


Figure	54.	Similar	to	Figure	52,	near-bottom	detritus	concentrations	(red=2	mM m-3)	are	shown	over	6	hour	
increments	on	day	166	for	WWTF=355	mMm-3 (5	mg/L)	and	Vm2.5	to	reveal	details	of	the	advection	of	material	 .			
Color	contours	show	the	detrital	concentrations.		Over	6-12	hours,		the	front	of	elevated	detrital	concentration	is	
seen	in	movie	output	to	pump	northwestward	up	the	Port	Edgewood	Channel	and	northward	in	the	channel	from	
Fields	Point	to	India	Point	(highlighted	by	red	arrows).		Advective transport	is	3.6	km	in	12	hours,		or		a	residual	
speed	of	~8	cm/s,	in	line	with	current	meter	estimates	in	this	region.				
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Figure	55.		Time	series	plots	of	northward	(a,c)	nitrogen,	((b,e)	phytoplankton	and	(c,f)	zooplankton	fluxes	for	ROMS	
station	output	in	the	east	side	of	the	shipping	channel	near	Edgewood	Shoals.			Values	are	calculated	by	multiplying	
residual	(de-tided)	values	for	northward	velocity	with	each	field.		Plots	(a-c)	show	southward	fluxes	for	all	three	fields	
in	near-surface	water.			Frames	(d-f)	show	northward	fluxes	of	all	fields	in	the	deeper	northward	residual	flow.			All	
bloom	products	ride	this	residual	current	northward	from	Ohio	Ledge	to	the	Seekonk	River.			Location	of	the	flux	
calculation	station	os shown	in	Figure	3.			
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Figure	56.		Plots	of	6-day	time	averaged	(days	160-165)	N	and	P	versus	latitude	for	cases	with	Vm=2.5.	comparing	impact	
of	different	WWTF	release	strategies	(WWTFS	releasing	at,	 	R:1070	mMm-3	(15	mg/L)	,	G:355	mMm-3	(5	mg/L)	,	
Blue:213	mMm-3	(3	mg/L)	 ,	Black:	0	mMm-3	(0	mg/L)	).		These	coincide	to	values	of	15,	5,	3	and	0	mg	L-1.	
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Figure	57.		Plots	of	6-day	time	averaged	N	and	P	versus	latitude	for	cases	with	Vm=2.5	for	days	165	to	170.		Plots	with	
different	color	squares	compare	impact	of	different	WWTF	release	strategies	(WWTFS	releasing	at,		R:1070	mMm-3

