August 11, 1998

David Pincumbe
US EPA
Boston, MA 02203

re: Nitrogen loading in the Wareham River watershed
Dear Mr. Pincumbe:

Asyourequested, | havereexamined nitrogen|oading estimatesand recommended nitrogenloading limits
for the Wareham River watershed as reported by the Buzzards Bay Project in its 1994 nitrogen
subwatershed eval uation, the updated i nformati on prepared by Wareham' sasestimated inthe 12/16/96
correspondence from Massachusetts Coastal Zone Management to Mr. Ron Lyburger of the
M assachusetts Department of Environmental Protection, and any new datagathered by the BuzzardsBay
Project or loading assumptions now employed by the Buzzards Bay Project.

Inparticular, you have requested that thesel oadings be examined with respect to potential expansion of
theWareham Wastewater Treatment Facility, and itsdischargeto the Agawam River and Wareham River
Estuary, and the Buzzards Bay Project’s nitrogen loading strategy as defined in the Buzzards Bay
Comprehens ve Conservation and Management Planfinaizedin 1991. Based onrecent discussons| have
prepared this preliminary evaluation report for consideration.

Sincerdly,

Joseph E. Costa, Ph.D.
Executive Director

CC: Ron Lyberger, MA DEP
Tom Delair, MA DEP
Jeff Gould, DEP-SERO
Peg Brady, MCZM
Dave Janik, MCZM-South Coastal
Joe Murphy, Town of Wareham
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I ntroduction

The US EPA will soon draft arenewal permit for the Wareham wastewater treatment facility. Thisfacility
dischargestothetida portion of the Agawam River, whichinturnispart of theWareham River Estuary. Oneof
the considerationswhen reviewing dischargesof any wastewater facility to coasta watersistheloading of nitrogen
anditsimpactson ecosystem hedth. Such aloading evaluationisespecialy important whenthosedischargesare
to apoorly flushed coastal embayment asis the case of the Wareham River.

Becausetherenewal of the Wareham wastewater treatment plant iscurrently under review, the BuzzardsBay
Project (BBP) hasconducted an andysisof datawe have on hand, particularly land useinformation, flushing data,
and water quality dataundertaken by BuzzardsBay Citizen Water Quality monitoring program. Wehavea so
eval uated datasummarized in a1996 critique of the BuzzardsBay project’ s1994 nitrogen | oading eva uation by
the Town of Wareham’ sconsultant, Camp Dresser and McKee (CDM), and aresponseto thiscritique dated
December 1996 from the M assachusetts Coastal Zone M anagement Officeto the M assachusetts Department of
Environmental Protection. Inthisreport wefocusonthere ativeloading contribution of the\Wareham sewage
treatment facility and other watershed sourcesand how they compareto the recommended nitrogenloading limits
for the Wareham River estuary as awhol e as defined by the methodol ogies contained in the Buzzards Bay
Comprehensive Conservation and Management Plan adopted by thestatein 1991. Thisreport doesnot address
the localized impacts at the wastewater discharge site in the Agawam River.

Watershed Characteristics, Hydrology, and Nitrogen sour ces

The BBP characterized the Wareham River Estuary drainage basin based on 1985 land use statistics (BBP, 1984).

Important featuresof thedrainagebasinincludethefact that it isthethirdlargest drainagebasininthe Buzzards

Bay watershed, but isamong theleast developed. Agricultura land, however, mostly ascranberry bogs, accounts
for 10% of theland area, withan

