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1. I ntroducti on

On December 30, 2021 TMWHRKA 6s WPomitt tCeoch sttlreuct i on Moni torin
Performance Asséessmbrpt URSpoEODViIironment al Protection Ag:
Massachusetts Department of Enviumeménnagl tReoresui os ©
year study to measure the performanthki sfwassthenfhi fat m

schedul ed mi Béseaarine Fedéheal District Court Order in the
M. D. C., 88 4a8l9, MA.. From 1987 through 223 ,atMWRA cauddr es
schedule milestones, including completing the construc!
comprised the LTCP by December 2015. Wit hresupudmt ttalll odf
original court i mposMWRAdsa dd bilniegsa twieornes nfeotr. CSO contr ol
are defined in tSheec oMad cht ilp5y | a2t0i0cbn, of t he United States
Resources Aut hobiltiytpynaReéspbegal Sewbil Ovgr fooawsCGobi neld
amended on April 30, 2008 (the ASecond Stipulationo). |
obligations for CSO control, includingSdmeaiTCR | evel s
This report is the first of three Annual Reports as r e«
Suppl ement al Report submitted by MWRA on September 30,
extended until December 2024ndofoompketevatientefabtdepn:
reduce CSOs at the sixteen outfalls that did not meet
this extension MWRA is required to provide documentat.i
Aut hori tAYsedgtMWRat es of combined sewer overflow (CSO) c
calendar year 2021. These annual estimates of CSO di s
the Variance Extensions for the At e@héel ppBrvelys€Char Ré
i ssued by MassDEP in 2019 pursuant to the Massachusett
CMR 4. 00. The Variances authorize |imited CSO discharg:¢
the Lower Chaidless BRisver i @h@monjunction with National Po
System (NPDES) permits MA0103284, MA0101982 and MAO0O101
Cambridge and the City of Somerville, respectively.

MWRA reports herewithrbtus$i esmohat esgusifngahgddar year

frequency and total discharge volume from each of the
LTCP, including but not I imited to the outfalls dischar
Lower Charles River/ Charles Basin. I n addition, MWRA
frequency and volume at each of the outfalls calcul ate:
information to its member e mMusntian eWa twe rt ha nCdS Oe we rn cC aun
(BSWC) and the cities of Cambridge, Chelsea and Somer v
This report is organized into the following chapters:
Chapter 1: I ntroduction

Chapter 2: Summa¥Dya toaf azn0d2 1C oMreptaerri s onpt enstdso dtehle R eosl ullotwsi T

information related to 2021 system performance:

T a summary of the model <changes incorporated into th

1 Metered data are estimates of outfall discharge calculated using data from sensors, taking into account physical configurations
and constraints.


https://www.mwra.com/cso/pcmpa-reports/02_050319_MWRA_w_appendices.pdf
https://www.mwra.com/cso/pcmpa-reports/02_050319_MWRA_w_appendices.pdf
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T a summary analysis of the 2021 r &infall in comparis
T a table has been provided with the metered CSO acti
each of the MWRA outfalls tributary to the variance
requirement as described in sectaohabcé. andvaef debe
in section D.3.b.iv of the 2019 Charles River Vari a

T the estimated CSO activations and discharge vol ume
collection system model, configured to represent sy

T theimated CSO activations and discharge volumes <cal
MWRA and the CSO community meters.

Chapt &dpdated System Performance Assessment and Compar.i
ContrPale.sents the foll owing:

T A compari €8O afcttiiveati ons and di scharge -206R20lmes for
(end of 2021) system conditions to the activation f
each outfall under the Second StimpaudealtdadnéppiAdaslio Yr
CSO activations and volumes for 1992 system conditi

T A summary of the status of further evaluations of o
activation frequency and/ or volume as of the end of

Appendi x A: Rainfal An®dhyaef€ol bapehae garhlpend 02Ar, o 2i0@4 s
a summary of the rainfall data collected for 2021, c ha
provides a comparison to the Typical Year rainfaldl

2. Summary of 2021 Model Retsal M&Exastmad Con

MWRA developed estimated CSO activation frequency and
alendar year 2021 using the MWRAO6s I CM collection sysi
i n

c
rainfall events 02n0s2 le xwistthi nsgy satte mi hceo ntdiintei of each sto
simul ations, MWRA updated the model to account for new
including system i mprovements that were complfetfedelddur i |
i nspections. Each system change was incorporated into
represenfysaendaonditi ons. The model updates for 2021 a
rainfall anal ysis i s seucntmaon z2e.d3 ipnr esseecnttiso nt e 2met erS est
di scharges to the variance waters for 2021 and Section
model ed estimates of all CSO dDeckambges 3flor 2024 paniad

2.1 Hydrodwlli ddpMat es

Updates to MWRAOGs hydraulic model are necessary to est.i
made to the MWRA and community sewer systems; to compal
and to update Typical Year CSO pdrcCfPrornmancvatfiom aomdpaoi I
The MWRAB2®@4model was updated with thBhehtaalgles pictiede
t hleoc atoifont he part of the moBemmahwptoiwp€bwmbdesi edf off mat

2Typical Year Rainfall or Typical Year : Th eTerm&sd Controi ®landnelude bj ect i ves o
annual frequency and volume of CSO discharge at each oudsaal | based ¢
Logan Airport, 1949-1987 plus 1992. The Typical Year was a specifically constructed rainfall series that was based primarily on a

single year (1992) that was close to the 40-year average in total rainfall and distribution of rainfall events of different sizes. The

rainfall series was adjusted by adding and subtracting certain storms to make the series closer to the actual averages in annual

precipitation, number of storms within different ranges of depth and storm intensities. The development of the Typical Year is

described in MWRAOGs System Master Plan Baseline Assessment, June 15,
total precipitation of 46.8 inches.

3 Metered data are estimates of outfall discharge calculated using data from sensors, taking into account physical configurations and

constraints.
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on what was ¢ha&ngeglpdrti ng Iprfoovrindeetsi canddi ti onal context
justification/source of information abdbhesé¢é hehawgeds i wiat
the exception of the |l ast three | isbaédReporheNbDablewWwe,:
covered the period of January 1, 2021 through June 30,
Semiannual Report No:2072 1r efolnadd tte d2nbsh & THEOAI1tQG20ns mode |
used to predict CSHe dstsamms gtesatdusdcagrned in the peri oc
June 30,7Th202%21 model i's bax0k2dl omodele WIItQR2 recent syste
including raising the weir at CHEOO04 to el evatasotn 109.
Boston Sewer Separation project which wdadhes-BBI2B1Lantial |l
system conditions model was used to predict CSO dischal
period of July 1, 2021 througds Dielte mbyepi GBdl, Rela2rl GNA pe
current system conditions.
Table Model Chaneeds2 Of rSoyns t@4m Condi ti o1
Locat.i Summary of Char Supporting I nform
Ful | -Mo Updated the Real TilThe updated RTC was add
cso to incl ud-eytthoer ns toopf December 31, 2021 pe-riqd
E . of the facilities Hprovided data.
acil it .
operation data pr o\
Charles|Removed leaky tidelypdated tlesemdodal slyste
(BOSOl?éoggrlss of stormwatfprovided by BWSC.
Addedi Mc2h storm dralThe stormwater areas tr
Somervi|the 85O0 cosmbwerred [in the model but weirmc
Mar ginalupstream of Somervildrain as appropriate.
CSO Fac|Facil i tdyelainnde arteed i
area.
Revisedegbeizati on |Adjusted manhol e onf i g
along the BMC as sdgbased on recent fleld i
Updated the model ¢tCatlkehsins were added bg
catch basins tributfDCR storm drain drawi ng
Mar gi nal Conduit (H
Bost on Updated the model tAdded an interconnecti d
Marginainterconnection bettand the SBG ilkdsded norest
Conduit|Brook Condui't (OSB(conducted by BWSC.
( BMC) Brook Conduit (SBC)
Made adjustments tdgRemoved modeling | ossefg
parameters at | ocatfalong the BMC identifi g
evaluation process to K
conguration of the BMC
mat ch between model ed 4
in the BMC.
The model RTC was UBWSC opens the gates i
the actual gate coreach storm predicted td
House #1 during tihgof rainfalkhlr wietrhiiond.a 24
December 31gd 2(0t2He {
;Z?LSV?L?'?Z n]:‘ tITEGate opening dates frorn
31 2021 b W@.i ded
BOS046.,inch). The odel cc ' webe B rae
Boston [fyrther updated to
House #[tnhat can open indey
ot her
The gate opening hg¢g
from 13 feet to 4 f
information from BY
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Tabl.e Model Chanegeds2 Of rSoyns t@4m Condi ti o1

Locat. Summary of Char Supporting I nform
BOS046,|Added overfl ow at HThis overflow | ocation
Boston #2, at EI . 13 BCB (field information provi
House #
North Made adjustments tdqUpdated heacdltess par ain
Metropo|lparameters at | ocatMetropolitan Branch se
Branch interceptor. Al ewi fe Brook Pump St at
Sewer of pipe configurations.
Downstr
of Al ew
Brook P
Station
c Updated the model tAdded 28 acres at 50% i
ottage . A
Far m/ Wi subcatchment_areas_assomat_ed piping, b_ase
Street to the MWRAoirntagr M by t he City of Cambri dg

Street

Added 6 inches of dThe City of Cambridge 1
Alewifecombi”ed sewer dowrdinches of standing wate

CAM401A regul atoestCAM401A regulator as pg
CAMA01A ¢t standing water dmeasurements on April |1

field inspection.
CHEO0O 4 Updated t he weir e|;zgw\g)tazlslrransfemdelﬁd. 1109 .

|ncorp0rated Contrecontract 2 of t he B WS C §

sewer separation. (Separation project was

approximate|y 31.5 i n November 2021.
East Boloutfalls BOSO010 and

estimates that the

reduce inflow into

frdamese areas by u
2.2 Rainfall Analyses
Rai nf all is a driving factor in the analysWRA ofe wWerOs, a
system is dependent on rainfaldl intensity and/ or dept h.
December, 31, 2021 was analyzed to help support the un:q
2021 conditions with reapeonstantheomemsesrat eath out f
and with respect to the LTCP targets for performance f
presented in previous Semiannual Repo4@whwehe based on
waserifblpuwdl i shed in 1961 dmrdOreonssiuedednt Ad9B68. used thro
of the Final Post Construction Monitoring Report to be
Control Pl an. For this repohe¢e metdhddol agpnl yesresclgai agt
recurrence intervals of rainfall eveotsgipaudll ipdhatde d nt o
2015 and wupdatedtias28a48l yscbudesmore recent historical
Nort heas Uni tlend aSddaitteison, this change is responsive to
response to comments document on the 2019 Charles Rive
iMassDEP expects that when MWRA dodfGCambei €5®© ahdn8omg!
utilize the NOAA 14 Atlas for precipitation data, whicl
dat Ma®sDEP went on f dimhhdér st ostmatrectulmattnce frequenci e:
especi al lry efverntlsar g¢g)mssDEP does not expect the benefits
compromi sed significantl y dfyopri ctédle eydevatrnt svatoatei hei pf |
of CSO controls. o0

4 TP 40: https://reduceflooding.com/wp -content/uploads/2018/09/TechnicalPaper No40.pdf
5 Atlas 14 Volume 10 report : https://www.weather.gov/media/owp/oh/hdsc/docs/Atlas14_Volumel0.pdf

4


https://reduceflooding.com/wp-content/uploads/2018/09/TechnicalPaper_No40.pdf
https://www.weather.gov/media/owp/oh/hdsc/docs/Atlas14_Volume10.pdf
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When comparing the recurrence i4n0t eirtv anass foobrs eNOQ/AeAd Att H aats
for NOAA Atlas 14, smaller storms (like thofeéelien a Typi
| arger storms (not in a Typical Year) tended to occur
the rainfall analysis on the 2021 rainfall does not <c¢h:
projects, nor efforacchicatva enftCIPy gwmd esr waoyr ttche 16 remai n
Values for Atlas 14 for Boston wWemeApxitadled2D2@m NOA/
partial duration curves were used to assigmttildé recurrsr
duration curves -yaedadrr esstscersm,i ss a hteh el o anr taitf arl@ mduuernactyi o(nl D Fn)t
curves fmomtthheodt b frequencies were extrapolated. Al

identified in thewtaxtd amd Appenidonxs Abal e based on the
referenced above.

Appendi x A includes the following tables that were prej

T Tabl-£aS&mmary of Storm Events at Ward -B#l)eébrHeadwor
January to December 2021

T Tabl-2. AFrequency of Events within Selected Ranges o
December 31, 2021

T Tabl-&. ACompari son of Storms Between January 1 and D
with Greater Tioaml2 Rlanonhed lof

T Tabl-#. AComparison of Storms Between January 1 and D
Year with Peak I ntensities Greater than 0.40 inches

The findings from those tables are summarized bel ow.

