Was Your. System
Designied for

ThIS Storrnh e

Safe Conveyance of Rare

i

Storm Events KCI
_ THE MOST INCREDIBLE THING
Brian E. Wagner, P.E. WE'VE ENGINEERED IS

ISO 9001:2008 Certified | Employee-owned Since 1988




10.25 km, 0.5 d&
M) 60dB2Z
q +
Be
& Al
Fallszon

i

Cockeysville Long
Bal Green
3 altTimore ' .
et & Kinggville

R ~'~W1rf191d

oy p I s K8 Timoniun

+
Carney

4

W e‘ hearn

\

1 kton

\ kaeb\11]eTDwgon *White
‘& W ETE=]
> .

&N
A Baltimore
A City
Wood[ awn

» i L Baltimore
Tt +

Catonsvill
+

Arlrdus

4

ETkpidge

+
Jessup +
Severn

+
Fort

"
Meade | ake

R3e, ot Shore

Severna
J
+ o -

Odenton .

Arnold
. v | nrn—-+
1 + A,
PJtD’"_aF o P e R 57530 ]ulr:qgtq,~rm..i£r sy




Photo by: David Byerly




Courtesy Klaus Philipsen, Faceboo %@

Y i A et P RIS 7R 50 10 I T s



3-hour Type Il vs NWS
Rain Gauge Data
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s I TYPE || e MAWS Guape Data

PR : Rainfall in Time of
- TIBER /%;,P@ Duration Duration Occurrence
' WATERSHED 1 minute 0.20” | 7:52 pm — 7:53 pm
5 minutes 0.80"” 7:50 pm — 7:55 pm

10 minutes 1.44” 7:50 pm — 8:00 pm
15 minutes 2.04” 7:46 pm — 8:01 pm
20 minutes 2.44” 7:44 pm — 8:04 pm
30 minutes 3.20" 7:36 pm — 8:06 pm
60 minutes 4.56" 7:30 pm — 8:30 pm
90 minutes 5.48" 7:00 pm — 8:30 pm
120 minutes 5.96” 6:50 pm — 8:50 pm
Information obtained via National Weather
Service from Ellicott City (ELYM2) rain gauge
which reports in 0.04” increments.