equal areadefined as devel oped.
Table 1. Wareham River Estuary and Watershed characteristics ™.
. _ Rank Theestuary isthefifthlargestin
Parameter quantity units of 30 . .
Sub-basin Char acteristics? Buzzards Bay, but is fairly
Land area (= 11,343 ha) 28,028 acres 3 shalow (only 0.96 mMLW). For
Fresh surface waters (= 606 ha) 1,497 acres
Salt marsh (= 98 ha) oal acree 7 the BB!JsN methodology, the
Embayment Characteristics estuary’ shaf-tidedepth (1.6 m)
Embayment area (= 249 ha) 615  acres 5 and volumes are used in the
residence time, spatial model 4.2-7.4 days® alculat f d _
residence time, numerical mode!, avg. tide 5.75  days® calculations for determining
Mean depth (mean low water) 096 m nitrogen limit.
Mean depth (half-tide)* 16 m
Land Use
Forest 753 % 5 For the 1994 subwatershed
Residential 60 % 26 evaluation, hydraulicturnover or
Total developed 9.7 % 24 id fi f theest
Agriculture use (primarily bogs) 9.6 % 11 res ence. Imear theesiuary was
Demogr aphics conservatively assumedtobe 7.4
Population 1990 US Census 10,009 7
Housing Units Est. from 1990 US Census 5,200 5 days (178 h), th? longest value
Occupancy Rate 1.9 per unit Aubrey Consulting, Inc (ACI)
 Detarom th stersted vl | o identified usngther spatia mode
Data from the 1994 BBP subwater evaluation report unless noted.
2 Basin coverage by town: Plymouth: 52%, Wareham: 37%, Carver: 12% for the upper U3 of the
2 Aubrey Consulting, Inc. 1995 embayment. ACl actually gavea
* Half tide volume is used to calculated N-limitsin the BBP nitrogen loading range of 4.2 to 7.4 days
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represent aplausiblerange of dispersion coefficients. Using adifferent approach defined asaNumerical Moddl,
ACI estimated theupper embayment to havearesidencetimeof 3.5 daysduring springtides, 5.75 daysduring
averagetides, and 8.0 daysduring negptides. TheBBP sN methodol ogy calsfor using average summertimetidal
flushing conditionsand midtidevolumes. Thereisgood agreement between themiddleof therangegivenfor the
spatial modd (5.8 days) and thenumerical model for averagetide conditions(5.75 days). Both modelshavetheir
limitations, and adye study and additiona monitoring may bewarranted to better defineflushingintheupper third
of theestuary. Whether to usetheupper boundsor the predicted average astheresidencetimeinthenitrogen
loading cal culationsisamanagement decision. Inthisreport we usethe5.75 daysaveragetide numerical model

result in our calculations.

TheWareham River estuary isactually the confluence of two major rivers, the Wankinco and Agawam. The
Warehamwastewater facility dischargesto the Agawam River which representsthe northeast |obe of theestuary.

This part of the
riveristidal andis
fresh to brackish
depending upon

= the tide. The

watershed land
use features and
characterigticsare

ﬁ showninTable1
1and Figure 1.

Wankinco
represents the

- horthwest |obe of
P! theestuary. Other

e/ watershed

Figure 1. Wareham River Estuary showing major land use features and location of sewage treatment
facility (star).

information
Appendix A,
Table A-1.
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The BBP's 1994 subwatershed evaluation ® A
suggested that the Wareham River isthe 5" most / - d‘
nitrogen loaded system in the Buzzards Bay s -

watershed when inputsare adjusted for volumes
and flushing times. In the 1994 assessment, .
dischargefrom thewastewater facility plant was h ,’
assumed to be at aworse-case treatment plant =~
discharge of 35 ppm N. The high discharge hm‘i_/ .
concentration estimatewasused intheabsenceof

nitrogen monitoring data available at the time. \’“‘%
Exigting flowswereassumed to be0.85 MGD with 4
future flows at design limits (1.8 MGD). r

In this report we have used a discharge
concentration of 18 ppm as being more j
representativeof thelikely discharge concentration
fromtheplant, andweuseanactual averageplant | ¢ e
discharge volume of 1.0 MGD. Whether the 18
ppm N is representative can be determined by
periodic monitoring of thedischargefor all nitrogen ™
ocies COM s propocd 2 12.7 pom asud 102 ey e o et
discharge concentration, but wehavenot reviewed e it o aggn i °
the source datato determinewhether all nitrogen

species were monitored or whether the sampling dates were representative.

“y

PV E‘? -

Table2 showsthe updated nitrogen | oading for thewatershed based on BBP nitrogen |oading methodol ogiesand
assumptions, but withtherevised wastewater facility loads. A moredetailed breakdown of thevariousloading
sources are shown in Appendix A, Table A-2.