In 2021, Met ropol it agnn iBfoisctaomt leyx pgerre aetnecre dv ssliume of r ai n,
and many storms with relatively high peak intensity. TI
tot al rainfall, as wel | as peak i ntemdilt y)ompiag i eswinde i tn
rainfal]l summary tabl es, and in comparing the metered

In terms of comparing the metered estimates versus mod
fi

key nding was thaul gut hnYamgthempdr i 202 bf 24. 75 inches
Ward Street Headworks rain gauge, with 12amnmdhdlinfches in
month period equaled approxi mately haeafr.of Stthoer mso tdaulr ian
period varied from short duration, high intensity even:
Nort heast Regional Cdembhaee@edtibey RDNRCC)he wettest Jul:
Massachusettswivet rfal §t average of 10.38 inches, which =
nor mal average for July. The implications of this ext:i

In terms of comparing the 2021 rainfalaréeéonohedTypical

T 2021 averaged 95 storm events with an average annu
compared to 93 storm events with an average annual
Typical Ye@&y. (Tabl e A

9 I n gen
rel ati

e , the bresdglodomn byf rmimbderld afepth categor
v
where 2
m
I

ral
ely close to the values f o¥r2 tihnec hT ycpaitceagl o rYye, a
021 averaged twelve versus) .eight for the Ty

T I'n terms of | argeavetagensnumihéd eoft hst orms with gre
rainfall across all gauges in 2021 matched the Typ
l i sted #6n hlaadbltewoA st orms with total rainfall greate

Year. The | argest storm in 2021 £60rh atdhyee artadisnt ogram g e

8 NOAA's Data server for MA: https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html|?bkmrk=ma
”NRCC: http://www.nrcc.cornell.edu/regional/tables/tables.html



https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.html?bkmrk=ma
http://www.nrcc.cornell.edu/regional/tables/tables.html
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recurrence ihnotuerr vdaulr aftoiron24( 5. 15 inches of rainfal
rain gauge), while the | argédast-psohomdinredber Tgpcea
interval (3.89 inches of rainfall in 50 hours).

T For the four gauges shewmumimeTabfesfAorms with

0.40 inches per hour ranged from el @dyphcthb fYeartee
The evaluated gauges had between two and four
inches per hour, with peaks as high as 66 inches
peak had one storm with intenshtyhefr&ma@a8ninghesghp
having peak intensities between 0.75 and 0.42 i
Three storm events during the monitoring period (on
characteristics that wer er siubfsalalntiimltilye diyffieadelntYearom
rainfall characteristics and recurr encfeori nttheersvealtsh rbeaes e
storms for the Ward Street, Columbus Park, Chelsea Cr e
| argesmssin the Typical Year ar ey gernheordad |rye counr rtehnec eo ridnett
As indicated in Table 2, most of the recurrence interve:
for the four gauges | i satresd owe rger ecant etrh e oRredceurr rcefnc3e vyient e
greater are highlighted in boldoium TBhobbe2Peclheeftéd/ 207
intervals of greater than 20 years at the -liCodrunmbrucs Par
l12hor recurrence intervals of 10 and 15 years, respectdi
storm, on 7/8/ 2021, had recurrence interval consi sten:
period, but its proximityntd/tlhe 0Rrle apopiermag se xtor dhiraeyr ee \V &
on CSO volume. The influence was | ikely due to a high
the 7/1/2021 storm resulting in increased runoff from |
verssumodel ed CSO activations and volumes presented
have been classified as extreme events which resul |
vol umes.
Appendi x A presents the rhe ngadllaondbeadrfay me a L2Wr2€eld t chu roiurgdh
31, 2021t also describes the analysis of the rainfal (
storm event and a comparison of measured raienfall 1
Typical Year . Further detail regarding the rainfal e
9 ofTashke 6 Fi nal CSO Post Construction Monitoring Progr
Tab2e Ext8teanem Event Return Intervals (A
Total Peak 1- Storm Storm Storm Storm
Rain Date Duration Rainfall hour Recurrence | Recurrence | Recurrence | Recurrence
Gauge (hr) (in) Intensity | Interval (1- | Interval (6- | Interval (12- | Interval (24-
(in/hr) hr) hr) hr) hr)
7/1/2021 785 5.69 1.23 4y 7y Sy 3y
g\t/raer:t 7/8/2021 32.75 3.03 0.91 1y-2y 4y 3m-6m 1y-2y
9/1/2021 17.25 4.62 1.25 4y 14y 14y 6y
7/1/2021 775 5.83 0.87 1y 4y 3y 1y-2y
Columbus | 7/812021 33 255 0.76 6m-1y 2y 1y 1y
9/1/2021 17.25 5.15 1.41 Sy 23y 23y 10y
7/1/2021 17.25 3.96 1.66 10y 15y 8y 4y
Chelsea
Creek 71812021 30.5 2.49 0.71 6m-1y 1ly-2y ly 1y
9/1/2021 17.75 4.7 1.24 4y 13y 16y 7y
Fresh 7/1/2021 58 5.16 1.55 8y 7y 4y 2y
Pond 71812021 30.25 2.77 0.68 6m-1y 3y 1y-2y 1y
(USGS) [T9r10021 | 1675 4.25 0.99 1y-2y 6y 10y 5y
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2.3 Meter Estimates of CSO Discharges to Vari
Under the CSO VArewnteblUppertWMegstic River and the Lowerl

MWRA, Cambridge, and Somerville must provide public no
and estimate volumes wi tdldiirt ifoinye thhies ivimed sandayss .relquia e
and Somerville to report the annual CSO volmwfmesaamd ov
year. MWRA and the CSO communities have been collectir
di scharaedq aff the outfalls tributary to the variance w
Table 3 presents the estimated activation frequency, dt
MWRA owned outfalls based on oteadrbydaMWBRA,T heex cdeapgta fwoerr el

which BWSC monitoring of regulators tributary to both |

above and in Appendix A, 2021 contained a number of ext
amount of lovmef|l ownva few cases the metered discharge
updated from the values originally reported as part of
analysis or additional data and madedli §dem dfftoenr thtosrem
and posted on the city/ MWRA web -postesad MWRAtmethesr whatr &
been revised or are currently under review are indicat
further bel owambRefdgre todtisemerville annual reports fo

community metering dat a.

Tab8e 2021 MWRA!OMEQ ediesdc harges to(®Nariance Water s

MWRA Metered CSO Discharge Estimates
outtaliiaterbody A Volume (MG) Duration (hr)
Frequency
Alewife Brook
MWRO003 5 6.77 | 10.509
Upper Mystic
SOMO007A/MWR205A® 17 67.57 ‘ 37.02
Lower Charles
MWRO010 0 0
MWRO018 4 2.98® 8.00¥®
MWRO019 4 1.26® 5.25@
MWRO020 4 1.21® 4,759
xr\évach%l (Cottage Farm) 5 88.1 21.73
MWR023®) 4 1.75© 10.07

(1) Metered data are estimates of outfall discharge calculated using data from sensors, taking into account physical
configurations and constraints.

(2) Metered volume reported is from MWRA meters except for MWRO023, which is calculated by MWRA from BWSC meter
data.

(3) The originally-posted value has been revised based on further review of the original meter data volume computations.
The value shown is the revised value.

(4) MWRA is currently reviewing the facility meter data to assess inconsistencies in observed flow and water levels.

(5) MWRA is currently reviewing the overflow volume calculation methodology at BOS046/MWR023 and coordinating with
BWSC.

(6) The originally-posted value has been revised based on review of data about Gatehouse 1 operation (outfall BOS046).

2.4 Meter and Modeled Estimates of 2021 Syste

The Q2021 system conditions modébrwasvesetd foosi thahate
June 30, 202202dnadytshemQ&onditions model was used to s
July 1, 2021 to December 31, 2021. MWRA and the CSO c
at each ofl itsieeduit at he LTCP as part of the CSO Notific
used to tabulate the CSO activation frequency and vol u
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The estimations of CSO activatdiaoms f-MWH Apwmledmesu tifead d & @l

made available from Boston, Cambridge, Chel se
professional metering firm for the installati

a

on

and Som
and mai

assessment iofatdSoOhsactvol umes and durations based on the

reviewed the meter configurations or th
based on meter data at these | ocations.for
devel oping volume estimates, whether by MWRA
inaccurate given complex hydraulics, difficul

MWRA has revi eewde dCSQ se smeitneart es and deter mined
foll owing |locations as reported through the n
hydraulics of these
comparison of the or
part of the CSO noti
met efredati ons that a
reports for updates

I
[
fica
r dn
o] t the previously reporte

or
t |

e methodol ogi es
orCalheu lpaitriprog eC !

by the
y in pr

that ©prio

ot

tion program to t M&WRWApdat ed
mtotl ir etge dRreidneutp it eot titahloel. ec odmmu ni t y
h

d

i ficati

ocations t hat can inésemrneseaCSO di
gi nal MWRA metered CSO discharge
i
e
o]

(
me |

val ues |

Tab4#.e Comparison of 2021 OrigindlCStOo DUpsdcahtaer dy eMVERA i Meatt €

Qutfall Original MWRA Metered CSO Updated MWRA Metered CSO Reason for Update
Discharge Estimates Posted on Discharge Estimates After
MWRA CSO Notification Web Site® Review of Original
Estimates®
Act Volume Duration Act Volume | Duration
Freq (MG) (hr) Freq (MG) (hr)
Alewife Brook
Original method of calculating flow did
MWR003 5 211 10.73 5 6.77 10.50 not account for downstream water
levels or headlosses through the
structure during high flow conditions.
Lower Charles
Original method of calculating flow did

MWRO18 4 6.84 784 4 208 8.00 not account for outfall capacity

downstream of the weir.

restrictions given the limited opening

Original method of calculating flow d
MWRO019 4 2.73 7.13 4 1.26 5.5 | hotaccount for outfall capacity

downstream of the weir.

restrictions given the limited opening

id

Original method of calculating flow d

id

MWRO020 4 1.94 6.25 4 1.21 4.75 not account for headlosses through the

structure.

sum of the volumes at the BOS046

MWR023® 4 6.99 10.07 4 1.75 10.07 meter data. Model studies show that

BOS046.

The originally reported volume is the

regulators that discharge to the Stony
Brook Conduit, as computed from the

when Boston Gatehouse 1 is open, as it
was for all four activations, 75% of the
CSO volume would discharge at outfall

(1) Metered data are estimates of outfall discharge calculated using data from sensors, taking into account physical configurations

and constraints.
(2) Meter volume reported is from MWRA meters except for MWR023, which is calculated by MWRA from BWSC meter data.

review pr
Tabl e 4.

e compa

The foll owing presents a summary of the dat a

reported CSO discharge volume | isted above in
submittal, MWRA updates tbhedeetléebtdohnsgstemomedel 1aal
model for the annual period and prepares a tabl
results showed significant deviations between t

whi ch eleand rkeported Withln 5 days of the activa
investigation which resulted in adjustments,

ti
as

he model
on. Th
expl ail
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MWRO O 3
MWROO0O3 is part of the Al ewife Brook System as shown in
the Al ewife Brook Conduit (ABC) and discharges to the |
somum\
camooz  CAMOO1
Alewife Brook
Pump Station
7 4 A
2,
e,}&
CAMA401B 004_
0,
’)%,:’
MWR003 _%:a‘
@ Interconnection
AR"ndge Legend
Ve,
Siph;’n E Regulator Structure
» Outfall Line
» Interceptor Line
e LOCal Sewer Line
cAMMIH‘\D @ Interconnection
FigureSchematic ofSyAtewi fe Sub
At thies tbeaméebered and model ed activation frequency wi
originally reported by MWRA based on metering data was
model . The volume originally reporaredd dwuklead tome tGRO medl
predicted by the model for the 07/02/2021 and 09/ 02/ 20
were some of the first events resulting in the regul at
relief gategineddnop paoteedi the upstream system. CSO v
initially based on a weir equation with the depth over
measur ement . However, this calculdtoessesdidnnbhecoagildsz
structure which would cause the actual water | evel at |
was measured. The calculation also did not consider t|
which coul d oawf ovoetr the fweir during periods when the we
In a first attempt to i mprove metered discharge esti maf
periods where the weir gate was | owered. The submer ge:
measur ement downstream of the tide gate in the outfall
water | evel was above the elevation of the weir. Howe Vv «
di scharge volume because tiitomitdhenoheadlkesd n(tio. &€.0 nesri @lreg ¥
passed under the baffle, through the chamber downstr eal
Ulti mately, a computer program was used to-vaalyd mlgat e t |
measured upstream and downstream water | evels and acco
t wo measured points based on established equations for
applied at other | ocations as described bel ow.
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MWRO18 ROMW and MWRO020

Qutfalls MWRO18, MWR019 and MWR020 are |l ocated along t |
upstream of the Prison Point CSO Facility (Figure 2).
the hydraulic gradeedsnehéencoher 8MCi g weir elevations

somoog Rutherford Ave
CSO Regulator CSO Regulator

Cambridge Prison Point
Marginal CSO Facility

1 Conduit -

CAMO17 B
Charles River

ROL MWRO019
MWR023 _ MwRols T

" Boston A MWR020
Marginal
Conduit
| l

\ﬁ \E_:I ﬁ \ﬁ West Side Interceptor

BOS046

Boston
Gatehouses

Boston Main Drain
Reliefto WSHW

O,
4
8, 52'0,]
Co, % ¥

Stony Brook
A
%

Conduit

Stony Brook
Interceptor

Fi g®r eMWRO18, MWRO 19, MWRO020 System Schemati c

The MWRA maintains depth meters at two | ocations along
out fall MWR Odlo8w n satnrde aoomeof t he connection to MWRO02O0. To
originally reported, the depth in the BMC at the conne:
MWR019 and MWRO020 were first estimated bytihrst earl ppmlga ttihre

BMC. These interpolated | evels were then used with a
at each outfall based on the height and width of the s
investigation, thpsamappooachtodntd hot tpe additi onal hee
structures between the BMC and the stop |l og weirs. I n
opening between the stop |l og weir and the eoweriet &or ool
function as an orifice under certain high flow conditi
would have the effect of | owering the computed dischar
dat a As was done for pMWBO A&, wascompudt to recompute th
based on-vtalreg itnigmedept hs in the BMC and established equa
in the | ower volumes shown in Table 4.

