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RENQO DRAINAGE STUDY

PRELIMINARY REPORT

ANALYSIS OF DRAINAGE DEFICIENCY AREARS
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Prepared for:

City cf Reno
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TABLE 3{(a} RESULTS OF RAINFALL INTENSITY FREQUECY ANALYSIS
FOR STORMS WITH 5 MINUTES DURATICN

Annual Maximam Partial
Duration
Return Log- Log~ Extreme | Weighted | Weighted
Period Normal Pearson III Type 1 Average Average
2 1.le 1.18 1.23 1.1¢ 1.32
5 1.99 1.99 2.14 1,99 2,09
19 2.71 2.72 2.74 2,72 2.75
25 3.77 3.80 3.51 3,78 3.80
56 4.67 4.72 4.07 4.69 4.69
128 5.66 "B.74 4.63 5.69 5.65
Weighting 0.49 @.58 8.01
Factor

S

TABLE 3(b} RESULTS OF RAINFALL INFENSITY FREQUECY ANAIYSIS
FOR STORMS WITH 1€ MINUTES DURATION

Annval Maximun Partial
buration
Return Log- Log- Extreme Weighted Weighted
Period Normal Pearson III Type I Average Average
2 6.83 P.83 6.90 8.83 1.8@
5 1.42 1.42 1.49 1.42 1.5@
19 1.88 1.89 1.88 1.89 1.02
25 2,54 A.57 2.37 2,55 2.55
50 3.29 3.13 2.73 3.11 3.11
198 3.67 3.74 3.10 3,72 3.78
Weighting 0.49 8.58 8.01
Factor

All
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TARLE 3{c) RESULTS OF RAINFALL INTENSITY FREQUECY ANALYSIS
FOR STORMS WITH 15 MINUTES DURATION
Annval Maximuam Partial
Duration
Return Log- Log—- Extreme | Weighted | Weighted
Period Normal Pearson IIT Type I Average Average
2 8.64 B.62 9.69 0.63 0.75
5 1.67 1.86 1.15 1.86 1.11
1B 1.48 1.43 1.46 1.42 1.43
54 2,25 2.52 2.14 2.41 2.41
160 2.67 3.11 2.43 ' 2.93_ 2.93
Weighting B.39 .60 2.01
Factor .

Srm el

TARLE 3(3d) RESULTS OF RAINFALL INTENSITY FREQUECY ANALYSIS
FOR STORMS WITH 3@ MINUTES DURATION

Annual Maximum Partial
: Duration
'Return Log- Log- " Extreme | Weighted | Weighted
Period Normal Pearson IIT Type 1 Average | Average
2 - #.41 . 9.38 g.43 a9.33 .46
5 B.65 g.63 8.7l 6.64 9.68
10 9.83 ﬂ.BS 8.9¢ #.84 9.86
25 1.07 1.22 1.14 1.17 1.17
5@ 1.27 1.57 1.32 1.47 1.47
100 1.48 - 1.98 1.50 1.83 1.83
Weighting g.31 0.68 g.21
Factor
AlZ



FOR STORMS WITH 60 MINUTES DURATION

e TABIE 3(e) RESULTS OF RAINFALL INTENSITY FREQUECY ANALYSIS

Annual Maximum Partial
Duration
Return Log- Log~ Extreme weighted Weighted
Period Normal Pearson III Type I Average Average
2 g.27 #.25 0,28 8.26 2.29
5 @.40 #.39 p.45 (.39 0.49
14 g.508 8.51 . .56 8.51 8.51
25 0.62 8.71 2.70 B.68 4.68
50 .71 ' 9.91 5.80 " 9.85 8.85
Weighting 9.31 0.67 . 0.82
Factor :

—y et

TABLE 3(f) RESULTS OF RATNFALL INIENSITY FREQUECY ANALYSIS
FOR STORMS WITH 12¢ MINUTES DURATION

Anyual Maximum rartial
Duration
Return Log=- Log- Extreme Weighted Weighted
Period Normal ©  Pearson IIIX Type 1 Average Awerage
2 2 8.19 8,17 8.19 8.18 0.196
i 5 6.26 B.25 0.28 €.25 8.260
. 18 8.31 B.32 2.34 @.31 @.31
25 a.37 B.43 0.42 .42 2.41
I
: 50 2.42 8.53 9.48 0.49 #.49
10 B.47 P.66 B.54 a.59 g.59
: Weighting @.33 B.64 0.83
Factor

Al3
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TABLE 3{g) RESULTS OF RATNFALL INTENSITY FREQUECY ANAIYSIS _—
POR STORMS WITH 188 MINUTES DURATION -
Armual Maximem i’artial
Duration
Return Log- Log- Extreme | Weighted | Weighted
Period Normal Pearson III Type I Average Average
2 g.15 B.14 #g.15 8.1% #.165
.5 6.20 9.20 0.21 B.20 2.21@
18 g.24 B.24 . P.25 B.24 @.245
25" 6.28 p.31 g.30 .38 2.38
54 . 8.31 2,37 8.34 " B.35 #.35
100 a.35 8.48 6.38 g.40 0.40
Weighting 9.33 B.65 B.02
Factor
TABLE 3(h)  RESULTS OF RAISFALL INTENSITY FREQUH@&Y ANBLYSIS
: FOR STORMS WITH, 24 HOURS DURATTION
{4400 ) :
Partial Tt
Annual Maximm Duration R et
____________________ N . LR -
Return - Log- Extreme |Weighted.| Weighted | ~3T 4~
Period Normal Pearson ITT Type I Average Average -
2 0.041 0.039 0.037 0.039 0.045 L as
5 0.058 0,057 0.054 0.057 0.059 R
10 0.070 0.072 0.065 0.071 6.071 fede
25 0.085 0.093 0.079 0.089 0.089 Tt
30 0.0%6 0,112 0.090 0.105 0.105 5.5
100 0.167 0,134 0.100 0.123 G.123 a5
Weighting 0.30 Q.60 0.1o
Factor




2%1" St~ ~ C Lowinte 3fr
- RYERAGE RAINFALL INTENSITY CURVE

(LEABT SDUARES:

FORM: i(tc) = Af(tc+tod®n
A = 3.337833
fo = —2.903613
n = 0,3960308
DATA
BIVEN CALL
DURATION INTENSITY INTENSITY
minutes in per hr in per hr
1¢ 1.000 l.Qaz7
13 3. 750 0.7418
30 0, 440 (¢, 3648
A0 0,250 0.2998
120 0.1%4 0.193%
180 0.1465 0.1532

BIFF

+0. 0027
-0.0082
+0, 0048
+0.,00%8
-0.0001
-3.0118

T Ur  Stof e (-ic)wdﬁ to 24 !

L
AVERAGE RAINFALL INTENSITY CU

(LEAST SBUARES:

FORM: 1(tg) = Af(tc+te)™n
f = 3.345153
to = ~2,.427642
n = 0.3930454
g aATA
EIVEN CALLD
BURATION INTENSITY INTENSITY
ninutes in per mr in per hr
{0 l.a00 1.0028
15 0.730 G.7418
30 G, 4460 0,44648
&0 0.290 0.2999
120 0. 196 0.1951
180 D.165 3.1534
430 G, 045 0.0442

RVE

BIFF

+(, 0028
-0. 0084
+0, 0046
+0.009%
+0,00¢]
-0, 011&
~g. 0008

ERRCR

percent

+0,
-1.
+1.
+3.
-,
-7.

g T o= A

ERROR

percent

+{.
-1,
+1,
+3.
+0.
-7.
-1,

oo O s e L

Pgr &

1928



Zz
=

OURATION

minutes

Lo
ia
30
b0
120
180

2

_—

PURATICN

minutes

iv
15
30
&0
129
1
1440

r Storm.

(1o win 1o 3% )
AVERAGE KAIMNFALL INTENSITY CURVE

{HEIGHTED LEAST SRUARES:

FORM: i(tc) = Af(tc+to)™n
A= J.04Z2440
te = -3,103040
n = ©,3729385
DATA
GIVEN CaLc
INTENSITY INTENSITY DIFF ERROR
in per hr in per hr percent
1.004Q 1.0G63 +0, 0043 +0. 4
G.750 0.7363 -0,0137 -1.8
0. 4a0 0.4414 +3.0014 +0.3
{.2%0 0.3004 +0. 0104 +3.4
$.1%6 ¢.1788 +Q. 0028 +1,4
0,143 O.1568 -0.0082 -5.0
r Storme ~ ( owin to 24 <)
RVERABE RAINFALL INTENSITY CURVE
{WEIGHTED PEAST SQUARES)
FORM: i(tc) = Af(tc+tol*"n
A = 3J.144455
to = -2.B71829
no= 9,2810004
DRTA
GIVEN CaLL
INTENGITY INTENSITY DIFF ERROR
in per hr in per hr percent
d.000 L.ogS2 +0. 0032 +i1. 3
0.730 0.7381 -0.011% -t.a
v 4460 J.4624 +0,. 0024 +{.5
0,250 0.3000 +0.0100 +3.4
0.194 0.1977 +0, 0017 +0. 8
0.165 0.13904 -0.00%4 -5.8
0,045 0.0461 #0011 +2.4



REK,
AG{‘ 6, +9%%

S yr S{:orml ~ CLoymin to 2% D

AVERAGE RAINFALL INTENSITY CURVE

(LEAET SOUARES)

Af{tc+rtoln jﬁs—%—
doc logt ¢ 120

FORM: i(tc)

H

A= 7.i91438
to = -0.4651031 is*
0= 0.4991152 - {Ed= 7
e (1&—- 0 '7)0'70
e -
P S DATA
./," j|
/7 BIVEN | CALC
DURATION f INTENSITYK INTENSITY DIFF ERRDR
pinutes L in per hr % in per nr percent
; .
10 4o, 1,300 L.Sor 1.4%9%98 -0.0Q02 -0.4
19 4eoa 11190 L2tr 1,104 +0.0014 +0,1
0 117 0,880 ob72 Q. &737 -0.0063 -0.9
60 A4267. 0400 ofle 0.4117 +0.0117 +2.9
120 - 2327 0,260 0.252 0(.2328 -3,007% ~2.8
S Ciprm v [ LO yain de 2{}")
= AVYFRAGE RAINFALL INTENSITY CURVE
(WEIGHTED LEAST SEUARES:
FORM: i{tc) = Af{tc+tol~ n
A= 5.874464
to = -0.926428
n = 0.,6878729
pAaTaA
GIVEN CalLl
DURATION INTENSITY INTENBITY GIFF ERROR
minutes in per hr in per hr percent
1o L.av0 1.5014 +0.,0014 +0, i
is d0110 1.1071 -0.000% =~ 1
30 0. 680 v.b724 - Q076 -1.1
Ao 0. 400 W,4123 +0.0123 +3.1
120 0. 250 00,2542 -0, 0038 -2.2



—

DURATION
minules

19
15
30
)
120
18a

<

DURATION
minutes

10
15
30
bu
120
1806
1440

=

¢ Skoero (Lo min to BTy D
AYERAGE RAINFALL EINTENSETY CURVE

LEAST SQUARES)

FORM: {i(ted = A/ (te+toi™n

A = b,466882
te = -1.242007
no= 0, 6730139
DATA
GIVEN CRLL
INTENSITY IMTENSITY DIFF
in per hr in ger hr
1.300 1.5012 +G, 0012
i.110 1. 10477 - 0623
G.4680 0.4744 -0, 0036
0,400 0.4170 +(, 0170
0,250 0.25%7 -0, 0003
.210 0.1972 - 01328

- Storro o (lowia de 24D
BVERAGE RAINFALL INTEMSITY LURWVE

{LEAST SHUARES!