PDS$-based precipitation frequency estimates with 90% confidence intervals (in inches)’ | Maximum
Duration Awerage recurrence interval (years) | Rainfa" in Tlme Of
1 2 5 10 25 50 100 200 500 1000 | . .
s 0.344 0.412 0.489 0.545 0.616 0.668 0.720 0.769 0.831 0.878 3“ Duration Duration Occurrence
0.312.0379) || (0.373-0.453) || (0.443.0.539) || (0.493.0601) || (0.553-0679) || (0.598-0.738) || (0.641.0.797) || (0.680-0.854) || (0.727-0.927) || (0.763-0.9 -
‘ LI L€ DL LI L L LIl LL L L : 1 minute 0.20" 7:52 pm — 7:53 pm
10-min 0.549 0.658 0.783 0.872 0.982 1.06 1.14 1.22 1.1 1.38 N - 7
(0.498.0.605) || (0.596-0.725) || (0.709-0.863) || (0.788-0.961) || (0.882-1.08) (0.952-1.18) (1.02-1.27) (1.08-1.35) (1.15-1.47) (1.20-1.55) \ 5 minutes 0.80 7:50 pm — 7:55 pm
i 0.687 0.827 0.991 1.10 1.25 1.35 145 1.54 1.65 1.74 Ny H i . -
15-min || 0 623.0.756) || (0.750-0.912) || (0.897-1.09) (0.997-1.22) (1.12-137) (1.21-1.49) (1.29-1.60) (1.36-1.71) (1.45-1.85) (1.514.95“\ 10 minutes 1.44 7:50 pm — 8:00 pm
i 0.942 114 141 1.60 184 2.03 221 2.39 263 281 w ™ 15 minutes 2.04” 7:46 pm — 8:01 pm
(0.854-1.04) {1.03-1.26) {1.27-1.55) (1.45.1.76) (1.66-2.03) (1.81-2.24) (1.97-2.45) (2.12-2.66) (2.30-2.94) (2.44.315 -
20 minutes 2.44” 7:44 pm — 8:04 pm
60-min 1147 1.43 1.80 2.08 246 2.75 3.05 3.36 3.78 410 :
(1.06-1.29) (1.30-1.58) (1.63-1.99) (1.88-2.29) (2.20-2.71) (2.46-3.04) (2.71-3.38) (2.97-3.73) (3.31-4.21) (3.57-4.614 \b 30 minutes 3.20” 7:36 pm — 8:06 pm
141 1.71 217 2.52 301 342 3.85 4,29 4,93 545 . " Z 3
Zhe (1.27-155) (1.55-1.89) (1.96-2.39) (227-277) (2.70-3.32) (3.05-3.77) (3.40-4.25) (3.77-4.76) (4.28-5.50) (4.68-6.173 ¥ 60 minutes 4.56 7:30 pm —8:30 pm
S 1.51 1.84 233 21 3.27 3.73 421 472 5.46 6.07 90 minutes G.48" 7:00 pm — 8:30 pm
(1.37-1.67) (1.66-2.03) (2.10-2.57) (2.44-3.00) (2.92-3.61) (3.31-4.12) (3.71-4.66) (4.12.5.25) (4.70-6.10) (5.16-6.82) - -
i 188 227 287 3.36 2.09 211 539 6.13 7.21 8.13 M120 minutes 5.96 6:50 pm — 8:50 pm
(1.71-2.08) (2.07-2.52) (2.60-3.18) (3.03-372) (3.66-4.53) (4.17-5.22) (4.73-5.98) (5.31-6.82) (6.14-8.09) (6.84-9.17) Information obtained via National Weather
12.hr 2.30 2.78 354 418 517 6.04 7.01 .10 917 1.2 . . . .
(2.07-2.59) (2.50-3.13) (3.17-3.98) (3.73-4.70) (4.56-5.80) (5.28-6.78) (6.04-7.88) (6.89-9.14) (8.11-11.1) (9.15-12.8) Service from Ellicott City (ELYM2) rain gauge
Sahr 3 2.65 ) 321 ) 412 ) 4.93 ) 6.17 ) 7.27 . 8.52 ) 9.93 121 14.0 Wthh reports in 0_04" increments.
(2.44.2.93) (2.95.3.54) (3.78-4.54) (4.50-5.41) (5.58-6.74) (6.52.7.91) (7.57-8.23) (8.72-10.7) (10.5-13.1) (11.9-15.1)
2.day 3.0g 3.72 4,76 5.66 7.01 8.19 9.51 1.0 13.2 151
(2.82-3.38) (3.40-4.09) (4.36-5.24) (5.16-6.22) (6.35-7.69) (7.38-8.97) (8.48-10.4) (9.69-12.0) (11.5.14.4) (12.9-16.5)
3-day 324 302 5.02 5.96 7.37 8.61 9,98 1.5 13.8 15.8
(2.97-3.57) (3.59-4.32) (4.59-5.53) (5.43-6.55) (6.67-8.09) (7.74.9.42) (8.90-10.9) {10.2-12.6) (12.0-15.1) (13.6-17.3)
a-day 3 412 527 6.25 7.73 9.02 10.5 1241 14.5 16.5
(3.12-3.76) (3.77-4.55) (4.82-5.81) (5.70-6.88) (7.00-8.48) (8.11-9.88) (9.31-11.4) (10.6-13.2) (12.6-15.8) (14.2-18.1)
7-day 307 4.78 6.04 712 8.74 1041 1.7 134 15.9 181
(3.65-4.34) (4.40-5.23) (5.55-6.61) (6.52.7.78) (7.95.9.52) (9.16-11.0) (10.5-12.7) (11.9-145) (14.0-17.4) (15.7-18.7)
10-da 4.52 543 6.79 7.92 9.57 10.9 12.4 141 16.4 18.4
Yl (a18-a93) (5.02-5.92) (6.26-7.39) (7.28-8.61) (8.75-10.4) (9.96-11.9) (11.2-13.5) (12.6-15.3) (14.5-17.8) (16.1-20.0)
20-day 6.12 7.28 8.80 10.0 1.8 13.2 14.6 16.1 18.2 19.8
(5.72-6.58) (6.80-7.83) (8.21-9.46) (9.34-10.8) (10.9-12.6) (12.2-14.1) (13.4-157) (147-17.3) (16.5-19.6) (17.9-21.4)
30-da 7.56 8.95 10.6 12.0 13.9 154 16.9 18.5 20.6 22.3
Y 7.00-8.10) (8.39-9.59) (9.97-11.4) (11.2-12.8) (12.9-14.9) (14.3-16.4) (15.7-18.1) (17.0-19.8) (18.9.22.1) (20.3-24.0)
9.54 1.2 131 14.6 16.5 18.0 19.4 20.8 227 24.0 - - -
45-day || (5 0g.10.1 (10.6-11.9) (12.4-14.0) (13.7-15.5) (15.5-17.6) (16.9-19.1) (18.2-20.7) (19.4-22.2) (21.0-242) (22.2-257) Location information
1.4 134 154 17.0 19.0 20.6 22.0 234 252 26.4 . i i
B0-day || (457120 (12.6-14.1) (14.6-16.3) (16.0-15.0) (17.9-20.1) (19.3-21.8) (20.6-23.3) (21.9-24.8) (23.4.26.7) (245.28.1) Nal:neaEIIICOtt Clty’ Maryland’ USA
: Latitude: 39.2667°
Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS). . °
Humbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a given duration and average Longltude '767978
recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not checked against probable maximum precipitation (PMP) .
estimates and may be higher than currently valid PMP values. Elevat|0n: 17396 ft
Please refer to NOAA Atlas 14 document for more information.




