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l. Executive Summary

The Broad Marsh River Stormwater Remediation Project began in 1990 when the town of Wareham
requested funding through the Buzzards Bay Project (BBP) mini-grantsprogram. The Town submitted a
proposa to improve the water quality inthe lower section of Broad Marsh River through the remediation
of sormwater discharges. These discharges showed e evated counts of fecd coliformbacteria duringrain
gsorms. The Town, in consultation with the Massachusetts Divison of Marine Fisheries(DMF), bdlieved
these dischargeswere aggnificant contributor to shellfishbed closuresin Broad Marsh Rive. In addition,
severa public and private beaches are located along the river. While these beaches had not beenclosed
dueto fecd coliform bacteria, the Town was concerned about the public hedlth risks associated with the
sormwater runoff.

Due to limited finances, the Buzzards Bay Project was unable to provide the funds for the Broad Marsh
River Project in 1991. However, in 1992, the Buzzards Bay Project, in collaboration with the Town of
Wareham, submitted a proposal to the Department of Environmenta Protection, Office of Watershed
Management (the Department), through the S.319 Nonpoint Source Pollution (NPS) program. In June
1993, the Town was awarded $88,450.00 fromthe Department to remediate the ssormwater discharges.
Inthe proposal, the town committed to an additional $71,020.00 contributionas match (cashand in-kind).

In 1993, the BBP and the Town requested planning and technica assstance from the USDA Naturd
Resources Conservation Service (NRCS). NRCS put together an interdisciplinary team (including
engineers, biologists, soil conservationidts, a geologist and a soil scientist) to work with BBP and Town
representativesto identify dternatives and select best management practices. Severa dternativesto reduce
the coliformloadsfrom the scormwater runoff were considered. The sandy soilsin the project area made
infiltration a practicable dternative. Infiltration practices such as trenches and basins were known to be
highly effective in removing fecal coliform bacteria from stormwater runoff. Due to land congraints,
subsurface (under-the-road) infiltrationstructures, were selected asthe most economicaly feasible for the
town toingall.

As part of the Memorandum of Understanding with the Town, NRCS provided the Ste investigations,
survey work and designs needed to implement the project. The design of the infiltration structures went
through severd revisons before being finalized in April 1995. The extended length of time for needed for
completing the designs were the result of considerably |ess than expected space for infiltrationbasins due
to the narrowness of the roads and the configuration of the many utilities under the road. This forced a
reevauation of infiltration targets and policies by the Buzzards Bay Project, NRCS, and the town.

InOctober 1995, the Town awarded the congtruction contract to C. C. Congruction. Constructionbegan
in November in the Pinehurst Beach section. Ingtaled were two types of infiltration structures, concrete
gdleys and plagtic chambers. The plagtic chambers were utilized in areas with high groundwater.
Construction of this project was completed in April 1996. To completethe constructionof the project, the
town cash contributionaone equaled $70,385.87. Within-kind contributionsby thetown, thetown’ stotal
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match was estimated to be approximately $85,000.

Prior to the congruction of the infiltration structures, the Town distributed a Broad Marsh River Project
brochure to homeowners in the immediate area. The brochure, written by the Buzzards Bay Project,
described the purpose of the project, what the constructionentailed, and what the generd public could do
to improve water qudity. The maerids inthe brochure were also used to devel op aninformationd sgnand
a digplay. The 9gn was placed onsite during construction. Once the construction was completed, the
display, depictingthelocations of compl eted Wareham'sstormwater remediationproj ects, was put together
by the Town and the Buzzards Bay Project. The display is currently in the Wareham Public Library and
will eventudly be placed in the Wareham Town Hall.

Following congruction, the Buzzards Bay Project monitored three infiltrationsystems starting in October
1996 and ending in June 1997. Parameters such as metds, (Zinc, Copper, Cadmium, Chromium, and
Lead), Tota Suspended Solids (TSS), Tota Petroleum Hydrocarbons (TPH), and Volatile Organics
(VOC) were monitored in the catch basins and the groundwater wells once during a rain event. Most of
these contaminants that had eevated levelsin the discharge were reduced greetly by the infiltration.

Fecdl coliform bacteria, the pollutant of primary concern, was during five rain events (during therain or
shortly after). Samples were taken at the catch basins (when water was flowing in the basin), the
groundwater wells, and the river. The Divison of Marine Fisheries, in their efforts to assst the Buzzards
Bay Project, increased their fecd coliform monitoring of the river and aso provided verba observations
of the discharges. Overdl, the monitoring results from the catch basins and groundwater monitoring wells,
indicate that infiltration Structures are highly effective in removing fecal coliform bacteria, often exceeding
99.99% reductions.

Fecd coliform levelsin the recaiving waters were more difficult to interpret because many other non-point
sources of pollutioncontribute to both background and stormwater related increases. Despite thisnoise,
adatigica analyss of the data show that post construction fecal concentrations were significantly lower
than precongtruction in the recaeiving waters. Whether the shellfish beds will be reopened, however, will
depend upon additiona monitoring and assessment by the Massachusetts Divison of Marine Fisheries
(DMF), the agency responsible for classfying the shellfish beds.



I1. Introduction

In 1993, the Town of Wareham, in collaboration with the Buzzards Bay Project, received through the
Department of Environmental Protection - Office of Watershed Management (the Department) an
Environmenta Protection Agency funded 319 Nonpoint Source Pollution grant. The town requested the
funding to reduce the impacts of sormwater pollution on Broad Marsh River. The BuzzardsBay Project
(BBP) prepared the 319 proposal onthe towns behaf and provided planning and technical assstance to
the town.