(15	mg/L)	G:355	mMm-3	(5	mg/L)	 ,	Blue:213	mMm-3 (3 mg/L),	Black:	0	mMm-3 (0 mg/L)	).		
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Figure	58.		Plots	of	2-day	time	averaged	N	and	P	versus	latitude	for	cases	with	Vm=2.5	for	day	170.	comparing	impact	of	
different	WWTF	release	strategies	(WWTFS	releasing	at,		R:1070	mMm-3	(15	mg/L)	,	G:355	mMm-3	(5	mg/L)	 ,	Blue:213	
mMm-3	(3 mg/L)	,	Black:	0	mMm-3	(0 mg/L)	).		These	coincide	to	values	of	15,	5,	3	and	0	mg	L-1.		
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Figure	59.		Plots	of	time	averaged	(days	165,	170)	phytoplankton	concentration	versus	latitude	for	cases	with	
nutrient	uptake	rate	of	Vm=2.0.		Cases	compare	impact	of	different	WWTF	release	strategies	(WWTFS	releasing	
at,		R=1070	(15	mg/L)	,	G=355	(5	mg/L)	 ,	Blue=213	(3 mg/L)	,	Black=	0	mMm-3	(0 mg/L)	).			The	smaller	uptake	
rate	produces	a	similar	result	as	Vm2.5,		but	is	significantly	delayed	(e.g.,	by	8-9	days).			
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Figure	60.		Plots	of	2-day	time	averaged	phytoplankton	concentration	versus	latitude	for	cases	with	nutrient	
uptake	rate	of	Vm=2.0.		Cases	compare	impact	of	different	WWTF	release	strategies	(WWTFS	releasing	at,	 	
R=1070	(15	mg	L-1)	,	G=355	(5	mg	L-1)	,	Blue=213	(3 mg	L-1)	,	Black=	0	mMm-3	(0 mg	L-1)	).			The	smaller	
uptake	rate	produces	a	similar	result	as	Vm2.5,		but	is	significantly	delayed	(e.g.,	by	8-9	days).			It	 is	
interesting	that	on	Edgewood	Shoals	(ES),		the	cases	with	WWTF	releases	of	5,3	and	0	mg	L-1 have	similar	
bloom	sizes.	 	
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Figure	61.		Plots	of	N,	P	and	Z	for	a	range	of	zooplankton	grazing	rates.			All	cases	have	WWTFs	releasing	at	355	
mMm-3	(5	mg	L-1),	and	uses	KL=0.75	and	a	P	uptake	rate	of	2.5.			Cases	are	for	grazing	rates	of	0.6	(red),	1.5	
(green),	2	(blue)	and	2.5	(black).			Values	are	plotted	versus	latitude	for	2-day	averaging	window	(d166).		
Zooplankton	concentrations	are	relatively	high	(>1	mM-N/m3)	in	the	lower	Providence	River	through	Ohio	Ledge	
for	ZG2.5	at	this	point.		For	the	lower	grazing	rate	ZG2,	values	exceed	1	mM-N/m3 only	within	Greenwich	Bay.
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Figure	62.		Plots	of	N,	P	and	Z	for	a	range	of	zooplankton	grazing	rates.		All	cases	 have	WWTFs	releasing	at	355	mMm-3 (5	mg	
L-1).		Here	light	extinction	KL=0.75	and	phytoplankton	uptake	rate	is	2.5.		Cases	are	for	grazing	rates	of	0.6	(red),	1.5	(green),	2	
(blue)	and	2.5	(black).		Zooplankton	levels	similar	to	Figure	59	for	Zg=2.5,	but	are	elevated	(>2	mM-N/m3)	in	the	Providence	
River	and	Ohio	Ledge	for	the	intermediate	grazing	rate	of	Zg=2	(blue	squares).		Red	squares	in	 (c	)	plotunder the green.		
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Figure	63.		Plots	for	inner	GB	of	N,	P,		Z	and	D	versus	time	for	a	range	of	zooplankton	grazing	rates.			All	cases	have	WWTFs releasing	
at	355	mMm-3	(5	mg	L-1),	and	uses	KL=0.75	and	a	P	uptake	rate	of	2.5.			Cases	are	for	grazing	rates	(ZG)	of	0.6	(red),	1.5	(green),	2	
(blue)	and	2.5	(black).				Higher	ZG	rates	drive	P	down	(b)	allowing	N	to	increase	in	GB.		ZG	rates	of	0.6	and	1.5	do	not	produce	a	
zooplankton	bloom,	or	limit	P	growth.		A	pulse	in	D	on	day	161		fuels	resupply	of	N	days	166	to	170.		
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Figure	64.		Plots	in	the	channel	at	the	mouth	of	Greenwich	Bay	for	N,	P,		Z	and	D	versus	time.	 	Results	are	for	a	range	of	zooplankton	
grazing	rates.			All	cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	KL=0.75	and	Vm=2.5.			Cases	are	for	grazing	rates	(ZG)	of	0.6	
(red),	1.5	(green),	2	(blue)	and	2.5	(black).	ZG	rates	of	2.5	and	2	produce	Z	blooms	separated	by	4	days.			ZG	rates	of	0.6	and	1.5	do	
not	limit	P	levels.		
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Figure	65.		Plots	for	West	Passage	channel	outside	mouth	of	GB	showing	N,	P,	 	Z	and	D	versus	time	for	a	range	of	zooplankton	
grazing	rates.			All	cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	KL=0.75	and	Vm=2.5.			Cases	are	for	grazing	rates	(ZG)	of	0.6	
(red),	1.5	(green),	2	(blue)	and	2.5	(black).	ZG	rates	of	2.5	and	2	produce	Z	blooms	separated	by	~4	days.			ZG	rates	of	0.6	and 1.5	do	
not	limit	P	levels	but	higher	grazing	rates	lead	to	severely	limited	blooms	at	this	station,	located		between	GB	and	Ohio	Ledge.
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Figure	66.		Plots	for	CP	,	at	the	mouth	of	the	Providence	River	showing	N,	P,		Z	and	D	versus	time	for	a	range	of	zooplankton grazing	
rates.			All	cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	KL=0.75	and	Vm=2.5.			Cases	are	for	grazing	rates	(ZG)	of	0.6	(red),	
1.5	(green),	2	(blue)	and	2.5	(black).	Interestingly,	there	is	no	P	bloom	in	this	location	for	the	high	ZG	rate	(black)	(frame	b).		
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Figure	67.		Plots	for	Edgewood	Shoals	of	the	Providence	River	showing	N,	P,		Z	and	D	versus	time	for	a	range	of	zooplankton	grazing	