Withrespect to Tables2 and A-2, other important assumptionsin our methodology areworth highlighting. First,
theBBPiscurrently revisngitsmethodol ogiesfor largewatershedslikethat for the Wareham River. Specificaly
wearecons dering a30% attenuation factor for nitrogen sourcesinthe” upper” portionsof watersheds-namely
thoseareasdischarging to largewetland or pond systemsas opposed to groundwater dischargesnear shore, or
dischargesto streamsand riverswhichtrave directly to theestuary without retention by significant pond systems.
That isto say, nitrogen sourcesdischarging directly to estuariesor to streeamsand groundwater near estuariesare
morelikely toimpact an estuary than sourcesfar inland where nitrogen can be captured or attenuated in many

ways.

A definitionfor the" upper” and“lower” estuary drainage basin boundariesused inthisevaluation areshownin
Figure2. Thecorresponding nitrogenanaysisin Table2 and Table A2 werecal culated using land useareasfor
each basinsubareacdculatedusing ArcView. Since ArcView doesnot cal cul atethe areasof bisected polygons,
land useareasin Table Al arethoseonly with centersin the subwatershed. Thustheland areatotalsinthese
tablesareapproximate and could contain errors, and thereforel oadings are approximate. However, sinceitis
equaly likely that residentia, commercial, and bog parcel sthat are bisected by the subwatershed boundary could
beexcluded or included by thistechnique, reported areasfor |and usein thetwo subwatershed areas probably
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represent reasonabl e estimates.

Itisworth noting that the assessment in Table 2 isbased on CDM’ s1996 estimate of 4659 unitsintheentire
watershed (1851 unitssewered+ 2808 unitsunsewered). Of the 2808 unsewered units, 962 wereestimated to
beinthelower watershed and 1846in the upper watershed. Toindependently eval uatethisestimateweexamined
1997 parcel information from thetown using the same ArcView technique described above and found that there
aregpproximately 1450 unsewered parcels(built and unbuilt) inthelower watershed. Thediscrepancy between
the 962 unitswith septic systemsand thetota unsewered parcel number inthelower watershed (1450) isprobably
largely theresult of thefact that many of theso-called“ parcels’ areeither unbuildablesmall parcel sor buildable
parcels without homes.

Table 2. Mgjor nitrogen sources in the Wareham River estuary.

EXISTING #or
annual Loading % of
Potential Sources of N volume units rate units (kaly) total Comments
Sewage Treatment Facility, 1.38E+09 Ily 18 ppm 24,867 36.6%annual liters (=1.0 MGD existing average flow) x
1.0MGD concentration
Residential Sewered Land* 1,851 units 1.0 kg/unit 1,777 2.6%lawns +runoff, unitsx kg/unit annual loading, avg.
3000 sq ft lawn
Residential w/ septic systems 2,808 units 13,728 20.2%septic load + lawns + runoff, 1.9 avg occupancy
lower watershed 962 units 6.1 kgl/y-unit 5,858
upper watershed** 1,846 units 4.3 kgly-unit 7,870
Commercia Land* 64 ha 897 1.3%all presumed sewered, runoff only, Mass GIS
hecatares times | oading
lower watershed 46 ha 15.3kgly-ha 704
upper watershed** 18 ha 10.7 kgly-ha 193
Cranberry bogs 1,024 ha 15,044 22.2%1985 Mass GIS ha, Project loading rate
lower watershed 351 ha 18.3 kgly-ha 6,423
upper watershed** 673 ha 12.8 kgly-ha 8,621
Other N NPS land uses 742 ha 5,188 7.6%From 1985 Mass GIS land use data excluding Res.,
commercial, and bogs
lower watershed 294 ha varieskg/lha 2,953
upper watershed** 448 ha varieskg/lha 2,235
Precipitation to Embayment 249 ha 7.3 kg/ha 1,818 2.7%hectares x kg/ha (1 hectare =2.47 acres)
Road Runoff 338 ha 4,553 6.7%hectares x kg/ha (1 hectare =2.47 acres), loading to
surface or groundwater
lower watershed 204 ha 153 kgly-ha 3,118
upper watershed** 134 ha 10.7 kgly-ha 1,435
Total 67,872 previous estimate with actua occupancy = 66,020
kaly
New Homes at Buildout 4,688  units 33,603 assume no homes sewered, worse case occupancy

of 3.0 per units, and ¥z upper watershed “forest”
land publically owned for calculations.

lower watershed 1,168 units  9.1kgly 10,58
2

upper watershed 3520 units  6.3kgly 23,32
1

* assumed al in "lower" watershed area for calculations (i.e. no attenuation of NPS).
** upper watershed attenuation assumed to be 30% after discharge to groundwater or streams.

