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LIGHTNING SUMMARY

Theplans for theproposed Central Park and Riverland Oaks developments on James
Island within the city of Charleston, South Carolina, are inconsistent witheStrar stormwater
manuals that require that new developments will not increagedbability of flooding during a
100year,24-hour storm event. Such calculations cannot be carried out because the current
stormwater infrastructure insufficiently docunentedand is in poor condition where it is
documentedMoreover, based on 22 flooding events thatehoccurred on James Island over the
past five yearghe probability of flooding is already 100% for-Béur storms with a return
period greater than oni/.9 years.

ABSTRACT

The proposed Central Park development on James Island within the Citadéston,
South Carolinawould involve the conversion of 10.35 acres of woods and wetlands into 38
singlefamily lots, while the nearbyproposed Riverlan@aks development woultbnvert28.6
acres of woods with grassed areas and pockets of dense ioegetat 146 singlé¢amily lots.
The 2013 and 2020 Charleston stormwater marnatsrequirethat a new developmentll not
Ai ncrease t hel lliinkge Ifilhooooddi nogf adnwde pr oper foy damag
a 24hour storm with a 10§ear return period and that, for the special protection areas (which
include both proposed developmentkg postdevelopment, peak discharge sxtetbe greater
than thedownstream system capaci8uch calculations reqa that the current stormwater
infrastructurebedocumentedbein good condition, and be relied upon to prevent substantial
flooding during a 10§ear, 24hour storm. However, James Island restdénave documented
within the immediate neighborhoods betproposed development sjteamerousexamples of
partially or fully blocked stormwater ditches and pipes, as well as infrastructure alterations for
which the City has no records. Media arti¢clescial media posts, and photos from residents were
used tareconstruct 22 flooding events on James Island between May 1] 2oibg 252020.
These flooding events were compared with daily precipitation records to show that the
probability of flooding $ 10%, 50% and 100% for 2¥bur precipitations equal to exceeding
0.53 inches, 2.50 inches and 5.53 inches, respecti&kelgmparison with local precipitatien
frequency statistics showdldiat the probability of flooding is 59% and 100% fortizur
predpitations with return periods equal to or exceeding 1 gedr4.9 years, respectivelyn the
above basis, it should be assumed that massive flooding aioeédlybe inevitable on James
Island during a 10§@ear storm. Since 2019, tkity and County oCharlestorhave been
carrying out a drainage study in thea of the proposed developmewith a completion
deadline of 20221. No new developments in the area shdagcconsideregrior to
implementatiorand evaluatiof the recommendations of the amgg drainage study.
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OVERVIEW

The City of Chaeston, South Carolina, is currently considering approval of two
proposed urban developments on James Island (see f)sTlie proposed Central Park
development would involve the conversion of 10.35 acres of woods and wetfarhaiding
grand oak treeand dense undergrowth, into 38 siAglmily lots (Seamon Whiteside, 2020; see
Figs. 4ab). The proposed Riverland Oaks development would involve the conversion of 28.6
acres of woods with grassed areas and pockets of denseticegieta 146 singldamily
townhomegsee Figs. 5&; HusseyGay Bell, 2020&). Due to the timing of submission of the
stormwater management plans for the two developments, the Central Park development is being
evaluated under the older Stormwater DeStandards Manual (Cityf Charleston, 2013),
while the Riverland Oaks Development is being evaluated under the newer Stormwater Design
Standards Manual (AECOM, 2020), which aeeeffective on July 1, 2020. The objective of
this report is to address thalbwing question: Arelte stormwater management plans for the
proposed Central Park and Riverland Oaks developments consist with the respective stormwater
manuals under which they are being evaluated@rBdiscussing the methodology for
addressing thiguestion, | will first eview thetwo stormwater manuals and then the two
proposed stormwater management plans.



NORTH
Florence CAROLINA
Columbia 9.
N‘ ‘ Sumter ‘
34°N ™
SOUTH CAROLINA
o Mount
®, North Charleston  Pleasant
) 2
EN
% b . : o
734, Charleston ™ ™2 Fig 2 ATLANTIC
e OCEAN
GEORGIA
“»
| Savannah +
32°N ?
|8 1ow 80°W 79°W
0 25 50 75 100
Legend mi N
- Municipal Boundaries A
Rivers
State Boundaries

E Small-Scale Figure

Figure 1. The Central Park and Riverland Oak developments (see F&)sh&ve been proposed on James Island
within the city ofCharleston, South Carolina.

CITY OF CHARLESTON STORMWATER MANUALS
2013 Stormwater Manual
The 2013 Stormwater Design Standards Manual (City of Charleston, 2013) rests on five

principles. The first three principles relate to the purpose dftdrenwater manual and are stated
as follows(City of Charleston, 2013)



1) fThis manual is not intended to restrain or inhibit engineering creativity, freedom of design,
or theneed for engineering judgment

2) fiThe Stormwater Design Standards Manual is nenithéd as a textbook or a comprehensive
engineeng design reference. It was developed under the assumption that the user possesses
athorough understanding of stormwater control design, construction, and land development.