FORM: iftc! = A/{tc+taln

B o= b.267197
to = ~1.4319v2
R = U.HLSEZTA
DAY A
BIVEN LALC
INTENSITY INTENSITY DIFF
in per hr in per hr
t.500 1,9017% 0L, 0015
1.110 1.1042 -0.0038
G. 480 G.8741 -0.0039
0. 400 0.4181 +0, 0181
6. 240 0.2615 +0.0013
. Z210 Q, 1992 ~{, 0108
0.059 ¢.0497 -0, 0093

ERR{OFK

percent

LIV
-,
_|;]
+4;
-0,

_ £
(=%

1
2
]
2
1
1

ERROR

percent

17,
-3,

-4,

+4.

4},

=]
=

-15

ot

B G T R R P

KEK
/&GT‘ é;rﬂtﬁb



Ejr Stovren — (,Lﬂ\m;h to f5ﬁh")
AVERAGE RAINFALL INTEWSITY CURVE

\WEIEHTED LEASY ERUARES)

FORM: 1(tc) = Afttc+iel n

A = 3.958902
to = ~1.080B8181
n = ,62342054
CaTa
GIVEN CALE
BURATION INTENSBITY INTENSITY B
minutes in per fr in petr hr
10 1. 3006 1,9052 +4,
15 1.110 [ R0 -1,
30 0,480 D.HTDE “{,
60 0,400 0.4174 +0.
120 0,260 0.2826 +0,
180 G.210 02007 =0,

:::ﬁf’f}tom” (Lowin te 24 fr D

AVERAGE RAINFALL INTENSITY CURVE
tWE IGHTED LEAST SOUARES

FORM: i(tci = Afiftc+teld™n

IFF

VDN
0079
vo94
0174
DUZA
0093

g = 5.411904
to = ~2.44791s
n = 0,635312%
L ATA
EIVEN CALC
DURATION INTENSITY INTENSITY BIFF
ainutes in per hr in per hr
te A.500 1.54095 +0. 0095
i3 I.1146 1.0952 -p.0148
0 U680 0.8846 -0.0134
&0 G400 0.4186 +0.01B4
f20 G.Z40 0, 2447 +0.00467
§:11] . 210 0. 20535 . 0045
1440 0.00% G.0549 -0. 0041

ERKOR

percent

ERROR
percent

+0.0
-i.3
-2.0
+4.7
+Z.6
-2.1
-7.9

REL

f@r 6,199



/‘,‘/
/ -
“* T AVERAGE RAINFALL INTENSETY CURVE
) : {LEAST SOUARES:. .
FORM: i(tc) = A/{tc+tol}”n
= 19,112825
te = ~0.1475686
= 0.723919¢
ODATA
BEIVEN CALLC
DURATION INTENSITY INTENSITY . DIFF ERROR
: aninutes in per hr in pér nr prercent
! 10 F- A U F.9215 +0, 0015 #0,1
| 15 £.430 1.42464 -0.0038 -0.3
‘ 3G 0,860 0. 5393 -0, 0007 ~0.1
| 0 G.3t4 0,2184 +0,008h +1.7
’ {20 0.310 ¢.3133 +0, 00323 +1.1
t8o 0,245 0.,23533 -0.0117 -4.8
{o nr Story~ ~ _Llomine o 24 ¥r D,
= AVERAGE RAINFALL INTENSITY CURVE
{LEAST SHUARES!
FORM: 14tc? = A7 {tc+tol*n
' A= 9,.641335
tg = -u. 436728
n = o.7141481
DnTA
GIVEN CALC
BURATION INTENSITY INTENSITY DIFF ERROR
minutes 1a per hr in per nr percent
10 1.92¢ {.0227 +0, 0027 +0.1
13 1,438 Fo&k3 -0.00467 -G. 4
30 0,860 0.8387 -0.0013 -0, 2
60 D.310 G,.3207 +G,0107 +Z.1
120 0.310 0.5165 +0. 0045 +2.1
180 0.2435 0.2368 -0. 0082 3.4
144G G471 0.0335 -3.01735 -24.4



.lf’ ~ Storwe ~ (1o min® o L5 D
= E%UERQEE RAINFALL INTENSITY CURVE

(WEIGHTED LEASY SEUARES!

FORM: i{tc) = A/{tc+tol’n

A= B 497462

to = -0.579338

n = 0.7116143

D aAaTéh
BIVEN CALL .
DURATION INTENSTTY INTENSITY ; DIFF
minutes in per hr in per hr

Lo 1,920 1.9250 +0, 0050
13 1.430 1.421% -¢,0081
30 {.8560 0.B340 -0, 0040
40 0.510 0,.31%1 +¢. 0051
£20 0.310 0.315% +(. 0039
1805 0.2435 0, 2364 -$.00Bs

fo g T~ ~ (10w 2o 2455 )

AVERAGE RAINFALL INTENSITY CURVE
(WETGHTED LEAST SQUARES:

FORM: 1(tc) = AFf{tc+teal™n

A = 7.86291%
to = -1.837364
n = 0.6677237
BATA
GIVEN CALC
DURATION INTENSITY INTENSITY BIFF
minttes in per hr in ger hr
10 t.920 1.9352 +0,0132
] 1.430 1.3044 -0,02%4
30 0,840 (. B445 -0.0135
50 0,310 0.5215 +Q. 0115
120 0.310 U.3249 +G.0149
1BG 0.245 0,2470 +0.0020
1440 g.a7t (. 05172 -3, 0098

ERRDR

percent

+0.
-0,
-0,
+1,
+1,

-3

o

I B I B L

ERROR

percent

- O m o O



25 ur Stocm~ (10 win s 3 T
~== “RVERAGE RAINFALL INTENSITY CURVE

(LEAST SRUARES)

FORM: z2ttc) = A/ (tc+ta)n

A = 19.077039
te = 2,247030
n = {.B026377
DATA
BIVEN CALE
DURATION INTENSITY INTENSITY DIFF
minutes 1n per hr in per hr
10 2.330 2,%340 +0., 0040
13 {.930 L.2403 -0.0G97
30 P 170 1.1742 +0.06042
t0 0,680 0.6924 +0.01264
120 0.410 0.4029 -0.0071
IBQ 0. 340G G, 2928 -0 UBT76

Egé 'Hg*wa(Yh.“’ (1o win to 24#ﬁ}*)

VERAGE RAIWFALL INTENSITY CURVE
(LEAST SOUARES)

FORM:- i {tc) = Asitc+ta)n

A = 17.778800
te = 1.79934d
n = 0.7656667
DATA
BIVEN CaLc
DURATION INTENSITY INTENSITY ~ DIFF
minutes in per hr in per hr
1¢ 2,330 2,3560 +0, 0080
19 1. %950 1.9364 -, 0136
30 L.176G 1.1727 +0,0027
&40 ¢. 680 0, 8957 +0,0197
120 0.410 ¢, 4082 -0.0018
1890 0,300 0. 2980 =-0,0020
1440 0,089 0.0385 =-0,0303

ERROFK

percent

F
o

no~d -0 & Lh B2

ERROR

percent

4,

-,

+G,

I BN I FUR 55 RN B

TREKS
 Agr b M



CEL
/L\O{ o ) lﬂ%b

-25; éﬁr Stdre~ (,U9V“3”  2Rr0

=S AVERAGE RAINFALL INTENSITY CURVE
{WEIGHTED LEAST SRUARES)

FORM: i{fc) = A/(tc+tal™n

A = 17.613377
to = 1.4B80825
n = 0.784BB7a
DaTaA4a
GIVEN CALC
DURATION INTENSITY INTENSITY DIFF ERRGOR
minutes in per hr in per hr percent
g Z.350 2.5589 0. 4087 +0.3
13 1.950 1.9344 -0. 0194 -0.8
30 1.1790 1.16%93 -0.0007 -0
&0 0. 5BC 0.46932 +0, 01372 +1.5
120 (0,414 0.4047 -0, 0033 -0.8
180 0.300 0.2946% ~0.003! -1.0
el VERAGE RAINFALL INTENSITY CURVE
(WEIGHTED LEAST SEQUARES)
FORM: i{tc) = A/{tc+tol”n
f = 13.93422¢
to = -0.397417
n = O.7170BGE
DaTA
SIVEN CALC
DURATION INTERSITY INTENSITY BIFF ERRGER
minutes in per hr in ger hr percent
14 2.330 2.5781 0, 4281 A
13 1.950 I.9088 =0.0412Z =Z.1
3a 1.170 1. 1500 -0 03200 -1.7
&0 0. &80 0.46%62 +0.0162 +272.4
12¢ G.410 0.4225 +0.0125 +3,1
180 0,306 ¢.3157 +0,.0157 18,2
1440 g, 08Y L0719 -0, 0180 -29,3



So Y Storm~ (10 min to 2% )

- AVERAGE RAINFALL INTENSITY CHRVE
(LEAST SQUYARES:
FORM: {i(te) = A/(tc+to)™n
A = 30.727343
te = 4.3078B07
n = 0,83923302
0 ATA
GIVEN EALC .
DURATLON INTENSLITY INTENSITY DIFF ERROR
minutes in per hr in per hr percent
1 3.110 3.1115 +0, 0015 10,0
15 2,410 2. 4048 -0.0032 -1
30 1.470 1.46%8 -0.00¢2 0.0
&0 0.850 0.8570 +0,0070 +06.8
120 0.470 0.4885 -0, 0035 -G, 7
160 0.350 0.344B -0.,0032 -0, 7

So Yr oo~ (Hominte 2t )
= AVERAGE RAINFALL INTVENSITY CURVE

{LEAST SRUARES|

FORM: 1itg) = A7 {tc+tol™n

i = ZE.1078IZ
te = X.789111
no= 0.B3A%13Z
DaTa
BIVEN CALL
BURATION INTENSITY INTENSITY LIFF ERROR
minutes in per hr in per hr percent
10 .l 1.1145 +Q, 0045 +U. 1
13 2. 410 2.4017 -0, 0083 -0.3
3 1.470 P.4673 -0, 0027 g2
50 0.E50 0.B60GE +0.01086 w1.3
120 G.490 0.49935 +0,0035 +0.7
iBC 0.350 0.3342 +3,0082 +1.2
1440 . 145 0.0628 -3.0472 -40.1

REK
M" b )3



Se i

Jami———

PURATION

minutes

o2
_

DURATICN
minutes

1¢
15
30
L1
120
180
1440

Stoem~ (Lo win to B D
AVERAGE RAINFALL INTENSITY FURVE

(HEEIGHTED LEAST SOUARES)

FORM: if{tc) = A&/{tc+te)l™n

A = 29.712989%
te = 4.110148
n = wW.B322225
DATA
EIVEN CAaLc
INTENSITY INTENSETY DIFF
in per hr in per hr
I. 0 I.1138 +0.90038
2.410 2.4045 -0, 0033
1.470 1.44673 -0.0023
v, BS0 0.8371 +(, 0071
0.490G ¢.4482 -0.,0018
0.350 £.3488 00,0012

%Zf— Sy fva ~ (10w to Df'ﬁ/r')

VERAGE RAINFALL IMTENSITY CURVE
(WETGHTED LEAST SQUARES)

FORM: i{tc}t = A/(tc+tol n

A= 19, 307901
to = 1.06%4954
n = u,7593831
DETA
GIVEN CALLC
INTENSITY INTENGITY DIFF
1n per hr in per hr
J.1t0 I,144% 10,0247
2.410 Z2.3688 -0.04l1?z
1.474 1,4358 ~0,0344
g, 830 a.83%93 +0, 0093
0. 4720 G.3110 +0.0210
0,350 -0, 37464 +(, 02484

0.103 0,.0779 -0, 0271

ERROR

percent

+0,
-,
_0_
+0,
-0,
-0.