The Broad Marsh River Stormwater Project involved the remediation of 16 stormwater discharges
(LocationMap - Figure 1). Stormwater pollution (specificaly feca coliform bacteria) was contributing to
the dlosure of shdllfish bedsin the river. Infiltrationstructureswere selected as the best alternative to treat
the firgt flush of slormwater runoff. Due to the complicated nature of this Site, the designs for the infiltration
structures went through severa revisons. Congtruction began in November 1995 and was completed in
April 1996.

As part of the 319 contract, the Department requiresafind report onthe Broad Marsh River Stormwater
Remediation Project. This find report summarizes the project and describes the tasks leading up to and
through the congtruction phase and the post-congtruction monitoring of this project.

1. Background and History

The Broad Marsh Stormwater Remediation Project began in 1990 whenthe town of Wareham requested
funding through the Buzzards Bay Project's mini-grants program. The Town submitted a proposal to
improve the water quality inthe lower sectionof Broad M arsh River through the remedi ation of stormwater
discharges. These discharges, located in the Pinehurst and Swifts Neck section of town (Discharge Map
- Figure2), showed devated counts of fecal coliformbacteria during rain storms. The Town, inconsultation
with the Massachusetts Divison of Marine Fisheries (DMF), believed these discharges had a sgnificant
impact on the closure of Broad Marsh River to shellfishing (DMF 1990 Sanitary Survey - Appendix A).

In addition, severa public and private beaches are located along the river. Although none of the beaches
have been closedto shdlfishing, monitoring of the public beaches (froma public hedth standpoint) hasbeen
limited, and samples are taken infrequently and not aways during worst case conditions, such as after a
ranfal. The close proximity of the stormwater dischargesto the public beaches a so represents a potential
threat to public hedth. For these reasons, the town was concerned about the public health risks associated
withthe stormwater runoff, and thiswas another factor prompting town action, and addressing stormwater
problems at Pinehurst and Swifts Neck is expected to only improve water qudity at the loca beaches.

Due to limited finances, the Buzzards Bay Project was unable to provide the funds for the Broad Marsh
River Project. The BBP, however, fdt the project had merit and wanted to help the town achieve the
necessary fundsto implement the project. In1991, the BBP submitted joint proposals withboththe towns
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Figure 1. Location of stormwater remediation activities.

of Wareham (Broad Marsh River) and Marion (Spragues Cove) for funding under the Massachusetts
Department of Environmenta Protection's (DEP) 319 Nonpoint Source(NPS) program. DMF supported
both towns and the BBP in ther efforts to reduce pollution loadings into Buzzards Bay. In that year, only
the Spragues Cove Project was funded by DEP.

Despite this lack of funding, the Buzzards Bay Project and the town of Wareham continued to go forward
with the Broad Marsh River Project. The Buzzards Bay Project and the town requested planning and
technical assstance from the Natural Resources Conservation Service (formerly the Soil Conservation
Service). In 1992, the town and the Buzzards Bay Project resubmitted this project with additiona
preliminary design work for 319 funding, requesting $88,450.00 to remediate the stormwater discharges.
A match (both as cash and in-kind services) of $71,020.00 was committed by the town as their
contribution. Findly in 1992, the town was awarded the grant by DEP and the contract sgned with DEP
in June 1993).



V. " Best Management" Alternative

The Buzzards Bay Project requested planning and technical assistance from the Natural Resources
Conservation Service (NRCS) for the Broad Marsh River Project. NRCS put together aninterdisciplinary
team (induding engineers, biologists, soil conservationists, a geologist and asoil scientist) to work with
Buzzards Bay Project and town representatives to identify aternatives and sdect best management
practices (Planning Document - Appendix B). Priminary soilsinvestigations were conducted to determine
soil texture and percolation rates.
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Figure 2. Location of stormwater discharges.

Several dternativesto reduce the coliformloads fromthe stormwater runoff were considered. Alternatives
suchas chlorination and UV dissectors were not considered feasble due to the high capital costs plus high
post-constructionexpenses. Alternativescons dered were surface detenti on/retention basinsand subsurface
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infiltrationstructures. At the time of the BM P selection, extended detention basins were thought to provide
good overdl water quality treetment. Not much wasknown, however, about detentionbasin effectiveness
in removing feca coliform bacteria. Surface retention (infiltration) basins and trenches were considered
highly effective trestment (60-100%) for the remova of bacteria (1). Both of thesetypes of surface basns
(detention/retention) are consdered "end-of-pipe"’ solutions, requiring land at or near the pipe outfdl, a
problem for this Ste.
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Figure 3. Hen Cove catch basin schematic.

The Pinehurst and Swifts Neck sections of town are densdly populated - open land areas are limited in
number and in Sze. Since there were sixteen stes of sormwater discharge, the town would have had to
purchase land (induding houses) to indd| surface basins if thismanagement solutionwassel ected. The town
would aso have to restructure the exigting drainage systemto accommodate the use of surface basins. The
costs associated with inddling surface basins did not make this an economicaly feesble option for the
town, sdelining factors such as maintenance and efficiency.

The sdlected dternative - subsurface (under-the-road) infiltration structures - were considered to be the
most feasible option given costs, maintenance requirements and effectiveness. Since the road was owned
by the town, purchasing land for implementationwould not be required. This subsurface option, however,
was not without problems. By placing the infiltration structures under existing roads, the town needed to
contend with the underground utilities. Gas, sewer and water lines were under the road surface and the
electrica lines were overhead.



