Appendix B
MEP Memos

The Massachusetts Estuaries Project has released several documents related to water resources in Harwich,
relative to the CWMP planning process. Included in this appendix are the memoranda related to the MEP
reports. Full MEP reports are several hundred pages long. These reports have been made available on the
Town of Harwich website, and links are provided below.

§ MEP Published Reports — draft and Final
Pleasant Bay Final Report — May 2006
Allen, Wychmere, Saquatucket Report — June 2010
Muddy Creek Final Report — November 2008

All reports available on Town of Harwich website:
http://harwichma.virtualtownhall.net/Public_Documents/HarwichMA_BComm/CWMP/M

EP%20Reports/

§ Technical Memoranda

Nitrogen Loads by TMDL Watershed/Segments to Pleasant Bay —
November 2007

Water use and Muddy Creek Nitrogen Attenuation — June 2010

MEP Scenarios to Evaluate Water Quality Impacts of the Addition of a 24
foot Culvert in Muddy Creek Inlet — October 2010






CAPE COD COMMISSION

3225 MAIN STREET
P.O. BOX 226
BARNSTABLE, MA 02630
(508) 362-3828
FAX (508) 362-3136
E-mail: frontdesk@capecodcommission.org

WATER EMAIL: water@capecodcommission.org

MEMORANDUM

TO: Pleasant Bay Resource Management Alliance, Watershed Working Group
Carole Ridley, Coordinator, Pleasant Bay Resource Management Alliance
Cape Cod Commission members: Brewster, Chatham, Harwich, Orleans

CC: Brian Howes, SMAST, UMASS Dartmouth
Tom Cambareri, CCC
Paul Niedzwiecki, CCC

FROM: Ed Eichner, Water Scientist

DATE: November 28, 2007

RE: Individual town nitrogen loads by TMDL watershed/segments to Pleasant Bay

As a follow-up on my September 25 memo detailing each town’s nitrogen loading
contribution to each of the individual subwatersheds to the Pleasant Bay estuary, the Alliance
Watershed Working Group requested additional analysis to aggregate the loads according to the
subembayments listed in the MassDEP TMDL for Pleasant Bay (May 2007). As with the
September 25 analysis, each town’s contribution of attenuated and unattenuated nitrogen loads
under existing and buildout conditions were determined beginning with the Massachusetts
Estuaries Project watershed model and reworking its results and equations to complete the
requested analysis. Funding for this effort was provided by the current Management Challenges
for Nitrogen Control grant that the Commission has from the US Environmental Protection
Agency.

Table 1 show the results of the analysis with existing and buildout unattenuated loads for
each of the 20-listed TMDL segments for Pleasant Bay, as well as the complementary attenuated
loads and the TMDL watershed thresholds. This analysis incorporates the results of the analysis
completed to breakdown the loads by town for each of the 95 subwatersheds. Total loads from
this analysis by town are generally within 1% of the September 25 memo loads. This analysis
also incorporates the percentage reductions in nitrogen load for the portion of the loads that flow
out of the system at ponds that straddle the overall watershed boundary:.
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Table 2 shows the percentage of the nitrogen loads from this analysis. The load
percentages are the same as the September 25 memo results except for the attenuated buildout in
Brewster which decreased by 1% due to a slight change in rounding.

Table 2 also shows percentage watershed land area and the watershed including estuary
surface areas by town. These comparisons were used in the Popponesset Bay discussions of
town fair shares and are provided in anticipation of similar future discussions for Pleasant Bay.
The areas that these percentages are based on do not account for the portions of recharge that
flow out of the system.

As mentioned above, this effort to determine subwatershed loads by individual town was
funded using grant funds from the Commission’s Management Challenges for Nitrogen Control
grant that the Commission has from the US Environmental Protection Agency. The effort
represents approximately $2,000 worth of Cape Cod Commission staff time.

Table 2. Watershed Nitrogen Load and Watershed Area by Town for

Pleasant Bay
NITROGEN LOADS (%) Orleans Brewster Harwich Chatham
Existing Unattenuated 32% 14% 17% 36%
Existing Attenuated 31% 14% 18% 37%
Buildout Unattenuated 37% 13% 18% 32%
Buildout Attenuated 36% 12% 19% 33%
WATERSHED AREA
Watershed Land (acres) 5,293 3,527 2,643 3,655
Estuary Surface (acres) 3,528 - 153 2,802
Land and Estuary (acres) 8,822 3,527 2,795 6,456
Watershed Land (%) 35% 23% 17% 24%
Estuary Surface (%) 54% 0% 2% 43%
Land and Estuary (%) 41% 16% 13% 30%
Notes:
1) nitrogen loading percentages based on watershed load only; do not include loads on estuary
surfaces

2) all loads adjusted to account for nitrogen loads that flow out of the watershed

3) attenuated loads account for reductions caused by application of multiple attenuation factors
in situations where loads flow through multiple ponds

4) watershed land area is not adjusted to account for flow out of the watershed system

5) rounding may cause some totals to appear inaccurate

11/27/07 Cape Cod Commission




CAPE COD COMMISSION

3225 MAIN STREET
P.O. BOX 226
BARNSTABLE, MA 02630
(508) 362-3828
FAX (508) 362-3136
E-mail: frontdesk @ capecodcommission.org

WATER EMAIL: water@capecodcommission.org

MEMORANDUM

TO: Pleasant Bay Resource Management Alliance, Watershed Working Group
Carole Ridley, Coordinator, Pleasant Bay Resource Management Alliance
Cape Cod Commission members: Brewster, Chatham, Harwich, Orleans
CC: Brian Howes, SMAST, UMASS Dartmouth
Tom Cambareri, CCC
Paul Niedzwiecki, CCC
FROM: Ed Eichner, Water Scientist
DATE: September 25, 2007

RE: Individual town nitrogen loads by individual subwatersheds to Pleasant Bay

During past Alliance Watershed Working Group discussions, it was decided that it would
be useful to the Alliance and member towns to determine each town’s contribution of attenuated
and unattenuated nitrogen loads within each individual subwatershed to the Pleasant Bay estuary.
Since the Cape Cod Commission had created the Massachusetts Estuaries Project watershed
nitrogen loading model, I offered to rework the model’s components to determine these nitrogen
loads using funding from the current Management Challenges for Nitrogen Control grant that the
Commission has from the US Environmental Protection Agency.