LA J= B0 #0 B3 o

ERROR

percent

+i,
-1,
-2
+1,
t+4§,

+7
g
-23

N
[ 4 I S R RN R

e

AOT )ADD



Loo

——

DURATION
mlnuUtes

10
13
30
a0
124

18O

[amy
e

DURATION
minutes

1 46
15
30
&0
124
180
1444

r Stote

(L0omin & BT

ERAGE RAINFALL INTENSITY CURVE

FORM:

G IVEN
INTENSITY

(LEAST SRUARES)

if{tc) =

FORM:
4 =
te =
n=
GIVEN
INTENSITY
in pegr hr
3.700
2,930
1.830
1.6G40
{.590
0,400
'Eﬁﬂ.S%ﬁff“”“

33,
7
0.

B A

Af(tc+toln

938734
BLAd Ly
7428176

T h

CAaLC
INTENSITY

in per hr

L U &)

(L0 win to 24 Gy D

AVERAGE RARIMFALL INTENSITY CURVE

LB9TS
L5732

L8231
L0322
V3793
L4032

(LEAST SRUARES)

t{tch =

to

in per hr

O'C-Ca'-‘n—-l‘\d}.ﬂ

L 700
L2330
L8390
<040
. 390
. 400
123

H

49,
7.
v,

b A

fifitcttor ' n

o01837
0§229%
F148467

T 4

CALC

INTERSITY

in per hr

[ R e B T Y]

e

L7037
. 3259
.B188
NUNT. ¥
. 3887
L4132
L0638

- (_"

0,

+0,
-0,
+0.

+0,
-0,
-0,
10,

- C_.

+,
-0,

DIFF

L0005
0022
LO06Y
0122
G107
0032

GIFF

D037
0041
cl1z
4167
L0013
0132
0354

ERROR
percent

-0,
+0.
-0.
+1.
-1,
0.

8 0 R da e O

ERACK

parcent

+G.
-0.
=0,
+1.
-0,
+3.3
-4B.3

h O O = -

TEK.

frgr 178



Aoo ’}%rS'ﬁorM"“ Cmm’.“—b" 3%‘-)
= VERAGE RAINFALL INTENSITY CURVE

(WEIGHTED LEAST SBUARES

FORM: i{tc) = A/(tc+ta)™n

25, 293005

to 7.7745841
= 0.9396911
DAaATA
GIYEN LaLc .
DURATION INTENSITY INTENSITY DIFF ERRDR
minutes in per hr in per nr pertent
{a 3. 700 I.7004 +4, 0004 +0.0
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then computed by dividing the total overland flcw length by the average

veloeity,

5a

10

WATERCOURSE SLOFE {W FERCENT
w

.......................

.5 - 1 2

e,

VELOCITY IN FLET PER SECOND

Figure 3-l.--Average velocities for estimating travel time for
L overland flow.

Storm gewer or road gutter flow

Travel time through the storm sewer or road gutter system to the main
open channel is the sum of travel times in each individual component of
the gystem between the uppermost inlet and the outlet. In most cases
average velocities can be used without a significant loss of accuracy.
During major storm events, the sewer sysiem may be fully taxed and ad-
diticnal overland flow may oceur, generally at a gignificantly lower
veloeity than the flow in the storm sewers. By using average conduit
sizes and an average slope (excluding any vertical drops in the system),
the average velocity can be estimated using Manning's formula.

Since the hydraulic radius of a plpe flowing half full is the same as
when flowing full, the regpective velocities are equal. Travel time may
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POST OFFICE BOX 1900 = RENO, NEVADA 89505

January 25, 1990

Richard K. Jorgensen
Winzler & Kelly

633 Third Street
P.O. Box 1345
Eureka, CA 95501

SUBJECT: DRAINAGE PROBLEM IDENTIFICATION STUDY

Dear Mr. Jorgensen:

Thank you for your cffer to send additional copies of portions of
the above referenced study. At this time the City has closed out
its acecount for this study and will make due with the information

we have.

Please consider this letter our final correspondence considering
this project. ’

Sincerely,

e

8 E VARELA, P.E,
CITY ENGINEER

EV:isek

XxCc: Project File
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WINZLER & KELLY -1

633 Third Street/P.O, Box 1345/Fureka, CA 93501/707-443-8326

Refer to: 89«000

August 7, 1989
Mr., Steve Varela
City Engineer
City of Reno
P,0, Box 1900
Reno, NV 89505

Subject: Rainfall Intensity Curve Analysis, Isopleth Maps and
Problem Identification Study

Dear Mr. Varela:

I recently returned from vacation and found your letter of
June 29 on my desk. I am located in our office in Eureka now so
any additional correspondence should be directed to this office.

As you are probably aware, Winzler & Kelly closed its Reno office
2% years ago. In the move much of the office files were sent to
San Francisco and some were sent to Eureka. I was working in San
Francisco part-time at the time of the move and directed staff to
send all files related to the Renc drainage project to Eureka
where I would be permanently staticned. Soon after our move from
Reno we also relocated our San Francisco office, I am afraid
that many cf the Reno drainage files had been sent to San
Francisce and I have not been able to locate them since our San
Francisco office move. This includes all the copies of the
individual drainage reports.

I do have the files with all the calculations and would be able
to regenerate the reports without toco much effort.

I also believe I have the reproducible maps for the various
drainage basins. There was never a single map that showed all
the drainage basins except for the map included in the back of
the original report which was a regular street map.

The original contract was for $135,500. This assumed $7,5300 for
Phase I (preparing the I.D.F. curves), $3,000 for Phase II
{(preparing the initial report) and $125,000 for an estimated 25
individual drainage basins. I believe there was a change order
for an additional $10,000 to complete a full scale drainage
study in the Stead area. :

We have currently billed the City $127,326, although our costs to
date stand at $141,600. The first two phases of work cost more




WINZLER & KELLY
CONSULTYING ENGINEERS
Mr. Steve Varela
August 7, 1989
Page 2

than anticipated and some of the larger drainage basins also took
much more effort than originally thought, The project extended
over a longer time frame and in fact continued after we had
moved, which added to the costs.

After we had closed our office, the City requested that we attend
a meeting to discuss the developed I.D.F. curves and Isopleth
maps. This was quite an expense for us, as I had to fly out from
Eureka and Dr. Tung, our subconsultant, had to fly cut from
Wyoming, where he had relocated from the University in Reno.

From this meeting we were requested to modify the Isopleth maps,
which we did., Therefore, I would like to request full payment
for the efforts expended up to this point, which would be a total
of $14,274.

It is difficult to estimate costs to regenerate the information
you have requested, as I do not really know what is still avail-
able in our files. When you ask for a reprcducible copy of the
overall drainage area map (item 1 of your letter) I do not know
exactly what you want, as there was never a map such as this.
There were individual maps for the individual basins.

I would anticipate approximately $1,500 to regenerate an
individual report, assuming the mapping is still available, for a
total of $6,000 for items 2 through 5 of your letter.

I1f you want reproducible copies of all the drainage maps, the
costs would simply be costs to have them reproduced on mylar
(assuming again that we still have them all, which I believe we
do). The final cost would be reproducing the calculations and
computations. Most of this effort would simply be photocopying
the data.

I anticipate that we could complete all of the above for approxi-
mately $8,000, which would include reproducing four of the
reports. I will make ancther attempt to locate our files to see
if we perhaps have some of the reports you are missing., If they
can be located, the above costs would be less,

I1f you have any questions, please give me a call.
Very truly yours,

WINZLER & KELD
<TG

RKJ : pm

cc: Neal Carnam
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City of Reno

Inter-Qffice Memo

Date: March 30, 1989

To: Steve Varela, P.E., City Engineer

From: Robert M. Gottsacker, P.E., Senior Civil Engineer KH%""
Re: Winzler and Kelly, Dec 1984, Drainage Deficiency Report

I have reviewed the above referenced report, reviewed comments from
staff and other consultants, and have reached the following
conclusions:

A. Isopleth Issue

The major item at issue with the isopleths is not their concept but
their derivation and applicaticen. The isopleth should not be
evenly applied as a factor to curves of every return pericd and
equally fcor all durations on the curve. Mark Forest of Nimbus
Engineers has the best comments and clearest explanation of this.
The rainfall intensity curves match previous studies and within
reascn follow previous derivations, but upward adjustments for high
intensity and short duration summer storms need to be made, but not
necessarily with elevation like the winter storms. This is the
portion of the curves most freguently used for design of the storm
sewer system in the city, ie., for subdivisions and drainage
analysis of existing systems. For the volume driven floods that
gccur in the winter, the iscpleths are needed and there 1s much
support for the isopleth concept with higher elevation and londer
duration storms.

The problem is apparent con the follow-up study by Winzler and Kelly
plotting the error curves for their derivation of the isopleths.
The wet season 1s rather consistent and low numbkers for the Renc
area, the dry season has larger numbers to the north, Jjust where
consultants expressed their concern over the isopleth concept and
application.



March 2%, 1989 Winzler Kelly Drainage Report of 1984
Reviewed by: Robert M. Gottsacker, P.E., Sr. Civil

1f additional study is to occur, perhaps looking at the curves from
a desiogner’'s need is necessary. What should be used to design a
local édrainage system, and what should be used to address the 100
year flood that is volume driven which would be used for channel
easements, ponding calculations, and major flood studies 1is the
real guestion and perhaps different sets cf curves, adjusted for
elavation for one set is what might make scme sense. I do neot feel
qualified toc address this in much mers depth than this, and I hope
it will be of some use.

B. Studies of individual drainage deficiency areas

It is recommended that whensaver studies such as this are
performed that reprcducible maps be provided to the City for
permanent filing, and that at least six copies of the finalized
report are provided with distributicn as follows:

Permanent library record
Loan-out library record
Design Engineer

New Development

City Engineer

Director of Public Works

Lo N TN PN I O

The overall drainage map in the main repocrt is not reproducible
which greatly limits is usefulness and limits the distribution of
it. New development should have a copy for use in review of
submittals. Additional copies should be forwarded to Maintenance,
Traffic, or Construction as necessary depending on the type of
report and its contents, These reports should then be referenced
whenever any activities are contemplated in the area.

It would be very helpful fecr future planning, if in addition
to the deficiency of the storm sewer system, the =2xtent and
severitvy of flood damage resulting from a 100 year event was
assessed, Of particular interest woculd be damage to hcomes and
busineszes, and danger for traffic flow during the storm especially
in the southwestern drainage basins. In addition, although cutside
the ascope of the original study, the City needs to know what should
be done to improve the deficiencies, just like in the Stead report.
Bll of the reports should have testative solutions with costs to
put into the Capital Improvements Projects process for budgetary
purpcses and to show the need for future bond issues. Either the
Citv staff, or the consultant, if his contract has enough in 1it,
should complete the report to its logical conclusion, what te de
and how mueh 1t costs.



March 28, 18ga Winzler Kelly Drainage Report of 1934
Reviewed by: Robert M. Gottsacker, P.E., Sr. Civil

This reviewer saw no gocd reascon why the individual drainage
reports were bcund separately. This adds to the cost and it is
eacy to loose a report of only four or five pages. It seems
logical to raguest that a final coverall report of these studies be
bound and multiple copies delivered to the City.

Newly derived rainfall-intensity curves were used with
modification as appropriate by the newly darived 1sopletns. A
minimum time of concentration of ten minutes was usad. PRuneoff
coefficlients were consistent with thess in the design manual of the
City of Reno.

Flows were computed for the five and one hundred year refurn
frequencies and nodes identified where improvements could be made.
The five year flows were required te ke in a conduit, and for areas
over 100 acres in extent, the 100 year flows had to be contained
in easements.

1. Stead

It was gleaned from the report that all of the drainage
from this basin ends up in Silver Lake; no mention was made that
this is an intermittent lake that has no outlet. This report could
be the framework for and improved drainage system in the area if
future development is required to adhere to the recommendations and
the City implements improvements as it 1s feasible in the areas
already developed.