The Pinehurgt sectionespecidly, posed amgor problemwith utilities. The roads are very narrow (12 feet
wide) and the utilities are laid out in a random pattern, crossing from one side of the road to another and
over and under each other. In addition to the functioning utility lines, there were aso severd old, unused
water lines. These lines were eventualy capped at the request of the Wareham Water Department.

V. Sitelnvestigation and Design

The prdiminary soils investigation indicated that the soils in the area were Carver, coarse sand. The
percolation rate in the test holeswas very fast - less than two minutes to the inch. The investigation aso
indicated that groundwater could be a problem at some discharge sites. Subsequent data collection using
test pits, Ground Penetrating Radar equipment, and monitoringwaells confirmed that groundwater was close
to the surface at some sites. Despite knowing the potentia problems with the utilitiesand the groundwater,
the town felt this was a worthwhile project and decided to go forward.

Once a consensus was reached on the selected dterndtive and the prdiminary Ste investigation was
completed, NRCS moved forward with the design. The objective of the design was to maximize the
pollutant remova capabilities of the infiltration structures while minimizing the disruption to the road and
utilities As part of the Memorandum of Understanding with the Town, NRCS would provide the site
investigations, survey work and designs needed to implement the project while the town would supply the
materids and labor (or funding for labor) for congtruction.

Theorigina design concept utilized design criteriasmilar to the Hen Cove Stormwater Project inBourne
(Figure 3). The Hen Cove Project was funded by the Buzzards Bay Project and designed by NRCSin
1990. The design methodology was adopted from the Maryland Department of Natural Resources
Standards and Specificationsfor Stor mwater Management Infiltration Practices, Feb. 1984 (2). The
Maryland methodology uses the percolation rate of the soil to determine the volume needed in the
infiltrationstructuresto store the firgt flush of ssormwater runoff. To takeintoaccount the potentia reduction
of sail infiltration in future years, NRCS based the design of the structures on a four minutes per inch
infiltration rate. The rate was a least two times dower than the field rate of two minutes per inch. At the
time of the Hen Cove design (1990), this reduction was believed to be adequate to maintain the integrity
of the leaching system for the future. This methodology was used to estimate the number of infiltration
structures and the subsequent cost of implementation for the 319 grant proposal.

Once the survey of the siteswas compl eted and the design process well under way, some concerns were
expressed by NRCS and the Buzzards Bay Project about the long-term functioning of the infiltration
structures. Monitoring studies of infiltration practices(basins, structures, trenches, etc.) indicated that these
practices did not performas designed and had a high rate of failure within the firg five years of inddlation
(3). Suspended solidsfrom stormwater runoff would clogthe infiltrationstructuresand reducetheinfiltration
rate of the soil.

The storage volume of the origind infiltrationstructureswas cal culated using hdf of the soil infiltration rate.
Even though the design had built in a future reduction of soil irfiltration, the concern was whether this

7



-1
1
i

4
1
1 L]
| \ i
IR ! 'l
\.':I - ) !
1
N
r
!
L]
h
]
1
[

E

; END SEUTION , CENTER SECTION

h' —— o —,
At
¢

END SECION

- S oo - 4 s .
e - s .' ho o
b "__,'xh:"‘—-\.H _,_..-"'__ﬂ _,.--"'_Fn - - P:: o T :Irl
G WA T e ;
;_::':-_;':}-::;_;‘:-_: B ‘.(‘,_.-_._’__-— 1_} ‘
P e T e | _
P [ e e . T
Lok 4. - P - I . - L —n -
St _.,-:_3:,. s e R T T el
SEITATIOIR | e T ':EIT' S i s o
ST, e e &= A Mooy o —_- = L
- - '\-.\_\:u\____ s )_-- _\___E:_.‘:: (=Y :t PN LT —_— [_'.--'
i Y TR P L I IR e B
"~ e Ty el __r‘:-__a\._:. L % = .~ N e
uh.;{r_ i - ‘-‘a::-,m‘a:{aﬁ | '\_1 1%%5:‘@53’“ Eq._:ﬂﬁ__,.uf_-,_ﬂ:'.___,:.
" - I‘]-:“:— =y - [= = ! - l’-_';' - F:j :‘:.-.
- SRR EE aEaea: leahianiiaT
— R en PSR R ek A B2 T A e
< =)/ Su3ngd 528
—~ -8 ] = 2 = e i
-
LN =l Sngdns  Oefaz
- = A o e Eor ey i e
> B SWlE HoEs T
j’,-' TR e EE_H 7, wE e P
- =T ) #d =T P
’1@\‘\ . H _F‘_n-"'"ﬂ.‘ L'-_".-
-Q"H“_- -C::-' _: -'__,--"
NG <

Figure 4. Precast galleys used at site.

reduction would be adequate. If the infiltration rate became less than four minutes per inch (due to
clogging), the infiltration structures would not provide the necessary storage for ssormwater. |nadequate
storage volumeswould result insmaler amounts of the design storm (less volume of runoff) being "treated"
or controlled.