Note: other assumptions include- 0.14 kg N/y for stormwater per residential unit from impervious, 0.6 I1b/1000 sq ft of lawn. Average watershed
lawn
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size = 3000 sq feet. Current occupancy = 1.9 persons per unit, 2.7 kg per person septic N load.
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N sources in the Wareham River Estuary

Road Runoff {6.71%) ——---
Precipitation to Embayment (2.680%)
Cther M MFS land uses (7.64%) —— -~

Cranberry bogs [(£2.17'%)

Commercial Land (1.22%)
Residential w septic systems (20.23%)
Residential Sewered Land (2.62%)

Sewage Treatment Facility, 1.0MGD [36.54%)

Figure 3. Current nitrogen sources to the Wareham River estuary.

Other notes:
1. 4154 units were predicted to be in the watershed using BBP methodologies and 1985 MassGIS data. CDM reported 4659 as current number

of unitsin 1996. Of the 4154 predicted units, 1646 were in upper watershed, 2508 in lower watershed. These ratios were used to adjust the CDM
reported actual housing units to estimate unsewered homes in the lower watershed. For this report its was assumed that any sewered homes in the
watershed were in fact found exclusively in the lower watershed.

When consderingtheloadsidentifiedin Table2, itisimportant to recognizethat thetown iscons dering sewering
additional areas, bothwithin and outsidethewatershed. Sewering of propertieswithinthewatershed will have
abenefit becausethe existing plant providesbetter nitrogen removal thanwhat isassumed for aconventiona septic
system (18 ppmyvs. 33 ppm). In Table3asummary of NPSreductionsfrom new seweringisshown. Asshown
inthat Table, any benefitsobtained by sewering homesin thewatershed arenearly negated by additional nitrogen
discharged by the plant asaresult of new nitrogen fromhomesoutsidethewatershed. However, thenet longterm
benefit of 227 kgly by the proposed new sewer extensionswould equal areduction of 3,348 kg/yr benefit if the
treatment plant discharge was reduced to 6 ppm for example.

Water Quality Monitoring

6 BBP Wareham River N Evaluation, August 11, 1998



Water quality inthe Wareham River estuary wasmonitored between 1992 and 1996 aspart of thejoint Codition
for BuzzardsBay--BBP CitizensWater Quality Monitoring Program. Datacollected throughthat program (BBP
and Coalition for Buzzards Bay, 1996)

showsthat theWareham River isranked
Table 3. New sewering proposed for Wareham. asthe 8" most eutrophic estuary among
18 ppm existing potential existing potential | 28 embayments monitored; based on
Proposed Sewer Area units units (kaly) new | measuresof Total Nitrogen, Dissolved
(ka’y) | inorganic nitrogen, oxygen saturation,
Inside of watershed water transparency, dissolved organic
Beaver Dam (act. partial) 37 3 190 15 nitrogen, and chlorophy!l concentrations.
Cromset Park 93 0 419 O The 4 year results are shown in the
meood/de_ Ave 36 0 185 0 Appendix A map, FigureA-1map. More
Mayflower Ridge 41 ° 211 26 | yecent dataisavailableincluding dataon
Oakdale 142 86 73l 4431 N to P ratios in the upper river to
Parkwood Beach 280 157 1441 808 . .
determinewhether nitrogen or phosphorus
Tempest Knob 73 ! 370 > is the limiting nutrient in the Agawam
TOTALS: 702 252 3612 1297 . .
NPS N loss (kgly): 3612 1297 River, but the Buzz_ar(_js Bay Pr_ol ect has
WTF gain (kgly): 1877 674 | Notyet analyzed thisinformation
assume sewage ppm = 18 )
Outside of Watershed Nitrogen Management
Agawam Beach 75 65 386 334 | The BBP proposed a tiered nitrogen
Briarwood Beach 136 23 700 118 |loading strategy in 1991 asan approachto
Rose Point 201 23 1034 118 | protect nitrogen sensitive coastal
Sunset Island 17 7 87 36 | embayments. Two methods were
Weweantic Shores 230 20 1183 103 | proposed, one was based on limits
TOTALS: 659 138 3391 710 | incorporatingthevolumeandflushingtime
NPS N loss (kgly): 0 o | of theembayment. Theother wasbased
WTF gain (kgly): 1762 369 | onembayment surfacearea, particularly
Net Savings existing= -27 for embaymentsthat haveflushingtimes
Net Savings future= 254 | greater than 4.5 days.
Net Savings combined= 227
Theintent of thelatter so-called” aerial”