MWRO 2 3

MWRO023 and BOS046 are pri mar ibluy anagr mwatcehrar djies «Ctsa0r g f  t
regul ators overflow. The upstream regulators are monit

from outfall BOS046 as well as MWRO023 during | arge stol
The gatebononeemally closethyb BWSodrayf Ibeo d printeidgat i on. FIl ov
at Gatehouse 1 if the gate is opened or if water overt

i scharge occurs at BOSOMY & exgrud ad e sori nmdrhe &ft otnl

i

system has activated, approximately 25% of the CSO fr ol
MWRO023 outfall (Charles River) and 75% di scharges at B
the gate was fopem da@atiwngtiadths in 2021, the total report
been adjusted to include 25% of the CSO volume from t h
have discharged from outfall/l BOS046.
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MWRA is currently revi ewilrcagltahe omnv ereft lhowl o @mlgymeat BOSO04
coordination with BWSC.

Summary of 2021 Modeled and Metered CSO Discharges

The comparison of metered estimates and modeled CSO di
31, 2021 has been $dlummari £60® antiwattans and vol umes f
Tabl e 5 CSO activations and volumes for the three stc«
that were responsible for a disproportiornfatbd eamount f

The model was able to replicate the storm responses f ol
However, it is not possible to match all of the model e
event . These dattei buntes mayvhei ous condition or comb
rainfall data quality and rainfall spatial wvariation, |
and the accuracy of overfl ow met erRemordtaMbthd ls®ee Secti ol
Calibration and Factons Affecting Model Resul ts
Table 6 provides a |list of the |l ocations with notabl e ¢
di scharges forDéedhemlamuzaty 2021 period.
Tabbe Summary of 2021 Model ed and Met
January 17 Dec 31, 2021
outfall Meter® @ Model
?ctlvatlon Volume (MG) Activation Volume (MG)
requency Frequency

Alewife Brook

CAMO001 5 0.20 4 0.17

CAMO002 0 0 2 0.06

MWRO003 5 6.77 5 7.49

CAMA401A 18 21.7 10 4.24

CAM401B 7 4.09 5 2.29

SOMOO01A 8 17.98 8 10.98

TOTAL 18 50.74 10 25.23

Upper Mystic River

SOMO07A/MWR205A®) 17 67.57 12 41.79

Mystic/Chelsea

Confluence

MWR205 (Somerville

Marginal Facility) © 28 211.27 32 143.75

BOS013 15 0.09 13 0.79

BOS014 15 0.17 17 4,72

BOS017 6 2.76 10 2.58

CHE003 0 0 1 0.00

CHEOQ04 5 0.92 6 1.38

CHEO08 16 5.41 16 7.39

TOTAL 28 220.62 32 160.61
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Tabbe Summary of 2021 Model ed and Met

January 17 Dec 31, 2021
@@
Qutfall Meter Model

Activation
Frequency

Activation

Frequency Volume (MG)

Volume (MG)

Upper Inner Harbor

BOS009 21 2.45 23 1.98
BOS010 11 0.22 8 1.03
BOS012 7 0.19 0 0.00
BOS019 5 2.60 3 3.33
BOS057 7 1551 8 8.97
BOS060 9 1.47 22 5.58
'\P"(\)’i\:]%zm (Prison 19 444.14 21 474.36
TOTAL 21 466.58 23 495.25

Lower Inner Harbor

BOS003 16 18.08 15 18.74
BOS004 6 0.26 4 0.15
BOS005 0 0 0 0

TOTAL 16 18.34 15 18.89

Fort Point Channel

BOS062 6 0.47 9 6.38

BOS064 9 7.05 5 0.48

BOS065 3 2.84 8 7.24

BOS068 3 0.90 2 0.24

BOS070/DBC 11 39.99 20 44.45
MWR215 (Union Park) 15 71.77 15 85.66
BOS070/RCC 1 0.65 4 1.57

BOSO073 2 0.37 3 0.12

TOTAL 15 124.04 20 146.14
Reserved Channel

BOS076 4 0.51 5 3.70

BOS078 3 0.53 2 0.37

BOS079 0 0 0 0.00

BOS080 2 0.08 2 0.11

TOTAL 4 1.12 5 4.18

Upper Charles

CAMO005 11 4.97 12 2.20

CAMO007 4 6.15 6 7.80

TOTAL 11 11.12 12 10.00
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@
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(©)
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Tabbe Summary of 2021 Model ed and Met

January 17 Dec 31, 2021
Outfall Meter® @ Model
?rcet(;\l/_]aeti]ocr;/ Volume (MG) ?r(:é\aaet:]%r; Volume (MG)

Lower Charles

CAMO017 6 13.00 3 5.15
MWRO010 0 0 1 0.11
MWRO018 4 2.98 4 6.60
MWRO019 4 1.26 4 4.51
MWRO020 4 1.21 4 12.40
MWR201 5 88.10 4 72.73
MWR023*®) 4 1.75 4 0.53
TOTAL 6 108.30 4 102.03
Back Bay Fens

BOS046“W® 4 5.24 4 1.59
TOTAL 4 5.24 4 159
TOTAL UNTREATED 190.82 187.42
TOTAL TREATED 815.28 776.5
GRAND TOTAL 1,006.10 063.92

Metered data are estimates of outfall discharge calculated using data from sensors, taking into account physical
configurations and constraints.

Meter volume reported is calculated from MWRA, Cambridge, Somerville, Chelsea, and BWSC community meters.
MWRA is currently reviewing the facility meter data to assess inconsistencies in observed flow and water levels.

BOS046 (Gatehouse 1) is primarily a stormwater discharge but may discharge CSO if the upstream regulators

overflow. The upstream regulators are monitored by BWSC. The gatehouse is normally closed but may be opened for
flood mitigation. Flow can discharge at Gatehouse 1 if the gate is opened or if water overtops the closed gate. Based on
model tracer studies, when a discharge occurs during model simulations at BOS046 and one or more of the upstream
regulators in the Stony Brook system are predicted to activate, it was estimated that 25% of the CSO from the upstream
regulators discharges at the MWRO023 outfall (Charles River) and 75% discharges at BOS046 (Back Bay

Fens). Therefore, because the gate was open during all four activations in 2021, the reported CSO volumes for the model
at MWRO023 are based on 25% of the CSO volume from the upstream regulators and the CSO volumes at BOS046 are
based on 75% of the CSO volume from the upstream regulators.

BOS046 (Gatehouse 2) contains a gate which may also be overtopped in larger storm events; this gate was added to the
model after the Q1-2021 system conditions model run per new field information. Meter activations and volume were not
available for Boston Gatehouse 2 during 2021.

MWRA is currently reviewing the overflow volume calculation methodology at these locations and coordinating with
BWSC.
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Tab6.e Not able Differences Between Metered and Model ed
December 31, 2021
Locat i ( Met er Mo d e | Commén
CAM401A 18 discharges 10discharges 1 Reported CSO volumes and activations from these locations are
21.7 MG 4.24 MG inconsistent with the detailed metering program performed by MWRA in
2018-2019 in support of model calibration. MWRA and the CSO
communities are working together to resolve and further understand
observed differences.
SOMO07A/MWR205A | 17 discharges 12 discharges |1  MWRA is currently reviewing the facility meter data to assess
67.57 MG 41.79 MG inconsistencies in observed flow and water levels.
Somerville Marginal | 28 discharges 32 discharges |1  MWRA is currently reviewing the facility meter data to assess
CSO Facility 211.27 MG 143.75 MG inconsistencies in observed flow and water levels.
MWR205
BOS012 7 discharges 0 discharges 1 Reported CSO volumes and activations from these locations are
0.19 MG 0 MG inconsistent with the detailed metering program performed by MWRA in
- - 2018-2019 in support of model calibration. MWRA and the CSO
BOS070, regulator 11 discharges 2 discharges communities are working together to resolve and further understand
REO070/8-15 16.49 MG 0.32 MG observed differences.
BOSO070, regulator 6 discharges 20 discharges
REQ070/7-2 12.63 MG 28.72 MG
CAMO017 6 discharges 3 discharge
13.00 MG 5.15 MG
MWR018/019/020 4 discharges 4 discharges 1 The water level in the BMC was overpredicted by the model during the
5.45 MG (total) 23.5 MG 07/02/2021, 07/08/2021 and 09/02/2021 storm events. Model versus
meter comparisons from recent years have demonstrated that the model
does a much better job of predicting the level in the BMC and CSO
volumes at MWR018, MWRO019 and MWRO020 during less-extreme storm
events. MWRA is continuing to investigate the overprediction of the level
in the BMC during the large events.
As noted above, three storm events during th®2Imonitori |
had rainfall characteristics that were substantially di
These storm events have been classified as extreme eve.l
CSO overflow volumesThe metverad VvVecsuws omsdel ed over fl oy
and volume for these three storms are summarized in Tal
TabV?.e Summary of Modeled and Metered CSI
Events (July 1, 203gptéwmber81l, 2201
Extreme Events
1)(2
Outfall Meter®® Model
:\cnvatlon Volume (MG) Activation Volume (MG)
requency Frequency
Alewife Brook
CAMO001 3 0.10 3 0.12
CAMO002 0 0 1 0.06
MWRO003 3 5.09 3 5.83
CAM401A 3 11.78 3 3.05
CAM401B 3 3.14 3 1.68
SOMO01A 3 12.15 3 6.99
TOTAL 3 32.26 3 17.73
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TabT.e Summary of Modeled and Metered CSI
Events (July 1, 203gptémber8l, 20201

Extreme Events
Outfall Meter®® Model
?rcet(;\l/_]aeti]ocr;/ Volume (MG) ?r(:é\aaet:]%r; Volume (MG)
Upper Mystic River
SOMO07A/MWR205AC) 3 32.63 3 14.84
Mystic/Chelsea
Confluence
m;ﬁgfgjgmg'e 3 91.67 3 52.46
BOS013 3 0.06 3 0.45
BOS014 3 0.06 3 2.94
BOS017 3 2.22 3 2.06
CHEO03 0 0.00 1 0.00
CHEOQ04 2 0.75 3 0.94
CHEO08 3 3.65 3 5.32
TOTAL 3 98.41 3 64.17
Upper Inner Harbor
BOS009 2 0.60 3 1.21
BOS010 2 0.12 3 0.85
BOS012 1 0.01 0 0.00
BOS019 3 2.50 3 3.33
BOS057 3 14.65 3 8.34
BOS060 3 0.77 3 5.18
MWR203 (Prison Point) 3 211.39 3 207.39
TOTAL 3 230.04 3 226.3
Lower Inner Harbor
BOS003 3 12.43 3 12.19
BOS004 3 0.11 3 0.12
BOS005 0 0.00 0 0
TOTAL 3 12.54 3 12.31
Fort Point Channel
BOS062 2 0.16 3 5.46
BOS064 3 6.88 3 0.46
BOS065 2 2.56 3 6.98
BOS068 3 0.90 2 0.24
BOS070/DBC 3 27.56 3 40.07
MWR215 (Union Park) 3 45.53 3 46.79
BOS070/RCC 1 0.65 3 1.42
BOS073 2 0.37 3 0.12
TOTAL 3 84.61 3 101.54

15



Task 10: Annual Report January - December, 2021

TabT.e Summary of Modeled and Metered CSI
Events (July 1, 203eptémber 81,2201
Extreme Events
Outfall Meter( Model
?gé‘ﬁ:}ocr; Volume (MG) ?r(:é\aaet:&r; Volume (MG)

Reserved Channel

BOS076 3 0.41 3 3.59
BOS078 3 0.53 2 0.35
BOS079 0 0.00 0 0.00
BOS080 1 0.07 1 0.11
TOTAL 3 1.01 3 4.07
Upper Charles

CAMO005 3 4.34 3 1.53
CAMO007 3 5.49 3 6.12
TOTAL 3 9.83 3 7.65
Lower Charles

CAMO017 3 9.71 2 5.05
MWRO010 0 0.00 1 0.11
MWRO018 3 2.66 3 5.89
MWRO019 3 1.1 3 4.07
MWRO020 3 1.06 3 11.70
MWR201 3 78.83 3 64.56
MWR023®®) 3 1.72 3 0.44
TOTAL 3 95.08 3 91.82
Back Bay Fens

BOS0464® 3 5.15 3 131
TOTAL 3 5.15 3 1.31
TOTAL TREATED 427.42 371.2
TOTAL UNTREATED 141.51 155.7
GRAND TOTAL 568.93 526.90

(1) Metered data are estimates of outfall discharge calculated using data from sensors, taking into account physical

)
®3)
4)

®)

(6)

configurations and constraints.