3) fiThe natural or historic conditmowill be the standard by which the stormwaikamn for a
construction, development andaevelopment activity is evaluatéd

The next two principles relate to thequireddesign response ohairbandevelopment to
a storm with a 24our duration and a given return period. The return period reféng t
probability of exceedance of a given precipita@mnountwithin any given year. For example,
storms with return periods of 2, 10, 25, and 100 ykave annual exceedance probabilities of
50%, 10%, 4% and 1%, respectivelyre design precipitatiorfsr 24-hour storms with return
periods of 1, 2, 5, 10, 25, 50 and 100 years are stated in the manual (City of Charleston, 2013)
and are identical (rounded the nearest 0.1 inch) to the current NOAA (2020a) estimatesfor 24
hour storms with the same ratyperiods at NOAA weather station Charleston WSO City (see
Tablel and Fig. 2). The required design responses are stated as {@loyvsf Charleston,

2013):.

4) fPostdevelopment discharge rates shall not exceed@velopment discharge rates for the
2, 10 and 25year frequency 2four duration storneventso

5) RAll construction, development and redevelopment activities which disturb one acre or more
shall perform an hydraulic analysis to determine the impacts of the proposed development
duringa 100-year 24hour storm event (precipitation onlyjhe project shall naf) increase
the likelihood of dwelling flooding and property damage above currerditions; (ii)
increase water surface elevations or reduce system capacity in stormwater system and
facilities upstream or downstream of the project. An increase or reduction shall be based on a
comparison with prelevelopment conditionso

(Although the abve principles are quotes from the stormwater manual (City of Charleston,

2013), the manual does not explicistate that there arféive principleso)

The 2013 stormwater manual (City of Charleston, 2013) recognizes the existence of
specialprotectionareas within the city for which the above required design responses are not
sufficiently conservativénot suficiently protective of property and human liféyccording to
t h e maFladiad existsfin many locations around titg where developmertdensities
have increasetb the point that stormwater controls have become overwhélmed Ci t y o f
Charleston, 203). Within these areas, a new development should not reproduce the natural or
historic stormwater runoff, but should reduce it so thatabove Rnciple #4 is revised to read
fiThe postdevelopment, peak discharge sdere]restricted taonehalf the pe-development
rates for the 2 and 3gkar 24hour storm event or to the downstream systapacity, whichever
islese (Ci ty of Qmaheriwerdstthe presen? dgad@fyhe downstream
stormwater infrastructure sets an upper bound on lbwatlepeakdischarge rate from a new
development. These spegmbtection areaalso require design responses in terms of runoff
volumes sd h &he pastdevelopment runoff volumes for they2ar frequency 24our
durationstorm events above the pidevelopment level shall be stored for a period ohadrs on
average before releasgCity of Charleston, 2013yith the implied requirement ohe
construction of water storage or detention ponds in new developments. The above list of design

responses faspecialprotectionar eas i s not edditionalicsiterin may beb e c aus e

established by the Department of Public Sexvice( Ci t ystoo,201&.har | e
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Figure 2. Floodingevents on James Island were compared with daily precipitation records at WeskAer station
Charleston 2.0 S, which has 99% coverage. Although Charleston 1.7 SE is closer to the neighborhoods that would
be affected by the Central Park and Riverland Q@igk&lopments, it has only 83% coverage (NOAA, 2020b).

Return periods correspdimg to 24hour precipitation events were obtained from keegn records at NOAA

weather statiolCharleston WSO City (NOAA, 2020a). Perimeters of proposed Central Park anthRiv®aks
developments traced from Seamon Whiteside (2020) and Hussey G&2@@€lb), respectivel\Background is

Google Earth image from January 10, 2019.
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Figure 3. Based on media articles, social media posts, and photos and videos from locatgeaiiBooding

events were documented on James Island during the period ,\2& 5/ June 25, 2020 (see Table 3). Photos were
chosen that emphasized the impact of flooding on the neighborhoods surrounding the sites of the proposed Central
Park and Rivdand Oaks developmentBerimeters of proposed Central Park and Riverland @akslopments

traced from Seamon Whiteside (2020) and Hussey Gay Bell (2020b), respe@aeiground is Google Earth

image from January 10, 2019.



Figure 4a. Theproposed Central Park development (see Figh.\Bould involve the conversion of 10.86res of
woods and wetlands into 38 singhmily lots. Photo is still at 0:42 of video at Henty (2019). See Fig. 3 for photo
location




Figure 4b. The site of the ropo ed Central Park deelopment icluds grand oak tre
Photo t&en by Theodosia Wade on July 1, 2020. See Fig. 3 for photo location.
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woods with grassed areas and pockets of dense vegetation into dlé8asimly townhomes. Photo taken by Amy

Marie Tamblyn (see Fig. 3 for location).
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Figure 5b. According to Hussey Gay Bell (2020b), although the site of the proposed Riverland Oaks development is
iseasonally wet in some iancecoayns i tlei $ | poodpeagty dbes enwh s
to how fiseas onséelfloyo dwentgoo awnedr efi &imbtd tdkenrby Amiviare damblyn gsees .