method wasto provideasomewhat more
“lenient” N limit for poorly flushed systems
because of uncertaintiesasto whether more poorly flushed embayments show the same proportional responseto
changesinflushingasrapidly flushed systems. However, strict application of theaerial method to very shallow
embaymentslikethe Wareham River estuary resultsin limitsmuch morerestrictivethan the volume-flushing
method. Datacollected through the citizen monitoring program showsthat the vol umetric scaleisabetter predictor
of ecosystem responsethantheagerial scale(in preparation). Consequently, the BBP hasadopted the policy of
proposing thehigher of thetwo methodol ogiesastherecommended limit for very shallow poorly flushed systems.

Inthiscase, thelimitsfor the Wareham River estuary are shown bel ow using the volumetric-flushingmodd. The
limitsshown fromthe 1994 subwatershed report were based on an assumed 7.4 day (178 h) turnover timefor
theupper 1/3 of theestuary (both the Wankinco and Agawam River |obes), which asnoted above represented
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the maximum range on the spatial model Acceptable annual loading rates
(ACI, 1995) for ahalf tidedepth of 1.6 m

. 160 - c ' floading soales f
MLW, and ahalf-tidevolumeof 3.9x 10° a0 aﬁ?fﬂ%g;?ﬂ”aﬁt et
me. —
= en 120
Recommended N loading limit: = C 100 -
ORW= 21,980 ™ g 80 mzan depth =2 m
k £ g aertal Tnmit
— - 60 4 _ mean depth = 1m
;) 8F an; g
y
y 20
I D T T T T Y T
SA = 43950 1 357 9 11131517 19
kglyr Residence time (d)
SB= 76,910
kglyr Figure 4. Comparison of aerial limit to volumetric limit in a hypothetical
embayment.

Thetiered approach for acceptableloading

limitsshown abovewas meant to refl ect that degraded waterslikethosea ready designated SB (usually because
of existing sizeablepollutioninputs) had lower resource valuesto protect intheregulatory process, whereas
Outstanding Resource Waters(ORW) deserved thestrictest level of protection. Currently the Wareham River
estuary isdesignated as SA waters. In Massachusetts, no estuary with asewagetreatment plant dischargeis
designated as ORW, although thisis admittedly a worthy long term goal.

ACI congdered threedifferent methodol ogiesfor estimating flushing timesof theWareham River. Thefirst was
asimplebox, good for showing rel ative degreesof flushing, but not appropriatefor establishing nitrogenlimits.
Thesecond wastermed aSpatial M odel and based on dispersion coefficients. ACI’ sthird approach, anumerical
modd also termed aonedimensiona model, wasthemost detail ed applied to the Wareham River. Usingthislatter
method, ACI estimated theupper third of theestuary to havean 84 hour flushing time during spring tides, a192
hour flushing time during neap tide, and a 138 hr flushing time (5.75 day) for average flushing conditions.

Applying this latter flushing rate, acceptable loading limits would be as follows:

Recommended N loading limit:

ORW?= 27,760 Kglyr
SA= 55730 Kglyr
SB= 97,520 Kglyr

TheWareham River estuary hasoneof the highest nitrogen loading rates, intermsof volumeand flushing rate, of
al Buzzards Bay embayments. Table 2 suggests the Wareham River estuary is more than 140% over
recommended ORW limits, and more than 12,000 kg or 22% over SA limits.

Growth Potential and impact on management options

A comparison of theloadings summarized in Table 2 to therecommended limits above suggest that modest
improvementsin the Wareham Wastewater Facility nitrogen removal capacity, coupled with the proposed
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seweringwould makethe SA limit achievable. M ore appreciable nitrogen removal capacity, coupled additional
sewering and effortsmanage nitrogen fromresidential sourcesand cranberry bogswould bearequirement to
achieve the ORW standard.