rates.			All	cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	KL=0.75	and	Vm=2.5.			Cases	are	for	grazing	rates	(ZG)	of	0.6	(red),	
1.5	(green),	2	(blue)	and	2.5	(black).	Interestingly,	there	is	no	P	bloom	in	this	location	for	the	high	ZG	rate	(black)	(frame	b).		
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Figure	68.		Plots	for	the	PhillipsdaleStation	of	the	Seekonk	River	showing	N,	P,	 	Z	and	D	versus	time	for	a	range	of	zooplankton	
grazing	rates.			All	cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	KL=0.75	and	Vm=2.5.			Cases	are	for	grazing	rates	(ZG)	of	0.6	
(red),	1.5	(green),	2	(blue)	and	2.5	(black).	The	P	bloom	appears	here	at	day	170	only	for	the	smallest	ZG	of	0.6.		
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Figure	69.		Plots	of	N,	P	and	Z	versus	latitude	for	a	range	of	light	extinction	coefficients.	 		All	cases	have	WWTFs	releasing	at	
355	mMm-3	(5	mg	L-1),	and	uses	low	zooplankton	grazing	(0.6	day	-1)	and		Vm=2.5	day	-1.			Light	extinction	values	are	0.55	
(red),	0.65	(green),	and	the	reference	case	of	0.75	(black).			Values	are	for	2-day	averaging	window	(day	160-162).	
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Figure	70.		Plots	of	N,	P	and	Z	versus	latitude	for	a	range	of	light	extinction	coefficients.	 		All	cases	have	WWTFs	releasing	at	
355	mMm-3	(5	mg	L-1),	and	uses	low	zooplankton	grazing	(0.6	day	-1)	and		Vm=2.5	day	-1.			Light	extinction	values	are	0.55	
(red),	0.65	(green),	and	the	reference	case	of	0.75	(black).			Values	are	for	2-day	averaging	window	(day	164-166).	
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Figure	71.		Similar	to	previous	plot,	for	range	in	light	extinction	coefficients,	 	but	for	averaging	window	of	day	167-169.			All	
cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	and	uses	low	zooplankton	grazing	(0.6	day	-1)	and		Vm=2.5	day	-1.			
Light	extinction	values	are	0.55	(red),	0.65	(green),	and	the	reference	case	of	0.75	(black).			
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Figure	72.		Plots	of	surface	P	and	bottom	D	within	inner	Greenwich	Bay	versus	time	for	a	range	of	light	extinction	
coefficients.	All	cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	and	have	low	zooplankton	grazing	(0.6	
day	-1)	and		Vm=2.5	day	-1.			Light	extinction	values	are	0.55	(red),	0.65	(green),	and	the	reference	case	of	0.75	
(black).			Parameter	differences	do	not	change	solutions	in	this	region.			
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Figure	73.		Plots	of	surface	P	and	bottom	D	in	the	channel	near	the	mouth	of	Greenwich	Bay	versus	time	for	a	
range	of	light	extinction	coefficients.	All	cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	and	have	low	
zooplankton	grazing	(0.6	day	-1)	and		Vm=2.5	day	-1.			Light	extinction	values	are	0.55	(red),	0.65	(green),	and	the	
reference	case	of	0.75	(black).			Parameter	differences	do	not	significantly	change	solutions	in	this	region.			
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Figure	74.		Plots	of	surface	P	and	bottom	D	within	the	West	Passage,	north	of	the	entrance	to	Greenwich	Bay	
showing	effect	of	different	light	extinction	coefficients.	All	cases	 have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	
and	have	low	zooplankton	grazing	(0.6	day	-1)	and		Vm=2.5	day	-1.			Light	extinction	values	are	0.55	(red),	0.65	
(green),	and	the	reference	case	of	0.75	(black).			Parameter	differences	begin	to	alter	the	bloom	timing	at	this	
location.		Detrital	fields	vary	with	different	KL values.		
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Figure	75.		Plots	of	surface	P	and	bottom	D	in	the	East	Passage	channel,	at	the	southern	edge	of	Ohio	Ledge.	All	
cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	and	have	low	zooplankton	grazing	(0.6	day	-1)	and		Vm=2.5	
day	-1.			Light	extinction	values	are	0.55	(red),	0.65	(green),	and	the	reference	case	of	0.75	(black).			Higher	KL leads	
to	less	light	penetration	and	a	delayed	bloom.			Detrital	trends	show	greater	differences,	likely	reflecting	processes	
occurring	away	from	this	site.			
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Figure	76.		Plots	of	surface	P	and	bottom	D	at	the	mouth	of	the	Providence	River	(ConimicutPoint).	All	cases	have	
WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	and	have	low	zooplankton	grazing	(0.6	day	-1)	and		Vm=2.5	day	-1.			
Light	extinction	values	are	0.55	(red),	0.65	(green),	and	the	reference	case	of	0.75	(black).			Higher	KL leads	to	less	
light	penetration	and	a	delayed	bloom.			Delays	are	roughly	2	to	3	days.		Detrital	trends	show	greater	differences,	
likely	reflecting	processes	occurring	away	from	this	site.	 		
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Figure	77.		Plots	of	surface	P	and	bottom	D	at	Bullocks	Reach.	 	Different	light	extinction	values	are	used:		0.55	(red),	0.65	
(green),	and	the	reference	case	of	0.75	(black).			Higher	KL leads	to	less	 light	penetration	and	a	delayed	bloom.			Detrital	