Meter volume reported for metered outfalls is from MWRA, Cambridge, Somerville, and BWSC community meters.
MWRA is currently reviewing the facility meter data to assess inconsistencies in observed flow and water levels
BOS046 (Gatehouse 1) is primarily a stormwater discharge but may discharge CSO if the upstream regulators
overflow. The upstream regulators are monitored by BWSC. The gatehouse is normally closed but may be opened
for flood mitigation. Flow can discharge at Gatehouse 1 if the gate is opened or if water overtops the closed

gate. Based on model tracer studies, when a discharge occurs during model simulations at BOS046 and one or
more of the upstream regulators in the Stony Brook system are predicted to activate, it was estimated that 25% of
the CSO from the upstream regulators discharges at the MWRO023 outfall (Charles River) and 75% discharges at
BOS046 (Back Bay Fens). Therefore, because the gate was open during all three storms, the reported CSO
volumes for the model at MWR023 are based on 25% of the CSO volume from the upstream regulators and the CSO
volumes at BOS046 are based on 75% of the CSO volume from the upstream regulators.

BOS046 (Gatehouse 2) contains a gate which may also be overtopped in larger storm events; this gate was added
to the model after the Q1-2021 system conditions model run per new field information. Meter activations and volume
were not available for Boston Gatehouse 2 during monitoring period.

MWRA is currently reviewing the overflow volume calculation methodology at these locations and coordinating with
BWSC.

16



Task 10: Annual Report January - December, 2021

3. Updated System Performance Assessment
LTCP Levels of Contr ol

3.1 Performance Assessment

Hydraulic modeling has historicallynscserofdths MWBAbLR SC:
system. This sectdysnt esmmpear ficremance under Typical Year

Q42021 system conditions model, representing conditions
accounting of tdeal sYeaatru so vaenrdf |Tepw Ralc tSiyvsitteym aCso nodfi tQ4ons f
di scharge |l ocations addressed by MWRAG6s CSO planning ef
responsi bil-wtgdef €650sgeotnemM®8303.n thaeblm d8 al snodept eslent s ¢
CSO discharge |l evels for 1992 system conditions for thi
Year |l evels of control as defined-2081t BgsBemogdn8iipohe
activations or vol umees tdhoatnoar e coriecavtegdr tthhean T(CiP. goal s

each CSO outcfoaleld ibsasceal oorn status of attainment with th

19 Dark blue indicates outfalls th&t02dc kiosmde ttiloea@nsLTCP g
Light klauesi mditfalls that are forecast to achieve th

No color indicates outfalls which are particularly ¢
the LTCP goal s.
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Tab8e Typi cal

Outfall currently achieves LTCP activation and volume goals.

Year

Perfor ma2me: CBhaxgdd ltii men s1 A,

LgLP G

Outfall is forecast to achieve LTCP goals after Dec 2021.

Out_fall investigat@ons continue for forecast of LTCP Model prediction is greater than LTCP value.
attainment potential.
1992 SYSTEM CONDITIONS @ Q4-2021 SYSTEM CONDITIONS COkI('?ggLTEEXIN @
OUTFALL — — —
Activation Volume Activation Volume Activation Volume
Frequency (MG) Frequency (MG) Frequency (MG)
JALEWIFE BROOK
CAMO001 5 0.15 1 0.02 5 0.19
CAMO002 11 2.73 0 0.00 4 0.69
MWRO003 6 0.67 3 0.61 5 0.98
CAMO004 20 8.19 Closed N/A Closed N/A
CAM400 13 0.93 Closed N/A Closed N/A
CAM401A 5 0.66 5 1.61
CAM401B 18 212 4 0.50 7 2.15
10 11.93 8 4.47 3 1.67
SOMO001 0 0.00 Closed N/A Closed N/A
SOMO002 0 0.00 Closed N/A N/I®) N/I®
SOMO002A 0 0.00 Closed N/A Closed N/A
SOMO003 0 0.00 Closed N/A Closed N/A
SOMO004 5 0.09 Closed N/A Closed N/A
TOTAL 26.81 6.26 7.29
UPPER MYSTIC RIVER
[SOMO07A/MWR205A) 9 7.61 5 4.50 3 3.48
0 0.00 Closed N/A N/I®) N/I®
3 0.06 Closed N/A Closed N/A
TOTAL 7.67 4.50 3.48
MYSTIC/CHELSEA CONFLUENCE
MWR205 (Somerville-
Marginal CSO 33 120.37 30 99.71 39 60.58
Facili
BOS013* 36 4.40 8 0.27 4 0.54
20 491 8 1.44 0 0.00
BOS015 76 2.76 Closed N/A Closed N/A
49 7.16 6 0.34 1 0.02
49 2.51 Closed N/A 4 0.22
39 3.39 0 0.00 3 0.04
44 18.11 2 0.08 3 0.32
[CHE008(" 35 22.35 6 1.94 0 0.00
TOTAL 185.96 103.78 61.72
UPPER INNER HARBOR
BOS009™" 34 3.60 10 0.73 5 0.59
BOS010 48 11.83 1 0.07 4 0.72
BOS012 41 7.90 0 0.00 5 0.72
BOS019 107 4.48 1 0.07 2 0.58
BOS050 No Data Closed N/A Closed N/A
BOS052 0 0.00 Closed N/A Closed N/A
BOS057* 33 14.71 2 1.33 1 0.43
BOS058 17 0.29 Closed N/A Closed N/A
BOS060* 64 2.90 2 0.47 0 0.00
'I‘:":(\:’i'ﬁf)?)f {FET) e 28 261.85 17 248.33 17 243.00
TOTAL 307.56 251.00 246.04
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Table 8. Typical Year Perf-20mhAnCendiBtaisemns n&nd I9ODRCP Q&

1992 SYSTEM CONDITIONS @ |Q4-2021 SYSTEM CONDITIONS conaRa TERM o
OUTFALL - - — - -
Activation Volume Activation Volume Activation Volume
Frequency (MG) Frequency (MG) Frequency (MG)
LOWER INNER HARBOR
BOS003" 28 18.09 9 5.93 4 2.87
34 3.43 0 0.00 5 1.84
4 10.23 0 0.00 1 0.01
17 1.21 Closed N/A 4 0.24
34 3.93 Closed N/A 6 1.05
TOTAL | 36.89 5.94 6.01
CONSTITUTION BEACH
m 24 4.00 Closed N/A Closed N/A
TOTAL 4.00 N/A N/A
FORT POINT CHANNEL
BOS062® 8 4.15 5 1.26 1 0.01
14 0.99 1 0.01 0 0.00
BOS065® 11 3.08 1 0.62 1 0.06
BOSO068 4 0.62 0 0.00 0 0.00
BOS070/DBC®) 7 6.18 3 2.19
E":gﬁfyl)‘r’ (e (1 4 281.62 10 26.64 17 71.37
OS070/RCC 0 0.00 2 0.26
21 3.62 Closed N/A 0 0.00
23 4.73 0 0.00 0 0.00
TOTAL 298.81 34.71 73.89
RESERVED CHANNEL
65 65.94 1 0.10 3 0.91
41 14.84 0 0.00 3 0.28
18 2.10 0 0.00 1 0.04
33 6.21 0 0.00 3 0.25
89.09 0.10 1.48
NORTHERN DORCHESTER BAY
13 0.32 0/ 25 yeart® N/A 0/ 25 year® N/A
28 3.75 0/ 25 year? N/A 0/ 25 year® N/A
14 1.05 Closed N/A 0/ 25 year® N/A
15 3.22 0/ 25 year? N/A 0/ 25 year® N/A
12 1.31 0/ 25 yeart® N/A 0/ 25 year® N/A
80 3.31 0/ 25 year? N/A 0/ 25 year® N/A
9 1.27 Closed N/A 0/ 25 year 10 N/A
14.23 0.00 0.00
SOUTHERN DORCHESTER BAY
BOS088 0 0.00 Closed N/A Closed N/A
BOSO089 (Fox Pt.) 31 87.11 Closed N/A Closed N/A
BOS090 (Commercial Pt.) 19 10.16 Closed N/A Closed N/A
TOTAL 97.27 0.00 0.00
UPPER CHARLES
BOS032 4 3.17 Closed N/A Closed N/A
BOSO033 7 0.26 Closed N/A Closed N/A
6 41.56 8 0.75 3 0.84
1 0.81 1 0.47 1 0.03
19 0.19 Closed N/A 2 0.01
1 0.07 Closed N/A 0 0.00
TOTAL 46.06 1.22 0.88
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Table 8. Typical Year Perf-202nmhnCendiBtaisehs nand 9L
1992 SYSTEM CONDITIONS @ [Q4-2021 SYSTEM CONDITIONS cok:?ggLTEFRAN (2)
OUTFALL
Activation Volume Activation Volume Activation Volume
Frequency (MG) Frequency (MG) Frequency (MG)
LOWER CHARLES
4 0.02 Closed N/A Closed N/A
0 0.00 Closed N/A Closed N/A
1 0.01 Closed N/A Closed N/A
6 4.72 0 0.00 1 0.45
16 0.08 0 0.00 0 0.00
MWR018®) 2 3.18 2 1.11 0 0.00
MWR019®) 2 1.32 2 0.47 0 0.00
MWR020® 2 0.64 2 0.46 0 0.00
MWR021 2 0.50 Closed N/A Closed N/A
MWR022 2 0.43 Closed N/A Closed N/A
'I\:"a\l’(\:’iﬁtzm(g) (Cottage Farm 18 214.10 2 9.09 2 6.30
MWR023® 39 114.60 1 0.03 2 0.13
SOMO010 18 3.38 Closed N/A Closed N/A
TOTAL 342.98 11.28 6.88
NEPONSET RIVER
72 1.61 Closed N/A Closed N/A
11 5.37 Closed N/A Closed N/A
TOTAL 6.98 0.00 0.00
BACK BAY FENS
BOS046 i Boston GH1® | 2 5.25 1 0.10
BOS046 i Boston GH2® \ 0 0.00 2 538
TOTAL 5.25 0.10 5.38
Total Treated 698 384 381
Total Untreated 759 30 23
GRAND TOTAL 1457 414 404
Notes:

* Model predicted activation and volume for Q4-2021 System Conditions has decreased since 1992 levels to a level believed to achieve
anticipated water quality improvements. The inability to precisely meet activation and/or volume goals at these locations is considered
immaterial.

(1) 1992 System Conditions include completion of Deer Island Fast-Track Improvements, upgrades to headworks, and new Caruso and
DeLauri pumping stations. Estimated 1988 Grand Total Typical Year CSO volume (prior to these improvements) was 3,300 million
gallons.

(2) From Exhibit B to Second Stipulation of the United States and the Massachusetts Water Resources Authority on Responsibility and
Legal Liability for Combined Sewer Overflows, as amended by the Federal District Court on May 7, 2008 (the "Second CSO
Stipulation™).

(3) N/I: Outfall is not included in Exhibit B to the Second CSO Stipulation.

(4) Tentatively closed pending additional hydraulic evaluation by City of Cambridge.

(5) BOS046 (Gatehouse 1) is primarily a stormwater discharge but may contain CSO if the upstream regulators overflow. The upstream
regulators are monitored directly. Gatehouse 1 is normally closed but may be opened for flood mitigation. Flow can discharge at the
Gatehouse if either the gate is opened or if water overtops the gate. Based on model tracer studies, when a discharge occurs it is
estimated that 25% of the CSO from the upstream regulators discharges at outfall MWR023 (Charles River) and 75% discharges at
outfall BOS046 (Back Bay Fens).