Fig. 3 for location).
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Table 1. Comparison of Design Precipitationginches)for 24-Hour Storms

Return Period (yrs) 2013 Manuaf 2020 Manuaf NOAA (2020a}
1 3.5 3.8 3.48(3.143.81)

2 4.2 4.6 4.23 (3.834.63)

5 5.5 6.1 5.47 (4.955.98)

10 6.5 7.2 6.47 (5.847.08)

25 7.9 8.7 7.89 (7.088.63)

50 9.0 9.9 9.04 (8.109.88)

100 10.3 11.3 10.3(9.1411.2)

IStormwater Design Standards Manual (City of Charleston, 2013)

2Stormwater Design Standards Manual (AECOM, 2020)

3Mean followed by 90% confidence interval in parentheseBl@AA weather statioiCharleston WSO City (see
Fig. 2)

Much of the2013 stormwater manual (City of Charleston, 2013) concerns detailed
guidelines related to how the five principles stated above might typically be achieved. For
exampl e, the manual states fAiThe minimum si ze
way dall be 15 inches in diameter. The minimum size pipe allowabledeutsé rightof-way
shall be 10 inches in diameter; The minimum slope for storm drainagshafpée 0.003 ft/ft
where possible. The minimum flow velocity shallb&et per second faipes flowing full or
hal f full éMaxi mum al Ibe 10debtlper se€ohdumdenargy/ffloove i t y s ha
conditoo ( City of Charleston, 2013). However, not
adherence to details, such as pipe diameters and shopdd, override the five fundamental
principles stated above.

2020 Stormwater Manual

The 2020 Stormwater Design Standards Manual (AECOM, 2020) follows the same
framework as the 2013 manual, although it is even more conservative. The first thrigdegrinc
stated above are repeated verbatim from the 2013 manuabf@harleston, 2013Y.he new
manual refers to storms as having a given AEP (Annual Exceedance Probability) as opposed to a
given return period, so that a 98ar storm in the 2013 manuslreferred to as a 1 percent AEP
storm in the 2020 manual. Accor ng t o AECOM (2020), AAEP is wus
intervals [return periods] to avoid the public incorrectly interpreting that-geaxX storm event
only happensonceineveryyéar s. 06 ( The phrase Areturn period
sine its usage is so common.) The 2020 manual also increases the design precipitations for 24
hour storms by fia 10 percent safety factor to
the increasing intensities of stasnMPAECOM, 2020). This 10% safefactor makes the design
precipitations approximately equal to the upper bound of the 90% confidence intervals for the
current NOAA (2020a) estimates for-Béur storms with the same retypariods at NOAA
weather station Charleston WSO City (see Talded Fig. 2) With the replacement of return
period (or recurrence interval) with percentage AEP, the fourth and fifth principles are also
repeated in the 2020 manual (AECOM, 2020) nearlpaten from the 2013 manual (City of
Charleston, 2013).

The 2020 stormwater manual continues the concept of special protection areas from the
2013 manual. According to the 2020 manual, AA
discharging to these spelcpaotection areas must comply with a more stringenvseésign
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criteria in addition to the minimum standards and LOS [Level of Service] determined by the

CityéThe City can designate any area as a sp

Managment shall make the determination on whetherasitdéis hi n a speci al pr

For the special protection areas, Principle

nonSFR [SingleFamily Residence] sites of 0.5 acres or morepthstdevelopment, peak

discharge rates are restrictecteehalf the predevelopment rates for the 50 percent and 10

percent AEP [Z/ear and 1§ear], 24hour storm events or to the downstream system capacity,

whi chever i s | eBhaspitisbtihtReTa&sdithat tAeCpefent capacity of the

downsteam stormwater infrastructure sets an upper bound on the allgvestiéischarge rate

from a new developmerithe special protection areas include the additional design requirement

t h dor nomSFRsites of 0.5 acres or more, the pdstelopment runoffolumes for the 50

percent, 10 percent, and 4 percent AERear, 10year and 25ear] 24-hour duration storm

events above the pdaevelopment level shall be stored for 24 hours before releaseuidié

volume excesbetween pralevelopment and pesievelopment must be released steadily over a

periodof 48 hours after the initial 24 hours of storage. Thus, t he 2020 manual

stormwater storage for a greater range of return periods (as dgpasterage for only the-2

year storm in the 2013 marpwith an additional requirement on the time period for release of

the stored stormwater (none stated in the 2648ual). Again, the 2020 stormwater manual

emphasizes that the preceding list of gesiriteria for special protection areas are not

exhaust ve because fiadditional stormwater design

Departmento6t or mwat er Management during the permit
In summary, the 2020 stormvea manual (AECOM, 2020) is very similar to the 2013

stormwater manual (City of Charleston, 2013), except with more conservative choices for design

precipitation (see Table 1) and with more conservative criteria on maximum descateg and

minimum stormvater storage volumes (with the addition of a specified time period for release of

stored stormwater) for the special protection areas. In some cases, the 2020 manual is more

conservative in terms of the detailed guidelines by wthie fundamental prindgs might be

achieved. For example, the previous passage regarding storm drainage pipes in the 2013 manual

is rewritten in the 2020 manual @& he minimum size storm drainage pipe allowable in the

right-of-way shall be 15 inchea nhominalinner diameterThe minimum size pipe allowable

outside the rightf-way shall be 12 inches giameterThe minimum slope for storm drainage

pipe shall be 0.003 ft/fvherepossible. The minimum flow velocity shall be 2 ffeet per

secondfor pipes flowing full or h# fullé Maximum allowable flowvelocity shall be 10 fps

under any flow conditiod(AECOM, 2020).Thus, he 2020 manual requires larger pipes outside

of the rightof-way and lower minimum flow velocities. Of course, nothing in tB2@®manual

suggests that strict adherence to details would override the five fundamental principles stated

above, either inside or outside of the special protection areas.