trends	show	greater	differences,	likely	reflecting	processes	occurring	away	from	this	site.	Cases	have	WWTFs	releasing	
at	355	mMm-3	(5	mg	L-1),	and	have	low	zooplankton	grazing	(0.6	day	-1)	and		Vm=2.5	day	-1.	
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Figure	78.		Plots	of	surface	P	and	bottom	D	along	Edgewood	Shoals,	south	of	Fields	Point.		Different	light	extinction	values	
are	used:		0.55	(red),	0.65	(green),	and	the	reference	case	of	0.75	(black).			Higher	KL leads	to	less	 light	penetration	and	a	
delayed	bloom.	Cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	and	have	low	zooplankton	grazing	(0.6	day	-1)	and		
Vm=2.5	day	-1.	
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Figure	79.		Plots	of	surface	P	and	bottom	D	at	the	mouth	of	the	Seekonk	River.		Different	light	extinction	values	are	used:	 	
0.55	(red),	0.65	(green),	and	the	reference	case	of	0.75	(black).			Higher	KL leads	to	less	 light	penetration	and	a	delayed	
bloom.	Cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	and	have	low	zooplankton	grazing	(0.6	day	-1)	and		
Vm=2.5	day	-1.	
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Figure	80.		Plots	of	surface	P	and	bottom	D	at	the	northernmost	station	within	the	Seekonk	River,	or	Phillipsdale.		
Different	light	extinction	values	are	used:		0.55	(red),	0.65	(green),	and	the	reference	case	of	0.75	(black).			Higher	KL
leads	to	less	 light	penetration	and	a	delayed	bloom.		Cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	and	have	
low	zooplankton	grazing	(0.6	day	-1)	and		Vm=2.5	day	-1.	
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Figure	81.		Plots	of	surface	P	and	bottom	D	compare	different	KL	and	Vm values	(red	Vm=2.5,	KL=0.55;	red	dash	Vm=2,	
KL=0.55;	green	Vm=2.5,	KL=0.65;	green	dash	Vm=2,	KL=0.65;	blue	Vm=2.5,	KL=0.75;	blue	dash	Vm=2,	KL=0.75)	.		Cases	have	
WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	and	have	low	zooplankton	grazing	(0.6	day	-1).		Within	inner	Greenwich	Bay	
these	parameter	changes	do	not	influence	the	solutions.			
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Figure	82.		Plots	of	surface	P	and	bottom	D	compare	different	KL and	Vmvalues	(red	Vm=2.5,	KL=0.55;	red	dash	Vm=2,	
KL=0.55;	green	Vm=2.5,	KL=0.65;	green	dash	Vm=2,	KL=0.65;	blue	Vm=2.5,	KL=0.75;	blue	dash	Vm=2,	KL=0.75)	.		Cases	have	
WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	and	have	low	zooplankton	grazing	(0.6	day	-1).		Plots	are	from	the	mouth	of	
Greenwich	Bay,	in	the	channel,	and	show	minor	differences	for	this	range	of	parameters.			
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Figure	83.		Plots	of	surface	P	and	bottom	D	in	the	East	Passage	channel	at	the	southern	boundary	of	the	Ohio	Ledge	
region.			Different	KL and	Vm values	are:	(red	Vm=2.5,	KL=0.55;	red	dash	Vm=2,	KL=0.55;	green	Vm=2.5,	KL=0.65;	green	dash	
Vm=2,	KL=0.65;	blue	Vm=2.5,	KL=0.75;	blue	dash	Vm=2,	KL=0.75)	.		Cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	
and	have	low	zooplankton	grazing	(0.6	day	-1).			Being	further	from	Greenwich	Bay,	the	lower	uptake	rate	Vm=2	cases	and	
and	larger	KL values	are	now	showing	more	pronounced	(2-3	day)	delays	to	the	bloom.		
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Figure	84.		Plots	of	surface	P	and	bottom	D	at	Conimicut Point,	mouth	of	the	Providence	River	which	compare	different	KL
and	Vm values	(red	Vm=2.5,	KL=0.55;	red	dash	Vm=2,	KL=0.55;	green	Vm=2.5,	KL=0.65;	green	dash	Vm=2,	KL=0.65;	blue	Vm=2.5,	
KL=0.75;	blue	dash	Vm=2,	KL=0.75)	.		Cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	and	have	low	zooplankton	
grazing	(0.6	day	-1).			The	lower	uptake	rate	Vm=2	cases	and	and	larger	KL values	result	in	regular	delays	to	the	bloom.		Delays	
in	bloom	timing	with	increasing	KL are	~2	days.	Shaded	region	shows	estimate	 for	phytoplankton	levels	from	NBC	survey	
data	(Figure	23)	providing	chlorophyll	data	during	June	2010	bloom	(C/chl ratio=20-50;	C/N	ratio=7).		
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Figure	85.		Plots	of	surface	P	and	bottom	D	on	the	Edgewood	Shoals	comparing	different	KL and	Vmvalues	(red	Vm=2.5,	
KL=0.55;	red	dash	Vm=2,	KL=0.55;	green	Vm=2.5,	KL=0.65;	green	dash	Vm=2,	KL=0.65;	blue	Vm=2.5,	KL=0.75;	blue	dash	
Vm=2,	KL=0.75)	.		Cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	and	have	low	zooplankton	grazing	(0.6	day	-1).			
The	lower	uptake	rate	Vm=2	cases	and	and	larger	KL values	result	in	delays	to	the	bloom.	Shaded	region	shows	estimate	
for	phytoplankton	levels	from	NBC	survey	data	(Figure	23)	providing	chlorophyll	data	during	June	2010	bloom(C/chl
ratio=20-50;	C/N	ratio=7).		
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Figure	86.		Plot	showing	the	northward	progression	of	the	bloom	recorded	by	the	location	(latitude)	of	the	peak	
chlorophyll	level	as	a	function	of	decimal	day.			For	the	larger	Vm2.5	(R)	the	bloom	wave	progresses	from	GB	to	PD	from	
day	163	to	173,	or	10	days.			For	the	uptake	of	Vm2	the	progression	from	GB	to	PD	begins	later	on	day	167,	peaking	at	PD	
on	day	179	after	13	days.		