Site 1 — Residential Subdivision

= 100.2 acre Drainage Area

= Residential Regional Quantity Management
Facility

= Composite RCN to Facllity: 72.2

= Total Impervious: 25.7 acres (25.7%)

= Riser/Barrel

= No Emergency
Spillway




Site 2 — Commercial/Industrial

= 45,5 acre Drainage Area

= Commercial & industrial land uses to regional
Quantity Management Facility

= Composite RCN to Facility: 86.0

= Total Impervious: 25.1 acres (55.2%)
= Surface sand filter

= Earthen Emergency Spillway



Site 3 — Urban

= 203.5 acre Drainage Area

= Dense urban land uses to regional gquantity
management facility

= Composite RCN to Facility: 79.4

= Total Impervious: 92. 5 acres (45. 5%)

= Weir wall outlet 1
stucture




Findings

10-year | 100-year | 100-year | 100-year
Difference| 24-hr 24-hr Difference
(%) NOAA C Type |l (%)

Difference | Difference
Ellicott City] NOAAC

1 105.2 141.2 134% 405.1 4494 111% 4248 105% 95%

2 26.9 217.8 103% 1658 196.5 119% 1804 109%  92%

3 191.7 223 116% 820  1026.7 125% 904.8 110%  88%



| esson Learned

PDS-based precipitation frequency estimates with 90% confidence intervals (in inches)1 |
R a r e to r m S s | fwerage recurrence interval (years) |
S Duration
1 2 5 10 25 50 100 200 500 1000
5 0.344 0.412 0.489 0.545 0.616 0.668 0.720 0.769 0.831 0.878
(0.312-0.379) (0.373-0.453) (0.443-0.539) (0.493-0.601) (0.553-0.679) (0.598-0.738) 10.641-0.797) (0.680-0.854) (0.727-0.927) (0.763-0.986)
10-min 0.549 0.658 0.783 0.872 0.982 1.06 1.14 1.22 1.31 1.38
O n O (0.498-0.605) || (0.596-0.725) || (0.709-0.863) || (0.788-0.961) (0.882-1.08) (0.952-1.18} (1.02-1.27) (1.08-1.35) (1.15-1.47) (1.20-1.55)
FEg 0.687 0.827 0.991 1.10 1.25 1.35 1.45 1.54 1.65 1.74
(0.623-0.756) || (0.750-0.212) (0.897-1.09) (0.997-1.22) (1.12-1.37) (1.21-1.49) (1.29-1.60) (1.36-1.71) (1.45-1.85) (1.51-1.95)
[ 30-min 0.942 1.14 141 1.60 1.84 2.03 221 2.39 2,63 2.81
(0.854-1.04) (1.03-1.26) (1.27-1.55) (1.45-1.76) (1.66-2.03) (1.81-2.24) (1.97-2.45) (2.12-2.66) (2.30-2.94) (2.44-3.15)
I I ‘ ! C‘ S : ; a r I 50-min 117 143 1.80 2.08 246 2.75 3.05 3.36 378 410
(1.06-1.29) {1.30-1.58) (1.63-1.99) (1.88-2.29) (2.20-2.71) (2.46-3.04) (2.71-3.38) (2.97-3.73) (3.31-4.21) (3.57-4.61)
Sohr 1.41 1.71 217 2.52 3.01 J.42 j.as 4,29 493 5.45
(1.27-1.55) (1.55-1.89) {1.96-2.39) (2.27-2.77) (2.70-3.32) (3.05-3.77) (3.40-4.25) (3.77-4.76) (4.28-5.50) (4.68-6.12)
3hr 1.51 1.84 2.33 2.1 3.27 373 4.21 4.72 5.46 6.07
(1.37-1.67) (1.66-2.03) (2.10-2.57} (2.44-3.00) (2.92-3.61) (3.31-4.12) (3.71-4.66) (4.12-5.25) (4.70-6.10) (5.16-6.82)