(6) BOS046 (Gatehouse 2) contains a gate which may also be overtopped in extreme wet weather; this gate was added to the model after
the Q1-2021 system conditions model run per new field information.

(7) See Table 9 below for outfalls forecast to attain LTCP goals by 2024.

(8) See Table 10 below for site-specific investigations underway where modeled concepts predicted to attain LTCP goals are
moving into design.

(9) See Table 11 below for site-specific investigations underway where no additional system improvement has yet been recommended to
attain LTCP goals.

(10) The outfalls do not discharge in a 25-year storm as defined at the time the LTCP was approved.
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As indicated in Table 8, of the gdByosutadhl ysctbaedr emaa:s
with the North Dorchester Bay CSO Storage T2wmnlel ), 30
conditions. Of the remaining 16 outfalls, six have pr o]
constructiexmpeaxndcdarteo be completed by 2024. Conceptual

outfalls which wildl be brought into design and possi bl
consistent findings to the model ad c¢cemae pmt adev @lacped.ul’
chall enging and no clear alternatives commensurate to |
Il nvestigations continue for these six challenging outf:

3.2 Outfalls Forecast to AttainblyT OR clcntbierat i «
2024

Table 9 presents the six outfalls that are forecast to
outfalls were origi nR3alofy tphree sDeenctedals &drn63TE,bhZ2d0 2CSO Post

Construction Monit or ianngc eP rAosgsreasns nfeontth EReefparktmé Repor t 0) .
presents the same i n¥ owimah iuwpmd atreodn iTrafbd rem&t i on provi ded
outfall, Table 9 presents a description and twpdetsaud tst ¢
in attainment of the LTCP goals by 2024, as wel |l as t he

schedule for completion.

Tab®e Outfalls Forecast to Attain LTCP Goal s

TO BE TENTATIVE
OUTFALL LOCATION SYSTEM IMPROVEMENT(S)* IMPLEMENTED SCHEDULED
BY COMPLETION

MWR205 Construct new connection from the facility influent
conduit to the interceptor and replace tide gate.
Project is currently in the design phase.
Somerville Survey has been conducted and borings

Marginal CSO |needed to design the connecting structure MWRA 2024
SOMOO07A/ i . ) .

Facility and gate chamber are being coordinated with

MWR205A ; .
MassDOT and are expected this spring.
Project is scheduled to bid in Spring 2023,
completed in Spring 2024.

BOS003 Complete BWSC Sewer Separation Contract 3,
including upgrade of interceptor connection at
regulator RE003-12. Construction began in
August 2021 and is ongoing. Separation is
BOS009 complete for approximately 10% of the area to
EastBoston |P€ separated. Additional work has been BWSC 2023
completed to facilitate future separation.

Construct new interceptor connection as part of
BWSC Sewer Separation Contract 3. New

BOS014 .

connection has been completed and was

brought online January 24, 2022.

Replace/upgrade interceptor connection. Final
design is almost complete and the project is
anticipated to be advertised in May 2022 and
the award issued in August 2022.

CHEO008 Chelsea Creek MWRA 2023

*Bold text indicates update to the table since it was originally presented in the Task 6 Report.
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3.3 Outfalls Where Modeled Concepts are Movin

Table 10 presents four of the remaining | ocations wher e
exceed the LTCP goal s. At these |l ocations MWRA has ic
adjustments that may further mivtaitdg othes @%@ diod awwhmersgd o, 1t
the LTCP goal s. MWRA is continuing to work with BWSC t
to meet LTCP goals when they are implemented. MWRA i s
constructabiolri ttyheasred pecogtecft s. I nformation on these o

24 ofTatshke 6 .Re&paonitl ar to the table above, updates to the
shown in bol d.
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Tabl@e Outfall s dwiCtomcMpdelDeesi gns Predicted to Attai

Q4-2021 SYSTEM LONG TERM

CONDITIONS MODEL |  CONTROL PLAN FUTURE CONDITION | QUTFALLS WITH MODELED CONCEPT
OUTFALL DESIGNS PREDICTED TO ATTAIN

Activation | Volume | Activation | Volume | Activation Volume LTCP GOALS"

Frequency (MG) Frequency (MG) Frequency (MG)

MYSTIC/CHELSEA CONFLUENCE

 MWRA has developed a concept design
to construct modifications to the Sullivan
Square siphon structure including
adjustable stop logs upstream of each
siphon barrel. MWRA is coordinating
with BWSC on the feasibility and cost of
this alternative.

9 MWRA continues to work with BWSC
to evaluate constructability and cost
for this project

BOS017 6 0.34 1 0.02 0 0.00

FORT POINT CHANNEL

9 MWRA is coordinating with BWSC on
the feasibility and cost of an alternative
to relieve the interceptor connection.

9 MWRA continues to work with BWSC
to evaluate constructability and cost
for this project

BOS062 5 1.26 1 0.01 0 0.00

9 MWRA is coordinating with BWSC on
the feasibility and cost of an alternative
to raise the weir at the regulator.

{ MWRA continues to work with BWSC
to evaluate constructability and cost
for this project

BOS065 1 0.62 1 0.06 1 0.03

9 MWRA is coordinating with BWSC on
the feasibility and cost of an alternative
to add a parallel relief pipe downstream
of regulator REQ70/7-2.

 MWRA continues to work with BWSC
to evaluate constructability and cost
for this project. BWSC will be
installing level sensors in Spring
2022 that will be used to assess the
water level in the interceptors near
REQ70/7-2.

BOS070/DBC 7 6.14 3 2.19 2 2.06

*Bold text indicates update to the table since it was originally presented in the Task 6 Report.
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3.4 Outfalls Currently Not Forecast to Attain

Table 11 presents the six remaining |l ocations where Tyr
the LTCP goals and no additional system i mprovement ha:
continued to track CSO performamceaased hefsehil gtart i onesr f
I n Tadl efTatshke 6 ,RVMRIAt i dent i fi ed candidate projects or
further mitigate CSO discharges to bring activations
Table 12 spnéderersame | ist of outfall | ocations where s

al
it
remaining six outfalls that present significant <chall e
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Tabl® Out f al

|l s Present

ng Significant Chal

OUTFALL

Q4-2021 SYSTEM
CONDITIONS MODEL

LONG TERM
CONTROL PLAN

FUTURE CONDITION

Activation | Volume
Frequency (MG)

Activation | Volume
Frequency (MG)

Activation
Frequency

Volume
(MG)

OUTFALLS PRESENTING SIGNIFICANT
CHALLENGES

ALEWIFE BROOK

SOMOO01A

8 4.47

3 1.67

TBD*

TBD*

9 Potential modifications to the regulator
structure including raising the weir and
interceptor connection relief, relining
portions of the Alewife Brook Conduit (ABC)
and Alewife Brook Branch Sewer (ABBS)
and upstream flow controls have been
evaluated but a feasible plan to meet the
LTCP goals has not yet been identified.
MWRA is coordinating with City of
Somerville to investigate whether flood
control measures being considered by the
City of Somerville may provide CSO
reduction benefit.

CHARLES RIVER

MWR201
(Cottage Farm)

2 9.10

2 6.30

TBD*

TBD*

9| Evaluated upstream sewer separation and
targeted groundwater infiltration removal.

9 Further alternative development and
evaluation with consideration of water
quality benefits and cost to be considered.

CAMO05

8 0.74

3 0.84

TBD*

TBD*

9] Further coordination with CSO community
to balance level of service needs against
evaluated weir raising, cleaning of outfall,
and separation of upstream areas.

9 Further alternative development and
evaluation with consideration of water
quality benefits and cost to be considered.

MWRO018

2 1.12

0 0.00

TBD*

TBD*

MWRO019

2 0.48

0 0.00

TBD*

TBD*

MWRO020

2 0.48

0 0.00

TBD*

TBD*

9| Evaluated alternatives including raising
weirs, reducing head loss in the BMC, and
redirecting upstream BWSC separate storm
drains.

9 Further alternative development and
evaluation with consideration of water
quality benefits and cost to be considered.

Note:

*Insufficient details are available to evaluate impact of alternative on Typical Year activation frequency and volume.
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3.5 Summary

With the compoeti Gaonsofr abdti on Monitoring Pr,ogM@RA and Pe
has demonstrated that 70 of the 86 outfalls Iisted in |
mat eraicahlileeved LTCP goal sAdbyndthed einrd talhree2idilir.toeddi cSti athe s 6
Response to the Suppl ement al Report submitted by MWRA
Order to be extended until Decembamd 2024t h®er compll edtee i
alternatives to further reduce CSOs at the sixteen out!
31, 20bh&. phatse of twhilHepeaefbeeedto focus on the 16 additio
forecast eldTGPo gdeneltdescri bed above, of the 46 outfalls t
physically closed or associated with the North Dorches:
LTCP goal s2®X%1 odom4i ti ons. Of the hawmai piogedbsoudf méés

goals that are in design or construction and are expec!H
have been established for four outfalls which will be |
constrwuygthdidonfirmed and detailed design provide consi
developed. The six outfalls that remain are particul ar/l
commensurate to the minimal recei vhntnigf iwad.er Igmuwad dttiyg teil
continue for these six challenging outfalls.
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Appendix ARai nf al | Processing and Anal yses
December 31, 2021

A.1 Rainfall Analyses

This section presents the ruagiensf awilt hdant a hnee aMsWRrAe dv afsrt cerw a.
area duringJtameapegrilod 2®f21 t hroughl Deakmbede8d&ri B81t h

the rainfall data used to characterize the return peri
measuredI|rdiomfahe 2021 period to thd% Pmewfalé$ rtachbdked
analyses were based ond®PwbhohowbhgPaphkliywhed( TR 1961 and
rei ssuedTiPhO 1068t i nued t os blemiussidon hafoutghhe Fi nal Post C
Moni toring Report to be consistent withFohet wobskrdpaet
and for analyses going forward the methodol ogy for <c¢chal
evemwtas updated to NOAA oAtilgapudlldi,ys Wed uimre i1lrf0 20 1% and upoc
Atl as l14analkysidesof moreaireaalatl florstbei Nart hdaaxst ern Un|i
addition, this change i 9erde dpyorMaiswseDEtPo ilnarmguagee omrseyv it o
document on the 2019 Charles River Variance. I n the r ¢
when MWRA and Cambridge and Somerville do future CSO pl
for prieocni pdiattaat, which i s the most cudMeaesnssDERP mpentatamn o
further twWwhstetstohmtrBcurrence frequencies have chang
MassDEP does not expect the benefbéscomp MWRA6S§sedCSODgaooDNi
the events odogywprrcidugederatro heval uate the effectiveness of
When comparing the recurrence i4n0t eirtv antass foobrs eNO/AeAd Att H aats
for NOAA Atlllaesr 164k, oksemsat hose ithermddgygpi@eadcdermr)ess frequ
l arger (9Dor mes a Tgpdedl tV¥eacrur Umomg MNO&ARuAnht hgl4 does
affect the conclusions regarding cpmpjl é atne en orf efafsdr tco |
underway to achieve the LTCP goals for the 16 Remainingq
Values for Atlas 14 for Boston weone Aepxrtirla clt2e,d 2f0r202m NhAle/
partial duration curvesurweerne eusiend etros aa sss.i g nl htehes ntadd e st
duration cur vesyeaadrdrsetsosr mm ss ot htehel parti a-modtha-eandn 6l DF ¢
month frequencies were extrapolated. Al of the storm i
setions below are based on the 2019 edition of Atlas 1.
A.1.1 Rainfall Data Collection and Processing
Rainfall was quanti fi eni nfwtre trhaisn faanlall ydsa tsa ucsd Inlge cltbed a't

over the MWRArayeatgmugé€EBear el lainsd etdh e nl olcaabtlieomMs ar e sho
A-1 .

STypical Year Rainfall or Typical Year : Th eTerm&sd Control ®landnelude bj ect i ves o
annual frequency and volumeof CSO di scharge at each outfall based on ATypical Year 0
Logan Airport, 1949-1987 plus 1992. The Typical Year was a specifically constructed rainfall series that was based primarily on a

single year (1992) that was close to the 40-year average in total rainfall and distribution of rainfall events of different sizes. The

rainfall series was adjusted by adding and subtracting certain storms to make the series closer to the actual averages in annual

precipitation, number of storms within different ranges of depth and storm intensities. The development of the Typical Year is

described in MWRAOGs System Master Plan Baseline Assessment, June 15,
total precipitation of 46.8 inches.

s TP 40:https://reduceflooding.com/wp -content/uploads /2018/09/TechnicalPaper No40.pdf

» Atlas 14 Volume 10 report : https://www.weather.gov/ media/owp/oh/hdsc/docs/Atlas14_Volumel0.pdf

2 NOAA's Data server for MA: https://hdsc.nws.noaa.gov/hdsc/pfds/pfds_map_cont.htmI?bkmrk=ma
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Tabl-8. AR@aug e s

Gauge CgName Owner Gauge Co| Name Owner

B GD 1 Ward St. MWR A BWSCO0O0G®6 Dor c h eTsatl éb) BWS C

B OD {2 Col umbus P|MWRA R o x Roxbury BWSC
Uni on Park

BWSCO0O01 |[St a. BWSC CHBO1 Chel sea C|MWRA

BWSC002 |[Rosl indal e|BWSC FRESH_PQUSGS Fres|USGS
Dorchester

BWSCO0O03 | St . BWSC HF1C Hanscom A| MWRA

BWSCO004 [All ston BWSC R GWF-1 Hayes Pum|  MWRA

Somervill

BWSCO0O07 |[Charl est ow|BWSC SOM Remot e MWR A

EB East Bosto|BWSC Lex Lexington|Projléct

BWSC008 [Longwood M| BWSC SP Spot Pond|Projléct

BWSCO0O0O5 |Hyde Park BWSC WF Wal tham F|Projlélct

(1) Project gauges were removed as of July 1, 2020. Project gauge data has been replaced with the nearest rain
gauge, following the QA/QC procedures and closest rain gauges substitution table.