Figure	87.			Map	of	Narragansett	Bay	showing	schematic	 representation	of	one	style	of	nutrient/phytoplankton	bloom	/	
flow	dynamics	seen	in	a	number	of	NPZD-ROMS	simulations.			Water	with	very	high	nutrient	and	very	low	
phytoplankton	concentrations	flow	from	the	Providence	River	to	Ohio	Ledge.	 	Depending	on	tide/wind	conditions	a	
percentage	of	the	chemical	 plume	diverts	either	into	the	East	and	West	Passages.			Also,	depending	on	wind/wind	
conditions,		a	percentage	of	the	WP	plume	moves	into	GB.	 		Phytoplankton	growth	begins	in	GB	and	along	the	shallow	
edges	of	Ohio	Ledge.	 		Wind	conditions	can	work	to	disperse	biomass	from	these	regions	into	long-term,	sub-tidal	
currents	that	carry	mass	back	northward	into	the	Providence	and	Seekonk	Rivers.		
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Figure	88.		A	series	of	calculations	have	been	run	to	test	the	role	of	Greenwich	Bay	blooms	in	influencing	more	bay-wide	
processes.			These	were	initiated	from	May20	output	in	which	Greenwich	Bay	nutrients	were	zeroed	out	to	eliminate	
bloom	growth	in	this	area.			In	addition,		the	fresh	water	sources	to	Greenwich	Bay	had	their	nutrient	concentrations	set	
to	zero.			
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Figure	89.		Plots	from	the	West	Passage,	north	of	GB,	showing	surface	P	and	bottom	D	for	a	case	where	GB	nutrients	
were	set	to	zero.	Cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	Vm=2.5	day	-1 and	light	extinction	of	0.75	m-1.			
Differences	are	red:	Zg=0.6;	 	green:	Zg=0.6,	GB	zeroed;	blue:	 	Zg=2.5;	black	Zg=2.5,	GB	zeroed.			
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Figure	90.		Plots	from	Conimicut Point,	showing	surface	P	and	bottom	D	for	a	case	where	GB	nutrients	were	set	to	zero.	
Cases	have	WWTFs	releasing	at	355	mMm-3	(5	mg	L-1),	Vm=2.5	day	-1 and	light	extinction	of	0.75	m-1.			Differences	are	red:	
Zg=0.6;		green:	Zg=0.6,	GB	zeroed;	blue:		Zg=2.5;	black	Zg=2.5,	GB	zeroed.			For	lower	grazing	cases	(R/G)	there	is	little	
difference	between	normal	and	GB-zeroed	solutions	for	P	at	this	site.	 		There	are	more	pronounced	differences	in	the	
detrital	pool.		For	the	high	grazing	cases	(blue/black)	the	GB-zeroed	case	results	in	a	stronger	bloom	and	detrital	signal	at	
this	station.			
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Figure	91.		Interestingly,	plots	from	the	mouth	of	the	Seekonk	River	show	surface	P	and	bottom	D	are	different	for	reference	and GB-
zeroed	out	cases.	Here	WWTFs	released	at	355	mMm-3	(5	mg	L-1).		Values	were	Vm=2.5	day	-1 and	light	extinction	KL=0.75	m-1.			
Differences	are	red:	Zg=0.6;	 	green:	Zg=0.6,	GB	zeroed;	blue:	 	Zg=2.5;	black	Zg=2.5,	GB	zeroed.			For	lower	grazing	cases	(R/G)	there	is	
little	difference	between	normal	and	GB-zeroed	solutions	for	P	at	this	site.	 	For	the	high	grazing	cases	(blue/black)	the	GB-zeroed	
case	results	in	a	stronger,	later	pulses	in	phytoplankton	at	this	station.		The	differences	are	more	pronounced	in	the	detrital	pool.				
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Figure	92.	Plots	of	phytoplankton	levels	and	detritus	concentration	for	Phillipsdalestation.			Black	lines	show	the	reference	case,	with	
Greenwich	Bay	included	normally	and	winds	on.			Green	lines	are	for	same	run	(with	Greenwich	Bay	in	the	model)	but	for	WIND	OFF.
All	things	being	equal,		turning	off	wind	leads	to	a	50%	reduction	in	phytoplankton	bloom	at	Phillipsdale,	suggesting	northward	wind	
transport	preceding	the	bloom	off	material	from	Greenwich	Bay	is	important.			The	most	dramatic	effect	 is	shown	by	the	red	line,
which	has	winds	on,	but	Greenwich	Bay	zeroed	out.		Lower	zooplankton	levels	from	having	GB-OFF	significantly	influences	the	bloom	
intensity	as	far	north	as	Phillipsdale.	Differences	are	red:	Zg=0.6;		green:	Zg=0.6,	GB	zeroed;	blue:		Zg=2.5;	black	Zg=2.5,	GB	zeroed.	
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Figure	93.			Summary	of	plots	showing	phytoplankton	bloom	intensity	for	natural	parameters	(a)	winds	versus	Greenwich	
Bay	effects	and	(b)	managed	parameters	(WWTF	reductions	in	nitrogen	output).		These	simulations	show	that	Phillipsdale
bloom	intensity	is	modulated	more	strongly	by	wind	and	Greenwich	Bay	impacts	than	by	WWTF	reductions.		In	(a),	the	
green	case	is	where	Greenwich	Bay	is	in	the	model,	but	the	wind	forcing	is	zeroed	out.				
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Figure	94.	Contours	of	near	surface	zooplankton	concentration	(red	=	10	mM/m3)	for	cases	with	high	phytoplankton	uptake	(Vm=2.5),	
high	zooplankton	grazing	rate	(Zg=2.5)	and	good	light	penetration	(kL=0.55).		Top	row	shows	evolution	of	a	case	with	Greenwich	Bay	
functioning	normally	(e.g.	initiating	a	phytoplankton	bloom	and	then	a	zooplankton	bloom)	for	days	a)	163,	b)	166	when	there	is	a	peak	
zooplankton	bloom	mid-bay	and	c)	169.		The	bottom	row	shows	same	time	evolution	but	for	case	where	all	Greenwich	Bay	nutrients,	
phytoplankton	and	zooplankton	are	zeroed	out	to	start	(4/20),	including	all	river	inputs	to	GB.			The	delayed	GB	initiated	zooplankton	
bloom	(e)	allows	phytoplankton	bloom	(Figures	92,93)	to	grow	exceptionally	large	in	the	Providence	River.		