STORMWATER ASPECTS OF PROPOSED DEVELOPMENTS
Central Park Development
Typically, the conversion of woodsd wetlands into residential lots would increase both
the peakstormwater discharge rate and the stormwater runoff volume. In conventional

stormwater management, this result is avoided by the construction of stormetateiah
ponds. At the present sibf the proposed Central Park developmstiotmwater flows to the
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southeast, where it enters an existing drainage ditch at the edge of the site, after it which it is
eventually conveyed to Jamistand Creek and Charlest Harbor (Seamon Whiteside, 2020;
see Figs. B). According to the Comprehensive Storm Water Pollufigvention Plan (C
SWPPP) construction of the Central Park development will include the construction of a
stormwater drainage system that will floward new wet pond (typically partiafull of water)
and two interconnected dry ponds (typically dry, except during and shortly after storms), after
which it will be released to an existing drainage ditch on the western boundary of the site
(Seamon Whitedie, 2020; see Fi@). A separatdypass system will convey stormwater from
upstream of the site through the site to the same drainage ditch on the western boundary.
TheGSWPPP acknowl edges that #Athis site 1is
of Charleston, Charleston CountyndaSCDOT [South Carolina Department of Transportation]

(

mai nt ained stor mwat er infrastructure i s overw

areao Whedamsesn de, 2020). On t haormwhter Bapatmentit h e
is placing ths site into a Special Protection Area and restricting this site to the requirements set
forth by section 3.9.1 [Areas Associated with Flooding] of the City of Charleston Stormwater
Design St andar dWhitdsabn2020). The Cit$ af @hartestotsa required all
stormwater modeling to include the entire contributing watershed upstream from the site and the
entire downstream area until the entry of the stormwater into James Island Creek. \Wwoatiser
the stormweer calculations involved the irgeation of the proposed stormwater infrastructure
with the existing stormwater infrastructure both upstream and downstream of the site. In fact, the
site of the proposed development is only 5dfithe watershed area fohwh stormwater
calculations werearried out (Seamewhiteside, 2020).

The Streamflow Technologies Interconnected Channel and Pond Routing Model (ICPR)
was used talaimthat the requirements for a special protection area, as stated in the 2013
stormwaer manual (City of Charleston, 28)lwould be fulfilled by the proposed stormwater
infrastructure as integrated with the existing stormwater infrastructure. According to the
CSWPPP, fAThe -develbptmeénpnoegels phovethat not only will this satgust over
5% of the total wateshed, reduce the staging in the adjacent drainage canal but will also reduce
to the overall flows to the James Island Creek. The results also show that this site is providing an
increase of flood storaggea in thgost development condition as well aglucing the post
development flows from the builipon area by over 80% in they2ar and 1§/ear 24hour
storm event. This stuéyshows] that this site, although privately developed, will be a benefit to
the local pblicly maintainednfrastructure in thesurrounding watershed ( S eVdhitesiade,
2020).

Riverland Oaks Development

The present site of the proposed Riverland Oaks development slopes down to the east, so
that stormwater runoffows into an existing drainage ditch atign into an existingetention
pond within the Stefan Acres development (Hussey Gay Bell, 2020aigs€9.FFrom the
detention pond, stormwater flows through a network of pipes and ponds that also receive
stormwater from other sources. This combined stormwater passes uniitfeggdHbad (see Fig.
3) to Aa small i mpai r ed oditwhichitdis¢hatgesisteJpmes a y
Island Creek and flows into Charleston Harbor (see Fi§3. Zhe proposed stormwater plan
includes the construction of 12 detention powdkin the development and one downstream of
the development. Two of the detiemt pondswithin the developmentould be created by
dredging existing wetland areas. Ten of theed@structed orsite ponds would store and
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gradually release stormwater to tiyasting drainage ditch on the Stefan Acres development,
from where it wouldas beforeflow into the Stefan Acres detention pond. Some of the
stormwater from the Stefan acres pond would be routed back onto the Riverland Oaks
development into the othew®d onsite detention ponds that would be collecting additional
stormwater fronthe development site. This combined stormwater would flow into the single off
site detention pond before it reaches Hollings Road, from where it would be comveyed
recentlyconstructed Charleston County drainage ditch (Hussey Gay Bell, 2020b).