The use of the Raticnal Formula in a 4000 acre drainags
basin is rather unusual. The assumptions for derivation of the
method break down. The rational formula is not normally used in
this situation. As a general overview to the system this report
is adequate. Useful details that are missing include the
individual drainage basin areas, ¢ values, times of concentration,
rainfall intensities, and isopleth factors. Times of councentration
and ¢ values were probably built up depending on the conditions
within the subbasin and those c¢omputations would be useful if
contained in the report. Without these the work must be redone to
procead with any design work.

It must be emphasgsized that the Raticnal Formula is nct
normally used on large drainage basins such as this. No discussion
of routing is present in the report although two detention basins
are discussed. How the veolumes were arrived at is not presented.
No stage discharge curves are presented for the ponds and nco
hydrographs are drawn, obvicusly, since the rational formula was

The report is wvary useful for an inventory of what sxists
an? for asnarally identifving problems and proposed selutions. The
seluticons may be in guesticn dus Lo s uss of rhe Rationzal
[



March 29, 1989 Winzler Kelly Drainage Report of 1984
Feviewed by: Robert M. Gottsacker, P.E., 3r. Civil

2. Huffaker Hills
This report was never dcne, SEA was contracted to do it
and there is a guesticn in the Huffaker file as to why they wers
hired instead of the work being perfcrmed as part of this contract:
thers is no apparent answer.

3. Harding and Gulling

A 40 acre drainage basin, most of which remains to be
developed (at the time the report was written), with an cbvicus
need for future improvement. No specific improvements wers
recommended, but upsizing the pipe system Lo carry the 5 yzar storm
plus detention were menticned as the only feasible solutien.
Several typographical errors and a botched sentence.

There is a2 new development immediately upstream of this
rnorthwest across McCarran which was brought to my attention by the
Planning Department where a developer wishes fo £ill the draw and
pipe flows in this direction.

This problem merits detailed study by the developer and he should
address the problem, probably with detention.

4, Plumas _St. near W. Moana

The drainage basin is about a thousand acres in size.
The report recommended splitting flows go that a portion went to
Virginia Lake via the 60" pipe and ditch and the balance go to the
ditch enclosed in the
CMP on Lymberry. The CMP is in poor ceonditicn, is an irrigation
diteh and is overleaded already so the solution was unweorkable,
This report has been superceded by a subsequent study. It was used
as the starting point for design of improvements in the drainage
basin. The large size of the bkasin should have precluded the usa
of the Rational Formula for the study. The basin has since been
studied by Kennedy, Jenks, Chilton Engineers and design and
construction of facilities approved by the 1985 bond program are
undervay.

5. Rewana Farms, north of Peckham
This 125 acre basin 1s largely undeveloped with only a
roadside ditch system, badly silted-in., and with culverts that
cannot even handle the five vear storm. New Development needs to
stay aware of this problem and make sure developers install
adeguate facilities. A storm drainage plan for the area is
necessary tc aid New Devalopment with their gquest fcr cocperation.




March 29, 19839 Winzler Kelly Drainage Raport of 1634
Reviawed by: Robert M. Gottsacksr, P.E., Sr. Civil
6. Market st. and Miami Way

A S0 acre drainage basin with bits and piecses of pipe,
a filled-in drainage ditch, and several minor problems needs to be
watched by New Development for opportunities since half the basin
i1 undeveloped. A drawing for the propeosed system would be helpriul
for future implementation.

7. Roberts St. near Yori Ave. (Libby ¢. Booth School)

A 40 acre drainage basin without any storm drains needs
remedial action. The area is all built up and water stands in the
local low points in the street system. In-and-outs should probably
be removed in the process of adding a storm drain system.

&. Thomas Jeffersen Drive and Aguila Avenue

This 480 acre drainage basin is also known as the Hunter
Lake Drainage Basin. The decrease in flows as veou go downstream
discussion is particularly interesting in this report, as it is
possible, but rare, unless you are at an unusual node. Certainly,
with the Rational Formula the sum of the flows is not normally
equal to the computed flow at a point, hut the discussion in the
report is rather unusual,

Replacement of many undersized culverts is recommended
and upstream detention in the canvons would be helpful. The flow
inte the Steambeoat ditch is reocuted straight through instead of
dealing with reality and fellewing where this flow will really go.
It will have to break ocut somewhere. Developments upstream will
have a rather large impact downstiream and detention is recommended.

9. Belford Road and Sharon Way
This 1115 acre drainage area is also known as the
Rosewood Wash. In twe cases now, the undersizing of the storm

drain system in brand new subdivisions waszs discussed, apparently
after the adapticn of the rainfall intensity curves and isopleths.
The authors did not understand why the City had not ilmplemented
what they had adopted, especially for the new develcpments.
Surprisingly, most of the storm drain deficiencies in this system
were 1in the wupstream portions, probably in old county road
cecticns, and in the new develcopments., Farther downstream, bevond
the limits of this study, the Rosewococd Wash at Plumb is a maijor
prablem and is only designed to handle the five year storm.



March 29, 1989 Winzler Kelly Drainage Repcrt'of 1284
Reviewed by: Robert M. Gottsacker, P.E., Sr. Civil

10, Second Street at the railroad crossing

This is the 17 acre drainage basin that flocods whers the
railrocad goes over Seccnd Street just north of the Dickerscen road
intarsection we are currently designing with CDBG money. A pump
station of unknown but probably inadequate capacity serves the
trapped low peoint. A five year flow cf 30 cfs and a hundred vear
flow of 80-90 c¢fs makes it obvious that this will continue to Le
a major problem and cause the street to be cshut down in even mineor

- storm events. Larger pumps or a gravity svstem are recommended

sclutions.

11. Charles DPrive-Clough Rcad area
This is a 56 acre drainzage basin which lies astride the
Plumb Lane extension from Hunter Lake Road to Mayberry. The
problem 1s compounded by two dirrigation ditches and localized
flooding occurs due to the inadequate system and pcor maintsnance
of what does exist. A large vacant piece of land is alsc flooded
50 New Development should take special note of this report.

12. Marsh Avenue and LaRue Ave.

I could not find any copy of this report bhut I suspect
that this area was the subject of a recent storm drain
installation, and this study or the preliminary work for the study
discovered the problem was solved. This would be the Calients
storm drain project of about ten years ago.

13. Riverside Drive and Ralston St.

This 1s a localized problem where no storm sewer exists
and water ponds in the streets between Washington and Stevenson
from West Second Street to the Truckee River. A basin area of 21
acres 1s identified. Regrading of streets and installation of
storm sewers., either to the Truckee River diresctliy or te an
existing system which parallels this area is recommended. Based
on flooding witnessed by this reviewer on Keystone, other
deficiencies appear to be in this general area also and a mors

- extensive investigation iz warranted before connections are made

to the existing svstem.

14. Lake Ridge Golf Course area
This report 1ig mnmissing and presumed leost or never
completed. This is a newlv developed area so there should be no
major drainage prohleme with the sxtenczive review given projects
bv the stafi ¢f Lhe Citvy of Rano.




completed.

March 29, 1989 Winzler Kelly Drainage Repcrt of 198
Reviewed by: Robert M. Gottsacker, P.E., Sr. Civi

15. Panther Valley area

This drainage area 1s 235 ag¢rsg and
noertharly extension of Reno along highway 29
area. A huge amount of the watershed 1
Development should be made aware of thi re
Subdivisicon is in the upper sortion of this drainage basin. The
downstream or ultimate discharge from this drazinage basin iz not
addressed although it appears to follow the railroad tracks tc the
south parallel to North Virginia S8t. If that is the case it goes
down to the industrial area behind the Bcnanza and causes severs

lias in the extrome
, preceding the Stead
undeveloped 350 Naw
o)

s
s
s ort. Sagzs Hen

flooding. The industrial in-fill are making a disastar out of the

area. Even worse ig the fact that this 1s the headwaters area of
the Paradise Pond Drainage area addressed by Summitt Engineering
in a report done almost at the same time as this cne. Drainage
improvements are needed in this area, but the impact downstreanm
must also be assessed. This area merits mors study, especialiy due
to its impact on the Evans Avenue/Manogus High School area.

16. Longley Lane and McCarran Blvg
This report is missing and prasumed lost or never

17. University Brain at Longlev Lane

This is a 1250 acre watershed and the use of the Rational
Formula is preobably inappropriate. The Telegraph-Vasser inlat
problem which is currently in design to be fixed is part of this
area and addressed as a problem; the first fix did nct woerk due to
limited grate inlet capacity when no head was available. Mz jor
problems downstream in the University Ditech itself exist just
downstream of Rock Boulevard and at Longley Lane. These should be
addressed soon since they can back up the entire system and causs
serious flooding problems. Suggesticns to reroute socme of the
upper portion of the basin to the Truckee River dirsctly are made
but generally the existing piped system will have to be 1lived with
barring major replacement.

18. Grant Drive z2nd West Moana Lane

e e e e et e e b 2

This report is missiag and przsumed locet or never

completed,
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March 29, 1989 Winzler Kelly Drainage Report of 1984
Reviewed by: Robert M. Gottsacker, P.E., 5r. Civil

19. Parr Boulevard near Catron Dr,

This is the 785 acre drainage basin immediately below the
Panther Valley drainage area which apparently does not flow through
this area. Development ig occurring very rapidly and the report
is woefully out of date already. Updating of this particular
report is recommended. It forms the far upstream reaches of the
Paradise Pond Drainage Area and a frightening flow of 1230 cis
leave this basin in the future 10C year event heading for the Evans
Avenue/Manogue High School area. I have perscnally withessed
unbelievable blockage of drainage ways in this basin and wondered
how it was occurring. Parr Boulevard sits smack dab in the middle
of a major drainage way in an area turning to all asphalt and
buildings. _

Most of the system is undersized for even the five year
event and detention is recommended for a solution. Much more study
of this area is required and New Development needs to be apprised
of this situation to help expedite solutions. Development is
occurring very rapidly and the report is woefully ocut of date
already. Updating of this particular repcrt is recommended.

20. Dry Creek Drainage .
This report is missing and presumed lost or never

‘completed.

21. Evans Creek

This is a 6750 acre drainage basin and the Rational
Formula is certainly inappropriate to analyze it. This basin has
been the subject of further situdies for the Lewis Lakeside Homes
development and by Nimbus Engineers both for a private client and
FEMA. Many structures were undersized and need improvement. The
impact of the three irrigation ditches was discussed and could
merit further elaboration. It appeared that they would be a help
in the winter when empty, but that a summer storm could cause major
problems. Break-out points should probably be addressed for this
situaticn. Ponding is recommended in the flat areas tc reduce
flows at Virginia Street. Highway 580 is being extended through
this area and comments relating to it should be added to the report
if possible.




March 29, 1989 Winzler Kelly Drainage Repcort of 1984
Reviewed by: Robert M. Gottsacker, P.E., 8r. Civil

C. Summary

In summary, the data from reports such as these need fo be
summarized into a reproducible graphic form with reference back to
the appropriate report. This can be used for reference by New
Development and to assist in citizen ingquiries. That base of data
should then be used to develop soclutions which can be implemented
piecemeal by developers or included in the Capital Improvements
Program via the CIP and budgetary process. Thisg process has begun
with tabulation of data intc the computer, but the graphic portion
of the project is best delayed until the computer mapping system
is up and running. If it does not occur, hand drafting will
proceed.

Mandatory written review of major studies should be required
of all affected section heads to force them to be aware of the
existence of the report and the problems which it addresses.

Overall the report is very useful in that problems are
identified but the use of the Rational Formula for large watershed
ig very gquestionable. The rainfall intensity curves need to be
further researched and modified to address winter and summer storms
and modificatieon for the duration and occurrence interval. This
is a major issue with consultants and a more definitive study
should probably be done. It is pessible that the data available
is not good enough, ‘or wvolumness enough to warrant further
extrapolation.
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A third drainage basin is located west of the two

.aforementioned basins. There is an l8-inch CMP crossing North

Virginia near the western edge of the project boundary. Flows
proceed north crossing U.S. 395 in a 36-inch RCP just to the west
of the Silver Lake Subdivision and crossing Silver Lake Road in a
36-inch RCP. The flows proceed south through the Lake Ridge Geolf
Course in a series of ponds and ditches. They eventually reach
the new railrcad grade just south of the J.C. Penney Complex and

are diverted west in a ditch towards Silver Lake.