Figure	95.	Contours	showing	the	near	
surface	difference	in	zooplankton	
concentrations,	calculated	by	subtracting	
the	reference	case	from	the	no	Greenwich	
Bay	case.	 	Blue	colors	represent	negative	
zooplankton	concentrations	due	to	a	
deficit	in	this	field	in	the	case	where	
Greenwich	Bay	has	been	zeroed	out.	
Frames	are	for	days	(a)	163.5,			(b)	165	and	
(c	)	166.5	and	show	that	a	deficit	in	
zooplankton	is	initiated	in	Greenwich	Bay	
and	is	subsequently	seen	on	Ohio	Ledge	
and	up	into	the	Providence	and	Seekonk	
Rivers.			This	leads	to	unrestricted	
phytoplankton	blooms	in	the	cases	where	
Greenwich	Bay	has	been	zeroed	out.			



Day	154	:	6/2/10

Figure	96	.	ROMS	NPZD	models	show	that	blooms	are	persistent	in	Greenwich	Bay	and	that	more	extensive	upper	Bay	
blooms	(such	as	the	one	in	June,	2010)	begin	in	the	mid-Bay	and	progress	northwards.		Here	we	show	results	from	the	
fullbaymodel	simulation	for	2010	(Kincaid,	2012a),	where	distinct	dye	sources	were	used	to	identify	and	track	inputs	from	
all	major	river	and	WWTF	sources.			Color	contours	here	are	showing	transport	of	Greenwich	Bay	dye	sources	(2	rivers,	1	
WWTF)	summed	together	and	integrated	over	a)	upper	third,	b)	middle	third	and	c)	lower	third	of	the	water	column.			Here	
red	color	is	dimensionless	dye	concentration	of	0.02.			The	colorbar is	saturated	for	Greenwich	Bay	to	highlight	transport	
patterns	from	Greenwich	Bay,	through	northern	West	Passage	entrance	(Warwick	Neck	to	Patience	Island)	and	onto	Ohio	
Ledge.	 		Within	a	day	this	patch	of	GB	derived	mass	is	dispersed	eastward	across	the	entire	Ohio	Ledge	Region.		Once	on	the	
eastern	side	of	the	system,		this	material	 is	efficiently	carried	northward,	particularly	in	the	waters	below	the	light	
penetration	depth.			

a) b) c)



Day	160	:	6/8/10

Figure	97.		Similar	results	as	 in	previous	figure	from	the	fullbaymodel	simulation	for	2010	(Kincaid,	2012a),	where	distinct	
dye	sources	were	used	to	identify	and	track	inputs	from	all	major	river	and	WWTF	sources.			Color	contours	show	transport	
of	Greenwich	Bay	dye	sources	(2	rivers,	1	WWTF)	summed	together	and	integrated	over	a)	upper	third,	b)	middle	third	and	
c)	lower	third	of	the	water	column.			Dimensionless	dye	concentration	is	red	is	C*=0.02.			Another	patch	of	GB	derived	mass	
pulses	onto	Ohio	Ledge	within	the	upper	2/3	of	the	water	column.			Lower	concentration	(C*=	0.01)	is	carried	northward	
into	the	Providence	River,	appearing	in	both	the	channel	and	the	shallow	shoals	regions.			
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Day	166	:	6/14/10

Figure	98.		Similar	results	as	 in	previous	figure	from	the	fullbaymodel	simulation	for	2010	(Kincaid,	2012a).		Color	contours	
show	transport	of	Greenwich	Bay	dye	sources	(2	rivers,	1	WWTF)	summed	together	and	integrated	over	a)	upper	third,	b)	
middle	third	and	c)	lower	third	of	the	water	column.			Dimensionless	dye	concentration	is	red	is	C*=0.02.			Here	a	near-
bottom	plug	of	GB	derived	mass	moves	efficiently	eastward	across	Ohio	Ledge.	 		Remnant	of	previous	events	are	seen	in	low	
concentration	(light	blue	shades)	within	the	shipping	channel	and	Port	Edgewood	Channel	of	the	Edgewood	Shoals	(c).	 	

a) b) c)