6hr 1.88 2.27 2.87 3.36 4.09 4.7 5.39 6.13 7.21 813
(1.71-2.08) (2.07-2.52) (2.60-3.18) (3.03-3.72) (3.66-4.53) (4.17-5.22) (4.73-5.98) (5.31-6.82) (6.14-8.09) (6.84-9.17)
12-hr 2.30 2.78 3.54 4.18 517 6.04 7.01 8.10 9.77 1.2
l I O r l I l a (2.07-2.59) (2.50-3.13) (3.17-3.98) (3.73-4.70) (4.56-5.80) (5.28-6.78) (6.04-7.88) (6.89-9.14) (8.11-11.1) (9.15-12.8)
24 2.65 321 412 4.93 6.17 7.27 8.52 9.93 1241 14.0
(2.44.2.93} (2.95-3.54) (3.78-4.54 (4.50-5.41) (5.58-6.74) (6.52-7.91) (7.57-9.23) (8.72-10.7) (10.5-13.1) (11.9-15.1)
- >.da 3.08 3.72 4.76 5.66 7.01 8.19 9.51 1.0 13.2 151
¥ (2.82-3.38) (3.40-4.09) (4.36-5.24) (5.16-6.22) (6.35-7.69) (7.38-8.97) (8.48-10.4) (9.69-12.0) (11.5-14.4) (12.9-16.5)
3.day .24 3.2 5.02 5.96 7.37 8.61 9.98 1.5 13.8 15.8
v (2.97-3.57) (3.59-4.32) (4.59-5.53) (5.43-6.55) (6.67-8.09) (7.74-9.42) (8.90-10.9) (10.2-12.6) (12.0-15.1) (13.6-17.3)
a-day 34 412 5.27 6.25 7.73 9.02 10.5 121 14.5 16.5
(3.12-3.76) (3.77-4.55) (4.82-5.81} (5.70-6.88) (7.00-8.48) (8.11-9.88) (9.31-11.4) (10.6-13.2) (12.6-15.8) (14.2-18.1)
aral I l ete rS 7-day 3.97 4.78 6.04 712 8.74 101 1.7 134 15.9 181
] (3.65-4.34) 14.40-5.23) (5.55-6.61) (6.52-7.78) (7.95-9.52) (9.16-11.0) (10.5-12.7) (11.9-14.5) (14.0-17.4) (15.7-19.7)
10-da 4,52 543 6.79 7.92 9.57 109 124 1441 16.4 184
Yy (4.18-4.93) (5.02-5.92) (6.26-7.39) (7.28-8.61) (8.75-10.4) (9.96-11.9) (11.2-13.5) (12.6-15.3) (14.5-17.8) (16.1-20.0)
20-da 6.12 7.28 8.80 10.0 1.8 13.2 14.6 16.1 18.2 19.8
v (5.72-5.58) (6.80-7.83) (8.21-9.46) (9.34-10.8) (10.9-12.6) (12.2-14.1) (13.4-15.7) (14.7-17.3) (16.5-19.5) (17.9-21.4)
30-da 7.56 8.95 10.6 12.0 13.9 154 16.9 18.5 20.6 22.3
¥ (7.09-8.10) (8.39-9.59) (9.97-11.4} (11.2-12.8) (12.9-14.9) (14.3-16.4) (15.7-18.1) (17.0-19.8) (18.9-22.1) (20.3-24.0)
45-da 9.54 1.2 131 146 16.5 18.0 19.4 20.8 227 240
Y (8.98-10.1) (10.6-11.9) (12.4-14.0) (13.7-15.5) (15.5-17.6) (16.9-19.1) (18.2-20.7) (19.4-22.2) (21.0-24.2) (22.2-257)
G0-da 1.4 134 15.4 17.0 19.0 20.6 22.0 234 25.2 26.4
v (10.7-12.0 (12.6-14.1) (14.6-16.3) (16.0-18.0) (17.9-20.1} (19.3-21.8) (20.6-23.3) (21.9-24.8) (23.4-26.7) (24.5-28.1)
' Precipitation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Humbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probability that precipitation frequency estimates (for a given duration and average
recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds are not checked against probable maximum precipitation (PMP)
estimates and may be higher than currently valid PMP values.
Flease refer to NOAA Atlas 14 document for more information.