According to Hussey Gay Bel/l (2020b) , nAIt
[see Fig. 5b], this property [the site of the proposed Riverland Oaks developioesipt
expefenceanyors i t e fl ooding. o6 The documasmothowdi d not i
Aseasonal | ysiweet of laonodd ifinognd wer e d HusdeyeGagBet conce
(2020b)c o n t i Hoawevdr,thisisite does fall within a larger common digebasin with
adjacent developments and properties which have expeflendeng in recent years. The
majority of these flood prone properties are downstream where existing drainage infrastructure
has been undermaintained and negleotedl n  a nmneunication véth thecconsultants for
the Riverland Oaks development,the€Cy of Charl eston (2015) indi
basin that is the location of this proposed development is an area that experiences frequent
flooding during moderate to heavgims. Currently the flooding effects areas both upstream and
downstream othis propertyo The City of Charleston (2015) ob
we have reviewed [that] appears to be limited tsant e ar eas only. 0 The Ci {
(2015)irs i st ed t h esite didihabeehratanust Ise candidered. In ciwassure us that
these areas were considered, we need a comprehensive pre and post drainage basin map that
incorporates the entirety of the offsite areas draining intothe Rivedland s si te. 0 I n ot
words, just as with the proposed Central Park dgwedénmt, the City of Charleston is requiring
that stormwater calculations take into account the integration of the proposed stormwater
infrastructure with the existing upstream and dsiream stormwater infrastructure. The most
recent report from Hussey Gaye | | (2020b) h a dowastream infeastrkctuesv| e d g e
and improvements [that] must be completed in order for this proposed development to meet the
requirementsandrequests t he Ci tyo6s St Asrofithe dateeofrthisDepgitar t me n t
theconsultants for the developers have not submitteeB&\MPPP that would show compliance
with the general requirements of the 2020 stormwater manual (AECOM, 2020) and the stricter
requrements for a special protection area.

METHODOLOGY

The question a® whether the stormwater management plans for the proposed Central

Park and Riverland Oaks developments are consistent with their corresponding stormwater
manuals includes, but is nlamited to the following questions:
1) Can it be demonstrated that the tpdsvelopment, peak discharge rates will not exceed the

downstream stormwater capacity for thgear and 16/ear 24hour storm events?
2) Can it be demonstrated that the developmeritswai increase the probability dfwvelling

flooding and property damagleiring a 106year 24hour storm?
Note that the questions are the same regardless of which stormwater manual is being considered
except that the 2020 manual (AECOM, 2020) uses hidgsign precipitations for a storm with a
given return period (s€Eable 1)
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The proper approval of the stormwater plans would require not simply asking the
guestions, but answering the questions in a positive manner. A positive answer to the first
guestion would require that the existing downstream stormwater infrasteube known and be
known to be in a good condition. In other words, it would be impossible to give a positive
answer to the firgguestionf any of the following conditions were met:

1) There were insufficient design plans for the stormwater infrastructure

2) There were insufficient records as to whether the stormwater infrastructure had been built as
designed.

3) There were insufficient records regarding any alterations to the stormwatstridiare.

4) There were insufficient records regarding the maintenahttee stormwater infrastructure.

5) An insufficient portion of the stormwater infrastructure could be observed to be in good
condition.

For both the Central Park and Riverland Oaks develomntra City of Charleston has already

emphasized the neediteclude both the existing upstream and downstream stormwater

infrastructure in all stormwater calculations (City of Charleston, 2015; Sesvhdeside,

2020), which, of course, requires the cotdnowledge of the existing infrastructure.

The second quéen can be answered in a positivanneronly if it could be reasonably
assumed that, at the present time, 4@dr storm with a 10§ear return period would not result
in massive dwelling floding with total losses of homes or other properties. If naassivelling
flooding with total losses is already assured, then it is meaningless to ask whether an additional
development would increase the probability of flooding. On that basis, the fifitipde of the
stormwater manuals rests on the underlyingrapsion that a reasonably robust stormwater
system (with the&apacity to prevent massive destruction from ay€dy stormjs already in
existence. The assumption can be questioned on Jameskitsiaty due to the communication
from Charleston County Pubi ¢ Wo r k s syb@visidré puilt baioaetl99@ were not
designed for a specific rain event, which is why Laurel Park [the subdivision downstream from
the proposed Central Park developnentt e] has no detention ponds.

In light of the aboveliscussion, the objective of this report can bsteged as the
following two questions:

1) Based upon its appearance and upon records, is the stormwater infrastructure in the vicinity
of the proposed éntral Park and Riverland Oaks developments known aogtkito be in
good condition?

2) Based upon the response of the stormwater infrastructure to recent storms, is it likely that the
currentstormwater infrastructure could prevent massive flooding witl méaes of homes
in response ta 24hour storm with a00-year return period?

The first question was addressed by the visual inspection of stormwater ditches and pipes
by local residents, largely in the neighborhood of EME Apartments, which is downdtoa
the proposed Central Park development site (8pe8F Any apparent alterations to the
stormwater infrastructur&erecompared with records available with the Department of
Stormwater Management of the City of Charleston. No resources were kviolad systematic
survey of a significant portion ofi¢ stormwater infrastructure. In particular, the author was not
able to carry out any fieldwork due to the ongoing CO\IDpandemic.