The results show that attenuation rates in individual subwatersheds vary between 0 and
79% (Table 1). Attenuated loads account for splitting of downgradient loads among various =
ponds, as well as application of all the attenuation factors these loads are reduced by prior to
discharge into Pleasant Bay or its subestuaries. So, for example, one portion of an upgradient
subwatershed load may pass through two ponds and be subject to two 50% reductions, while
another portion may pass through only one pond before reaching the estuary. Both attenuated
and unattenuated loads also account for portions of nitrogen loads that flow out of the system
watershed at ponds that straddle the watershed boundary, such as Cliff Pond in Brewster or
Goose Pond in Chatham. Watershed loads do not include any nitrogen loads on the surface of the
estuary or subestuaries. The overall system loads are within 0.8% or less of the overall loads
presented in the MEP report on Pleasant Bay. Overall attenuation rates for the entire system
show that 7% of the load is attenuated under existing conditions, while 6% is projected to be
attenuated under buildout conditions.

9/25/07 Cape Cod Commission =



Table 1. Individual Subwatershed Nitrogen Loads for Pleasant Bay.
All analysis based on Massachusetts Estuaries Project watershed nitrogen loading model, which is documented in the Pleasant Bay MEP
Technical Report (Howes, ef al., 2006). Loads are adjusted to account for portions of subwatershed loads that leave the system watershed via
ponds that straddle the system watershed boundary. Loads include only watershed loads and do not include loads on estuary or subestuary

surfaces.
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The preparation of these loads also presented the opportunity to re-evaluate the
cumulative loads by individual town. Table 1 shows the sum of nitrogen load by town and Table
2 shows the relative percentage by town under existing and buildout conditions for both
attenuated and unattenuated loads. Brewster and Harwich contribute a relatively stable
percentage of the overall load to Pleasant Bay, while Chatham is the largest percentage under
existing conditions and Orleans is the largest percentage under buildout conditions (see Table 2).

As mentioned above, this effort to determine subwatershed loads by individual town was
funded using grant funds from the Commission’s Management Challenges for Nitrogen Control
grant that the Commission has from the US Environmental Protection Agency. The effort
represents approximately $2,000 worth of Cape Cod Commission staff time.

Table 2. Percentage Watershed Nitrogen Load by Town for Pleasant

Bay

Orleans Brewster Harwich Chatham
Existing Unattenuated 32% 14% 17% 36%
Existing Attenuated 31% 14% 18% 37%
Buildout Unattenuated 37% 13% 18% 32%
Buildout Attenuated 36% 13% 19% 33%

Notes:

1) percentages based on watershed load only; do not include loads on estuary surfaces
2) all loads adjusted to account for nitrogen loads that flow out of the watershed
3) attenuated loads account for reductions caused by application of multiple attenuation factors
in situations where loads flow through multiple ponds

9/25/07

Cape Cod Commission




TMDL Watershed Segments Legend
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Water use and Muddy Creek Nitrogen Attenuation - June 2010



Coastal Systems Program
School for Marine Science and Technology

University of Massachusetts Dartmouth
706 South Rodney French Blvd. O
New Bedford, MA 02744-1221

MEP Technical Memo

To: David Young, CDM
Frank Sampson, Chair, Harwich Water Quality Management Task Force

From: Ed Eichner, CSP/SMAST
Brian Howes, CSP/SMAST
Sean Kelley, ACRE
John Ramsey, ACRE

Date: June 25,2010

Re:  Updated water use and Muddy Creek nitrogen attenuation and nitrogen loading to
Pleasant Bay

On behalf of the Town of Harwich, Camp Dresser & McKee (CDM) requested a scenario using
the linked Massachusetts Estuaries Project (MEP) models for Pleasant Bay to assess the impact
of updated information on the findings for Round Cove and Muddy Creek. The scenario results
documented in this Technical Memo include the inclusion of the following updated information:

+ updated average Harwich water use based on 2004 to 2007 data,
+ updated Harwich land use coverages from 2006, and
+ updated nitrogen attenuation from the 2008 SMAST analysis of Muddy Creek.

A summary of the scenario development and its results are described below.

Scenario Development

During the collection of information for the development of the MEP linked models for
Wychmere Harbor, Saquatucket Harbor, Allen Harbor, and the Herring River, MEP staff
obtained 2004 to 2007 water use information from the Harwich Water Department for parcels
throughout the Town. This enhanced the prior Pleasant Bay nitrogen loading analysis, which
had access to only the 2004 water-use data from the Water Department at the time of the
development of the Pleasant Bay MEP linked model (Howes, et al., 2006)1. Similarly, the Town
of Harwich provided updated land use information for the review of all systems. The Pleasant
Bay MEP assessment is based on 2004 Harwich land use data, while the other MEP systems in
town will be based on 2006 land use data. The Town of Harwich and CDM wanted to have a
consistent and comprehensive basis for the current Comprehensive Wastewater Management

" Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner (2006). Linked Watershed-
Embayment Model to Determine Critical Nitrogen Loading Thresholds for Pleasant Bay, Chatham, Massachusetts.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA.