Discussons withthe Town and the Buzzards Bay Project concerning the soil infiltration issues, led NRCS
to forego the origind design concept and begin the design process over. The design of the infiltration
structures would be based on tota storage of the firgt flush (100% capture of first hdf-inch of stormwater
for gorms of average intendgty) volume and not onsoil infiltrationrates (which required less storage). The
State of Rhode Idand's Sormwater Design and Installation Manual, Sept., 1993 (4) utilizes the totd
dtorage concept as the design criteria for infiltration practices. Even though the increased storage
requirement would adversely impact thetown'sbudget for thisproject, the town opted for the redesign and,
hopefully, a better long-term product.

In addition to the soil infiltration issue, designing the infiltration structures to fit between criticd devations
proved to be difficult at five of the Stes. The design involved utilizing exigting catch basin discharge pipes
as overflow pipes for the infiltration Structures. The infiltration structures, therefore, needed to be placed
bel ow the devation of the overflow pipe. A survey of the discharge pipes in the catch basins indicated that
these pipes were lower in devation than origindly thought, placing the infiltration structures closer to
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groundwater. On these Sites, a shdlower infiltration system rather than the standard concrete structures
would have to be used.

Figure5. Location of precast galleys.

Once the second design was near completion, the concern was raised pertaining to underground utilities.
The utilities were not part of the "desgn” package, and the locations of the utilities were to be the
respongbility of the contractor at the time of congtruction. With the expansion of this project to indude
more storage volume, the location of the utilities became a more criticad component for ingtdlation.
Manipulating the placement of the infiltration structures to work around the utilities would be less of an
option during congtruction. The decision was to have "Dig Safe’ and the Wareham Water Department
locatethe utilitiesand have NRCS survey the lines. The utilities would then be part of the design package.

The find design (Design - Appendix C) was completed in April 1995. The design included two different
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types of infiltration structures, concrete leaching galleys and plastic infiltration chambers. The four by four
gdleys (Figure 4) were designed to be inddled in areas with adequate separation to groundwater, Sites
A,B,C D, E G,H,J KandN (Figure5).

The plastic chambers (Figure 6) werefor useinareas withshalow groundwater, SitesF, L, and P (Figure
7). Two of the sites, M and O, have a combination of the galeys and plastic chambers. To provide
adequate storage for the firgt hdf inch of runoff and provide adequate groundwater separation, some of the
overflow pipesat the existing catch basins needed to be turned upwards with a 90-degree elbow (Figure
8). In addition, fifteen new catch basins were part of the design to accommodate utility lines. Based upon
previous evaduations of infiltration basn BMPs, the approximate removd rate of ssormwater bacteriais
expected to be 80%.

Most of the congtructionwould take place withinthe 100-year flood plain of the Broad Marsh River. The
project, therefore, fell under the jurisdictionthe Wetlands Protection Act and the Wareham Conservation
Commission. Sincethis project was not creating new discharges and work was not proposed inawetland,
additional state and federa permitswere not needed. The town gpplied to the Conservation Commission
on September 22, 1995 and received the Order of Conditions on October 11th (Appendix D).

Inconjunctionwiththe permit process, the town aso put the project out to bid. The town put together the
bid package induding the standards and specifications for construction materids and ingtalation. The

10
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invitation to bid was advertised in the September 13, 1995 Centra Register. A pre-bid conference was
held on September 20th at the Town Hall in Wareham. The find date for receiving bids was September
28th. The Town received 4 bids ranging from $158,690.00 to $242,695.00. The lowest bidder, C.C.
Consgtruction from Brewster, MA was awarded the contract on October 11th (Appendix E).

VI. BMP I mplementation
The precongtruction conference was held on October 23, 1995. In attendance were:

Ken Moore C.C. Congtruction

Wes Haskell Wareham Water Department

Mike Rocci Colonid Gas Co.

Jm Shaw Wareham WPCF (Sewer)

Mark Gifford Wareham Municipa Maintenance
Charlie Rowly Wareham Engineer

11
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Dan Barnett NRCS
Bernie Taber NRCSBBP

The mgor issue discussed at this meeting was the location of the utility lines. The Water Department and
the Gas Co. requested that any old water and gas mains be plugged with concrete and any fill materid
placed around the new lines be well-compacted.

Mark Gifford offered the use of the "water tower" land, located in close proximity to the congtruction Site,
as an area to sockpile materias. BothMark and Charlie Rowly were expected to be the onsite inspectors
during congruction.

Congtruction began in December 4th, 1995 at Site B. By January 2nd 1996, the Contractor installed
infiltration structures in Sites A through M. Due to adverse westher conditions, construction had to be
halted at this time. Congtruction began again on March 4th, 1996 at Site N and was completed by April
30th. The contractor encountered very few problems during implementation with only a few "fied"
adjustments to accommodate utility lines.

Once the congtructionwas completed, the Town accepted responsbility for the ingpection and long-term
maintenance of the project. The Wareham Department of Municipad Maintenance has an annua contract
withaprivatefirmto clean out and ingpect the catch basinsintown. Inadditionto deaning the catch basins
at the project gte, the access manholes will be opened and the components inspected. Repairs or

12



replacement of the system components as a result of the ingpection will be made by the town funded
through their regular operating budget.

The Buzzards Bay Project plans to assst the town with future inspections. As part of the ongoing water
qudity monitoring, the Buzzards Bay Project routingly inspects the catch basins a SitesA, D, and M. If
sediment accumulation is excessive, the Buzzards Bay Project will report the findings to Municipd
Maintenance and request cleaning. These ingpections will indicate if the annua catch basin cleaning is
adequate. If not adequate, the town can opt for morefrequent catch basin cleaning or street sweeping or
acombination of both. Cleanings every 1 to 2 years may be needed.