The second question was addressed by using published medesastidial media posts
(mostly the Save James Island &agok Grouppand photosind videogrovided by local
residents to document flooding events on James Island during the time period May1l, 2015
June 25, 2020. For each flooding event, the earliestrdented date was regarded as the date of
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onset of floodng. That date was compared with the maximum daily precipitation that occurred
the day before, the day of, and the day after the onset of flgagimch provided an upper

bound on the 2#our precipiation required to initiate flooding. Out of the sevenANfOweather
stations on James Island (NOAA, 2020b), the Charleston 2.0 S and Charleston 1.7 SE stations
are closest to the Central Park and Riverland Oaks development sites (see Table 2 and Fig. 2).
Although the Charleston 1.7 SE weather station is mostdlgriocated to both proposed
developmentsprecipitation records from the Charleston 2.0 S station were used due to the 99%
coverage (over time) of the station, as opposed to the incomplete co@846) at the

Charleston 1.7 SE station (see Table 2).

Table 2. NOAA Weather Stations on James Islant

Name Latitude Longitude Duration Coverage
CN) W)
Charleston 2.0 S, SCUS 32.755856 79.995506 12/1/2013 present 99%
Charleston 1.7 SE, SC US 32764938 79.976242  12/9/2013 present 83%
Charleston 4.2 SE, SC US 32.747219 79.937171 2/27/2008- 3/13/2018 6%
Charleston 5.2 ESE, SC U 32.744873 79.918617 8/3/2014- present 91%
Charleston 5.9 ESE, SCU 32.751632 79.899845  4/27/2017- present 38%
Charleston 5.4 SSE, SC U! 32.717687 79.945517 11/27/2011 present 93%
Charleston 4.9 SSE, SCU 32.716641 79.973019 4/1/2019- present 96%

INOAA (2020b)

Daily precipitations corresponding to flooding events were converted to return periods
using precipitionfrequency statistics for NOAA weather station Charleston WSO City, which
is the weather station closest to James Island with a sufficiently longitatan record
(NOAA, 2020a; see Fig. 2). Estimates for precipitation amounts correspondingéai2gtorms

with return periods of 1, 2, 5, 10, 25, 50, 100, 200, 500 and 1000 years were used to calculate the

bestfit exponential curve that predicteduen period frondaily precipitation (see Fig. 6). The
minimum and maximum precipitation amounts @ghen a 90% confidence interval) for a given
return period were also used to calculate thefitestponential curve that predicted the
minimum and maximn return period from daily precipitation (see Table 1 and Figl't&).use

of the besffit exponentidcurveresulted insome fairly low 24hour precipitation amounts that
corresponded to flooding evemtdth return periodless than one year. These retpamiods

were included for completeness (see Table 3), but they are essentially meaningless because a
storm with a 1year return period already has a 100% probability of exceedance with a given
year.The daily precipitations corresponding to flooding esemére then compared with the
daily precipitations that did not correspond to flooding events tardigte the probability of
flooding on James Island as a function of daily precipitation and th@@#dstorm return period.

RESULTS

Current Condition of Stormwater Infrastructure: Appearance and Records

The stormwater infrastructure in thewiity of EME Apartments (see Fig. 3) was
documented to be in very poor condition. Numerous stormwater drainage ditches were found to
be almost notfunctional because they were nearly completely filled with mud, a&get
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woody debris, and trash, suchadmndoned shopping carts (see Fig. 3)7&t one site, two

parallel subsurface stormwater pipes were located with diameters of 42 and 48 inches (see Fig.
8a). The 42anch pipe was completely blocked and was alwalitfull of standing wate(see left

hand side of Fig. 8a)lhe blocked pipe was immediately belawnanhole cover, which could

have facilitated inspection and maintenance (see-hightl side of Fig. 8a). At the downstream

end where the stormwater pipaserged at the surface and flowed tmda Island Creek, the

48-inch pipe was observed to be open at both ends (see Fig. 3 ardanghside of Fig. 8b).
However, the 42nch pipe was completely blocked with large rocks on the downstream side (see
left-hand side of Fig. 8b).

24-Hour Storm Return Periods:
Charleston WSO City
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y = 0.1719¢0-6056x
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Figure 6. An exponential curve is an excellent fit to return periods feh@dr precipitation events at NOAA
weather station Charleston WSO City (see FIlNQAA, 20203. The minimum and maximum precipitations
indicate 90% confidence intervals for-Béur precipitatbns corresponding to a given return period.
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According to the Department of Stormwater Management, the blocked pipe (see Figs.
8aDb) was an intentional &tation of the stormwater infrastructure, not a lack of maintenance.
The City of Charlestor20203 r esponded tlot |dbaead Irceck dleinke ,t M
actually sealed shut a number Homeverytbear s ago r a
Department of Stormwater Managemdsatd no records of such an alteration. In a follgav
message, Gitof Charleston (2020b) wrgte A Fr om t he records of the w
this system in 2016 it looks like the pipe must have been closed ofelibfdr As a result, it
would have been done before most of us working in stormwater engineetirggCity and
County were hereWe are looking into if we have any records of what might have happened on
this system or if any of the longer tenured mamaince employees have any knowledge on this
and will let you know if we find anything oatTherewas no followup on the preceding
message, so that, presumably, neither written nor mental records were located.

g ; LA ¥ A 4 o S WS
Figure 7a. A drainage ditch thathould convey stormwater into a-8&h and a 4anch pipe that pass under Central
Park Road toward EME Apinents is almost completely filled with mud. Photo taken by James Mazyck on January
4, 2020 (see Fig. 3 for location).