C. ESTIMATED STORM RUNOFF

Estimated storm runoff is calculated at selected nodes.
These nodes and the related flows are shown on Fiqure 8, the
project boundary map appended at the back of the report. Table 4
summarizes these nodes, giving location, description of node,
capacity of node and estimated storm runcff at the node. The
existing capacity assumes inlet control. Generally a range is
given. The lower value assumes no head at the inlet while the

higher value is at maximum head on the culvert.

As most of the subdrainages exceed 100 acres, the storm
drainage systems need to be sized to pass a l00-year return
frequency storm as stated in the City of Reno Drainage

Ordinances.

D. ESTIMATES OF COST

This section on cost estimates for proposed storm drainage
modifications is included in the Stead Report as the City
requested a complete drainage study for the particular deficiency

ARART

area.,
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Preliminary cost estimates for the various proposed projects
within the drainage basin are necessary for economic feasibility
evaluations. Cost estimates are based on the premise that all
construction will be accomplished by competitively bid contracts.
The costs include constructicon and contingency costs as well as
engineering and administrative costs, .

1. S8torm Drains

Storm drain costs were developed using the 1985 Means
Construction Cost Data. Class 3 reinforced concrete pipe is used
in the estimating. 10% was added to the subtotal cost including
overhead and profit for profit to arrive at a total cost per foot
~of pipe installed, $1500 per storm drain inlet is used as an
average cost. Table 5 summarizes the costs of pipe from 12 inch
. to 96 inch.

TABLE 5 - COST ESTIMATES FOR RCP INSTALLED

Size Cost/L.F. Installed
12¢ 5 29.50
15" 31.98
is" : 35.44
24" 43.14
30" 61,84
36" 78.34
2" 88.24
48" : 101.24
60" 156.67
7an 189.67
g4" 269.14
ag" 318.64

An additional cost of $12 per foot is used for paving and $6 per
foot for gravel.
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2. Channel Construction

Channel costs can vary substantially depending on
accessibility and type of ground. An excavatien cost of $6 per
cubic yard is used for roadside channels and easily accessible
areas located on firm ground. In marshy areas particularly along
the major creek beds an excavation cost of $12 per cubic yard is
used. Clearing costs range from $0.50 per linear foot to $6 per
linear foot, depending on location, and seeding is estimated at
$2 per linear foot.

3. Contingencies

Contingencies are funds set aside for unexpected
complications that may arise. For these estimates a 10%

~contingency of construction costs is assumed.

g, Engineering

Estimated engineering fees would include pre-design and
design services as well as bid phase and construction inspection
services., An estimate of 15% of construction costs is used in
this report.

5. Administration

An estimate of 5% of construction costs is assumed for
administration costs during the design and construction of the
proposed projects,

6. Right-of-Way

Right-of-way costs will vary widely depending on
location within the study area. Although it is recommended that
easements be deeded as a requirement for building, in many
instances off-site easements may be required to allow an area to

28



~develop and may need to be purchased. Because these costs are so
ambigucus at this gtage they are not included in the cost
estimates. However, it should be noted that in certain cases

right-of-way may add substantially to the cost of the projects,

E. PROPOSED STORM DRAINAGE FACILITIES

This section is included-in the Stead Report as the City
requested a complete drainage study for this particular

deficiency area.

Table 6 summarizes the proposed modjifications and their
related costs. A brief description of these proposals is listed
below. The letters key to the node letters on Figure 8 appended
to the back of this report, -

a. Replace the existing l8-inch CMP across North Virginia
with a 42-inch RCP, '

b. Existing 36-inch RCP across U.S. 395 is adequate.

C. Replace the existing dual 36~inch CMP's across North
Virginia with dual 84-inch RCP's.

d, Install by jack and bore method new 96-inch RCP across
U.S5. 395 paralleling existing 36-inch and 48~inch
RCP/CMP's. Excavate new ditch ketween North Virginia
and U.S. 395 to allow more flow to reach existing
4B~inch RCP/CMP across U.S. 395,

e. Replace existing 36-inch CMP across North Virginia with
an 84-inch RCP,

f. Replace existing 48-inch CMP across railroad with an
84-inch by jack and bore., Replace existing 24-inch RCP
across Stead Blvd, and arcound O'Brian Middle School
with an 84-inch RCP,

29



Replace existing 24~inch RCP across Silver Lake Road
with dual 84-inch RCP's,

Replace existing pipe system on Peppermint and Silver
Lake Reoad with an 84~inch RCP,

Alternate 1:

Replace existing 36é-inch CMP across Railroad with dual
84-inch RCP's by jack and bore method.

Alternate 2:

Construct 100-year storm storage basin upstream of
existing RR pipe crossing.

Alternate 1:

Install new dual 84-inch, 96-inch RCP system from the
J.C. Penney conmplex in Stead Blvd. paralleling existing
system to the existing dual 54-inch RCP's crossing
Stead Blvd. between Lear and Nerton.

Alternate 2:

Construct 100~year.storm storage basin just north of
J.C. Penney complex,

No change is recommended.
Install new 84-inch and three 9-inch RCP's across Stead
Blvd., and through.existing subdivision paralleling

existing dual 54-in¢h RCP's ~ 79-inch by 39-inch CMP,
(This is required if Alternate 2j is not selected.)

30



-2
.
-
i
1

LI TR 1 T

Replace existing l5=-inch CMP with dual 72-inch RCP's
and excavate new ditch to daylight downstream.

Alternate 1:

Parallel existing l8-inch to 36-inch RCP pipe system
with three 96-inch and one 60-inch RCP.

Alternate 2:

Install ditch, culvert system along north side cf
existing runway.

Widen existing ditch to handle 100-year flows,

Replace existing five 15-inch RCP's across Mt. Bismark
with dual 72-inch RCP's.

Parallel existing 36=-inch, 42-inch RCP's across
Anderson with dual 84-inch, and one %6-inch RCP.

Install 60-inch RCP on Bcho Avenue from Mt. McClellan
to Anderson,
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F. RECOMMENDED PROJECTS

There are sixteen individual projects described in the Stead
drainage area, some with more than cone alternate. It is
recommended that all of these projects be implemented as
development warrants. |

Presently, however, there is no need to do any of the
proposed projects south of U.S. 395 or north of the old State
complex and Texas Avenue.

Although the crossings on North Virginia and U.S. 395 are
for the most'part inadeguate, any flooding that occurs causes no
immediate problems as the area is largely undeveloped. 1In fact,
by keeping these pipes undersized it may aid in slowing or
_ reducing the flows reaching the developed area downstream, It is
‘expected, however, that these flows will eventually arrive by

overland flow bypassing the existing culverts.

The costs for the various projects are very expensive. As
the area is & relatively large drainage basin, in most cases in
excess of 100 acres for the individual subdrainages, the storm
drain systems need to be sized for a 100-year storm. This adds
significantly'to the costs compared to a 5-year design projsct.

The existing storm drainage system in Stead Blvd. is
seriously undersized which is unfortunate as this is a relatively
new system. The use of storage basins are considered at both

node i and node j.

The storage basin at-.-node 1 is not recommended. The reason
is that the flows generated at node 7 and node 1 are based on a
much shorter duraticon storm than for node i. The flows at node i.
assume that the entire drainage basin upstream south of U.S. 395
is contributing with an estimated time of concentration in excess
of three hours. If this same assumption is made for node 1 much
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smaller flows are developed than if the subarea only downstream
of node i is considered. Although the acreage is much less, it
is basically all zoned manufacturing and the time of
concentraticn is approximately 30 minutes. Thus even if a
storage basin were constructed at node i to contain upstream
flows, the estimated flows at node 1 would remain basically the

same.

On the other hand, the storage basin at node j is the
recommended alterﬁate. This will hold back flows frem reaching
node 1 thus negating the need for any storm drainage upsizing.
The only concern is that this is prime land for future
development, Approximately 65 acre-feet of storage would be
required in alternate 23 and the cost of acquiring this land
could be significant,

Alternate 2n is the preferred alternative. It would use a
ditch, culvert combination rather than a pipe network. This
would better stop flows from the north from proceeding-south and
is significantly less expensive. Again, this preocject is not

recommended until future development.
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Introduction

Part of the original scope of this study was to develcop new
rainfall intensity-duration-~frequency (IDF} curves for the Reno
area. The IDF curves developed were based on rainfall data at
the Cannon International Airport.

In addition, the scope of work included analysis of spatial
variation of rainfall in the Reno area by developing rainfall
isopleth maps for both the summer and winter seasons based on
nine uncofficial gauging stations.

The isopleth maps developed\have caused some concern as the
use of them can significantly increase the rainfall intensity and
thus runoff in cergtain drainages. The City has reguested that
some method of analyzing the inhevrent error in using the isopleth
maps be developed.

Results

The errcr maps show the spatial'variability of error
associated with the average depth ratio maps. The rainfall depth
isopluvial maps provide a design engineer with the adjustment
factor that he/she should be considering while the associated
error maps tell him/her about the uncertainty of the adiustment
factor.

The error maps indicate that the estimated error is lowest

near the Cannon Airport and other gauging stations and increases
farther from these data points.

Information provided by the error maps should be considered
because the true adjustment factor may lie within the following
interval:



e Ll

Rx&[Rx - -kex, Rx + kex]

in which Rx = true ratic (unknown) at location X; ﬁx average f{or
nominal) ratio at location X given by the depth ratio maps;

x = amount of error assoclated with ﬁx from the error maps;
k = a constant.

It should be noted that the error is a plus or minus value
and the depth ratioc maps are still the best guess at what

actually occurs.
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Nimbus Cngineers

240 Linden $t,, Suito B ® Reno, NV 88502
Mail: P.O. Box 10220 @ Reno, NV 89510
(702} 689-8630

June 13, 19388
ECEIVEL

JUN 151988

Mr. Steve Varela, P.E.
cnmwc%ty Engineer
City of Rene, Engineering Division
P. 0. Box 1900
Reno, Nevada 89505

RE: Public Works Design Manual, Rainfall Information

Dear Mr. Varela:

I appreciated the opportunity to meet with you and your staff on
May 20 and 27, 1988 to discuss the rainfall informatiocn presented
in the Public Works Design Manual. As you requested on the 27th,
this letter is intended to provide you with a written summary of
my comments and concerns on this information.

I have had several opportunities during the course of several
studies in the Reno/Sparks area, to review the rainfall
information prepared by Winzler and Kelly, NOAA, Califeornia DWR
and others. During the preparation of a flood insurance study, I
compared these sources of information with one ancother and with

rainfall data from February 1986, December 1955 and February
1963.

The following comments summarize my most significant concerns
with the Winzler and Kelly information:

1} NOARA Atlas 2 (Up to 24 duration) and Technical Paper 49 (2-10
day duration) have some significant inaccuracies within the
Sierra Nevada's and Virginia Range, The need for superior
data for design purposes 1s recognized. The City of Reno's
attempt to provide better design information is commendable.

2) The intensity - duration - frequency information for the Reno
Airport site compares very closely with the data prepared by
California DWR for that site. In some locations the graph
varies slightly from the data presented in Tables 3a through
3h in the appendix of the Winzler and Kelly report. The
differences appear to be insignificant.

-5

\'\



\\\ //

Mr. Steve Varela, P. E. Page 2
City of Reno June 13, 1988
3) The method suggested for determining the design I-D-F curve is

4)

>)

6)

to compare the "wet season" and *dry season” rainfall iscpleth
maps to determine the greatest ratio of site precipitation to
airport gauge precipitation. This ratio is then applied to
determine the design I-D-F information from the airport gauge
I-D-F curve. This method suggests that the entire I-D-F
curves for points along each contour should be increased by
that ratio. (i.e. The 5 minute and 24 hour values would
increase by an equivalent ratio.) This assumption is not
supported by the available data.