VII. Public Participation

TheBuzzards Bay Project developed aninformationd flyer (See Appendix F) for the local community. The
flyer describes the types of pollution typicaly found in resdentia runoff, the impact of these pollutants
(primarily fecal coliform bacteria) have on Broad Marsh River, and what they, as individuds, can do to
cleanup therr River. Detalls (induding aschematic view) pertaining to the infiltration systems and how they
function isaso provided in the flyer.

The flyer wasthengivento the town of Wareham for their review and approva. Once the language in the
flyer wasfindized, the town had 350 copies printed. The flyers were distributed to the local residentsprior
to congruction. Themateria swere aso used to develop aninformationa Sgn that was placed onsite during
congtruction. The Town decided to display the Sgninthe areawiththe most construction (Finehurst Beach)
and at the intersection with the largest traffic flow (the intersection of Finehurst Drive and Circuit Avenue).
In addition to the mobile sgn and the flyers, the town has aso put together a display of stormwater
remediation projects in the Town of Wareham (Appendix F). The display (Fig. 9) is currently located at
the Wareham Public
Library and will eventuly

e be placed in the Wareham
Wordng I':‘..?;’-.lm:-.nr Waler | . Town Hdl.

VIII. Monitoring
Methods and
Approach

As soon as congtruction
wascompleted, the Divison
of Marine Fisheriesbegan a
visud ingpection of the
8 stormwater discharges
£ (Figure 10). In Augus,
DMF noticed that Sites N
and O had stormwater
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Figure 10. Location of infiltration monitoring stations.

flowing from the dischargesduring arain event. Water samples from these discharges indicated high feca
coliform loads (reported levels TNTC - too numerous to count) during a rain storm. At that time, the
Wareham DPW was aware that an elbow at Site O catch basin was ingtaled incorrectly and needed to
be fixed. Because of the placement of the elbow, the fird flushof stormwater was bypassng the infiltration
structure and being discharged directly into the River. Mark Gifford (DPW), contacted CC Congtruction
and requested the elbow on the discharge pipe be changed as indicated on the design.

During the next rain storm (September), observations of stormwater flow a Site N indicated that

stormwater was bypassing the new catch basin. Instead sormwater was flowing into the lowest (in
elevation) catch basn and then into the River without trestment. The Wareham DPW plans to resurface
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the areaaround the new catch basin, redirecting ssormwater into the catch basin and through the infiltration
structure.

Once the congtruction of dl the infiltration structures were completed, the Town and the Buzzards Bay
Project beganto discuss the specifics of the monitoring wells. According to the DEP's 319 contract (Scope
of Services) with the Town, three of the "leaching catch basins' sites needed to be monitored following
congtruction. Four locations (Sites A, D, L/M, and O) were identified as potential monitoring sites. The
steswere sdlected based upontechnology used (gdleys or plagtic chambers) and groundwater separation.
The separation between the bottom of the infiltration structuresand groundwater ranged from one foot to
greater than four feet. These potential sites were located on a map and forwarded to the Department for
their gpproval.

The primaryfocus of the monitoring programis feca coliformbacteria. Highleves of fecd coliformbacteria
have resulted in shellfish bed closures in Broad Marsh River. The infiltration structures were indalled to
reduce stormwater-related bacteria discharging into the River. All the samples collected for this project
were analyzed for fecd coliform bacteria. The secondary pollutant of concern, metds (zinc, copper,
cadmium chromium, and lead), are sampled infrequently. The potentia for groundwater pollution resulting
from subsurface discharge of sormwater metals does exist. The metds are monitored at the catch basin
inflow and at the groundwater well to determine the presence of metals in groundwater.

In August 1996, Mark Gifford, Wareham Department of Public Works, contracted the ingtdlation of the
monitoring wels to a loca wdl drilling company. The wells were inddled a Sites A, D, and M. The
selection of these three well sites was based upon placing the wells on town-owned land and minimizing
the impact to underground and overhead tilities.

I n consultationwith Barnstable County Department of Heal thand the Environment (BCDHE), the Buzzards
Bay Project decided to use monitoring bailers to obtain the groundwater well samples. To prevent
contamination of the samples, one bailer is dedicated for each groundwater monitoring well. The balers
and the training for collecting samples were provided by BCHED.

The bailers were firg used on October 8th to prepare the wells for monitoring. Each wel was bailed a
minimum of twelve times to remove sediment and standing water. Initidly, the fine sediments clogged the
check bdl of the baller, resulting in frequent cleanings of the bailer. Asthe groundwater became cleaner
(lesssediment), dogging became lessfrequent and the bailersworked more efficiently. After thewdlswere
cleaned, they were left overnight and then cleaned again. Following this deaning, groundwater samples
were taken to determine background levels of fecd coliform bacteria.

Preparation for monitoring begins the day before an anticipated rain with the remova of stagnant
groundwater and sediment from the wdls. Using a Soil Test water leved indicator, the water levelsin the
wedls areread and the water volumes cal culated. The wells are then bailed & a minimum of three timesthe
caculaed well volume.
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Monitoring of the infiltration structures during a rain begins with the sampling of sormweter at the catch
basins. The catch basin grate is removed and the pretreatment sample collected (Sites A1, D1, and M1 -
Figure 10). Following the catch basn samples, water samples are taken from the river (BMR1-5 and
BMRD). The post-treatment samples are the find samplesand are collected fromthe monitoringwells (A2,
D2, and M2) usng the bailers. Sdinity and temperature are recorded for the river samples and the well
samples.