N AN

Within the same communigans to local residents, tigepartment of Stormwater
Management said that it was irrelevant for stormwatedeling whethethat particular 42nch
stor mwater pipe was or was not bl oWedddave Accor
AECOM evaluate upsizing or reconstructing this pipe [the blockede@2pipe] in our current
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model to determine if itds any benefit on reducing floodirithe drainage model shows that

there are a number of upstream constrictions that atsh toebe improved before upsizing this

pipe would reduce flooding in the arelaor example, the pipes under Central Park Road are a

420 pipe and a 360 pipe [ see c-inahgng éZdch pige® r mwa t
in Fig. 7a], and betweeneCn t r a | Park and this drainage box a
which already have |l ess cmpaThe yDephamnmt ménts afo
Stormwater Management considered the impact on stormwater modeling of altering only a single
downstram component of the stormwater infrastructéfewever, that single altered component

was found through a fairly cursory survey loé tvisible infrastructure over a small area. This

raises the possibility that there could be numerous alterations of thewstier infrastructure for

which theDepartment of Stormwater Management has no records, and there is no way to assess

the impact orstormwater modeling of these unknown alterations.

bris. Photo taken by

Pl = 2 Lt Sl s SN ; CROENE S o )
Figure 7b. A drainage ditch at EME Apartments is almost completdigdiwith mud and de
James Mazyck on January 4, 2020 (see Fig. 3 for location).

Current Condition of Stormwatetnfrastructure: Performance
A total of 22 flooding events were documented on James Island during the time period

May 1,201571 June 25, 202(see Table B Three of the flooding events (September 11, 2017,
July 7, 2018; December 23, 2019) were docuntkimenedia articles (Coyle; 2017; Phillips,
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2018; Phillips and Streicher, 2018; Streicher, 2ai;8arruda, 2019, while the remainder were
documented from resident photsd videosandfrom social media posts. Some flooding dates
were mentioned in medaticles about flooding in Charleston, but which did not specifically
mention James Islan@f the 22 flooding events, alut four (July 30, 2018September 10,

2018; November 24, 2018; June 12, 2019) could be documented in the vicinity of the Central
Pak and Riverland Oaks development sites (see TablEh®)largest daily precipitations over

the study period were 9.02 irehon October 4, 2015 (Hurricane Joaquin), 8.48 inches on
October 8, 2016 (Hurricane Matthew), and 6.78 inches on September 1ZH2@d4¢ane Irma),
corresponding to return periods of 40.5 years, 29.2 years, and 10.4 years, respectively (see Table
3). Orly sevenother flooding events corresponded to daily precipitations with equivalent return
periods longer than one year (see Tabléezving 12 flooding events corresponding to fairly
minor daily precipitations (calculated return periods shorter thayes.In fact, flooding has
occurred with daily precipitations as low as®@ir2ches (January 30, 2016), 0.iBches

(September 1®018), 0.0 inches November 24, 2018), and 0.65 inches (December 22, 2015)
(see Table 3).

A.E‘“xa».kg&m- 3 T v i
Figure 7c. A drainage ditch at 1836 Central Park Road is almost completely fllled Wlth mud, vegetat|on Woody

debris and trash, including abandoned shopping.datoto taken by James Mazyck on January 4, 2020 (see Fig. 3
for location).
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Figure 8a. A 42-inch subsurface stormwater pipe at EME Apartments is completely blockeldteftside). The
observation and maintenance of the blocked pipe should bisfiee|by the presence of the manhole cover
immediately above the pipe (rightind side). Lefhand and righhand photos are stills at 0:35 and 1:09,
respectively, from a video at Henty (2020a). See Fig. 3 for video location.

It should be noted thatéhmostlikely storm return periods in Table 3 (the middle of the
range given in parenthesesyult from the use of the mdgtely NOAA (2020a) estimatefor
the daily precipitation corresponding to a given return period (see Table 1). In turn, these most
likely storm return periods are consistent with the design precipitations that are stheed0d3
stormwater manual (City of Charleston, 2013; see Table 1). On the other hand, as mentioned
previously, the more conservative design precipitations i2@26 stormwater manual
(AECOM, 2020) are similar to the maximum daily precipitation amownqpédr bound of the
90% confidence interval) in the NOAA (2020a) estimates for a given return period (see Table 1).
The use of these maximum daily precipitatioroamts results in the calculated minimum storm
return period corresponding to a given floodawgnt. For example, the flooding event on
October 3, 2015 (Hurricane Joaquin) resulted from a-y€ab storm, based on the design
precipitations of the 2013 stowater manual (City of Charleston, 2013) and the rhksly
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NOAA (2020a) estimates. Howevdine same flooding event resulted from a 2Bar storm,
based on the design precipitations of the 2020 stormwater manual (AECOM, 2020) and the
maximumdaily pregpitation corresponding to a given return perasistimated by NOAA
(2020a). Throughout thest of this report, return periods corresponding to particular flooding
events on James Island will refer to the ri&ly return periods consist with NOAA (20a)

and the earlier stormwater manual (City of Charleston, 2013).