Planning effort and requested that a MEP scenario be completed for Pleasant Bay that uses the
2006 land use base and 2004 to 2007 water use that is used for the assessment of all of the other
MEP estuaries within the town.

In addition, MEP Technical Team members completed a 2008 assessment of Muddy Creek
(White, et al., 2008)2. This assessment, which was completed for the Pleasant Bay Alliance,
included collection and analysis of sediment nitrogen regeneration, wetland characterization,
water quality analysis, and nitrogen exchange measurements between the upper and lower basins
of Muddy Creek. This assessment is a much more detailed and comprehensive review of Muddy
Creek than was possible during the MEP assessment and allowed for an updated assessment of
nitrogen attenuation in the Upper and Lower portions of Muddy Creek. The Town of Harwich
and CDM requested that the findings from the 2008 Muddy Creek assessment be incorporated
into the scenario with the Town’s updated water use and land use. The requested scenario does
not modify the inlet to Pleasant Bay to include the 2007 breach nor does it change the inlet
culvert configuration or size into Muddy Creek.

In order to integrate the updated information, MEP Technical Team members were required to
check the calibration and validation of the MEP Linked Models for Muddy Creek and Pleasant
Bay. This step checked the effects of incorporating the new information and compared these
results to the available water quality and salinity data to ensure that any significant changes did
not cause unacceptable variability in the comparison of model results to collected field data.
This step was especially important for the Muddy Creek area where much more refined data
were incorporated. These checks showed that modest re-calibration was required in Muddy
Creek (mainly as a result of the new attenuation rates) and that validation of the model was
sustained.

MEP Scenario Results and Discussion

Based on the incorporation of the new information, watershed nitrogen loads for Muddy Creek
and Round Cove increased (Table 1). Aside from the new water use, revised loads also include:
a) changes in the treatment of both existing and buildout conditions at the Wequassett Inn
(personal communication, Dave Michniewicz, Coastal Engineering, 6/26/08), b) load additions
from farm animals, c¢) inclusion of a cranberry bog in Lower Muddy Creek that was previously
excluded, d) inclusion of innovative/alternative septic systems in the Upper Muddy Creek
subwatersheds, and e) updated land use coverages from 2006. These changes are consistent with
updates provided as a result of data gathering for MEP assessments of other estuaries in
Harwich.

After incorporating the revised nitrogen loads, the attenuation factors based on the more refined
assessment of Muddy Creek were incorporated (White, et al., 2008). The attenuation factor used
for watershed nitrogen loading from Upper Muddy Creek is 57%, while the attenuation factor for
Lower Muddy Creek is 2%. These attenuation factors are based on the measured water quality
in Muddy Creek documented in the 2008 report and the revised watershed nitrogen loads
completed for this scenario.

* White, D., B. Howes, S. Kelley, J. Ramsey. 2008. Resource Assessment to Evaluate Ecological & Hydrodynamic
Responses to Reinstalling a Water Control Structure in the Muddy Creek Dike. Report to the Pleasant Bay Alliance
by the Coastal Systems Program-SMAST, University of Massachusetts-Dartmouth, New Bedford MA



The overall attenuated load for the upper Muddy Creek basin decreased (41%) mainly as a result
of including the large measured attenuation in the upper basin (2008), while the attenuated
watershed load for the lower basin increased by 27% (Table 2). Round Cove attenuated load
increased by 48%. Overall, the updated attenuated watershed nitrogen load for the combined
Muddy Creek decreases 10% and is similar to the MEP report, 16.59 kg d”' and 18.46 kg d”',
respectively. The net combined result of the changes in the watershed loads, attenuation factors,
and more refined sediment characterization is that the overall Muddy Creek nitrogen load
changes only very slightly: 2006 MEP Report nitrogen load is 22.16 kg d”', while the load in this
revised scerllario is 22.19 kg d”'. The Round Cove overall load increases by 16% (from 12.82 to
14.83 kgd™).

It is also notable that the 2008 study found that Upper Muddy Creek sediments serve as a net
nitrogen sink during summer conditions, while Lower Muddy Creek sediments are a net nitrogen
source (see Table 2). The 2006 MEP report included the reverse assessment of the sediments in
Upper (net source) and Lower Creeks (net sink). The main difference found in the more detailed
2008 assessment is due mostly to the very large nitrogen uptake in the uppermost brackish
wetland, which was previously not measured. The 2006 MEP upper basin analysis was based
upon measurement at a single location near this wetland.

Incorporation of the increased natural nitrogen attenuation in Upper Muddy Creek decreases the
wastewater nitrogen that must be removed from its watershed to meet its threshold if wastewater
is the only nitrogen source that is reduced (Table 3). The percentage of wastewater nitrogen that
must be removed to meet the threshold decreases from 75% in the 2006 MEP analysis to 66% in
this revised scenario. Lower Muddy Creek remains at 100% wastewater removal under the
revised scenario and Round Cove increases from 40% wastewater removal to 64% removal.
Round Cove’s increase is largely due to an increase in the septic load based on the incorporation
of the water use revisions.

When all loads, including septic wastewater, fertilizer, and stormwater runoff, are considered as
sources for nitrogen removal to meet the threshold, the necessary percentage reductions in
attenuated watershed nitrogen loads are different (Table 4) than if only septic loads are
considered (see Table 3), but the relative relationships among the estuaries are essentially the
same. Lower Muddy Creek has the highest required removal, which increased slightly in the
requested scenario (from 75% to 80%), while Upper Muddy Creek has a slight drop in required
removal (from 54% removal to 52% removal) and Round Cove has an increase in the required
removal (from 30% to 53%). Although Upper Muddy Creek has an increase in the watershed
load (see Table 1), this increase is largely offset by the better documented increase in system
nitrogen attenuation. The opposite effect is seen in Lower Muddy Creek and Round Cove where
the increased total watershed load increases the percentage of watershed load that must be
removed.