If the monitoring event includes metds, additiona sampling bottles (100-250 ml) are obtained from the
tedting laboratory. After the feca coliform containers are filled and placed in the cooler, additional
sormwater is collected at the catch basins and the wells for metals. These samples arefiltered in the fidd
and thenplacedin the cooler. All the samples (fecd coliform and/or metals) are ddivered to BCDHE for
andyss. One to three days (depending on scheduling) after monitoring the sormwaeter, the groundwater
wells and river Stes are retested for the same water quality parameters (Appendix G).

| X. Evaluation

Three sets of datacanbe used to eva uate the effectiveness of the sormwater remediationproject. Thefirs
and mogt direct data was the monitoring of contaminant concentrations in the sormwater entering the
stormwater system, and comparing that to the discharge inthe groundwater as measured by wdlsadjoining
the leaching basin. The Buzzards Bay Project monitored three leaching basinsin thisway.

The other two data sets of interest -- the Buzzards Bay Projects monitoring of six stesin the river, and
DMF s shellfish bed closure statistics based on two river monitoring stations is a less direct evauation of
the efficacy of the BMPsingdled, but one of more interest to managers and the public. Because of the
inherent “noisness’ of river data, and becausethese stormwater sources represent only an unknown portion
of dl fecal sources, these datawere expected to be more difficuit to interpret. A summaryand interpretation
of each data set are shown below.

Well-Infiltration Basin Comparison

The Buzzards Bay Project monitored three leaching basins and adjoiningwells. These data are cons stent
with amilar studies, namdy that infiltration is a highly effective mechaniam for diminating feca coliform
discharges. AsshowninFigure 11, even when fecd coliform levels reach 2000 fecal coliform per 200 ml
in November of 1996, where there was 6.42" of ran over four days, 100% of the feca coliforms are
removed. Infact, only onone date was any feca coliformever observed inthe well samples. In both cases
the concentrations were only 1 per 100 ml. On April 18, 1997, fecad streptococci were monitored in the
threewdls and in gormwater in the infiltration basins. While infiltration is not as effective inremoving feca
streptococci (Figure 12), probably because of the bacteria’ ssamdler size, the percent reductioninthe three
basins nonethel ess ranged from 51% to 98%.

Total Petroleum Hydrocarbons (TPH) were d so measured on that date, and the wells were dl below the
0.5 ppm detection limit for the analysis (Figure 13).
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Figure 11. Comparison of well vs basin fecal coliform concentrations. Monitoring for 1996 to 1997.
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Figure 12. Fecal streptococcus in basin stormwater
versus well groundwater concentrations. Percent
contaminant reductions in well adjacent to infiltration
basins are shown.

Figure 13. Total Petroleum hydrocarbonsin basin
stormwater versus well groundwater concentrations. All
wellswere below 0.5 ppm limit of detection.
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The reaults from metal's were less conclusive. For
example, Cadmium, chromium, and lead vaues
entering the infiltration basans were often near the
0.5 ppm limit of detection meking interpretation of
remova effectiveness impossible (not shown).

For certan metds, like zinc, that had somewhat
elevated concentrations, reductions ranged from
60% to 83% (Fig. 14).

For other metals, even when elevated, removal
resultswere not dways consistent. For example, on
11/26/96, at the catch basins for sites D and M,
chromiumconcentrationswere93%and 71% lower
in the wdls than in the catch basins, however chro-
mium in wdl A2 was actually 50% higher than
corresponding infiltration basin A1 (Figure 15).

Smilarly, copper showed adecline inonly one basin
(Figure 16).

The lack of change in some metds like copper and
lead may reflect the fact that overdl metal concen-

trations werevery low at thisste, close to the limits
of detection (or in the case of lead, at the limits of
detection) for the analysis used. The one Site where
copper showed adecline was a well-basin test Site
D, which had a copper concentration about double
the concentrations observed at the other two Sites.

Thus, it is possble that these infiltration basns

would beranked more effective inamore urbanized

areawhere meta concentrations are expected to be

higher.

Basn D had the highest concentration of copper,
zinc, and TPH that may reflect its somewhat denser
levels of development in that portion of the
subwatershed.

Overdl, the findings of this monitoring program met
expectations that infiltration basins are
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sampl es showing percent removal of zinc. Detection limit
was 0.5 ppm.

Well vs infiltration basin W
Chramium, 1126796

S0%

o810

acos

Q008 -

EAmy

Q004 -

[a Tl |

ooz
1 . e
0.500 -

Al

Ivasin

AZ

wel|

C1

I3zin

O

wazl|

Rl

hasin

iz

well

Figure 15. Comparison of infiltration basin and well
samples showing percent removal of chromium. Detection
limit was 0.5 ppm.
Well vs infiltratian basin WQ
Copper, 11/26/9%8

0.050

Q.04

0.030

£
=%
=
= 0%
o

0.024

Q010
1.l -
Q.000 A

Al

[sasny

AZ

wl |

C1

LR

[

wl |

R

Ivin

2

el |

Figure 16. Comparison of infiltration basin and well
sampl es showing percent removal of copper. Detection

limit was 0.5 ppm.
18



Eroadmarsh River

Broadmarsh River

Fo/lisy ml Monitoring station BMR Fo/Tixy mi Monitering station BMRZ
1000 1000
100 108
- - - -
10 10 nl =
- CCIELIT S : CCIELIT -
] B T |
11 -+ = 1 1= I-J_

Jumdd Lec-EE Jer-¥1 Lad- Jdrde Joe-dh: Jum-dli Led-id oariy JumHd Dec-%s Jur-¥1 Lagsd Jaren Jac-dh Jun-HE Lec-ds o sy

Figure 17. Broad Marsh River station 1 fecal coliform
concentrations documented by Buzzards Bay Project.