Design Thoughts

Inundation
Waterways

« Considering
where water
will go when
drainage
systems fail. &

http://cdn0.wideopencountry.com/wp-content/uploads/2016/06/damn-793x525.jpg
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Design Thoughts

Brim-up Dam Breach
Analysis

« Design condition worse
case scenario

« NWS Simplified Dam
Breach Equation used
to produce hydrograph

NWS Simplified Dam Break Equation using Froelich’s Time to Failure factor and Breach Width

[ 23.4x As } .
9.5x Ko (Vs x H )%

23.4x As
[0.59(\/50'“)}_‘_ 9.5x K, ( Vex H )0.25

(H0<91) m

Qo= Qo+3.1 [9.5x Ko (Vax H)*® | x

NWS Simplified

Dam Break Equation

Non-Storm Event
(Sunny Day Failure)

Input Data: Top of Dam: 510.00 Top of Breach Elev:
Fill in the fields with design information. 507.00
use Emergency spillway or DHW (If na
Volume of Storage (V,) 12.2014 ac-ft i:::;n:: ;::::7::;?:;;':::;:;“
Area of Storage (As) 1771 ac fatlure
Bottom of Breach Elev:
495.80
(Use lowest point along existing
Failure Type: Piping Failure z:::r:;::::::fz:;
whichever & greater)
Qutput Data:
Qy=0Q,+3.18,(C/(Ti+C/vH))  where: Results
Q. = Breach Flow + Non-Breach Flow (cfs) Q = 994.9 cfs
Q. = Non-Breach Flow (cfs) Q = 0.0 cfs
B, = Final Average Breach Width (ft) B, = 22.7 ft
C = 234xAs/B, c = 1.83
As = Reservoir Surface Area (Ac) at Maximum Pool Level As = 1.771 ac
H = Selected Failure Depth (ft) above Final Breach Elevation H = 11.20 ft
T, = Time to Failure (hrs) Ty = 0.21 hrs

using Froelich Breach Predictor Equations:
T,=0.59(V,*"") / (H*™)

b=95K, (V,H)** where: Note:
v, = Storage Volume (ac-ft)
K, = 0.7 for Piping Failure
1.0 for Brim up/Overtopping Failure
Output Hydrograph: Peak Rate (

Convert T, (hrs) to Seconds: 756

Mid Point: 4975 cfs

Breach Flow (cfs)

Flow increasing by
47.38 cfsper0.01 hrs

0 Peak Time: 021 hrs

Froelich's b is equivilant to NWS's B,
“Used for Calculation

Q.): 9949 cfs

M Total Storage (V,): 531,493.0 cf
- Storage R Pre-Peak: 376,1100 cf
Storage Released Post-Peak: 155,383.0 cf

Determine Time to Release
Post-Peak Volume:

'
i
i
'
'
'
'
'
'
i
'
i
'
i
'
i

312 sec
Flow decreasing by 0.09 hrs
110.54 cfs per 0.01 hrs
030 hrs

Time (hrs)




Design Thoughts

30" RCCP @ 80% full
Increase Slopes  se % ncrease
0.50% 28.35
. - 0.60% 31.05 110%
¢ P I pe CO n d u ItS 0.70% 33.54 118% 108%
0.80% 35.86 126% 115% 107%
0.90% 38.03 134% 122% 113% 106%

T 1% 40.09 141% 129% 120% 112% 105%
A 36" RCCP @ 80% full
= - Slope cfs % Increase
050%  46.1
ot 0.60%  50.5 110%
2oon 0.70%  54.54 118% 108%
0.80%  58.31 126% 115% 107%
0.90%  61.85 134% 122% 113% 106%
10 1% 65.19 141% 129% 120% 112% 105%
240 Linear Feet of Pipe 30" RCCP @ 80% full 36" RCCP @ 80% full Difference
Slope Invert Change cfs Est Cost cfs Est Cost cfs Est Cost
0.50% -1.2 0.00' 28.35 46.10 17.75

0.70% -1.68 0.48' 33.54 $17,280 54.54 $22,800 21.00 $5,520
0.90% -2.16  0.98'/0.48" 38.03 61.85 23.82




Design Thoughts

Increase Slopes ‘“\ T
. Channels E— l

2' trapazoidal channel 18" depth with 3:1 sideslopes (n=0.030)
Slope cfs % Increase
2.00% 61.23
2.10% 62.74 102%
2.20% 64.21 105% 102%

2.30% 65.66 107% 105% 102%
2.50% 68.45 112% 109% 107% 104%
3.00% 74.99 122% 120% 117% 114% 110%

240 Linear Feet of Channel  2'Channel 3'Channel Difference

Slope Invert Change cfs cfs cfs
2.00% -4.80 0.00' 61.23 73.51 12.28
2.20% -5.28 0.48' 64.21 77.1 12.89

2.50% -6.00 1.20'/0.72" 68.45 82.19 13.74
e —



Questions?

Brian E. Wagner, P.E.

brian.wagner@kci.com

#RareStormEvents www.kci.com
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