N o However, when the expansion of the plant and future
Table 4 Sewage Treatment Facility sensitivity growth D otential are considered, more stri ngent
analysis ) : o .
reductionsinthewastewater plant’ snitrogen discharge
1.0 MGD conc. N Kgly . as
3 ppm 4145 may be warranted. For example, at design limits (1.8
4 ppm 5526 MGD) and 18 ppm, thetreatment facility alonewould
6 ppm 8289 account for 80% of the acceptable SA standard for the
8 ppm 11052 estuary. Thebenefitsof improved treatment isshown by
10 ppm 13815 the sengitivity analysisTab.Ie4 whi gh S'ugg&etsthat at
12 ppm 16578 current flowsand an 8 ppm dischargelimit, thetreatment
16 ppm 22104 plant and all other existing sourceswould meet a55,700
18 ppm 24867 Kgly limit for the estuary.

A reductionto 8 ppm, however, could not mitigatelong-
term futuregrowth potential inthewatershed because of
new potential growth. Using aBuzzardsBay Project techniquefor estimating the growth potential based on
forested|and, weestimated 8,208 additional homesinthewatershed. However, thistechniqueisnot appropriate
for theupper watershed sincealarge part of the upper watershedisunbuildable becauseit ispart of theMyles
Standish Stateforest or other publiclands. Toadjust for thisfact weassumed asan approximationthat only half
theforest land inthe upper watershed had buildout potential (avisual approximation), and Table2 reflectsthis
approach. Asshown, weestimate4,688 additiona unitsat buildout with 33,603 kg/y additiona load. Thismight
bestill somewhat of an overestimatesince someof theforested landispart of cranberry crop property upland that
will unlikely beconvertedtoresidential land. Better buildout potential estimatesare possibleonly withadetailed
parcel level analysis.

Nonetheless, evenif thewatershed growth potential only resulted inan additional 20,000 kgly, meetinga55,700
kgly tota watershed limit would beagresat challenge. Inthelong term, theimprovement and long term protection
of the Wareham River estuary will only be achieved by advanced nitrogen removal at the sewagetreatment facility,
connection of homesespecially inthelower watershed to nitrogen removal wastewater disposal (eithertoan
improved wastewater plant, smaller community based packagefacilities, or dternativeonsite systems), protection
of open spaceto minimizefuturebuildout potential, and application of BMPson cranberry bogsto minimize
fertilizer runoff and leaching to groundwater.

Wastewater digposal (point +non-point) however will remainthelargest singlesourceof nitrogeninthewatershed.
Should advanced nitrogen removal berequired at the Wareham sewagetreatment plant, eachtiein of homeson
septic systemwithin thelower water shed canresultinasizeablenitrogen reduction. InTable5 beow weshow
the net benefit gained for treatment facilities with different levels of discharge.

Table 5. Potential benefits of sewering homesndischarge loading  savings

(assumes current 1.9 person occupancy) ppm kg/unit-y kg/unit-y
Wastewater |oading per unit, onsite disposal 5.13
Wastewater |oading per unit, STP discharge= 18 2.65 2.48
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Wastewater loading per unit, STP discharge= 12 1.76 3.37

Wastewater |oading per unit, STP discharge= 10 147 3.66
Wastewater |oading per unit, STP discharge= 8 1.18 3.95
Wastewater loading per unit, STP discharge= 6 0.88 4.25
Wastewater loading per unit, STP discharge= 4 0.59 4.54
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Appendix A. Current nitrogen loading to the Wareham River estuary by each source category based onBBP

adopted loading coefficients.

Table A-1. Land Use of the Wareham River Estuary drainage basin, and respective land use in upper a
lower portions of the drainage basin (see text for explanation. Dataisfor 1985 land use stetistics. Rev
from BBP 1994,