Figure 18. Broad Marsh River station 2 fecal coliform
concentrations documented by Buzzards Bay Project.
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Figure 19. Broad Marsh River station 3 fecal coliform
concentrations documented by Buzzards Bay Project.
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Figure 21. Broad Marsh River station 5 fecal coliform
concentrations documented by Buzzards Bay Project.

Figure 20. Broad Marsh River station 4 fecal coliform
concentrations documented by Buzzards Bay Project.

Fav1amaml o .
80050 Menitoring station BIRS effective in reducing fecal coliforms and hydrocar-
bons, but may be less effective in removing metas
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River Monitoring Stations

= u The Buzzards Bay Project monitored concentrations
10— of fecal coliforms in Broad Marsh River near the
el L | Stormwater dischargesbeforeand after implementa-

tionof the tormwater remediationdesigns (Figs 18-
20). Interpreting this data is more complex because
of the many factors afecting fecd coliform levels a

any particular Ste on agiven day. Especidly impor-
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tant isthe rainfall amounts 48 hours before sampling.

For example, in June 1994, a2.6" rainfdl coincided with very high fecal coliforms at mogt river stations.
Fortunately a Similar post construction sampling on October 9, 1996 coincided with a 3.0" heavy ranfal.
While water temperatures on the October 1996 sampling were only 15 C, cooler than the June 1994
sampling of 25 C, the November 1996 temperatures are warmenough for surviva of fecd coliforms from
most sources, and the water temperatures are not as extreme as winter whenthereisa pronounced die-off
of feca bacteria. The June 1994 sampling tended to have the highest precongtruction levels of fecd
coliforms, and the November 1996 samples tended to have the highest post construction feca coliform
concentrations for the monitoring stations.

The precongtruction June 1994 sampling clearly had higher feca coliforms at stations 1, 2, and especidly
5 thanon post constructionNovember 1996 (Figs. 17, 18, and 21). Station 3 showed comparable levels
on both dates (Fig. 19), and only station 4 (Fig. 20) showed a higher fecd coliform concentration on the
post congtruction heavy rain date.

Smilaly, the October 10, 1993 sampleswith0.23" of rain are best compared withpost constructiondates
of August 13, 1996 with0.85" of rainand March 26, 1997 sampling with0.91" of rain. The October 1993
sampling generdly had the second highest pre-construction fecd coliform levels.

For gations 1, 2, 3, and especidly station 5, the October 1993 fecd coliform levels were consgently
higher infeca coliforms than the comparable August 1996 and March 1997 dates. Only at Station 4 was
this trend not observed.

Thefact that station4 shows high post constructionleve's compared to high preconstruction concentrations
on both rain dates suggests that other fecal sources are confounding factors at this Site or that the
remediated discharge was a smdl feca source compared to others present.

Perhaps equally important isthe fact that these remediated ssormwater discharges represent only aportion
(and anunknown one) of the total fecal coliformloadingsto the River. Moreover the sormwater trestment
system was designed only to handle the first flush of sormwater. Despite these limitations, fecal coliform
concentrations do appear somewhat lower after construction than prior.

DMF Data

Data from the Massachusetts Divison of Marine Fisheries (DMF) shdlfish monitoring program paralds
the fecal monitoring program by the Buzzards Bay Project in showing that fecd coliform levelsin Broad
Marsh River have shown a dight but measurable decline in feca coliform concentrations. DMF has
monitored two dations in Broad Marsh River. While the entire embayment has been permanently closed
sgnce 1988, DMF is expected to review its recent data and data from the Buzzards Bay Project to
determine whether a change in closure classfication is warranted.
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DMF monitors two gtations: an upper embayment Station 6-Pigs Point at Sea Breeze Lane, and amid
embayment Station 7- End of Broad Marsh Avenue (Data provided by DMF to the Buzzards Bay Project
muchthanksto Greg Sawyer. Datafrom these stations are shown on thefollowing pages. In generd DMF
collectsrain date water samplesfromstormdrains the day of rainfdl, but not necessarily at firgt flush. Often
water samples collected intheriver are generdly at worse case conditions, within 1 to 3 days of aranfal
and during outgoing tides. However, many samples are aso collected during dry periods.

Because dl dates are included in the figures below we have used the following criteria for digtinguishing
“wet” and dry conditionsampling. Wet condition sampling isidentified on the graphs as any sampling date
with 0.15" of rain the day of sampling, 0.40" within 48 hr of sampling, and 2.00 inches within 96 hr of
sampling. In the latter case we have noted that rainfals exceeding 2" can raise feca coliform levelsin an
estuary for many days. Similarly the 48 hour tota was avolumethat we believe can influence water quality
conditions for two days. Findly the 24 hr totd isapproximately the volume of water necessary to generate
stormwater dischargesfor light rain conditionstorms. Whilethesecriteria are somewhat arbitrary, they hdp
explain some of the variahility in feca coliform concentrations shown in the graphs below.
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Figure 22. Fecal coliform datafor DMF Station 7.
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Figure 23. Students t-test evaluation of preconstruction (93-95) and post-
construction fecal coliform datafrom DMF. Datafor all conditions included,
Decline was significant.