Table 5 compares the threshold loads for bioactive nitrogen (DIN+PON) under the 2006 MEP
Report and this updated scenario. As also shown in Table 4, the watershed threshold loads for
Lower Muddy Creek and Round Cove generally did not change, but the watershed threshold load
for Upper Muddy Creek decreased due to the increased attenuation in the system. The changes
in the benthic fluxes due to the 2008 study also are noted.



In interpreting the results, it is important to consider that Muddy Creek is a heavily altered
system, which previously was divided by a dike, and has a large restriction of tidal exchange at
its outlet to Pleasant Bay due to a small culvert under Rt. 28. Tributary estuaries with large
restrictions to tidal exchange (reduced flushing) have increased nitrogen levels over the similar
systems with unrestricted tidal exchange. Extreme examples of the effect of tidal exchange on
nitrogen levels can be seen in West End Pond (Gosnold) and Rushy Marsh (Barnstable), where
removing all anthropogenic watershed nitrogen loading is insufficient to meet water quality
restoration goals. The flushing rates in these systems are so low that even small amounts of
entering nitrogen accumulate to produce high water column nitrogen levels and low oxygen
conditions. While Muddy Creek is not at this level of restriction, it is virtually certain that much
of its nitrogen related water quality “problem” results from its restricted tidal circulation.

The overall impact of incorporating all the Harwich changes, including updated land use and
water use, incorporation of monitoring from innovative/alternative septic systems, loading from
farm animals, Wequassett Inn wastewater clarifications, and the better characterization of Muddy
Creek, is summarized as:

1) Lower Muddy Creek is not changed; the watershed threshold load remains the same and
the required septic removal to meet the threshold remains at 100%.

2) Upper Muddy Creek has a slight improvement in nitrogen removal to meet the threshold.
Incorporation of the better documented natural nitrogen attenuation in the Creek largely
balances watershed nitrogen loading increases. The net result is that the watershed
threshold load is reduced and the required septic removal to meet the threshold also
decreases to 66%.

3) Round Cove watershed threshold load remains the same, but the addition of the modified
water use has increased the watershed nitrogen load. The net result is that in order to
meet the watershed threshold load, the required septic removal within the watershed
increases to 64%.



Table 1. Comparison of Watershed Nitrogen Loads for Round Cove and Muddy Creek. A) Watershed nitrogen loads from Table IV-5
of the Massachusetts Estuaries Project Technical Report for Pleasant Bay (Howes, ef al., 2006). B) Watershed nitrogen loads prepared
for this scenario including the incorporation of updated water use and land use from the Town of Harwich. Muddy Creek attenuated
loads do not include attenuation assigned to within the wetlands and sediments of the Muddy Creek.

A) 2006 MEP Pleasant Bay Technical Report Nitrogen Loads for Round Cove and Muddy Creek

Pleasant Bay N Loads by Input (kg/yr):

Round Cove

Watershed ID#

61,62 + MP

Water Body
Surface Area

Impervious

Fertilizers Surfaces

Wastewater

Buildout

Present N Loads

% of Pond
Outflow

UnAtten N| Atten

Atten N

Upper Muddy Creek 2839  344] 395  247] 189 1322 | 4014] [ 3860
Lower Muddy Creek 2436 268l 381 53]  143] 624 [ 3381 | 3167

B) 2008 MEP Technical Memo Nitrogen Loads with updated Harwich water use and land use for Round Cove and Muddy Creek

Pleasant Bay N Loads by Input (kg/yr):

Round Cove

Watershed ID#

61,62 + MP

Water Body
Surface Area

Impervious

Fertili
ertilizers Surfaces

Wastewater

1884 175

Buildout

% of

Present N Loads

Pond
Outflow

Atten N
Load

UnAtten | Atten

Upper Muddy Creek 4o88] _ 351]  402] 245 189 1543] | 5276] | 5066
Lower Muddy Creek 3233] 333 __ 379] _153]  143] 692 | 4241] [ 4020




Table 2. Nitrogen loads (attenuated) under existing conditions for Harwich subestuaries of the Pleasant Bay system. Existing
nitrogen loads for the watersheds to Round Cove and Muddy Creek are compared for the scenario discussed in this Technical Memo
and the MEP report (Howes, et al., 2006). The requested scenario includes the incorporation of revised information gathered in
Harwich into the 2006 MEP Linked Models for Pleasant Bay including: 1) average Harwich water use based on 2004 to 2007 data, 2)
updated Harwich land use coverages from 2006, and 3) updated nitrogen attenuation from the 2008 SMAST assessment of Muddy
Creek (White, et al., 2008). All values have been rounded.

Sub-embayment

Round Cove

Muddy Creek - upper
Muddy Creek - lower
Muddy Creek - total

Revised Harwich scenario MEP Report % change
Attenuated direct atmospheric | benthic Total Attenuated direct atmospheric benthic Total
watershed load deposition flux net Load watershed load deposition flux net Load Total Load
(kg/day) (kg/day) (kg/day) | (kg/d) (kg/day) (kg/day) (kg/day) (kg/d)
6.24 0.17 842 | 14.83 4.23 0.17 8.42 12.82 +16%
5.85 0.16 | -0.64 5.37 9.98 0.16 4.56 14.70 -63%
10.74 0.21 5.87 | 16.82 8.48 0.21 -1.23 7.46 +125%
16.59 0.37 5.23 | 22.19 18.46 0.37 3.33 22.16 0%

Table 3. Comparison of sub-embayment watershed septic loads (attenuated) used for modeling of present and threshold loading
scenarios for Harwich subestuaries in the current requested scenario. These loads do not include direct atmospheric deposition (onto
the sub-embayment surface), benthic flux, runoff, or fertilizer loading terms. All values have been rounded.