Entire Lower Upper
Landuse type Wareham Wareham Wareham
(areas in hectares unless specified) river basin % of total river basin river basin
Cropland 58.7 0.5% 2.65 56.03
Pasture 14.2 0.1% 6.16 8.08
Forest 8611.3 75.3% 1227.46 7383.87
Non-forested wetland 2134 1.9% 98.19 115.17
Mining 125 0.1% 9.82 2.64
Open land 253.9 2.2% 59.51 194.40
Participatory recreation 57.9 0.5% 2.50 55.37
Spectator recreation 10.2 0.1% 10.2 0.00
Water based recreation 184 0.2% 14.03 4.35
RO: residential multi-family 9.6 0.1% 6.84 271
R1: Residential- <% acrelots 185.0 1.6% 150.68 34.30
R2: Residential- <¥+Y%2 acre lots 370.1 3.2% 152.22 217.88
R3: Residential- <%z acre lots 124.1 1.1% 79.17 4491
Salt marsh 97.4 0.9% 81.74 15.63
Commercia 64.1 0.6% 46.20 17.91
Industrial 29.2 0.3% 17.13 12.05
Urban open 150.6 1.3% 44.04 106.59
Transportation (mgj. highways) 115.8 1.0% 115.78 0.00
Waste disposal 20.2 0.2% 12.20 8.04
Water (ponds, other freshwater) 606.0 36.43 569.53
Woody perennial (bogs, orchards, etc.) 1023.9 9.0% 351.04 672.89
TOTAL.: (excluding water land use) 11,440 2,487 8,953

ised
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Table A-2. N-loading for “lower” drainage basin, with 30% attenuation of “upper” basin loads (see tex
Note that in this table residential 1oadings with sewering adjustment were based on BBP assumptions &
GIS methodol ogies whereas loadings in Table 2 use the better estimates of actual residential units (sew
and unsewered) identified in the CZM 1996 correspondence to DEP.

landuse (ha)
Landuse type Wareham
(areas in hectares unless specified) river basin
Cropland 2.7
Pasture 6.2
Forest 1227.5
Non-forested wetland 98.2
Mining 9.8
Open land 59.5
Participatory recreation 25
Spectator recreation 10.2
Water based recreation 14.0
RO: residential multi-family 6.8
R1: Residential- <Y acrelots 150.7
R2: Residential- <¥+Y%2 acre lots 152.2
R3: Residential- <%z acre lots 79.2
Salt marsh 81.7
Commercia 46.2
Industrial 17.1
Urban open 44.0
Transportation (maj. highways) 115.8
Waste disposal 12.2
Water (ponds, other freshwater) 36.4
Woody perennia (bogs, orchards, etc.) 351.0
Major road length 6.0
Secondary Road length 100.0
Road Area 203.7
Embayment area (km2) 25
Total Land ACRES Loading 6146.8
"Other" subtotal 294
Actual occupancy 19
Predicted # of units (existing) 2508.0
actual units
Unit density (per acre)
Predicted population (existing) 4815.3
Pred. Kgly, occupancy=3.0
Animal units
Point sources
Sewering adjustment (units/kg) 525.0

Adjusted NPS loading, w/ actual occupancy
Forest" and other zero land use loading  575.4
Additional unitsw/ buildout
Additional population w/ buildout
Total load buildout, occup=3.0

3506

Lower

landuse (ha)

53
62

0

0

72

0

73
299
102
482
8532
5483
1354

730
271

1829
193

6424

3116
1818
30892
2953

38205
0
24867
-2722
53038
2749

1168 1 acrezoning

0% atten. Wareham 30% atten.
N (kg) river basin

56.0
8.1
7383.9
115.2
26
194.4
55.4
0.0
4.3
2.7
34.3
217.9
44.9
15.6
17.9
121
106.6
0.0
8.0
569.5
672.9
20
53.5
133.6

22122.4
448

1645.8

Upper N (kg)
Upper+
lower combined
N (kg) loading % of total
784 837 1.5%
57 118 0.2%
0 0 0.0%
0 0 0.0%
13 85 0.2%
0 0 0.0%
1136 1209 2.2%
0 299 0.5%
22 125 0.2%
12 494 0.9%
206 8738 15.7%
1215 6698 12.0%
119 1473 2.6%
0 0 0.0%
1517 2247 4.0%
133 404 0.7%
0 0 0.0%
0 1829 3.3%
89 282 0.5%
0 0 0.0%
8620 15044 27.0%
0 0.0%
0 0.0%
1431 4547 8.2%
0 1818 3.3%
24729 55620 100.0%
2235 5188
66293
0
24867
-2722
24729 77766
14344
7029 8208
21118 24624
124936

t).
and
ered
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