Attached is a plot of the 100 year depth - duration curves for
four stations; the Reno Airport site and three sites in the
Sierras. This is a plot of the data prepared by cCalifornia
DWR. This was a figure in my report on the Lemmon Valley
Playas prepared for FEMA. This graph shows that the shert
duration values do not significantly increase with elevation
or orographic effects. The longer duration totals do
significantly increase with elevation. The depth-duration
curve would be steeper for a higher elevation site, and a
intensity-duration curve would be flatter for a higher
elevation site,

Attached is also a letter from Ron 0Olsen at the NWS that
contains his comments on this matter.

The Winzler and Kelly report separates the dry and wet season
isopleth contours but does not separate I-D-F information for
the two seasons. This suggests that the single I-D-F curve
would be applicable for hoth seasons. This assumption does
not appear to be well supported by the data.

There is only one set of isopleth maps to be used for all

return periods. This fact suggests that the ratios and
locations of the contours are accurate for the 5 year as well
as the 100 year return periods. The wvalidity of this

assumption needs to be addressed.

Several of the gauge sites on the dry and wet season isopleth

maps appear to be inaccurately located. This could affect the
locations of the contours.
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Mr. Steve Varela, P. E, Page 2
¢city of Renc June 13, 1988

I hope these comments will assist you in your review, Design I-
D-F information superior to NOAA Atlas is needed for the
Reno/SparKks area. I am in hopes that improvements can be made to
the information generated by the Winzler and Kelly study to
provide this needed design information. It is unfortunate that
more historical data is not available. If correcticns are made
te the rainfall information, it may be necessary to modify the
statistics once additional data is obtained. If I can be of any
further assistance, please do not hesitate to call nme.

Sincerely,

NIMBUS ENGINEE

Mark E., Forest,
Senior Hydrologist

MEF/dle
Enclosure
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u.s. DEPAHTN.T Of COMMERCE
National Oceanic and Atmospheric Administration
NATIONAL WEATHER SEAVICE

Forecast Office
601 South Rock Blw

Renc¢ Nevada, 89502%?{5(3 Ef! V’EE[]

Sept. 5, 18537

Mark Forest, Senior Bydrologist N

Nizbus Emgizeers IMBUS ENgingeps
240 Linden St., Suite B

Reno, Nevada 89502

RE: Your letter of Aug. 12, 1987 concerning Precipitation/Duration/
Frequency data for the Lemmon Valley Ares and followup telephone call.

Dear Mark:

I have reviewed your letter and the other information you provided me
concerning your study of Precipitation/Duration/Frequency data for the
Lemmon Valley area. I would like to make a mumher of general comments
concerning the difficult problem your dealing with. They mainly support
the idea that 24 hour and 10 day, 100 year precipitation values should be
significantly higher than what would be obtained by using NOAA Atlaa 2 and
Technical Paper 49. These publications use simplified approaches that are
based on extremely limited data. As noted in some of your literature, we
must look at two aecparate problems, the summer coovective storms and the
winter seascn storms,

The potential rainfall from summer convective storms is not very dependent
on elevation. There is 2 somewhat greater variance in the frequency of
heavy convective storms due to terrain. My subjective view is that in thias
ares the greateat frequency of heavy convective rains tend to occcur along
the foothills. Within the last 25 vears there have been many 2 to 3 inch
short duration rain events ip the gepneral area. This includes the thunder-
gtorm this year that dropped 2 inches of rairn in 45 minutes near the Repo
airport. Some imown extreme events in the area include & 1/2 inches of
rain in about 2 hours on an alluvial fan northwest of Yerington in 1982 apd
an estimated 5 ipches of rain over portiona of Galema, Whitea, and Third
Creek basins in August 1965. In southeast Nevada convective atorms have
produced over 8 inches of rain in a few hours. There seems to be enough
evidence that the 24 hour 100 year precipitation event should be no less
than 3 inches even in the valleys of western Nevada. We feel 5 inches
events are certainly possible even in these valleys, but the frequency for
any one location may very well be in axceaa of 100 yeara for this size
event in most of the area.

Heavy rain events in the winter are pormally sssociated with stoog
southweaterly winds aloft. The diatribution of associated with them is
strongly related to the terrain. The relationship is rather complex, but
aimply put there are three factors which determine the variance of rainfall
in this area. They are elevation, upwind distance from the major ridge
line, and the height of the upatresm ridge line(s). The reviaion I have
provided you of Figure 3, Isohyetal Map, Feb. 12-20, 1986, of your report
is alae, I believe, a fairly representative areal diatribution for a
typical major winter rain storm.
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I am in general agreement with Mr. Leonard Crowe's comments ip his letters
to Nimbua Engineers, July 30, 1987 and August 3, 1987. I believe that the
evidence he presented together with cur information leaves little doubt
that the values for 24 hour and 10 day, 100 year precipitation events for
your study area should be significantly higher than what would be cbtajiped
by using NOAA Atlas 2 and Technical Paper 49.

Regarding your comments on the Wizzler and Kelly report for the City of
Reno, I fully agree that the Rainfall Intensity/Duration/Frequency curves
for the greater Reno area should be broken down into winter and summer
season types. The duration intensities for short pericds of time {less
than 80 minutes) in their report are definitely too low for sumpertime
convective storms and appear too high for winter storms.

As for the chance of a major precipitation event following close after a
100 year event, I believe the chances of this happening are sufficiently
high that this factor should not be ignored in your study. There is scme
tendency for winter patterns to repeat during a season, An El Nino-
Southern Oscillation (ENSO) event is one factor which has a tendency to
create persisient weather patterns. The persistent weather pattern can be
either dry, as it was last year, or wet, as it was in 1982-83. There ig no
doubt other, still poorly understoocd, factors which tend to produce
persistent weather patterns through most or all of a season. It is very
unlikely that all of the smaller scale meterclogical features would come
together to develop a repeat 100 year storm in the same area even though
the larger scale weather pattern is similar. Bowever, it is not at all
unreasonable to assume the similar large scale pattern could produce a
major precipitation event within a relatively short time frame after a
hundred year event. The heavy rain event in March 1986 is a indication of
thia type happening.

L hope I have added some helpful insight to the problem your working on.

If I can be of any further asgistance please feel free to give me a call.

Sincarely,

oy

Ronald S. Olason
Deputy Meteorologist In Cherge
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FENGINEERS -PLANNERS

May 31, 1988

Steve Varela, City Engineer
City of Reno

P. 0. Box 1900

Reno, Nevada 89505

Re: City of Renc Rainfall lsopleths

Dear Mr, Varela:

Omni-Means, Ltd. supports the initiation of research leading to the
development of a better rainfall model for the Reno-Sparks area. Such
rasearch is in the interest of Omni-Means so that we may provide the
most economical and efficient design to our clients. In particular, we
support your suggestion that set fiow rates be determined for large
drainage channels, thus eliminating any controversy arising from varia-
tions in design flow calculations.

If there is anything we can do to assist you in this matter, please feel
free to give me a call.

Very truly yours,

it

Robert Jdckson, P.E.

RJ:cp
RENO SACRAMENTO WALNUE CREEK
8121 Lekesigs Dive, Ste, 400 2240 Douglas Boulevord, Ste. 260 2500 Comine Digolo, $le, 221
Reno, Nevada 39511 Resawille, CA 95664 wanut Creak, CA 945%6

(702) 8251223 (916) 782-0488 / 949-5488 (415)935-2230



QECEIVED
MAY 31 1986

“nningerin

SUMMIT &Rt o

THOMAS H. GALLAGHER, P.E, R.L.S.
DON M. MC HARG, R.L.S,

5405 MAE ANNE AVENUE » RENO, NEVADA 89523 ¢ PHONE (702) 747-8550 ¢ FAX (702) 747-8559

May 31, 1988

CITY OF RENO
Engineering Department
Post Office Box 1900
Reno, Nevada 89505

ATTENTION: Steve Varela
RE: City of Reno Hydrology
Dear Steve:

The following is a list of SUMMIT Engineering's concerns with the
City's present design policlies regarding storm drainage:

1) The iscpleth maps are based on unreliable data.

a) The standard deviation is sc high it indicates a lack
of correlation in the data.

b) In the equations used to plot the isopleth lines, there
is an X, ¥, and 2 term. It would be helpful tc know
the locaticon of the origin of these points.

) The trend of the isopleth lines seems reascnable.,
However, the magnitude of the multipliers, is
unreasohable,

d) on the 1 inch = 2000 feet overlay the location of the
airport station moves from wet season to dry season.

e) The basic assumption that the intensity of a short
duration storm should he increased by the same ratio as
monthly total rainfall or even daily rainfall is
unreasonable, '



Mr. Steve Varela
May 31, 1988
Page 2

We look forward to hearing the results of your investigation and
any decisions you might reach in regard to this matter.

If you have any questions or if we can be of further assistance
to you please do neot hesitate to call.

Sincerely,
SUMMIT ENGINEERTNG CORPORATION

Sboo Rt

James F. Rienstra
Project Manager

JFR:dah



NOITTENa
EdNGH $31 nWIN
o 9 2 2 oz €l 6 8 8 z Voo 06 or of @2 02 @ 8 * z
200
Ullr / o
. NN ~
.l //rV/H/ - ./..r/ . 500
L. ™ ]
; /y ., _./_!r _ w00
ML N._\. T }:f._.rj.. ........lll. ora
+ HHIA G Nt T~ .
"
N - o
M n 34l 01 A/// . T~ B
! | | YUPIL |62 = |
_ V Py, / vo
. an RTINS D —
. 1 _ J/r/ fil...... —..
w - HUFL por /# ~t _
’ . &0
T [ IFJI/JI/P.‘ m—t T o
// .
= Y ./l!. —
ODSIONYHS NYS —SHIINIBNT  AOINNIN l!.”...l.
T AON3N03Y4 -NOILVHNG ~ALISNILNI ) 2
1 SIAYND TTIVANITY |
(] A0UNIVHO WHOLS
- NGO LHO4dINM —
. SNYVIS 20 ALID ]
] =k
_ — e
T | —
o=l — qi
aa - i r|.1.|— E

o

PLATE

IV-8

1
!

WNOM bBad SIASNI NI ALISNILNI ViodNivh



) ® e Y
Phase 2: Development of Rainfall Isopleth Map .

(Task 2A) Analysis of Spatial Variation of Precipitation -

Attempts were made-to‘obtain rainfall data from as many rain
gauging stations in the area as possible. A list of rain gauging
stations in the Great Basin is compiled by John James, the State
climatologist. There are about twelve unofficial stations in the list
that are located within or near the study area., However, only nine of
them have daily rainfall information available for use; they are
located at Dickerson Road, Royal Drive, Upper Sk};rline, Ganser, La Veaga
Ct., Verdi, Sparks Fire Station, Sierra Sage Road, and Christmas Tree.
Tt is unfortunate that we were unable to locate any retrievable rainfall
information related to the Air Force Base at Stead, Nevada.

The rainfall events that occurred during each year were separated
inte two seasons. Those occurring from November to April were
considered to be generated by frontal type storm events, and those from
May to October were considered to 5e from convection or "thunderstorm”
type events. Each recorded event at every location was compared and a
ratioc computed to the corresponding values recorded by the local weather
service station at Reno Cannon Airport. Then the ratios were
categorized into the corresponding wet (frontal) or dry (thunderstorm)
seasons for each of the nine locations. fBoth the concurrent month%y
maximum daily rainfall and the monthly total rainfall were used t?i
calculate the ratio with respect to the record at ‘the Reno Canqgn
Airport.- To develop the rainfall isopleth maps for both dry and wet
seasons, the averages of the ratioc in each station were computed and
used. The values of average ratio, the number of months used in its

computation, and some statistics are shown in Table ba for the monthly

Al6



@ @
maximum daily rainfall and in Table 5b for the monthly total rainfall.