Sub-embayment

Round Cove
Muddy Creek - upper

Muddy Creek - lower

Revised Harwich scenario MEP Report change
septic load septic load septic load
Attenugted Threshold reduction to Attenugted Threshold | reduction to Attenugted Threshold reduction to
Septic . . Septic ) ) Septic septic .
load se(:llztl/cdloa;d hattaﬁnld load Stzllztl/cdloa;d hattaﬁnld load load hattaﬁnld
g/day thresho g/day thresho thresho
(kg/day) % change (kg/day) % change (kg/day) (kg/day) % change
5.18 1.865 -64% 3.16 1.897 -40% +2.02 -0.03 -24%
4.72 1.603 -66% 7.16 1.789 -75% -4.13 -1.79 +9%
8.6 0 -100% 6.34 0 -100% +2.26 0 0%




Table 4. Comparison of sub-embayment fotal watershed loads (attenuated, including septic, runoff, and fertilizer) used for
modeling of present and threshold loading scenarios for Harwich subestuaries in the current Harwich-requested scenario and the 2006
MEP Technical Report. These loads do not include direct atmospheric deposition (onto the sub-embayment surface) or benthic flux
loading terms. All values have been rounded.

Sub-embayment

Round Cove
Muddy Creek - upper

Muddy Creek - lower

Revised Harwich scenario MEP Report change
Attenuated | Threshold load reduf:tion Attenuated | Threshold load redu.ction Attenuated | Threshold load reduf:tion
to attain to attain to attain
total load total load total load | total load total load | total load
(kefday) | (kgfday) | reShOM A Gay) | keday) | TSRO Goiday) | (kefday) | reshold
glaay glaay % change glaay gaay % change gaay glaay % change
6.24 2.93 -53% 4.23 2.96 -30% +2.019 -0.03 -23%
5.85 2.82 -52% 9.98 4.61 -54% -4.134 -1.79 +2%
10.74 2.14 -80% 8.48 2.14 -75% +2.26 0 -5%

Table 5. Threshold sub-embayment loads used for bioactive nitrogen (DIN+PON) modeling of the Harwich subestuaries in the
current Harwich-requested scenario and the 2006 MEP Technical Report, with threshold loads for total attenuated watershed N loads,
atmospheric N loads, and benthic flux. All values have been rounded.

Sub-embayment

Round Cove

Muddy Creek - upper
Muddy Creek - lower
Muddy Creek - total

Revised Harwich scenario MEP Report % change
Attenuated direct atmospheric | benthic Total Attenuated direct atmospheric benthic Total Attenuated
watershed load deposition flux net Load watershed load deposition flux net Load Watershed
(kg/day) (kg/day) (kg/day) (kg/d) (kg/day) (kg/day) (kg/day) (kg/d) load (kg/d)

2.93 0.17 5.59 8.69 2.96 0.17 6.74 9.87 -1%

2.82 0.16 | -0.37 2.61 4.61 0.16 2.7 7.47 -40%

2.14 0.21 2.92 5.27 2.14 0.21 -0.71 1.64 0%

4.96 0.37 2.55 7.88 6.75 0.37 1.99 9.11 -27%
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MEP Technical Memo

To: Carole Ridley, Pleasant Bay Alliance, Coordinator
Bob Duncanson, Chair, Technical Resource Committee, Pleasant Bay
Alliance

From: Ed Eichner, Coastal Systems Program/SMAST/UMassD
Brian Howes, Coastal Systems Program/SMAST/UMassD
Sean Kelley, Applied Coastal Research and Engineering
John Ramsey, Applied Coastal Research and Engineering

Date: October 5, 2010

Re: = MEP Scenarios to evaluate water quality impacts of the addition of a 24 ft culvert in
Muddy Creek inlet

The Pleasant Bay Alliance (PBA) requested two (2) scenarios, one under existing conditions and
another under buildout conditions using an updated version of the Massachusetts Estuaries
Project (MEP) model for Pleasant Bay that incorporates recent updates requested by the Town of
Harwich.! The PBA scenarios are designed to evaluate potential changes in water quality
throughout the Pleasant Bay System resulting from reducing the tidal restriction caused by the
current culvert at the outlet of Muddy Creek (under Route 28) by installing a 24-foot wide
culvert.

The updates in the MEP Pleasant Bay model that were requested by the Town of Harwich
focused on Muddy Creek and Round Cove. The updates are documented in a June 25, 2010
MEP Technical Memo and include the additions of the following information:

+ updated average Harwich water use based on 2004 to 2007 data,

+ updated Harwich land use coverages from 2006, and

+ updated nitrogen attenuation from the 2008 SMAST analysis of Muddy Creek.’

Incorporating these updates required a check of the calibration and validation of the MEP Linked
Model for Pleasant Bay.” This step checked the effects of incorporating the new information and

' CSP/SMAST and ACRE. MEP Technical Memo. June 25, 2010. Updated water use and Muddy Creek nitrogen
attenuation and nitrogen loading to Pleasant Bay. Completed for Camp Dresser McKee and Town of Harwich
Water Quality Management Task Force.