Quality assurance and qualityttendaotla wasedpoovigeedrky
comparing tot al rainfall depth and rainfall intensity
shape of rainfall hyetographs was reviewed for irregul .
| oweat al rainfall depths than other gauges, and unusual
and further reviewed.

Suspect or missing rain gauge data were replaced with
proxi mity. I f t he scdsopseecstt dyaatuag,e talles os ehcaadnd cl os2est rain
identifies the two closest rain gauges to each of the |
recorded -8n Tabl e A

Additional information on the methodol ogies for rainfal
Semiannual Reports 1 and 2



https://www.mwra.com/cso/pcmapa.html
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Substi

Tabl-2. ACl osest Rain Gauges for Dat a

Origin Gauge Cl osest Gau Second Cl oses

Gauge Name Gauge Co Gauge CcDI(Smtie)‘ Gauge C DI(Smti?r
Ward Street B GD 1 BWSCO0O0S8 0.66 Ro x 1.23
Col umbus Par klBQGD}2 BWSCO001 1.214 Ro x 2.39
gtnii;)inorF]’ark PuBWSCO0O01 B OD {2 1 24 B OD {1 1 592
Roslindal e BWSCO0O02 BWSCO0O05 2.02 BWSCO0O06 2.54
Dorchester Ad BWSCO0O03 BWSCO0O0®6 1.37 Ro x 2.88
Al l ston BWSCO0O04 BWSCO0O08 1.81 FRESH_PO|2. 03
Hyde Par kStRaalf BWSCO0O05 BWSCO0O02 2.02 BWSCO0O06 3.36
DorcheSalebot BWSCO0O06®6 BWSCO0O03 1.37 Ro x 1.86
Charl estown BWSCO007 EB 1.53 CHB 01 1.80
Longwood Medi|BWSCO008 B OGD 1 0.67 Roxbury 1.71
Chel sea Creek CHBOL EB 0.60 BWSCO0O07 1.80
East Boston EB CHB 01 0.60 BWSCO0O07 1.53
USGS Fresh PoFRESH_PONBWSCO0O04 2.21 SOM 3.26
Hanscom AFB HF1C Lex 4. 47 WEF 6. 92
Lexington Far|[Lex FRESH_PON4. 08 WF 4 .37
Hayes Pump St|RGWF1 SP 3.58 Lex 7.13
Roxbury R o x B OD {1 1.23 BWSCO0O08 1.71
Somerville SOM BWSCO0O07 1.95 CHB 01 3.07
Spot Pond SP SOM 4. 12 Lex 5. 34
Wal t ham Far m | WF FRESH_PON3. 37 BWSCO0O04 3.86

Tabl-8 ASummary of Rainf al D a t Dae cReenpbl earc e2nPez2nit

Rain Gauge RepIaTciemn;ent Repla}rciemrzent RepcI;:L::ge?ent

02/18/2021 1|02/18/ 2021 1|{Col umbus ®dax)

Ward Str-®¢t) (03/11/2021 9|03/11/2021 9|Col umbus Ddax)

05/ 24/2021 8|05/ 24/ 2021 8|Col umbus Ddax)

02/18/2021 9|(02/18/ 2021 9|(Ward Strki)

Columbus PRI 03/11/2021 9|(03/11/2021 1({Ward Strki)
03/12/2021 8|(03/12/2021 8|(Ward Strki)

05/ 25/ 2021 8|05/ 25/ 2021 8|(Ward Strki)

Union Park PufdO1/26/2021 1|01/27/2021 1|[Col umb usBapa2)

Station (BWSC(Qp2/18/2021 1|02/ 21/2021 1|Col umbus ®ax)

A-30
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Tabl-8. ASummary of Rainfal/l DaDaecRepkaceémednt ( C
. Repl acement Repl acement Repl acement
RETEE U@ & Ti me Ti me Gauge
01/ 26/ 2021 1|01/ 27/2021 1|Ward St rkt)
Roslindale (BY02/18/2021 1|102/21/ 2021 1|Ward St rk#)
06/ 29/ 2021 1|06/ 29/2021 1|Ward St rkt)
01/01/ 2021 0f(01/03/2021 O|Roxbury (ROX
01/03/2021 0|01/31/ 2021 2|Ward St rk2)
Dorchester T
02/01/ 2021 0(04/30/2021 6 (BWSCO006)
Dorchester Adf{ .
(BWSCO0O03) 04/ 30/ 2021 6|06/ 30/2021 2|Roslindale (
. Dorchester T
o7/1/ 2021 0:|107/31/2021 2 (BWSCO0O0G6)
08/1/2021 0:]|]08/ 22/ 2021 2|Roslindale (
Dorchester T
08/ 23/2021 0f12/31/2021 2 (BWSC006)
01/26/2021 1|01/ 27/2021 1|Ward St rRk)
Al l stBWSC004)
02/18/2021 1|02/ 21/2021 1|(Wward Strk#)
Hyd e rk Poli0O1l/26/2021 1(01/27/2021 1|Ward St rRi)
(BWSCO005) 02/18/2021 1[02/21/2021 1|Ward St rRi)
01/01/2021 0(01/03/2021 O|Roxbury (ROX
01/03/2021 0f(01/31/2021 2|Ward St rRt)
DorcheSalebot
(BWSCO006) 02/ 18/ 2021 1102/ 21/ 2021 1|Col umbus ®dx)
4/ 30/ 2021 6:|06/30/2021 2|Roslindale (
08/ 1/2021 0:|(08/22/2021 2|Roslindale (
Charlestown (H01/01/2021 0f(12/31/2021 2|East Boston
Longwood Medi @
(BWSCO008) 01/01/2021 0|12/31/ 2021 2|Ward St r2i)
01/ 26/ 2021 1|01/ 27/ 2021 1|Col umbu sB a2
Chel sea (CBedhk |02/ 18/ 2021 1({02/21/2021 1|(Col umbus Mdax)
12/17/ 2021 9|12/ 17/ 2021 9|Somerville (
01/ 26/2021 1|01/ 27/ 2021 1|Col umbu sB a2
East Bost on (F02/18/2021 1102/ 21/2021 1({Col umbus ®ax)
12/1/ 2021 0:112/31/ 2021 2|Chel sea CB®&e
1)
02/18/2021 1102/ 21/ 2021 1|Ward St rk2i)
05/30/2021 9|05/31/ 2021 7|Somerville (
USGS Fresh Por -
(FRESH_POND) 07/ 1/ 2021 0:|108/ 27/ 2021 1|All ston (BWS
09/18/2021 0/09/18/ 2021 O|All ston ( BWS
09/ 28/2021 0|/09/28/ 2021 O|All ston (BWS
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Tabl-8. ASummary of Rainfal/l DaDecReplk alc@drtiit n u
. Repl acement Repl acemen Repl acement
el w Laugs Ti me End Ti me Gauge

10/30/2021 2|10/31/2021 Al l
11/3/2021 0:|111/3/72021 OfAIll
11/12/72021 11/12/7 202
11/ 2772021 11/ 277202
12/11/ 2021 12/ 11/ 202
12/16/2021 12/ 16/ 202

1

1

1

ston ( BWS
ston ( BWS
Al l ston ( BWS
s
s
s

Al l ston ( BWS
Al'l st on ( BWS
Al'l st on ( BWS
Al | tBoMBECO0 0 4
Al'l st on ( BWS
Al l ston ( BWS

Fresh Pond
(FRESH_POND)

Hanscom AEB)(HF|7/1/2021 0:0(8/27/2021 1(All ston ( BWS

USGS Fresh Pond
(FRESH_POND)

12/ 24/ 202 12/ 24/ 202
12/ 27/ 202 12/ 27/ 202
12/ 28/ 202 12/ 28/ 202

Ninv|Invv|o|lo)o
Rl

01/01/2021 0jJ]06/30/ 2021

Fresh Pond
8/ 27/ 2021 13(12/31/2021 (FRESH_POND)
Fresh Pond
01/01/2021 0f(06/30/ 2021 (FRESH_POND)
Lexington Farm 07/1/2021 0:|108/ 27712021 Al'l st on ( BWS
Fresh Pond
08/27/2021 1|(12/31/2021 (FRESH_POND)
Fresh Pond
01/ 26/ 2021 1|01/ 27/ 2021 (FRESH_POND)
02/18/2021 1|02/ 21/2021 Ward St r2te)

Hayes Pump -VBR13).

Fresh Pond

06/29/2021 1|06/ 29/ 2021 (FRESH_ POND)

11/ 24/2021 1)11/29/ 2021 Somerville (
Roxbury (ROX) 01/03/2021 0f(12/31/2021 |Ward St rk2te)

01/16/ 2021 2(01/27/ 2021 Chel sea CBB®s
Somerville (SOM) 1)

02/18/ 2021 02/21/2021 [(Ward Strki)
Spot Pond (SP) 01/01/2021 0)12/31/2021 Somervill e (

Fresh Pond
(FRESH_POND)

Waltham Farm (WHO7/1/2021 0:({08/ 27/ 2021 Al l ston ( BWS{

Fresh Pond
(FRESH_POND)

01/01/2021 0(06/30/ 2021

08/27/2021 1(12/31/2021

*Replacing missing timestep from USGS Fresh Pond with nearest active gauge

A.1.2 Monitored Storms and Comparison with Ty
For the period of January 1 to December 31, 2021, the

and summar i zgedt,heprdoavtiediannd ti me, dur ati onhourehloulme, aver
and-hfo8ur intensities and storm recurrence intervals for
were assigned values o6 m8nmost h6 , mi&n myleesatrh 5 ,oyr8atrh,e near
year for recurrence intervals greater than 2 year, bas:¢

Tabl-£4 ;Aresents the summary of storm events for Ward Str
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December 202%ta shoewsé¢ hdhd 100 storm events occurred in
Street Headwor ksDir)a.i n Ghhaigmaj(BrOi ty omoavantechadehess t
interv-abarabodl24dur ati ons.

