the pastwhenwe had mercury switchesn the gaugeswe

[~ ¢

would occasionallgetd R2 dzo f S (i A LTaen, wierywel K|S
saw double tips in the data, we suspectbat the mercury in the
switchwas bouncing around and falsely shorting the contatkss
occurrencewas rare and we did nabutinely comb through he

data tocorrect thedouble tips. 5.

We replaced all of the mercury switches with reed switchesry agoEachswitchnow hasareed init

that closesasa magneton the tipping buckepassedhe switch.We expeced that thechangeoveto

reed switchesvould eliminate the double tips. Howevere saw many double tips and several instances
of more than two tips per recorded tima the October 18 raw data. Wehadincidences of 3o 21 tips
perrecordedtime show up in the datan severalgauges.

After discussions with HydroLynx, we are convinced that doublecip®ccur due to how the two
LINE OSaaz2Na Ay (KS RctoimuniCag vith84ohi othaffie edplakaiich of thils/ | Q& 0
somewhat complicated. | have copied thexplanationin anattachmentfor the record

We went through the dtaand where there were more than twanexplainabldips, we changed them
to one tip.We decided thisvas the best process to make the data as accurate as possible.

Potential Changes in Equipment and Pracsce

The Rossmoor gauge had the most tips gingletime step it had 21 tips for one recorded timeecord

We suspect that the wind shook tlygaugecausing multiple tipsWe havemoved that gauge from the

G2L3 2F | wé YSiOFt LR dhtailt éuy DAU2Thisi ec&tionlisddwadaiouldi KS 6 2 E
not suffer from shaking due to wind.

We have further researchetthe multi-tip issue on a website dedicated to weather related tohiSome
comments from that website indicate that older reed switchesyt & O Kahd firédGcl #nore than one

signal per tipFrom discussiasthrough thiswebsite,we developed a circuit thatouldeliminate the
L2aaArAoAfAde 2F & OK I hade®dteH thidcifcuitarid unbilBsh &t reballeWeOK ® 2 S

3http://www.hvdrolvnx.com/hvdrolvnx.htm
* http://www2.buoy.com/pipermail/weather/6 { $S hOG26SNI nnnd GKNBFRa 2y awkAy DFdAa$§ |/



http://www.hydrolynx.com/hydrolynx.htm
http://www2.buoy.com/pipermail/weather/
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have tried to contact the reed switch and gauge manufacturers to understand how long the switches
normally last. We have also developed and are trying out a simple test for the old reed switches to see if
they give false readings. These two efforts and othersthiken may lead us to adopt a practice of

routine reed switch replacement and/or a change in switch type.

We are also looking at Hall Effect switches. These are solid stateithmdt chatter, but they require a
small continuouwoltage thatcould be a dain on our solar charged batterieScott McQuarrie has
fabricated the necessary circuitry and is testorge of these switches.

Data Discussion

Therain depth and return periodiata wasadded to a rain gaugélS layer to provide spatial

representation othe resultsfor easier analysig-igure2, Figure3, and Figure4 showsimplified mays of

the county with the 1zhour rainfall depththe total storm rainfall depth, and the callated return

period, respectivelyi-rigure2 showsreasonablel2-hour rainfall depthsf we ignore the return periods.

That is, the high rainfall amounts are rmatich higher than those arourttiem. The figures show

chypotheticd stormcenterpath5é @ ¢ KA a LI 6K aO2yySoOta GKS R2Gaé¢ 27
depths compared to those around them. The high values in the east county are a little scaibetied

and southof the pathaxis but the rain depths areot so fa out of the ordinary thathey are

implausible Theextremereturn periods shown ifFigure4 clearlyO 2 A y O A R Shypothefidéistaink S &

LJ- § K €he difiérBncdlinmagnitude of the return periodis very pronounced.

h (K DA &

We collected data from raigauges maintained by others and, with a couple of exceptiosge not

found any significant difference between theainfall depths and ourskgure5 shows the relative depth

of rainfall for allof the gauges including ours. There is one gauge operated by aithdvit. Diablothat

has significantly less rathan aursl YR | O2dzLJX S 2F 20 KSNAR GKIF G NS OAN
Diablogauge was not operating correctly.