* White, D., B. Howes, S. Kelley, J. Ramsey. 2008. Resource Assessment to Evaluate Ecological & Hydrodynamic
Responses to Reinstalling a Water Control Structure in the Muddy Creek Dike. Report to the Pleasant Bay Alliance
by the Coastal Systems Program-SMAST, University of Massachusetts-Dartmouth, New Bedford MA



compared these results to the available water quality and salinity data to ensure that any
significant changes did not cause unacceptable variability in the comparison of model results to
collected field data. This step was especially important for the Muddy Creek area where much
more refined data were incorporated. These checks showed that modest re-calibration was
required in Muddy Creek (mainly as a result of the new attenuation rates) and that validation of
the overall Pleasant Bay model was sustained.

For the assessment of the Pleasant Bay-wide water quality changes of installing a 24-foot culvert
at the outlet of Muddy Creek, PBA requested two (2) scenarios:
1) Scenario 1 - Existing watershed N loading and updated N Muddy Creek attenuation with
the addition of a single 24-foot culvert.
2) Scenario 2- same as #1 above, except that the build-out N load will be used as the
watershed N load.
Requested outputs from the scenarios are: a) modeled N concentrations at the TMDL sentinel
and check water quality stations throughout the Pleasant Bay System and b) required N load
reductions from watershed septic loads to meet the nitrogen TMDL for Pleasant Bay. PBA
specified that model modifications should not include changes to the inlet to Pleasant Bay to
include the impacts of the 2007 breach, so as to allow comparison of these results to the existing
USEPA/MassDEP TMDL for this system.

MEP Technical Team members from the Coastal Systems Program/SMAST and Applied Coastal
Research and Engineering, completed the development of the scenarios and prepared the
following summary of the scenario results.

MEP Scenario Results and Discussion: Pleasant Bay Alliance updates

The changes requested by the Town of Harwich, including the changes in the attenuation of
nitrogen by Muddy Creek ecological systems, resulted in small, generally insignificant increases
in watershed nitrogen loads throughout the Pleasant Bay watershed with the most significant
changes within watersheds of sub-embayments predominantly within Harwich (Table 1).
Changes occurred throughout the Bay watershed because the changes in the Harwich water use
increased the average water use for the Pleasant Bay System. The change in the average water
use also impacted the buildout loads since these rely extensively on this value.

Evaluation of the effect of installing the 24 ft culvert can be conducted by comparing the needed
reduction in septic loads based upon the updated septic thresholds for both attenuated existing
and buildout nitrogen loads relative to the MEP Technical Report®. This comparison shows that
the necessary percent reductions to meet the thresholds are generally the same throughout most
of the system with and without the new culvert; percent removals generally increase by ~1%
(Table 2). Muddy Creek and Round Cove, however, show notable changes due to the updates to
the Harwich water use, the refinements in the Muddy Creek N attenuation and the association
with the new culvert. Given that the new culvert directly effects Muddy Creek, the decreased
percent removal of existing septic watershed loads to meet threshold in Upper Muddy Creek
(from 75% removal to 45% removal) and Lower Muddy Creek (from 100% removal to 50%

’ Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner (2006). Linked Watershed-
Embayment Model to Determine Critical Nitrogen Loading Thresholds for Pleasant Bay, Chatham, Massachusetts.
Massachusetts Estuaries Project, Massachusetts Department of Environmental Protection. Boston, MA.

* Howes B., S. W. Kelley, J. S. Ramsey, R. Samimy, D. Schlezinger, E. Eichner (2006).



removal) was expected. Round Cove's increased percent removal from 40% to 64% primarily
results from changes in watershed loading.

In addition to evaluating loadings, the affect of adding the 24 ft culvert at the inlet to Muddy
Creek on bioactive N concentrations throughout Pleasant Bay was evaluated using the updated
model, incorporating the updates requested by the Town of Harwich. This evaluation was
conducted under both existing (Table 3) and buildout (Table 4) watershed loadings. It appears
that replacing the existing inlet to Muddy Creek with a 24-foot culvert has little effect on the
nitrogen levels throughout the Pleasant Bay System. This is not surprising as Muddy Creek
represents only about 12% of the watershed load to the overall system and the inlet has little
effect on the amount of nitrogen leaving Muddy Creek, but reduces the build-up in
concentration, so the concentration in ebb waters will be lower. A small, but insignificant,
lowering of concentrations can be seen system-wide likely resulting from this lower Muddy
Creek ebb concentration and the small increase in total system tidal prism (flushing) that will
result from the larger tide range in Muddy Creek with the new inlet.

While there is a clear reduction in the bioactive nitrogen level at the Muddy Creek check station,
due to the wider culvert, there is little or no change in bioactive N concentrations at the other
check stations and sentinel stations. The wider culvert results in a 20% drop in the difference
between the existing conditions modeled N concentration and the threshold concentration (0.21
mg/l) at the Lower Muddy Creek check station (PBA-05). Additional N reductions are necessary
in the Muddy Creek watershed to meet the threshold concentration in Lower Muddy Creek, but
the magnitude of the reductions are reduced through the installation of the wider culver. All
other stations throughout Pleasant Bay have insignificant changes in concentration, i.e., less than
one percent. These results suggest that addition of a 24-foot culvert at the head of Muddy Creek
will improve water quality in Muddy Creek and will not result in any significant changes in the
rest of the Pleasant Bay system.