As can be expected, the values of standard deviation for the dry
season in most stations is larger than that of the wet season because
mét storm events occurring in the dry season are of the convection type.
Variability of the ratio in any given statio‘n using the monthly maximum
daily rainfall is generally higher than that using the monthly total
rainfall. However, the mean values of the ratio based on either t}le
monthly maximum daily rainfall or the menthly tétal rainfall do not-y\.
differ significantly. ,hs a result, the average of the two ratic;s .was

used for the .developn'ent of rainfall isopleth maps.



TABLE 5a. PRATIO OF MONTHLY MAXIMUM DALY RAINFALL
TO RENO CANNON AIRPORT STATTON

Station No. of Average Standard
Name Season Records Ratio Deviation

Sparks Wet 43 1.16 B.62
Fire
Station . Dry 34 1.72 2.092
La Veaga Wet 10 1.84 .42
Court Dry 9 2.7 1.94
Royal Wet* — —_— —
Drive Dry* - — —
Dickerscn Wet 44 1.45 9.63
Road bry 36 1.46 6.83

Wet 24 1.92 1.31
Ganser

Dry 17 1.38 .74
Sierra Wet 6 1.54 g.61
Sége Dry* - _— —_
Upper Wet 18 2.34 1.71
Skyline Dry 14 1.48 p.92
Christmas Wet 40 4.53 4.32
Tree Dry 32 3.35 3.26

et 6 3.27 1.86
Verdi

Dry 2 2.48 2.34

*Information not available




n o ®

o TABLE Sh. RATIO OF MONTHLY TOTAL RAINFALL TO
1 RENC CANNON ATRPCRT STATION

.
g
* Station No. of Average Standard
{;: Name Season Records Ratio Deviation
g
1 Sparks Wet 43 1.83 .38
i Fire
-3 Station Dry 34 © 1.58 1.44
La Veaga Wet 19 1.86 B.47
Court Dry 9 1.66 8.95
! Royal Wet 6 1.30 0.18
f
" Drive - Dry 6 3.10 3,43
; Dickerson Wet 44 1.43 B.44
I
Road Dry 36 1.54 9.71
I
' Wet 24 1.64 2.51
. : Ganser
: : Dry 17 1.41 . 8.57
: sierra viet 6 1.51 .18
Sage Dry* - m—— —
Skyline Dry 14 1.49 9.88
Christmas Wet 4B 4.9%6 3.58 _
Tree Dry 32 3.59 2.80
Wet 6 3.87 1.64
Verdi
Dry 2 2.91 1.55

*Information not available
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(Task 2B) Develo;ment. Rainfall Isopleth Maps- .

The average values of the mean ratios cbtained from the monthly
maximum daily rainfall and the monthly total rainfall for each station
listed in Table 5 were used to develop rainfall isopleth maps for-both
the dry and wet seasons. The isopleth maps prepared cover an area
between 39° 21' - 39° 40' in latitude and 119° 40° - 119° 56' in
longitude. The total plane area is approximately 77 square miles.
| In view of 'sparseness of data points with variable degrees of _
accuracy, it is felt that the use of an elaborate mapping technique is -
not necessary. -The technique used for assessing the general spatia;L-'
trend of rainfall is called the trend surface analysiéy The trend
surface 'analysis is a simple teclmlque wh_lch relates the variable of
interest (rainfall ratio in this case) to geographical ccordinates such '
as (X,Y,Z} in which X and Y are plane ococordinates of the data points
with respect to a Dredetemmed origin and Z ¢an be the elevatlon of the
cbservation point. A mumber of trend surface equations were examined
and the c:or:respondlng maps d:r:awn It is felt that the following two
trend surface equations rru.ght adequately describe the general spatial
variation of rainfall around the Renc area.

(1) For the wet season:
R= -13.87 - 1.85x /4 + 19,252 /4 { 2.in miles)

{2} For the dry season:

3,2 ap B

1/2 + 7.511 x10 Y° + 5175 x 10 (Z in feet)

R = 0.5455 - 0.3983X
Where R is the ratio of rainfall depth at any location with coordinate
(X,Y,2} to the rainfall depth at the Reno Cannon Airport station, X and Y
are plane distances in miles along east—west and south-north directi&ns,
respectively, and Z is the elevation. (Note that the X,Y coordinate plane

origin is at the lower left hand corner of the map.)

As can be seen, the equation derived for the wet season does not

AZ0



include.a term of Y. This implies that, during the wet season in winter,
the frontal type of storm generally covers large areas and does not produce
noticeable differences in rainfall depth along the north-south direction.
Rainfall depth tends to become large as elevation gets higher as shown by

a positive sign associated with the Z term., The negative sign associated
with fhe X term indicates that the rainfall depth decreases as the point-

of interest moves from west to east. The corltour. maps for both the wet

and dry seasons around the Reno area are shown in Figures A-4 and A-5,

réspectively. .

A2l
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POST OFFICE BOX 1800 & RENQ, NEVADA 89505

April 10, 1986

Mr. Rick Jorgensen

Winzler and Kelly Consulting Engineers
609 Mission Street, Suite 400

San Francisco, CA 94105-35886

SUBJECT: RAINFALL DATA

Dear Rick:

Transmitted herewith are the rainfall data provided to

the City by Leonard Crowe, Washoe County Planning Staff.
We would like for you and Dr. Tung to analyze this data
and determine how well it .correlates to the isopluvial

maps you provided us as part of the Storm Drain Deficiency
Study.

We are anxious to meet with Winzler and Kelly and Dr. Tung
to be briefed on the rainfall IDF curve analysis. DPlease

try to schedule this as soon as practical for you and
Dr. Tung. K

Sincerely,

ROBERT M. JACKSON
PUBLIC WORKS DIRECTOR

e ﬂ"!'

Wiliidm N. Yann, Jr,
Design Engineer

By:

RMJ:WNV:cs



WASHOE coun®y:®

“To Protect and To Serve" APR %1980

Engincecing Liv- _
241 RIDGE STREET

- ' P I
DEPARTMENT OF COMPREHENSIVE PLANNING N, NEVAGA 88800

Robert N. Young, Director . PHONE (702) 785-4042

-To: Mr. Kirk Nichols, Washge County Fublic Works Department
Mr. Larry Quilici, Sparks Fublic Works Department ;%&%i/
Mr. Bill Vann, Reno Fublic Works Departmant
L S —__ | .
From: M. Leonard E. Crowe, Jr., Washoe County Department of
Comprehensi've Flanning

Re: Storm Amounts Recorded During the February 1278& Flooding

Date: 3 aApril 1984

Staff has received the precipitation information gathered by the
independent weather observaers in the Truckee Meadows and Stead
from Dr. Hal EKlieforth. This information has been regressed
against the elevation of the rainfall gage site. The regression
equations and plots of precipitation and elevation are appended.

Thelaquationa and plots appear to match the information provided
in the Winzler and Kelly report that was developed by Dr. Tung

tappended? at least for one day and longer duration storms. No
information is available yet for the short duration storms  and
for the distribution of the storm on an hourly basis. As this

information becomes available staff will tramnsmit it.

Staf+f would rcaution extrapolating the storm amounts beyond the
elevations given. Rainmfall IDF curves for Poca. Truckee. Donner,
eata., (appended) appear to indicate that intensities tend to
laevel off at the higher elevations. Khen staff has received the

rainfall data from these other stations this questicn will be
addresssd.

S5taff would suggest that this information be given to the FEMA
contractors +for consideration in the Spanish Springs, Lemmon
Vallaey and Vista Lake/Sparks studies.

WASHOE COUNTY IS AN EQUAL OPPORTUNITY EMPLOYER
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VARIABLE

NAME

THE FOLLODWING VARIABLES ARE CURRENTLY IN FILE B:FRECIP2Z:

COMMENT

FDIRECTORY

Cate

EL4ZQORW
EL44108F
EL4420LYV
EL4ZCOMS
EL4650HK
ELA4&8T0ORS
EL4700VF
EL4700LT
EL47S0R]
ELA4800shG
EL4%S505K
ELS1208T

iHELF
FRINT

DSE CURSOR KEYS TO HIGHLIGHT
C=COMMENT D=DISFLAY E=ERASE N=NEW R=RENAME U=UFDATE

“LABEL
THR AFR

—“BAV3C

-

1784

TYPE RANK LENGTH
C 2 2 7
N 1 ?

N 1 2
N 1 @
N 1 £
N 1 G
N 1 r
N 1 4
N 1 e
N 1 g
N 1 @
N 1 ?
N 1 9

4RECORD &
11:25:00 AM

PESIRED VARIAEBLES

6 7
VERSION 1.2

FILE DIRECTORY
Truckes Meadows
Reno Weather Serviges
Sparks Fire #2
LaVeaga,
MacArther,
Royal D, Reno

Ranch San Rafael
VYirgimia Foothills
Lone Tree Lane
Rhode Is,
Sagitarrius,
Skyline,
Stead Fire- Golfd Course

Sparks

Sparks

Reno

Reno

Reno

THEN PRESS:

8

YREVIEW

ioguiT
REC: OFF



Data Editor

Maximum Rows:

Date Updated:. 04/03/84 Number of Cols: 13
Fow Date EL4I20RNW EL&410O8F EL44Z0LV ELASODOMS EL A&B0HK
1 |2/12/786 0.0 O.o0 0,08 0.05 0.1
2 |2/13/848 .22 0.74 0.21 GG Cr. 40
I |2714/8B6 055 .00 Q.44 0.53 0,05
4 |Zr1a8/786 0.75 .80 0,82 .82 Q.78
5 |2/14/8B6 Q.22 D.74 0,91 0,29 0.83
& | 2/17/84 O.%94 0.51 Q.72 .83 1.12
7 12/18B/86 0,87 O. 40 1.12 0,95 1.25
B ([2719/84 1.0646 1.74 1.25 1.47 2.1t
2 12/20/84 0O.0% O.&D .04 0. 08 0,79
10
11
2
1=
14
Length 2 b I 2 e I
Type C [\ M N N N
Cursor at Row 1 and Column 1
¥ 1HELF ISMVE ZDONE AGORT DDRORT  AVSDRT 7DVSORT BUNSORT PPRINT  1CGAUIT
FRINT THR AaFR 3 19B4 10:5%:00 AM VERSION 1.2 REC: OFF
: Data Editor Maximum Rows: -
Date Updated: Q&4/03/86 NMumber of Cols: 13
Row EL.4700VF EL470Q0LT ELA750RI ELABOOSEG ELA42505kK CLE1205T
1 0,32 0. 04 0,00 .01 .02 0,05
- .45 o Q.43 .45 G. 55 0. 74
3 0,732 1.40 0.05% 0.l 0.Q0 0.15
a4 1.27 1.04 1.01 1.03 0,00 1.26
b 0,72 1.79 0,71 .51 2.35 1.10
b F.31 1.23 1.28 1.9% Ry 2.31
7 G.74 1.50 1.51 1.62 2.78 2,848
£ 1.46 O, 22 2.28 2.14 2. 1é 2,863
) .16 0. 00 0,74 0,40 Q.24 0, bé
10
11
13
14
Length o 9 7 9 9 g
Type N N N "N N N
Cursor at Row |1 and Column 13
¥ IHELF 25aVE SDONE 450RT SDEORT &VIORT  7DBVSORT SUNSDRT QFRINT  100QUIT
FRINT THR AFR 3 1986 11:01:00 AM VERSION 1.2 REC:OFF