Figure	99.		Prior	figure	summarized	a	wind	driving	
mechanism	for	transporting	Greenwich	Bay	biomass	onto		
Ohio	Ledge.	 		A	second	mode	of	transporting	phytoplankton	
biomass	generated	in	Greenwich	Bay	onto	Ohio	Ledge,	 	the	
primary	source	region	for	Providence	River	northward	
return	flow,	is	tidal	pumping.			Frames	show	transport	of	a	
conservative	dyein a	2010	NB-ROMS	simulation	released	to	
inner	Greenwich	Bay	from	a)	late	ebb,	b)	early	flood,	c)	late	
flood	and	d)	early	ebb		tidal	stages.	 	Small	volumes	of	dye	
near	the	northern	mouth	of	GB	is	transported	northward	up	
onto	Ohio	Ledge	and	left	there	on	subsequent	ebb.			
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Figure	100.		Similar	to	prior	figure	showing	a	second	
transport	mode	for	phytoplankton	biomass	generated	in	
Greenwich	Bay	onto	Ohio	Ledge.	 	The	mode		is	tidal	
pumping,	which	is	smaller	volumetrically	than	wind	events,	
but	more	regular	.			Frames	show	transport	of	a	conservative	
dye	released	to	inner	Greenwich	Bay	from	a)	late	ebb,	b)	
early	flood,	c)	late	flood	and	d)	early	ebb		tidal	stages.	 	Small	
volumes	of	dye	near	the	northern	mouth	of	GB	is	
transported	northward	up	onto	Ohio	Ledge	and	left	there	on	
subsequent	ebb.			
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Figure	101.		Plots	of	near	surface		phytoplankton	biomass	at	key	stations	
from	Greenwich	Bay	to	the	Seekonk	River	integrated	over	a	ten	day	period	
(days	161	to	170)	for	the	largest	growth	rate	(Vm=2.5).		Colors	correspond	to	
WWTF	release	concentrations	(Red	15	mg/L,	Orange	5	mg/L,	 Green	3	mg/L	
and	Blue	0	mg/L).	 		Here	a	bloom	as	initiated	in	the	mid-bay	and	progressed	
and	intensified	to	the	north.		Significant	reduction	in	biomass	is	predicted	
for	change	in	WWTF	release	levels	from	15	mg/L	to	5	mg/L.	 	Additional	
modeled	reductions	do	not	significantly	reduce	simulated	biomass.		
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Figure	102.		Plot	of	integrated	phytoplankton	biomass	(mMm-3)	(IPB)	recorded	at	distinct	stations	(x-axis)	over	10	day	model	
simulation	(days	160-170)	showing	strong	influence	of	prevailing	winds.		The	reference	case	has	Vm=2.5,	Zg=2.5	and	KL=0.6	and	
uses	actual	wind	data	to	force	the	model.			IPB	is	substantially	increased	in	the	Providence	River	for	the	simulation	with	a	
prevailing	northwestward	wind.			Cases	with	zeroed	out	wind,	or	southeastward	blowing	wind	record	reduced	IPB	levels	 in	the	
Providence	River relative	to	the	reference	case.	 	
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Figure	103.		Similar	plot	to	Figures	99,100	of	integrated	phytoplankton	biomass	(mMm-3)	(IPB)	recorded	at	distinct	stations	(x-
axis)	over	10	day	model	simulation	(days	160-170)	highlighting	the	importance	of	remote	forcing.		Here	GBr0	is	an	idealized	
case	where	Greenwich	Bay	nutrients/biomass	were	zeroed	out	to	start,	but	is	otherwise	identical	to		a	reference	case	with	
Vm=2.5,	Zg=2.5	and	KL=0.6.		Interestingly,	bloom	biomass	in	the	Providence	and	Seekonk	Rivers	is	substantially	increased	when	
all	other	factors	are	equal,	except	that	Greenwich	Bay	is	limited.			Changes	in	Greenwich	Bay	and	wind	(red	squares)	can	alter	
biomass	in	a	more	significant	way	than	incremental	reductions	in	WWTF	outputs.		
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Figure	104.		Models	allow	for	gauging	the	magnitude	of	baywidechanges	in	biomass	during	a	bloom	period	brought	
about	by	various	parameters.		This	plot	show	near-surface	biomass	integrated	over	10	days	at	6	mid	to	upper	bay	
stations	(used	in	Figures	99-101)	and	then	differenced	between	cases	with	specific	parameter	choices.	 		WW0-3	means	
the	difference	between	IPB	for	WWTF	releases	of	3	mg/L	and	0	mg/L.	 	Only	at	the	highest	P	growth	rate	do	changes	in	
WWTF	release	level	generate	integrated	biomass	changes	equivalent	to	winds,	Greenwich	Bay	changes,	changes	in	light	
extinction	parameter	and	P	uptake	rate.		

VM	2	vs VM 1.5



Table	1.		Statistical	data-model	comparison	for	sub-tidal	or	residual	flow	fields	for	NBC	- supported	TCM	stations	
from	dye	transport	study	(Kincaid,	2012).		

18 3 0.78 4.2
16 5 0.88 3.7
14 7 0.82 5.2
12 10 0.89 2.3
8 14 0.82 1.3
3 19 0.8 3.6

ROMS	Station TCM	Station Wilmont	Skiill RMS	(cm/s))



Table	2.		Listing	of	various	parameters	employed	in	a	range	of	ROMS	simulation	runs	with	NPZD	model	turned	on.	
		
Name	 	 	 	 	 Start	 Length	 WWTF	 	 Phyt.	 Phyt.	 Zoop.	 Light	 Inv	1/2	 	 GB	 Wind	
	 	 	 	 	 Date	 Days	 Conc.	 	 Uptake	Mort	 Growth	Extinct.	sat.	N	uptake.	 Status	 Real	
	 	 	 	 	 	 	 mM/m3		 1/day	 1/day	 1/day	 1/m	 (mM_N/m3)1/2	 	 unless	noted	
srB17x35M20R1ww355b2  5/20	 30	 355	 	 1.0	 0.1	 0.6	 0.75	 0.1	
srB17x35M20R1ww213b2  5/20	 30	 213	 	 1.0	 0.1	 0.6	 0.75	 0.1	
srB17x35M20R1ww54b2rf  5/20	 10	 54	 	 1.0	 0.1	 0.6	 0.75	 0.1 
srB17x35M20R1ww18b2rf  5/20	 10	 18	 	 1.0	 0.1	 0.6	 0.75	 0.1 
srB17x35M30R1ww1071b2 	 5/20	 30	 1071	 	 1.0	 0.1	 0.6	 0.75	 0.1	
	
srBM30R1ww355V2  5/20	 30	 355	 	 2.0	 0.2	 0.6	 0.75	 0.1	
srBM30R1ww1070V2  5/20	 30	 1070	 	 2.0	 0.2	 0.6	 0.75	 0.1 
srBM30R1ww213V2  5/20	 30	 213	 	 2.0	 0.2	 0.6	 0.75	 0.1 
srBM30R1ww0V2   5/20	 30	 0	 	 2.0	 0.2	 0.6	 0.75	 0.1	
	