It should be noted that the attenuation rate in Upper Muddy Creek was not adjusted based on the
addition of the wider culvert. MEP Technical Team members reviewed the modeled increase in
Mean High Water (MHW) elevation (+1.2 ft) due to the wider culvert and compared it to the
wetland elevation data indicated in the Muddy Creek study.” This comparison found that it was
likely that the MHW increase would expand the salt marsh area significantly in the uppermost
wetland basin, but not really change the area in the larger open water upper basin (above the
former dike but below the marsh basin). This increase in salt marsh area would cause an
inward/upward shift of fringing freshwater vegetation in the uppermost wetland basin to an
undetermined higher elevation based on the change in tide height and how the marsh adapted to
the surrounding land elevation. Since salt marsh is nitrogen limited and tends to hold or denitrify
nitrogen, it is thought that this expansion of salt marsh area might increase the nitrogen
attenuation in Upper Muddy Creek above the attenuation measured in the Muddy Creek study.
However, given that the wetland elevation contours are in two foot increments and the change in
MHW fits within this increment, it was thought that any attenuation estimate above that assigned
in the Muddy Creek study would not have been properly derived and constrained. With that in
mind, MEP Technical Team used the nitrogen attenuation determined in the Muddy Creek Study
for the analysis with the installation of the 24-foot culvert.

5 White, D., B. Howes, S. Kelley, J. Ramsey. 2008..



As additional nitrogen sources are added to the watershed through buildout development, these
loads will need to be offset to meet the bioactive nitrogen threshold for Pleasant Bay determined
in the USEPA/MassDEP TMDL (Table 4). These greater loads increase the percent reductions
in N concentrations to meet the N thresholds at the sentinel and check stations throughout the
Pleasant Bay System. However, the necessary percentage reduction to meet the N
concentrations at the Lower Muddy Creek station at buildout with the 24-foot culvert is less than
the percent reduction required at buildout with the existing culvert. It should also be noted that
all Pleasant Bay water quality and sentinel stations exceed their MEP N thresholds under
buildout conditions with or without the proposed culvert.

In conclusion, the addition of a 24-foot culvert at the outlet of Muddy Creek without accounting
for any impacts of the 2007 Pleasant Bay breach will:

1) reduce nitrogen concentrations at the Lower Muddy Creek check/benthic infauna water
quality station (PBA-05) to within 23% of its MEP threshold concentration with current
watershed development (an improvement from a required 43% reduction to meet the
threshold without the widened culvert),

2) reduce nitrogen concentrations at the Lower Muddy Creek check/benthic infauna water
quality station (PBA-05) to within 36% of its MEP threshold concentration with buildout
watershed development, and

3) not significantly impact nitrogen concentrations elsewhere in the Pleasant Bay estuary.



Table 1.

Total existing and buildout watershed N loads for current Pleasant Bay

Alliance Scenario and 2006 MEP Technical Report (Howes, et al.) (including septic, runoff,
and fertilizer) used for modeling of present conditions. These loads reflect updates in the
Harwich water use and Muddy Creek nitrogen attenuation. These loads do not include direct
atmospheric deposition (onto the sub-embayment surface) or benthic flux loading terms.

Existing Existing Buildout Buildout
PBA 2006 MEP PBA 2006 MEP
sub-embayment scenario Report scenario Report
watershed | watershed | watershed | watershed
load load load load
(kg/day) (kg/day) (kg/day) (kg/day)
Meetinghouse Pond 6.197 6.197 8.48 8.26
The River — upper 2.803 2.773 4.12 3.98
The River — lower 3.942 3.879 6.99 6.65
Lonnies Pond 2.471 2.441 3.69 3.56
Areys Pond 1.318 1.304 2.13 2.05
Namequoit River 2.767 2.737 422 4.05
Paw Wah Pond 1.882 1.860 2.93 2.81
Pochet Neck 8.468 8.422 12.29 11.89
Little Pleasant Bay 9.430 7.496 14.26 12.03
Quanset Pond 1.786 1.781 2.46 2.39
Tar Kiln Stream 6.142 6.123 7.10 6.99
Round Cove 6.244 4.225 6.96 5.18
The Horseshoe 0.647 0.638 1.04 0.99
Muddy Creek - upper 5.937 9.981 7.71 13.96
Muddy Creek - lower 10.737 8.477 12.69 10.19
Pleasant Bay 26.767 23.159 35.03 31.03
Pleasant Bay/Chatham Harbor Channel - - -
Bassing Harbor - Ryder Cove 10.063 9.819 11.50 11.14
Bassing Harbor - Frost Fish Creek 2912 2.904 3.37 3.32
Bassing Harbor - Crows Pond 4.282 4.219 4.76 4.65
Bassing Harbor 1.707 1.668 2.02 1.97
Chatham Harbor 17.175 17.099 19.33 19.05
TOTAL - Pleasant Bay System 133.679 127.203 173.085 166.14




Table 2.

Comparison of sub-embayment watershed sepftic loads (attenuated) used for

modeling of present, buildout, and threshold loading scenarios of the Pleasant Bay system in
the PBA Alliance scenarios. These loads include the updated attenuation in Muddy Creek
(White, et al., 2008) and the 24 foot-wide culvert at Muddy Creek. These loads do not
include direct atmospheric deposition (onto the sub-embayment surface), benthic flux, runoff,
or fertilizer loading terms. MEP report present threshold septic load % changes are also

presented for comparison.