Figure 8b. Two stormwater pipes are buried siolg side under a road at EME Apartments. Thanth pipe on the
right-hand photo is open at both ends and carries stormwater to Jamdsdeb@k. The 4Ich pipe on the left

hand photo is open on the eastern sidejsbcompletely blocked with rocks on the western side, which prevents any
flow toward James Island Creek. According to City of Charleston (20pQ&ere are no records iiedting when or

why the 42inch pipe was blocked off. Leftand and righhand phtos are stills at 0:03 and 0:38, respectively, from

a video at Henty (2020b). See Fig. 3 for video location.

The probability of flooding on James Island was 10%, 50% 808&0] if the daily
precipitation equaled or exceeded 0.53 inches, 2.50 inchdésZHhdhches, respectively (see Fig.
9a). In other words, flooding was inevitable if daily precipitation equaled or exceeded 5.53
inches and was expected if daily precipitattmualed or exceeded 2.50 inches. Moreover,
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stormwater infrastructure could na belied upon to prevent flooding if the daily precipitation
equaled or exceeded ory53 inches.In terms of the storm return period, the probability of
flooding on Jamessland was 59% and 100% if the daily precipitation equaled or exceeded 1.0
and 4.9years, respectively (see Fig. 9b). In other words, flooding is inevitable fgearstorm
and is expected for aylear storm. In summary, the current stormwater infragtracoes not

even have the capacity to accommodateyaar storm (which has @Q0% probability of
exceedance in any given year).

Table 3. Flooding Events on James Islandylay 1, 20151 June 25,2020

Onset of Maximum Figures 24-Hour Rainfall!  Return Period?
Flooding Rainfall ! (in) (yrs)
5/1/2015 4/30/2015 10 1.13 0.3(0.30.3)
10/3/2015 10/4/2015 11 9.02 40.5 (25.381.4)
12/22/2015 12/23/2015 12 0.65 0.3 (0.20.3)
1/15/2016 1/16/2016 13 1.39 0.4 (0.40.4)
1/30/2016 1/29/2016 14 0.20 0.2 (0.20.2)
10/8/2016 10/8/2016 15 8.48 29.2 (18.855.8)
12/6/2016 12/6/2016 16 1.74 0.5 (0.50.5)
5/23/2017 5/24/2017 17 3.12 1.1 (1.61.3)
9/11/2017 9/12/2017 18ac 6.78 10.4 (7.317.0)
10/23/2017 10/23/2017 19 2.50 0.8 (0.70.9)
6/30/2018 7/1/2018 20 1.66 0.5 0.40.5)
7/7/2018 7/8/2018 21ac 3.15 1.2(1.0-1.4)
7/20/2018 7/20/2018 22ac 4.10 2.1 (1.72.6)
7/30/2018 7/30/2018 23 2.64 0.9 (0.70.9)
9/10/2018 9/10/2018 24 0.30 0.2 (0.20.2)
11/24/2018 11/24/2018 25 0.60 0.2 (0.20.2)
12/14/2018 12/15/2018 26ab 3.05 1.1 (0.91.3)
6/12/2019 6/13/2019 27 1.73 0.5 (0.50.5)
12/23/2019 12/24/2019 28ab 3.77 1.7 (1.42.1)
3/5/2020 3/6/2020 29ab 1.99 0.6 (0.50.6)
4/23/2020 4/24/2020 30ac 5.53 4.9 (3.#7.1)
5/20/2020 5/21/2020 3lac 4.43 2.5 (2.03.3)

IMeasued at NOAA weathestation Charleston 2.0 S (see Fig. 2; NOAA, 2020b).

°Mean followed by 90% confidence interval in parentheses. Return period calculated for NOAA weather station
Charleston WSO City (see Fig.2; NOAA, 202(Rgturn periods shorter thanepear are not meangful, since a
precipitation amount corresponding td-gear return period indicates 100% probability of exceedance in a given
year.

The next 35 figures are photos that document the 12 flooding events (see Higs. 10
18ac, 19, 2021ac, 22ac, 23-25, 26ab, 27, 28&b, 29ab, 30ac, 31ac). For each flooding
event, the first photo documents flooding near the Central Park development site (if available),
the second photo documents flooding near the Riverland Oaks developmentsaddfile),
while the third photo documents flooding elsewhere on James Island (if available). S&&Fig
locations of photos near the proposed developments and Fig. 2 foplotierdocations.
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Probability of Flooding on James Island
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Figure 9a.A comparison of 22 flooding events on Jesiisland beteen May 1, 2015 June 25, 2020 with daily
precipitation records at NOAA weather station Charleston 2.0 S (see Table 3; NOAA, 2020b) indicates that the
probability of flooding is 10%, 50% and 100% for-Bdur precipitations equal to or excéegl0.53 inchs, 2.50
inches and 5.53 inches, respectively.
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Figure 9b. A comparison of 22 flooding events on James Island between May 1j 20t 25, 2020 with daily
precipitation records at NOAA weather station Charleston 2.0 S (see Table 3; R020%) and the

corresponding return periods (see Fig. 8; NOAA, 2020a) indicates that the probability of flooding is 59% and 100%
for 24-hour precipitations with return periods equal to or exceeding 1 year and 4.9 years, respectively.

25