srBM30R1ww355V2Zg1  5/20 30 355  2.0 0.2 1.0 0.75 0.1 
srBJ8R1ww355V2Zg3  5/20 30 355  2.0 0.2 3.0 0.75 0.1 
srBJ8R1ww355V2Zg2PMp5  5/20 30 355  2.0 0.5 2.0 0.75 0.1 
srBJ8R1ww355V2Zg2MRp2  5/20 30 355  2.0 0.2 2.0 0.75 0.1 
	
srBM30ww355V1p5Ks1KLp6  5/20 30 355  1.5 0.2 0.6 0.55 1.0 
srBM30ww1070V1p5Ks1  5/20 30 1070  1.5 0.2 0.6 0.75 1.0 
srBM30ww355V1p5Ks1Zg2  5/20 30 355  1.5 0.2 2.0 0.75 1.0 
srBM30ww355V1p7PM25ZG1 5/20 30 355  1.7 0.25 1.0 0.75 1.0 
srBM30ww355V2p5ZG1p5  5/20 30 355  2.5 0.2 1.5 0.75 1.0 
srBM30ww355V2p5ZG2  5/20 30 355  2.5 0.2 2.0 0.75 1.0 
srBM30ww355V2p5ZG2p5  5/20 30 355  2.5 0.2 2.5 0.75 1.0 
srBM30ww355V2p5ZG2p5KL6 5/20 30 355  2.5 0.2 2.5 0.55 1.0 
srBM30ww355V2ZG1p5KL6  5/20 30 355  2.0 0.2 1.5 0.55 1.0 
srBM30ww355V1p5ZG1p5KL6 5/20 30 355  1.5 0.2 1.5 0.55 1.0 
srBM30ww355V2ZG1p5KL7  5/20 30 355  2.0 0.2 1.5 0.65 1.0 
srBM30ww355V2p5KL6  5/20 30 355  2.5 0.2 0.6 0.55 1.0 
srBM30ww355V2p5KL7  5/20 30 355  2.5 0.2 0.6 0.65 1.0 



srBM30ww355V2KL6   5/20 30 355  2.0 0.2 0.6 0.55 1.0 
srBM30ww355V2KL7   5/20 30 355  2.0 0.2 0.6 0.65 1.0 
srBM30GB0ww355V2p5  5/20 30 355  2.5 0.2 0.6 0.75 1.0 zero 
srBM30ww355GB0V2p5KL6  5/20 30 355  2.5 0.2 0.6 0.55 1.0 zero 
srBM30ww355GB0V2p5ZG2p5KL6 5/20 30 355  2.5 0.2 2.5 0.55 1.0 zero 
srBM30ww355GB0V2p5ZG2p5 5/20 30 355  2.5 0.2 2.5 0.75 1.0 zero 
srBM30ww355GBR0V2p5ZG2p5 5/20 30 355  2.5 0.2 2.5 0.75 1.0 zero(riv) 
srBM30GBR0ww355V2p5  5/20 30 355  2.5 0.2 0.6 0.75 1.0 zero(riv) 
srBM30ww355GBR0V2p5ZG2 5/20 30 355  2.5 0.2 2.0 0.75 1.0 zero(riv) 
sBM30w355GBR0V2p5Z2p5K6 5/20 30 355  2.5 0.2 2.5 0.55 1.0 zero(riv) 
sBM30w355V2p5ZG2p5KL6W0 5/20 30 355  2.5 0.2 2.5 0.55 1.0  wind zero 
srBM30w355V2p5W0   5/20 30 355  2.5 0.2 0.6 0.75 1.0  wind zero 
sBM30w355GBR0V2p5Z2K6  5/20 30 355  2.5 0.2 2.0 0.55 1.0 zero(riv) 
sBM30w355GBR0V2p5Z1p5K6 5/20 30 355  2.5 0.2 1.5 0.55 1.0 zero(riv) 
srBM30ww355V2p5ZG2KL6  5/20 30 355  2.5 0.2 2.0 0.55 1.0  
srBM30ww355V2p5Z1p5KL6  5/20 30 355  2.5 0.2 1.5 0.55 1.0 
sBJ8w355V2p5Z2p5K6Wne2  5/20 30 355  2.5 0.2 2.5 0.55 1.0  Wind NE-ward 2 m/s 
sBJ8w355V2p5Z2p5K6Wsw2 5/20 30 355  2.5 0.2 2.5 0.55 1.0  Wind SW-ward 2 m/s 
sBJ8w355V2p5Z2p5K6Wnw2 5/20 30 355  2.5 0.2 2.5 0.55 1.0  Wind NW-ward 2 m/s 
sBJ8w355V2p5Z2p5K6Wse2  5/20 30 355  2.5 0.2 2.5 0.55 1.0  Wind SE-ward 2 m/s 
	

	

	

	

	

	

	

	

	

	

*Other	parameters.	i)	Phy.	Mortality,	0.2	(1/day),	ii)	Zoo.	mortality	rate,	0.2	(1/day),	iii)	Zoo.	grazing	inefficiency,	0.3,	iv)	Phy.	saturation	coeff.	0.4	

(mM_N/m3),	v)	Inverse	half-saturation	for	Phy.,	0.1	(1/	(mM_N/m
3
)),	vi)	Zoo.	death	bits	rate,	0.05	(1/day),	vii)	Zoo.	excreted	fraction,	0.15.				


