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Objectives:

« Evaluate flooding risk to the operation of water
treatment plant and other water infrastructure

* Analyze potential mitigation / adaptation measures

Main findings:

* Flash flood risk high in Spicket River, impacting pipe network and
sanitary sewer system and combined sewer system structures

« >2.4% annual probability (2.4 day-events/100yr) for inundating
and impacting water plant operation at Merrimack River

« ~1% annual probability (1 flood event/100yr) for flood breaching
the berm

* Upstream watershed precipitation as a forecasting indicator

» Detailed hydrological analysis, engineering and berm survey are
recommended in inundation and water quality management



wEPA Flooding Risk Defined
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Stream/River Flood Risk Flood risk to Water Infrastructure
* Riverine flood + * flooding and service interruption duration
* Flash flood » Days for service recovery
* Bermreach and inundation »  Service and capacity loss
*  N% annual flood *  Only flooding in damaging phase analyzed

in N% annual inundation (or days)
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What Has Changed?
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Spicket River

6 of 10 largest 24-hr

precipitation after 90s
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SS vaults / pumps / inlets / lift station

» Sewer infrastructure

* Pump and lift station
operation

* Drinking water
distribution pipes
(under pressure)



SEPA Different Settings:

United States Flash Flood vs Riverine Flood
Agency
Spicket River at North Salem
z Flash floods in Spicket River
o (A: 74.4 mile?)
- - Riverine floods in Merrimack
:zz Merrimack River at Lowell River (AZ 5,010 m”ez)
40000 Less flash flooding
4000 Large upstream watershed
30 for long peaking time, but
20000 'w more sustained high flows.
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Merrimack River

* |nundation @50.7 ft

* River flow @ 132,000 cfs

* Equal to FEMA ~1% annual flood
+ Assessment and indicators

From ACOE
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Merrimack River

The Existing Flood Management

0.2% flood: 52.5 ft

1% Base flood: 49.6 ft
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180x10: | Historical Food Level and Discharge
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Q Flow using Lowell Station Merrimack River at Lowell
O Flood elevation using Lawrence Station :
« Using Pearson-lIl flow

distribution

Te+6 ———————7 7

- Pearson-ll G“_”:"eif'f' 'f'j: . jf « Only count for maximum flow

in a year

o R S « 132,000 cfs flow (@berm
_ 132000cfs . . oo e elevation) is for 120 yr flood
fets _*BaSEFIQOd o ‘ 'A I _;:_ o - ;_:_ ; at Lowell

VR DO S N IS SO S A RO * The FEMA map and ACOE
i o consistent with the practices

BN 24yl 120y o
‘1e+4 L L i R | i i HE I S R | i i L HE
1 10 100 1000

* 1% FEMA base flood
designation at the treatment

hﬂ Prom plant location: 62.4-yr Rl
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Merrimack River
.| 1974 ACOE report Flood in 80s? 2006 May flood
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Flood-inundation over the berm as the important design factor
for treatment plant operation

= Probability of flooding event at a given Rl
» Probability of days of inundation at a given RI
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Merrimack River:

Plant inundation risk

Inundation level at 132,000
cfs has a 42.2 yr return
interval, or 2.4 day-events
in 100 years

Or in average 2.4 days of
inundation in each flooding
events

Additional flow received
b/w Lowell and Lawrence,
making annual chance
>2.4%

Base flood FEMA flood
designation at the location

What Has Changed?
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What Has Changed?

Large floods in probability
distribution

Periodically occurred, ~25 yrs,
consistent with Atlantic climate

system

The current phase

Merrimack River
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Potential Warning Indicator
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* Flow at 132,000 cfs (berm
elevation) has a 120 year RI or
0.8% annual flood

« FEMA Base Flood is at the plant:
49.6 ft or 114,000 cfs, equals to
62.4-yr Rl or 1.6% annual flood.
[Comment and input needed]

* Plant inundation at berm
elevation has 42.2-yr Rl or 2.4%
annual probability

* Impacts to the water plant and
operation

* Impacts to sewer systems along
Water Street above the dam
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*  Minimum flow and regional base
precipitation increased since 1950s.
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« Water quality changes with flow, potentially impacting plant operation
* Real-time monitoring network at Andover and Lawrence
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Summary and Suggestions
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« Spicket River: High flash flood risk due to the increasing downpours
and channel blockage

« Impact pipe network and SSS/CSS structures

« Merrimack River: Berm designed against 100 yr flood or 1% annual
flood. The BF elevation appears equal to 1.6% annual flood

* Inundation to water treatment plant is at 2.4% annually or 2.4 day-
events per 100 years. Inundation duration is 2.4 days per event. The
risk of losing service is high

« Base flow increased, with implications to CSO events

« This study is an assessment only. Detailed hydrological analysis,
engineering and berm survey are recommended for flood mitigation
measures
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Precipitation (Inch/24-hrs)

Design Precipitation in New England
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e o Coastal Areas
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Agency Increasing high-intensity
precipitation & likely future trends

g Lawrence, MA
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=  Some coastal areas have seen a 8 | gl
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SEPA Changes in Design Precipitation?
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Case Study

= One example in Lawrence, MA

Recent high-intensity precipitation - .
leading to significant higher design Combined sewer overflow

precipitation (CSO) occurred more often in

recent decades

All obs. data
Atlas-14
95% bounds

Obs. w/o extremes Atlas{14 desfgn curve " High-intensity precipitation after
1 990s, changes the design
precipitation curves

o
1

-
——

N
1

* Precipitation before 1990s agrees
with Atlas- 14 regional design values

* The aging water infrastructure now
may not have enough capacity

0 20 40 60 80 100
R.I. (yr)



S EPA Climate Model Outputs for Design Storms:
WL Challenges
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= CMIP5 downscaling data of 132 model runs are unreliable for calibration (1950-2010)

= Future projections to year 2050 may be significantly underestimated, due to the high-
intensity precipitation after 1990s

» What can we do!?

Recent high-intensity precipitation leading

1.8
13 4 to significant higher design precipitation
] g g gn precip (B) -— But the modgls do not
] Observed, 1893-2010 capture the high-intensity
121 (80-yr data period) e 1er precipitatiori]since 1990s
E 9 P { ' Atlas-14 tar }
c 4 { - Design Curve =
kel o
: 5%
= 5 g 12|
'S —
o s I
O R e e
"""" RCM in Calibration
31 (1950-2010) 10 1
0

T T T T ¥ T y T T T T T T T v T T T T T T 1 DB 1
0 20 40 60 80 100 1940 1850 1960 1970
1970 1980 1990 2000
R.l. (year)

All RCMs significantly under-predict
design storm across the board CIMP5 average and envelop indicate small

increase in 2-year 24-hr design storm
25
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