During the periodSegmbBeld y2021toudh. mMbdinches of rain fel
Headwor ks rain gauge with 12.74 incaedhalnf Jmdryt |l perei oc
equal ed approximately half of the total a@nmeal odaiviafr alel
from short duration and high intensity events to | onge.]
Regi onal Cli mat@@de€eindreed (NRIC)2021 the wettest July on
st amiede rainfaldll 38vemahesof which was 6.55 inches above

Tabl-4. ASummary of Storm Events at Ward -3 )jyetdr Hédad

December 2021

Peak |[Peak-|Peak- Storm Recui

Eved Date & |Durat|VolurfAvera hr hr hr Intefrval
Ti me (hr) (in)ylInten/lnten/lnten/lnten 48

(in/| (in/| (ing| Vhrf24hr] oo

1 1/ 1/ 2021 12 0. 586 0.05 0.12 0.02 N/ A <3m| <3m| N/ A
2 1/ 3/ 2021 2.75 0.06¢4 0.02 0.04 0.00 N/ A <3m| <3m| N/ A
3 1/ 14/ 202 6.25 0.0¢ 0.01 0.03 0.00 N/ A <3m| <3m| N/ A
4 1/ 16/ 202 9.25 1. 472 0.15 0. 34 0.06 N/ A <3m 3m N/ A
5 1/ 26/ 202 15 0.2 0.02 0.06 0.01 N/ A <3m| <3m| N/ A
6 1/ 28/ 202 10 0. 07 0.01 0.02 0.00 N/ A <3m| <3m| N/ A
7 2/ 1/ 2021 20 1.172 0.06 0.14 0.05 N/ A <3m 3m N/ A
8 2/ 6/ 2021 0.25 0. 01 0.04 0.01 0.00 N/ A <3m| <3 m| N/ A
9 2/ 712021 25.5 0. 37 0.01 0.07 0.01 0.01 <3m| <3m|<3n
10 2/ 9/ 2021 24.7 0. 11 0.00 0.03 0.00 0.0 <3m| <3 m|<3n
11 2/ 15/ 202 27 0. 617 0.02 0. 17 0.03 0.02f <3m| <3m|] 3m
12 2/ 18/ 202 41. 2 0. 41 0.01 0.04 0.01 0.01 <3m| <3m|<3n
13 |12/ 22/ 202 4. 25 0.16¢4 0.014 0.08 0.01 N/ A <3m| <3m| N/ A
14 2/ 27/ 202 7.25 0. 17 0.02 0.07 0.01 N/ A <3m| <3m| N/ A
15 3/1/ 20271 18. 2 0. 18 0.01 0.07 0.01 N/ A <3m| <3 m| N/ A
16 |3/11/ 202 0.25 0. 01 0.014 0.01 0.00 N/ A <3m| <3m| N/ A
17 |3/ 18/ 202 0. 785 0.08 0.13 0.03 N/ A <3m| <3m| N/ A
18 3/ 25/ 202 0. 112 0.02 0.04 0.01 N/ A <3m| <3m| N/ A
19 3/ 26/ 202 0. 012 0.00 0.01 0.00 N/ A <3m| <3 m| N/ A
20 |3/ 28/ 202 12 0. 885 0.07 0. 35 0.04 N/ A <3m| <3 m| N/ A
21 |13/31/ 202 13. 2 1.06¢4 0.08 0. 27 0.04 N/ A <3m| <3 m| N/ A
22 |4/ 127 202 0.25 0. 01 0.014 0.01 0.00 N/ A <3m| <3 m| N/ A
23 |4/ 15/ 202 41.5 2.74 0.07 0. 24 0.11 0.06 <3m lyr] 1y
24 |4/ 20/ 202 0.25 0. 01 0.04 0.01 0.00 N/ A <3m| <3 m| N/ A
25 |14/ 21/ 202 4. 75 0. 29 0.06 0.11 0.01 N/ A <3m| <3 m| N/ A
26 4/ 25/ 202 2.5 0.14d 0.04 0.05 0.00 N/ A <3m| <3 m| N/ A

12 NRCC: http://www.nrcc.cornell.edu/regional/tables/tables.html
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Tabl-4. ASummary of Storm Events at War(dBOsHL) eebr H@adwar k.
to December 2021 (Continued)

Peak|Peak-[Peak-[Storm Recurr et

Date & DuratVoIuAverelnhtrer|nhtre'”nh'fren dnt 2l ) aED
Eve Ti me (hr)] (injlnterdq (in/| (in/] (in/
27 |4/ 28/ 207 2.25 0.2 0.1 0.14 0.01 N/ A <3m <3m N/ A
28 |4/ 28/ 202 0.25 0.0 0.04 0.01 0.01 N/ A <3m <3m N/ A
29 14/ 29/ 202 16 0.8 0.0 0.2131 0.037 N/ A <3m <3m N/ A
3014/ 30/ 202 3 0.1 0.09 0.07 0.00¢d N/ A <3m <3m N/ A
31 5/ 2/ 202 2 0.0 0.01 0.0131 0.00¢( N/ A <3m <3m N/ A
32 5/ 4/ 202 11.5 0. 8 0.084 0.17 0.04 N/ A <3m <3m N/ A
33 5/ 5/ 202 21. 7| 0.6 0.03 0.2 0.037 N/ A <3m <3m N/ A
34 |5/10/ 201 4.5 0. 3 0.04g 0.13 0.01 N/ A <3m <3m N/ A
35 |5/16/ 202 0.5 0.0 0.14q 0.09 0.04¢ N/ A <3m <3m N/ A
36 |[5/26/ 202 11.5 0.3 0.03 0.1%9 0.01 N/ A <3m <3m N/ A
37 1|5/ 28/ 202 20 2.3 0.13 0.29 0.1d N/ A <3m 6 mly N/ A
38 |5/30/ 201 23 1.0 0.04 0.194 0.04 N/ A <3m <3m N/ A
39 6/ 9/ 202 2 0.0 0.0 0.03 0.00d N/ A <3m <3m N/ A
40(6/ 11/ 202 13.2( 0.7 0.0¢g 0.179 0.03 N/ A <3m <3m N/ A
416/ 14/ 2071 21 0.6 0.03 0.294 0.037 N/ A <3m <3m N/ A
4216/ 15/ 202 0.25 0.0 0.1 0.03 0.04¢ N/ A <3m <3m N/ A
4316/ 22/ 202 8.25 1.7 0.21 1.23 0.01% N/ A 4yr 3m6 m N/ A
44 6/ 25/ 203 4.25 0.0 0.0 0.03 0.04¢ N/ A <3m <3m N/ A
45 16/ 30/ 202 4.5 0. 4 0.09 0.24 0. 042 N/ A <3m <3m N/ A
46 |7/1/202] 78.5 5.6/ 0.01 1.29 0.14 o0.1d 4y 3y 4y
47 716/ 202 16 0.1 0.01 0.1q o0.01 N/ A <3m <3m N/ A
48 |7/ 7/ 2021 10. 2 0.5 0.04 0.3 0. 042 N/ A <3m <3m N/ A
49 |7/8/202] 32.7/ 3.0/ 0.0d 0.91 0.14 0.07 1ywy| 1wy |[1yy
50 1|7/ 11/ 202 16 1.5 0.1 0.54g 0.0H¢d N/ A| 3mem <3m N/ A
51117/13/ 2034 0.25 0.0 0.0 0.01 0.03 N/ A <3m <3m N/ A
52 |7/ 16/ 202 0.5 0. 2 0.44g 0.23 0.01 N/ A <3m <3m N/ A
53|17/ 17/ 2071 31 0.6 0.094 0.13 0.0 0.02 <3m <3m <3m
54 117/19/ 2031 0.25 0.0 0.0 0.0131 0.01 N/ A <3m <3m N/ A
5517/ 21/ 201 0.25 0.0 0.0 0.04 0.00¢d N/ A <3m <3m N/ A
56 |7/ 22/ 202 0.75 0. 2 0.27 0.02 0. 01 N/ A <3m <3m N/ A
57|17/ 25/ 201 3 0.1 0.0¢g 0.14 0.01 N/ A <3m <3m N/ A
58 |7/ 27/ 202 14 0.3 0.03 0.34 0. 042 N/ A <3m <3m N/ A
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Tabl-4SAmmary of Storm Events at Ward StDieptf dleadaou&sy
to December 2021 (Continued)

Peak|Peak-|Peak- Storm Recur

hr |nhtren | nhtren I nt erlval
Ever DaTtieme& DU(Irh?tVC()Ii Lrjn!ﬁ\r:f:asl(nitne/n (in/| (ing| Lhr| 24r)asnrs
59 7/ 29/ 202 3.2 0.14 0.04q 0. 14 0.01 N/ A <3m| <3m| N/ A
60 8/ 4/ 2021 21 1.54 0. 07 0. 4 0. 07 N/ A 3m 3mem| N/ A
61 8/ 6/ 20231 0.2 0.0] 0.0 o0.01 0.02 N/ A <3m| <3m| N/ A
6 2 8/ 9/ 2021 16. 7 0.6 0.04 0. 34 0.03 N/ A <3m| <3m| N/A
63 8/ 19/ 202 5.2 1.3]1 0.2 0.51 0. 05 N/ A 6 m 3m N/ A
64 8/ 20/ 202 0.5 0.04 0.04 0. 072 0.06 N/ A <3m| <3m| N/ A
65 8/ 22/ 202 16.7 0.83 0.0 0.517 0.03 N/ A 6 m <3m| N/ A
6 6 8/ 23/2®:2 8.5 1.53 0.14 0.51 0.06 N/ A[3mem| <3m| N/ A
67 8/ 28/ 202 4.5 0.14¢ 0.04 0. 114 0.01 N/ A <3m| <3m| N/ A
6 8 8/ 30/ 202 0.29 0.03 0.0 o0.04 0.00 N/ A <3m| <3m| N/ A
69 9/1/ 2021 17.2 4.6 0.271 1. 24 0.19 N/ A 4y 6y N/ A
70 9/ 5/ 2021 1.5 0.0 0.0 0. 042 0.00 N/ A <3m| <3m| N/ A
71 9/ 9/ 2021 33 1.31 0.04 0. 41 0.05 N/ A 3m 3m N/ A
72 9/ 13/ 202 1.5 0.07 0.0 0. 014 0.00 N/ A <3m| <3m| N/ A
73 9/ 16/ 202 3 0.4 0.14 0. 39 0.02 N/ A <3m| <3m| N/ A
74 9/ 18/ 202 5 0.37 0. 01 0.2 0. 02 N/ A <3m| <3m| N/ A
75 9/ 23/ 202 0.5 0.04 0.04 0. 012 0.00 N/ A <3m| <3m| N/ A
76 9/ 24/ 202 0.2%4 0.0] 0.0 o0.01 0.00 N/ A <3m| <3m| N/ A
77 9/ 25/ 202 7.79 0.44 0. 0¢ 0.3 0. 02 N/ A <3m| <3m| N/ A
78 9/ 28/ 202 11 0.84 0.071 0. 28§ 0.03 N/ A <3m| <3m| N/ A
79 10/ 3/ 202 35.9 1.69 0.0 0. 24 0. 06 0.044 <3m|] <3m 6 m
80 10/11/7 20 0.29 0.01 0.0 0.01 0.00 N/ A <3m| <3m| N/ A
81 10/16/2021 20:45 6. 79 0.3 0.0 0. 114 0.01 N/ A <3m| <3m| N/ A
82 10/ 25/ 201 64.20 2.8 0.04 0. 31 0.08 0.05 <3m 6m 6 mlLy
83 10/30/ 20 28 1.63 0.04q O0.5H45 0.07 0. 03 3mM m|3mm[3m6m
814 11/12/7 20 8.2 0.79 0.14q 0. 21 0.03 N/ A <3m| <3m| N/ A
85 |11/ 13/ 20 1.2%4 0.14g 0.13 0. 15 0.01 N/ A <3m| <3m| N/ A
86 (11/ 14/ 20 4 0.14 0.04 0. 06¢€ 0.01 N/ A <3m| <3m| N/ A
87 11/19/7 20 3.5 0.2¢4¢ 0.094 0. 11 0.01 N/ A <3m| <3m| N/ A
88 11/ 22/ 20 7. 214 0.3 0.04 0. 214 0.01 N/ A <3m| <3m| N/ A
89 (11/ 26/ 20 21.7 0.07 0.01 0. 014 0.00 N/ A <3m| <3m| N/ A
90 12/ 2/ 202 1.24 0.04 0.03 0. 03 0.00 N/ A <3m| <3m| N/ A
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TabA-4. Summary of Storm Events at Ward -[BMjeeor Hédadwar it

to December 2021 (Continued)
Peak|Peak-|Peak-|Storm Recurre

[ nr | nhtren I nhtren -
I cl)Drl'IJr(avc()lllrjl foéﬁ'ffﬁ” (in/| (ing| ¥hr| 24r|asr
91 12/ 6/ 202 1 0.11 0.13 0.1Y4 O0.00O N/ A <3m <3m| N/ A
92 12/ 6/ 202 2 0.24 0.14 0. 11 0.01 N/ A <3m <3m| N/ A
93 12/9/202f 0.5 0.04 0.04 0.04 0.00 N/ A <3m <3m| N/ A
94 12/11/ 20 17 0.3 0.04 0. 194 0.01 N/ A <3m <3m| N/ A
95 (12/15/ 203 9.7 0.2 0.04 0. 01 0.01 N/ A <3m <3m| N/ A
96 |12/ 18/ 20% 17. 1.04 0.0 0.14 0.014 N/ A <3m <3m| N/ A
97 (12/ 22/ 20 6. 2 0.19 0. 02 0.1 0.01 N/ A <3m <3m| N/ A
98 12/25/20[20.234 0.63 0.0 0.14 o0.03 N/ A <3m <3m| N/ A
99 12/ 28/ 20| 6. 2 0.0 0.014 0.01 o0.00O N/ A <3m <3m| N/ A
100112/30/20] 10. 0.04g 0.014 0.04 o0.00O N/ A <3m <3m| N/ A

(1) Recurrence intervals given in ranges of less than 3 months (<3m), 3-months, (3m), 3-6 months (3-6m), 6 months (6m), 6
months-1lyear (6m-1y), 1 year (1y), 1 to 2 year (1y-2y) or the nearest year for recurrence intervals >2 year, based on Atlas