As shown, Station 7, which
was monitored since 1994
has shown adight but Satidti-
cdly sgnificant dedine in fe
cd coliformsin the post con-
gruction period (Figs. 22 and
23). The Students t-test re-
aults in FHgure 13 were for a
1-tailed test with p<0.10 on
untransformed data. The test
was aso performed on log
transformed data assuming
that the data is lognormaly
digtributed, and this test was
aso ggnificant at the p<0.10
level (not shown). Asiis ap-
parent from FHg. 22, back-
ground leveds reman un
changed but cdealy fewer

high levels have occurred since congtruction of the ssormwater trestment system.
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The results from the upper Broad Marsh River, DMF Sta_ &
embayment Station 6 (up- meaan +/- std. srrors for diff. periods
stream of the stormwater

trestment systems) are less
clear. Background levds are
somewhat lower & this Site
than Station 7, and during
the period Station 7 was
monitored (Fg. 24). Even
the highs at Station 6 were
consderably lower than Sta-
tion 7 during the period Sta-
tion 7 was monitored (1994 B892 9395 8985  96-pres
OrWard). PYiOr t0 1994, FE | Sumbons toesp 040 Dta sontioss o Moot Do of Maiis

cal coliform concentrations Figur e 25. Means and standard errors of DMF fecal monitoring at Station 6 during
appeared higher at Station 6 different periods. The periods 89-93 and 89-95 were statistically higher than the
(Figure 25)_ A Students t- post-construction period (96-present), but the period 93-95 was not statistically

. .. higher than the post construction period. Datafor all rain conditionsincluded.
test found the 88-95 datisti-

cdly higher than the post
congtruction period (96 to present). The period immediady prior to congtruction (93-95) showed
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somewhat higher feca than post congruction, but not Sgnificantly so. Overdl it appears that upstream
sources to Station 6 may have adso changed and that the ssormwater remediation project has had only
modest impact on water qudity at Station 6 which now hasfeca coliformleves closeto background and
only once exceeded the shdlfish bed standard of 14 fecd coliform per 100 ml since the stormwater
treatment system was constructed.

X. Conclusions

The Broad Marsh River Stormwater Remediation Project has been indaled to demondrate the
effectiveness of infiltration systems in removing pollutants from stormwater runoff. Two areas within the
Broad Marsh River watershed were selected for remediation - Pinehurst Beach and Swifts Beach. The
conditions for these Sites were less than idedl with a high ratio of impervious surface (roads, drives, and
roofs), narrow roads, a multitude of underground utilities, and highgroundwater. The soils, however, were
excdlent for infiltration - Carver coarse sands, witha percolationrate of 2 minutes per inchand less. These
dte conditions are farly typica of older formerly seasond residentid areas found dong the coastline of
Wareham and the Cape.

At many of the exigting catch basins, the presence of the underground utilitiesand the amount of infiltration
Structures needed to trest the full half-inch precipitation event, required the divison of roadway surfaces
into severa catchbasins and infiltrationsystemns. Two types of infiltration syssems were ingtaled, concrete
galeys and plastic chambers. Two of the galley systems and one plastic chamber system were set up for
monitoring. Fecal coliform bacteria, due to shelfish bed closure in the River, is the primary pollutant of
concern. Fromthe limited amount of post-constructionmonitoring (five eventsfor feca coliform, one event
for dl other parameters), the sampling data indicates that the infiltration systems very effectivdly remove
fecd coliform (>99.99% removd) and feca streptococcus bacteria (generally > 90%) from stormwater
runoff.

The effectiveness of the infiltration systems to remove secondary pollutants, was demonstrated, despite the
fact that these contaminants were in low concentrations as compared to urban areas. In particular, the
basins were highly effective at removing petroleum hydrocarbons and zinc, with al Petroleum and VOCs
removed to below detectionlimits Most of the other parameters (chromium, copper, €ic.), because their
concentrations were low to begin with and often near detection limits, did not show as great of a percent
removal as expected. Still, remova of these pollutants often exceeded 50%.

With regard to the long term god for the estuary, reopening shdlfish beds, the long-term effectiveness of
the infiltration structures and impact they will have on water quality of Broad Marsh River remainsto be
seen. Although the water quality data for the estuary is*noisy” because of other background sources and
nonpoint sources, a datisica andyds of feca coliform levds in the receiving waters shows that fecal
bacteria concentrations were on average lower once the BMPs were installed.

The BuzzardsBay Project and the Divisonof Marine Fisherieswill continue to monitor fecal coliformleves
of theinfiltration sysems and the river. Ultimately the decisionto reopen shdlfishbeds will be made by the
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Divison of Marine Fisheries. That agency is currently reviewing existing data and new data collected in
1998 to determine if the shellfish beds should be reopened.

The Town of Wareham is dso committed to continue reducing sormwater dischargesinto Broad Marsh
River and in other areas of town. A design to remediate the discharges from the Wareham Municipd
Complex, which discharges into the upper part of Broad Marsh River was recently completed by the
Town. The town recently received funding through Massachusetts Coastd Zone Management’s Coastal
Pollution remediation program to implement this new work. It is hoped that this next phase will further
reduce feca coliform concentrations in the Broad Marsh River estuary to clearly warrant shellfish bed
reclassfication.
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