Extreme Return Peods

We createdrigure6 to assess the incremental depth of rainfall required to change the return period to

an extremevalue Figure6 presents the return periodlepth curve for the 16 20, and 3GinchMean

Seasonal Precipitation (MSP) isohyfitkese depthgenerally represent the range of isohyets in Contra
Costa County. From this we can see that it takes less incremental rain depth to change the return period
from 10Gyears to 1006years than it doeso change it from the §ear to the 108year. h addition, the

slope on the 1nch MSP isohyetsurve is flatter than the other curves in the higher return periods. This
indicates that in areas of lower MSP, it is easier to attain a high return petiededst county area has

the lowest MSP in the county. This may explain the extreme return periods there.

Keeping in mind that our estimates of the return periods are based 30 to 40 years of data with some
correlation to a fewdistantgauges that have nedi00-years of datawe are hard pressed to state the
exact return period for storms that calculate out to have return periods overyHa0s.Therefore, |

would say that overalljn the hardest hit locationsthis storm had a rainfalreturn period in theorder

of 40- to 100-years with some gauges recording depths so high that we cannot estimate an accurate
return period.

®We have not reviewed the National Weather Service Doppler images to determine if there was a storm center path in this
location.
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Figure2 October13, 2009 1zhour Maximum Rainfall Depths

8 SIIN 81
qd M
N
N7 L up0y
T UPEQE o s
A e :
&
Svy,Vm <
o, .-
M\, ul m.@ G ) c_ ccc
b Ul BOE 7o B
A\J ) i3 ‘ - \
oORET T
5 o N
¢
\,/,
M(, \ N .
L\ ; _urege uriye
= uzgyre @ o
) ® S
L i
&S} - \
© e \
/ y ) o
\\ ~
)
/// \«\1//\\\

-

(s3yoUl) dSIN )

yied Jajuan WIoIS ¢ ¢

o @

. 5. @
S @
GZ @
] e
4yzl ydag
(sayoui) yydag wioys 1y-z|
\_ puaban Y,
0'S
SO\ L\ T
i TR AN
N /
‘ ,_
\_
\\
N ) \\
XU T - A
Kgrge
// g \\
/v,//‘zl(\ ///////// \\




December 23, 2009

Greg Connaughton

Page6 of 11

e

w3

2}

7

5 S LJ0 K a&

wk Ay Tl ¢

£

7

Figure3 October 1314, 2009¢ 2 U |

\ (sayour) 4SIN )y

yied J8lua) WI0IS ¢4 ¢

8 S3llN 81
el M
N
N B urGy'y
o7 Urege [ @
A e
PA ,
N 2
o, Y St
z urgge. Ul L6cs)
C ® @
\v C_ ©®M s - - - - \_ 5622
nu = l. ez
Lo WegTE T T
5 ® X
s,
\/,
B \
& .
J ul gy urz9'¢e
5 ugoe @
o5 @ 7
L R
&S} - \
(5 o
! 2
J s
S
i
/// \«\1//\\\

_ o @
. 5. @
S @

GZ @

] e

wJojsiol

(sayoui) yadaqg wuoss |ejoL

\_ puaba )

LS
usyy @ P
AU LR\
) \
NVEDErT T ,_
;\\\_
, : ;\\
- + \\
2 aze 4
% . \\
4 \\
A Y




December 23, 2009

z

A

wS U dzNJYy

wk Ay Tl £ €

f

7

Figured¢ 2 U |

P

Moo G5

I

L

]

\ (sayoul) dSIN )y

yied J8lua) WI0IS ¢4 ¢

[ T T T | _ _ T | 000'L ‘
SallN 8l 6 R 0
00s @
00l @
05 e
B oL -
w <L ,v : (saeak) poliad uinyay
L puaba J
l \7.\\,\\\\\\\//,
; ,,,,,/._> €6 = //
Shea 0
.
4K 1LG : J
\\
\\\
= ; s
St // L\A @N B \\\
- \
\
!,/,/:J/L\

Greg Connaughton

Page7 of 11




Greg Connaughton December 23, 2009
Page8 of 11

Faure5/ 2 YLJ NRA&2Y $AGK hiKSNRA wlkAy DI d

“\ Locatiors of notable
,' rainfall differencea.

-
’
A}
~N_ -