14.
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Tabl-B. AFrequency of Events within Selected Ranges
December 31, 2021
Number of Storms by Ds
Rain Gaug RTaoitnaf NuTrzt:earl DepthH Depth Dept Dept h D’eptr
(incH Storm{ <0.250.25 0.5 tf1.0 t 602.0
inche inche inchdg inche inche
Typical Year 46 . § 93 49 14 16 8 6
JanuabDgcember 2021 Metering Dat a
Average of Rain Gauges
Average 58. 1 95 46 14 17 12 6
MWRA Rain Gauges
Ward Street 60. 0 100 50 15 16 13 6
Columbus Park 62. 2 99 47 16 16 12 8
Chelsea Creek 58. 5 96 46 11 18 15 6
Hanscom AFB 54. 1 8 8 39 16 16 11 6
Hayes PS 56 . ¢ 88 38 11 20 12 7
BWSC Rain Gauges
Allston 57. 2 99 51 12 20 9 7
Charlestown 58. 2 92 44 10 16 16 6
Dorchester-Adams 60. 7 97 48 13 18 11 7
Dorchester-Talbot 60. 7 97 48 13 18 11 7
Hyde Park 60.0 105 55 18 16 9 7
East Boston 58. 2 92 44 10 16 16 6
Longwood 60.0 100 50 15 16 13 6
Roslindale 61. 4 104 56 15 15 12 6
Roxbury 59.9 99 49 15 16 13 6
Union Park 59. 6 104 53 17 16 12 6
USGS Rain Gauge
Fresh Pond 54. 1 88 39 16 16 11 6
MWRA Rain Gauges
Lexington Fa| 54.1 88 39 16 16 11 6
Spot Pond 55. 7 91 41 15 19 10 6
Somerville 55.7 91 41 15 19 10 6
Wal t ham Farm| 54. 1 88 39 16 16 11 6
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Tabl-e. ACompari son of Storms Between January 1 and Decert

Greater Than 2 I nches of Tot al Rainfall
Rain Gau Dat e Durat|Tot al Rl Averad Peak Storm
(hr) (in) I ntensf I nten Recurre
(in/h (in/H Interwva
hr(})
12/11/ 19 50 3.89 0.08 0.20 12y
8/ 15/ 199 72 2.91 0.04 0.66 6 m
) 9/ 22/ 199 23 2.76 0.12 0.65 12y
Typical
11/ 21/ 19 84 2.39 0.083 0.31 6m
5/ 31/ 199 30 2.24 0.07 0. 37 6 mly
10/9/7199 65 2.04 0.03 0. 42 <3m
Janu®dreyember 2021 Rain Gauge Dat a
4/ 15/ 202 41.5 2.74 0.07 0.214 ly
5/ 28/ 202 20 2.38 0.12 0.29 6 mLy
7/ 1/ 2021 78.5 5.69 0.07 1.23 3y
War d Str
7/ 8/ 2021 32.7 3.03 0.09 0.91 1y2y
9/ 1/ 2021 17. 2 4. 62 0.27 1.25 6y
10/ 25/ 20 64. 2 2.80 0.04 0.37 6 m
4/ 15/ 202 39 2.29 0.06 0.27 6 mLy
5/ 28/ 202 19. 2 2.55 0.13 0.31 ly
7/1/2021 77.5 5.83 0.08 0.87 12y
7/ 812021 33 2.55 0.08 0.76 ly
Col umbus
8/ 4/ 2021 214 2.30 0.10 0.45 6 mLy
8/ 23/ 202 11. 74§ 2.03 0.17 1.04 6 mLy
9/ 1/ 2021 17. 2 5.15 0.30 1.41 10y
10/ 25/ 20 64. 7 3.91 0. 06 0.57 ly
4/ 15/ 202 39.5 2.20 0. 06 0. 24 6 mLy
5/ 28/ 202 19. 2 2.28 0.12 0.28 6 mLy
711/ 2021 17. 2 3.96 0.23 1.66 4y
Chel sea
718/ 2021 30.5 2.49 0.08 0.71 ly
9/ 1/ 2021 17.7 4. 70 0. 26 1.24 7y
10/ 25/ 20 70. 2 2.22 0.03 0. 27 <3m
4/ 15/ 202 23.5 2.35 0.10 0.22 6 mLy
7/ 1/ 2021 58 5.16 0.009 1.55 2y
Fresh pPd7/8/2021] 30.2 2.77 0.009 0.68 ly
(USGS) |8/ 19/202 5.5 2.12 0.39 1.02 1y2y
9/ 1/ 2021 16. 7 4. 25 0.25 0.99 5y
10/ 26/ 20 32.5 2.31 0.07 0.45 6 mlLy
Notes:
(1) Recurrence intervals based on Atlas 14.
Tabl-& &l so indicates that +uwlutri pleec usgtremmeev exrttes vimdads 24
year. The | argest storm event of the period was record:¢
2021, with 5.15 inches wHhHi chieaduwdy e swted®ulrdl 7rl €2c5u r hr oeunrcse,
interval . AlIl gau-gearhr®@uwrorrdeeaurorveercea ibnterval for this

distribution was relatively uniform across the watershi
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Storms with peak raindadl40nite/hibsri tatest lye eWared S$Sthraeet |,
Creek Headworks, and USGS Fresh Pond rai gauges
greater than 0.40 in/hr of peakK)inBeonosmsywibhhthaet @ngi ¢:
than 0.40 in/hr are of importance because higher
activations and volumes than | ower intensity
intensities greater thamheOfod0ri gahgesysholveu inho mbEOL @ f A
storms with peak intensities greater than 0.40

gauges having more than one storm exceeding the

When these storms occur during the summer mont hs,
rainfal]l becomes a factor. This spatial wvariahbi

to metered activations iags.regul ators and CSO faci

Tabl-. ACompari son of Storms Between January 1 ar
with Peak Intensities Greater than 0
Rai n Ga Dat e Dur at Tot al Aver ag|Peakour Storm
(hour| Rainf Il ntens I ntensf] Recurre
(inch| (inch/H (inch/]| Il nter-va
h o u(rt)
10/ 23/ 19 4 1.18 0.29 1.08 2y
8/ 11/ 199} 11 0.87 0.08 0.75 6 mlLy
8/ 15/ 199 72 2.91 0.04 0.66 6 mlLy
9/ 22/ 199 23 2.76 0.12 0.65 6 mlLy
Typical|5/2/1992 7 1.14 0.16 0.63 6 m
9/ 9/ 1992 1 0.57 0.57 0.57 6 m
9/3/1992 13 1.19 0.09 0.51 3m6m
6/ 5/ 1992 18 1. 34 0.07 0. 44 3m
10/9/7199 6 5 2.04 0.03 0. 42 3m
Janu®degyember 2021 Rain Gauge Dat a
6/ 22/ 202 8. 25 1.75 0.21 1.23 4y
7/1/1 2021 78.5 5.69 0.07 1.23 4y
7/ 8/ 2021 32. 74 3.03 0.09 0.91 1y2y
7/ 11/ 202 16 1.54 0.10 0.56 3 m6 m
Ward Str 8/ 4/ 2021 21 1.56 0.07 0.40 3m
Headwor k(g/ 19/ 202 5.25 1.31 0.25 0.57 6 m
( B-OH) 8/22/202| 16.79 0.83 0.05 0.57 6 m
8/ 23/ 202 8.5 1.53 0.18 0.51 3m6m
9/ 1/ 2021 17. 24 4. 62 0.27 1.25 4y
9/ 9/ 2021 33 1.31 0. 04 0.47 3m
10/30/ 20 28 1.63 0.06 0.55 3m6m
6/ 22/ 202 6. 25 1.09 0.17 0. 46 3m
7/ 1/ 2021 77 5.883 0.08 0.87 ly
7/ 812021 33 2.55 0.08 0.76 6 mlLy
Columbustz, 17/ 202 15.5| 1.32 0.09 0.61 6 m
Headwor k
(BOR) 8/4/2021 24 2.30 0.10 0.45 3m
8/ 9/ 2021 12 1.03 0.09 0.63 6 m
8/ 19/ 202 5 0.93 0.19 0. 42 3m
8/ 22/ 202 8 0.98 0.12 0.76 6 mLy
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Tabl-. ACompari son of Storms Between January 1 ar
with Peeté&nsities Greater than 0.40 inchi

Rain Ga Dat e Dur at Tot al Aver ag/Peak Hc Storm
(hour| Rainf Il ntens Il ntens Recurre
(i nch (inch/k(inch/\lnte(rﬁnah
8/ 23/ 202 11. 74 2.03 0.17 1.04 2y
Columbusig; 17,2021 17.2{ 5.15 0.30 1.41 5y
Headwor k
(BOR) 10/ 25/ 20 64. 74 3.91 0.06 0.57 6 m
10/30/ 20 27. 24 1.54 0.06 0.65 6 mLy
6/ 22/ 202 6.5 1.70 0.26 1.02 1y2y
711/ 2021 17. 2¢ 3.96 0.23 1.66 10y
717/ 2021 10.5 0.58 0.06 0.49 3 m6m
718/ 2021 30.5 2.49 0.08 0.71 6 mly
7/ 11/ 202 17 1.41 0.08 0.58 6 m
Chel sea |8/9/72021 1.19 0.15 0.60 6 m
Headwor k(g/ 19/ 202 1.56 0.31 0.97 12y
(CBOL) 8/ 221202 0.8 0.10 0.59 6 m
8/ 23/ 202 9.25 1.69 0.18 1.01 12y
9/ 1/ 2021 17. 74 4. 70 0.26 1.24 4y
9/9/2021 20. 74 1.31 0.06 0.56 3 m6m
9/ 16/ 202 2.75 0.47 0.17 0.40 3m
10/30/ 20 36. 71 1.74 0.05 0.64 6 m
711/ 2021 58 5.16 0.09 1.55 8y
718/ 2021 30. 21 2.77 0.09 0.68 6 mlLy
7/ 11/ 202 16 1.05 0.07 0. 46 3m
7117/ 202 25 1.01 0.014 0.49 3m6 m
7127/ 202 2.75 0.514 0.20 0.49 3m
8/ 9/2021 11.5 0.72 0.06 0.41 3m
Fresh Pol8/19/202 5.5 2.12 0.39 1.02 12y
(USGS) 8/ 22/202| 12.79 0.96 0.08 0.59 6 m
8/ 23/ 202 15. 2¢ 1.05 0.07 0.45 3m
9/ 1/ 2021 16. 74 4. 25 0.25 0.99 1y2y
9/ 28/ 202 10. 74 1.60 0.15 0.48 3m6 m
10/ 26/ 20 32.5 2.31 0.07 0. 45 3m
10/30/ 20 27.5 1.62 0.06 0.67 6 mLy
11/ 12/ 20 9. 25 1.07 0.12 0.48 3m6 m
Notes:

(1) Recurrence intervals based on Atlas 14.

For storms with peak rainfallt WarednsSitriees Heedwer kshane

Headwor ks, and Chelsea Creek Headworks rain gauges, hy.
hyetographs -nsihnomt et hreailn5f al | i ntensities and show the di
Rainfall dluirsitmg batstomrm can i mpact the behavior of syst
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For example, a storm where the peak rainfall occurs to
more CSO than a storm with si milwhrerteottahle rpaeiankf aolclc uarnsd a
beginning of the storm. An example hyetograph for the
shown in-2Fi gbhries Ayetograph is a clear example of the p
end of theheveont d wlhhimpound the i mpact of this major ev

Ward Street gauge) on CSO vol umes.

Figurde MHyetograph from the Ward Sterpe etmbkeadwonri0 1Gal

The foll owi ngofi st hae sruammmmafrayl | compari son of January to D

T 2021 averaged 95 storm events with an average annu
compared to 93 storm events with an average annual
Tyipcal Yea#Hh)(Tabl e A

T I'n general, the breakdown of numbers of storms by
relatively close to the values f or2 tihnec hT ycpaitceagl o ryye, a
where 2021 averaged 1ypiveals u¥e®n ghTtabfloer A he T

T I'n terms of |l arger stor ms, whil e the average numbe
rainfal/l across all gauges in 2021 matched the Typ
in Tabllkrad two stalrmsaiwnftal t ogreater than the | ar ge
The | argest storm in 2021 for -&@ hlead-yne at @atugrem pr es
recurrence irhnotuerr vdaulr aftoiron24( 5. 15 inches of rainfaldl
ragauge), while the | argest stygemr-ho@#heedypieatey
interval (3.89 inches of rainfall i n-750theunsmbEor
of storms with peak intensitiasnggdeedlteetront han 0. 40
four,t eeoompared to nine for the Typical Year. The e
four storms with peak intensity greater than 1.0 i
inches per hour. I n ¢ oenapka rhiasdo no,n et hset ofrynp i wiatl h Yieratr e n
inches per hour with the remaining 8 storms having
inches per hour.

The temporal distribution of the rainfall i n &2d0t21 i s | |
of rainfall on CSnvtonhl upneersi.od Tfhreon?2 .J5uly t hrough the mid
experienced a high concentration of total rainfaldl as |
24. 75 inches of rai HeéddWwbrhks thenWgandg8tieethat period,
Typical Year tot al rainfall, and some of the gauges (e.
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