Data Editor Ma i muim Rowess 2
Date Updated: 04/03/Bé4 Number of Cols: 13
Row ELALSORS EL47Q0OVF EL470Q0LT EL47SCORIT EL48005G EL4FSOGK
i 0.02 0,32 O.04 .00 0,01 0,02
2 D.34 0, 4% 0,%59 0.43 0.45 0.o5
3 0,04 0. 72 1.40 .03 0,61 .00
4 0.88 1.27 1.04 1.01 1.03 Q.00
3 0.75 a.72 1.79 0.71 0.51 2,75
& 0.92 .51 1.23 .28 1.93 2.26
7 0,72 a,74 1.50 1.351 1.62 2.78
8 1.88 1.46 0,22 2.28 2.14 2.164
) = .72 .16 0,00 O.74 0. 40 0.4
10
11
12
13
14
Length 7 7 9 9 G ?
Type N N N M N N
Cursor at Row 1 and Column 7/
¥1HELF 25AVE SDONE A50RT SDS0RT  &VSORT  7DVS0RT BUNSDORT FFRINT
FRINT THR AFR 3 19846 11:15:00 AM VERSION 1.2

100UIT
REC: OFF



Data Editor Maximum Rows: 12
Date Updated: 04/03/864 Mumber o+ Cols: b

Row Station Elevation OnedayRF SixdayRF NinedayRF

1 (Renn WS 4400 1,06 4,55 4.462

2 |Sparks F 4410 1.74 4,24 =.18

3 JLaVeaga 4420 L.23 4.358 S|

4 |MacArthur 4500 1.47 4.921 S.3

S |Royal 4550 2.11 &.14 733

& jRancho SF 4 &30 1.88 5.19 &.27

7 |Rhode 1 4750 2.28 &H.84 B.0X

8 |Lone Tree 4700 1.79 7.18 .61

¢ (Virg FH 4700 I 8.22 2.15

10 [(Sagits 4300 2.148 7.84 a.7

11 [Skyline 4250 2.78 .95 11.08

12 {Stead F 120 2.86 10,351 11.746

14
Length 12 12 12 12 12 G
Type C N N N N N

Cursor at Kow 1 and Calumn 1 .
¥1HELF - ZS5AVE EDONE 450RT wDSORT  &VSORT 7DVEDRT SUNSORT 9FRINT  10QUIT
" PRINT THR AFR 3 1986 10:23:00 AM  VERSIOM 1.2 REC: OFF



Simple Regression of OnscayRF an Elevation

. Standard T Frab.
Paramoter Esﬁ%?lt. Errer Value Level
Intercapt -9,02221 2.82007 -3.19929 9,50T12E~3
S1ope 2.37175E-3 6.03141E~4 3.93233 2.B0958E~3

e e e e e e e —— —_————

Analysia of Variance

T T —— ———— — i T o . S . o . o g S

Source Sum of Squares 0+ MHean Square F-Ratio

Modal T.030248 1 3.Q3024% 15483273
TTT T T T Error 1.7596457 i1¢ « 1939844

Total {(Corr.} 4.389892 it

Correlation Coefficient = Q,77528
Stnd. Errar of Est., = 0,442479%

Do you want to plat the fitted line? (Y/N):

{HELF ZLABEL I3BAVSL A4RECORD 3 & 7 a FREVIEW 10GUIT
PRINT THR APR 3 1986 08:14%9;00 AM VERSION 1,2 REC:OFF

Regression of OnedayRF on Elevation
3. 4

—
)
—
—
- r s = v
—
g
—
—

3.0

2.6

R T T T I

a2

1.8

=AC U LD S5 0O

1.4

mm o= omyt N b omom o m,y = o= e, =

-
-
-

s = % # *T¢ % m o om o om w"a ¥ & &+ +Te ¢ & s r = o4 oa
-
-
-
-

1'0 caaad g b g
44 46 43 a0

Elevation ¢

3
(X 100)



Expanential model: Y = expla+bX} of OnedayRF on Elevation

Standard T Prab.
Paramater Estimate Error Value Level
Intarcept -5.07112 1.34%45 -Z.75791 3.7Z2493E-3
Slopa 1,.22907E~3 Z. 8841 4E~3 4, 25853 l.45466B%E-3

Analysis of Variance

N e e .t . B A e o . o i . . o o 2 b e o e o o o e e —_—— [r——

Source Sum of Squares D¥¢ Mean Square F-Ratio
Medel 813757 1 813737 18.133091
Error 4307195 10 0448719

Tatal (Corr.? 1.2432474 11

Correlation Coefficient = 2.802852
Btnd. Error of Est. = 0.21183

Do you want to plot the fitted line? {Y/N);:

iHELF ZLABEL 3S5AVSC ARECORD 5 & 7 g - FREVIEW 100UIT
PRINT THR AFR 3 1984 0%9:12:00 AM VERSION 1.2 REC:0FF

Regression of OnedayRF on Elevation
3¢4 rrr

!II.II! l:
3.0F b :

0 E E E ]
A R A
. ; ]

3 2.8 ; . 5 ]
: Y A
¥ 1.8 :.....;.....?.....:
1.4F
1.0;'1111i||1 illllil[ll:

44 46 48 50 52
(X 1007
Elevation ¢



Simple Regression of SixdayRF on Elevation

Standard T Frab.

Farameter Estimate Error Valua Level
Intercept ~34.5423 4.10435 -8.4591352 &.BONSTE-4
Siape 9. 89AAFE-3 9.77816E-4 1.12Z5 1. 40B48E-4

fAnalyaia 'af Yariance
Spurce : Sum af Sguares Pf Mean Sguare F-Ratio
Model 32.63807 1 42, 43807 102.71881
Ervar 4,13093519 1aQ 4150931
Total (Carr.} - 4&. 7BFO23 11
Carrelation Coefficient = 0.954612
Stnd., Error aof Est., = 0,4644279
Da you want to plat the fitted line? {(Y/N):

{HELF ZLABEL 3ISAVYSC ARECORD S & 7 a SREVIEW

FRINT THR APR 3 19B& QF:25:900 AM VERSION 1.2

tOQUIT
RECz0OFF

Regression of SixdayRF on Elevation

12,2 I I

10,2k v

= m W m o omom om om e —

" m om A s ow om o om ok w A AR & v e

8-2""'-5--~|..

=RAL s &L -0

44 46 48 50
Elevation

(



Evponential model: ¥ = pup(a+bhX) of SixdayRF an Elevation

Standard T
Parametar Eutimate Erraor Value
Intercept ~4,34977 O, 6370867 -4.51798
Slope 1.32423E-3 1.4093E-4 ?.43744

e A e e e B A e . LR . S . . o o o o il B Tk e e e N AN P S . g P P . B . Y e

Frob.
Level

o o

S.9377EE-S
2.4693Z8E-4

Source Sum of Sguares D¥ Mean Squara F~Ratio
Model 747520 i . 247320 g9.065690
Error . 1063844 10 0106384
Tetal {(Corer.} 1.0S53905 11
Carrelation Coefficignt = 0.74B8184
Stnd. Error of Est. = 0.103143
Do you want to plot the fitted lime™ (Y/N):
1HELF ZLABEL ISAVSC 4RECURE 3 & 7 g FREVIEW

PRINT THR RPR 3 1986 09:31:00 AM VERSION 1.2

10UTT
REC: QF

Regression of SixdayRF on Elevation
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Simple Reqreasioen of MinedayRF on Elevationm

Standard T Frab.
Parameter Estimate Error Value Level
Intarcept -39,7483 4.3%134 -8.82382 4,94129E-4
Slope 9.F15E-3 7.39195E-4 10,5612 F.B1FTGE=T

N S A s e o R i R e e R YU i e e i o o o ke o L A L L A AR — — & &

Saurce Sum of Sguares Df Mean Square F-Ratio
Model 53000032 1 ST, 00003 111.33834
Erraor 4,.7517324 10 4731732

Total (Corr.? 27.731747 11

Correlation Coefficient = 0,957978
Stnd. Error af Est. = 0,48932

Do youw want to plot the fitted line? (Y/N):

1HELP ZLARELL. ISAVSC 4RECORD 5 & 7 g FREVIEW 10QUIT
PRINT THR APR I 1986 0F:38:00 AM VERSION 1.2 REC:OFF
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Exponential model: ¥ = expla+dX) of MingdayRF on Elevation

Standard T Frob.
Parameter Eatimate Errar Yalue Level
Intercept -4.01135 D.56329483 -&.33773 B.48481E~-5
S1 ape 1.28373E-3 1.IS375E~4 F.48278 2.2805%E-&
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Source Sum of Squares Bf Mean Square F-Ratio
Model 887741 1 887741 87.923114
Errar .QFa7222 10 L UYRT722

Total (Corr.} . FBA4LS 11

Correlation Coefficient = 0.948443
Stnd. Errar of Est. a3 0,0993591

Do you want to plot the fitted line? (Y/N):

1HELF ZLABEL 3ISAVSC 4RECORD S 4 . 7 =] FREVIEW 10RUIT
PRINT THR APR 3 1984 O9:45:00 AM VERSION 1.2 REC: OFF
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RECEIVED

® ®
WINZLER & KELLY MAR 31 1985

Engineering Div.

1201 Terminal Way. Suite 215/Reno, NV 83502/702-786-5066

Refer to: 86—-000-000
March 27, 19586

Millard Reed, City Engineer
city of Reno

Engineer Department

P.O. Box 1900

Renc, NV 89505

Dear Millard:

Winzler & Kelly, Consulting Engineers is consolidating its
Reno and San Francisco branch offices effective April 1, 1986.
‘All future work will be conducted through cur San Francisco
office at:

Winzler & Kelly, Consulting Engineers

609 Mission Street, Suite 400

San Francisco, CA 94105-3386 .
(415) 362~0151

Because of the availability of air travel Lhetween
San Francisco and Reno, we believe we can effectively serve your
needs with response time of as little as 4 hours.

We are waiting for Dr. Tung tc complete an update of the
isopluvial maps and plan a meeting with your engineering staff
to give an update on the situation in April.

If you have any guestions, please contact either myself or
Janmes P, Winzler at the above address.

Very truly yours,

0 e, //;[,AH WINZLER & KELLY
/(/(y/ Zé (ﬁa/c//;;// Wﬁ// /

% O//'ﬂ/“ﬂf/'{’ “-S ich ehsen

M/%

§§? WK4RI/221-1
GROUP|CONSULTING ENGINEERS




POST OFFICE BOX 1900 » RENO, NEVADA B9505

December 26, 1985

Mr. Rick Jorgensen

Wingzler and Kelly Consulting Engineers
1201 Terminal Way, Suite 215

Reno, Nevada 89502 -

SUBJECT: Reno Drainage Study
Dear Rick:

As part of a new policy in the Reno Public Works Department,
we are requesting our consultants to present to the staff

a comprchensive briefing of their work. This briefing will
constitute part of the consultant's final report, and will
be presented after the preliminary report is submitted, but
before submission of the final report. We feel this brief-
ing will be a cost-effective method of giving all concerned
staff members an in-depth review of the consultant's re-
sults, conclusions and recommendations, and the methodology .
he used to arrive at them. The written report will then be
available as a reference and refresher.

We would hope that Winzler and Xelly can prepare such a
briefing on the subject study which is nearing completion.
.without the need for negotiaticn of a change in scope of
work to our agreement for services.

Since the work you have performed is basically in two parts;
the rainfall intensity-duration-freguency (IDF) analysis
and isopleth preparation, and the "hot spot" analysis;
perhaps two briefings would be an appropriate approach.

We can discuss this further verbally and resolve the de-
tails. We are expecially interested in.discussing with

you, and hopefully Dr. Tung, the preparation, reliability
and dependence on the correction factors derived in the
isopleth overlays.




Decembef 26, i985
Reno Drainage Study

Page Two

Please consider this proposal and give me a call at your
earliest convenience to let us know your feelings in this

regard.

EMJ:WNV:rrm

Very truly yours,

ROBERT M. JACKSON
PUBLIC WORKS DIRECTOR

By:
Willaim N.
Design Engineer
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