Present | Buildout | Threshold Present Buildout Rl\gll)zcit
PBA PBA PBA Threshold | Threshold
. . . Present
sub-embayment scenario | scenario | scenario PBA. PBA. Threshold
septic septic septic scenario scenario .
load load load septic load | septic load sle opat (110
(kg/day) | (kg/day) | (kg/day) | % change | % change % change
Meetinghouse Pond 5.14 7.03 0.00 -100% -100% -100%
The River — upper 2.10 3.09 1.03 -51% -67% -50%
The River — lower 2.93 5.20 1.44 -51% -12% -50%
Lonnies Pond 1.66 2.48 0.81 -51% -67% -50%
Areys Pond 0.79 1.28 0.39 -51% -710% -50%
Namequoit River 2.04 3.11 1.00 -51% -68% -50%
Paw Wah Pond 1.53 2.39 0.37 -76% -85% -75%
Pochet Neck 6.66 9.67 2.33 -65% -76% -65%
Little Pleasant Bay 6.45 9.75 2.26 -65% -T7% -50%
Quanset Pond 1.41 1.94 0.70 -50% -64% -50%
Tar Kiln Stream 1.82 2.10 0.89 -51% -58% -50%
Round Cove 5.18 5.78 1.87 -64% -68% -40%
The Horseshoe 0.48 0.77 0.48 0% -38% 0%
Muddy Creek - upper 4.72 6.12 2.59 -45% -58% -75%
Muddy Creek - lower 8.60 10.16 4.30 -50% -58% -100%
Pleasant Bay 16.69 21.84 6.51 -61% -710% -50%
Pleasant Bay/Chatham Harbor
Channel ) i ) i )
Bassing Harbor - Ryder Cove 7.38 8.44 1.77 -76% -79% -715%
Sassing Harbor - Frost Fish 221 | 256 | 0.0 100% | -100% | -100%
Bassing Harbor - Crows Pond 3.39 3.77 3.39 0% -10% 0%
Bassing Harbor 1.44 1.70 1.44 0% -15% 0%
Chatham Harbor 14.27 16.06 14.277 0% -11% 0%
TOTAL - Pleasant Bay System | 96.88 125.23 47.84 -50% -62% -52%




Table 3.

Comparison of model average bioactive N (DIN+PON) concentrations from

present watershed loading with the existing Muddy Creek culvert and the 24-foot wide
alternative culvert, with percent change, for the threshold and benthic infauna restoration
(check) stations in the Pleasant Bay system. The modeled conditions are based on 2004
hydrodynamic conditions (pre-2007 breach of north inlet). The threshold stations for eelgrass
restoration are shown in bold print (0.16 mg/L at PBA-12 and the average of PBA-03 and
CM-13) and the rest of the listed stations are for benthic infauna restoration (0.21 mg/L at
WMO-10, PBA-15, WMO-6, WMO-5, PBA-11, WMO-12, PBA-09 and PBA-05).

Installation of the 24-foot culvert reduces the bioactive N concentration at the Lower Muddy
Creek station and has insignificant changes in concentration at the other stations in Pleasant

Bay.
present present % change %goc?figte
Sub-Embayment monitpring existing 24-foot | Threshold | to meet threshold —
station culvert culvert (mg/L) thre'shf)ld 24-foot
(mg/L) (mg/L) - existing culvert
Meetinghouse Pond WMO-10 | 0.264 0.264 0.207 -28% -28%
Lonnies Pond (Kescayo
Gansett Pond) PBA-15 0.251 0.251 0.208 -21% -21%
Namequoit River - upper WMO-6 | 0.240 0.239 0.206 -17% -16%
Pochet — upper WMO-05 | 0.270 0.270 0.211 -28% -28%
Little Pleasant Bay - head PBA-12 | 0.178 0.178 0.160 -11% -11%
Paw Wah Pond PBA-11 0.258 0.258 0.209 -23% -23%
Little Quanset Pond WMO-12 | 0.233 0.231 0.194 -20% -19%
Round Cove PBA-09 0.255 0.253 0.207 -23% -22%
Muddy Creek - lower PBA-05 0.298 0.255 0.208 -43% -23%
Ryders Cove - upper PBA-03 | 0.252 0.252 0.190 -33% -33%
Ryders Cove - lower CM-13 0.160 0.159 0.138 -16% -15%




Table 4.

Comparison of model average bioactive N (DIN+PON) concentrations from

existing and buildout watershed loading with the installation of a 24-foot alternative, with
MEP threshold concentrations for the Pleasant Bay system and the percent changes in
concentrations to meet the threshold concentrations. The modeled conditions represent 2004
hydrodynamic conditions (pre 2007 breach of north inlet). The threshold stations for eelgrass
restoration are shown in bold print (0.16 mg/L at PBA-12 and the average of PBA-03 and
CM-13) and the rest of the listed stations are for benthic infauna restoration (0.21 mg/L at
WMO-10, PBA-15, WMO-6, WMO-5, PBA-11, WMO-12, PBA-09 and PBA-05). Buildout
watershed nitrogen loading increases bioactive N concentrations and increases the percent
reductions in nitrogen concentrations to meet the MEP threshold concentrations.

Existing Buildout
PBA PBA % change | % change
scenario scenario to meet to meet
Sub-Emb " monitoring | watershed | watershed | Threshold | threshold | threshold
ub-bmbaymen station loading - loading - (mg/L) Existing — | Buildout
24-foot 24-foot 24-foot - 24-foot
culvert culvert culvert culvert
(mg/L) (mg/L)
Meetinghouse Pond WMO-10 | 0.264 0.300 0.207 -28% -45%
Lonnies Pond (Kescayo
Gansett Pond) PBA-15 0.251 0.289 0.208 -21% -39%
Namequoit River - upper WMO-6 0.239 0.271 0.206 -16% -32%
Pochet — upper WMO-05 | 0.270 0.321 0.211 -28% -52%
Little Pleasant Bay - head PBA-12 0.178 0.193 0.160 -11% -21%
Paw Wah Pond PBA-11 0.258 0.307 0.209 -23% -47%
Little Quanset Pond WMO-12 | 0.231 0.263 0.194 -19% -36%
Round Cove PBA-09 0.253 0.277 0.207 -22% -34%
Muddy Creek - lower PBA-05 0.255 0.283 0.208 -23% -36%
Ryders Cove - upper PBA-03 0.252 0.273 0.190 -33% -44 %
Ryders Cove - lower CM-13 0.159 0.168 0.138 -15% -22%
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