
	

Modeling	Pollutant	Levels	in	Lake	Orono	
	

	
	
Environmental	Problem	Solving	(ESCI	310)	
	
Course	Description:	
	
This	 course	 explores	 methods	 of	 solving	 real-world	 environmental	 problems.	 	 These	
problems	 are	 interdisciplinary	 by	 nature	 and	 are	 rarely	 addressed	 in	 a	 substantive	
fashion	 in	 traditional	 science	 textbooks.	 	 In	 this	 course,	 students	 and	 faculty	 work	
together	 to	 develop	models	 of	 earth	 systems	 and	 learn	 how	 to	make	 calculations	 of	
human-induced	changes.		Students	work	together	on	interdisciplinary	research	projects	
using	 modeling	 and	 systems	 analysis	 software	 to	 more	 fully	 understand	 specific	
environments	 and	 the	 quantitative	 methods	 of	 assessing	 challenges	 to	 those	
environments.	
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Project	1:	Longitudinal	trends	of	phosphorus	in	the	Elk	River	
	

Anthony	Mandile	&	Cassi	Clubb	
	
	
	
The	Federal	Clean	Water	Act	(CWA)	requires	the	Minnesota	Pollution	Control	Agency	
(MPCA)	to	identify	water	bodies	that	do	not	meet	water	quality	standards.	The	City	of	
Elk	River	is	accountable	for	decreasing	P	input	based	on	the	TMDL	budget	calculations	
for	Lake	Orono.		The	purpose	of	this	analysis	is	to	analyze	longitudinal	and	temporal	
patterns	of	water	chemistry	for	the	Elk,	and	to	use	this	analysis	to	make	inferences	
about	potential	point	sources/	tributaries	that	contribute	significant	amounts	of	P.	
	
To	assess	the	movement	of	Phosphorus	downstream	from	Elk	Lake	to	Lake	Orono	
through	Elk	River,	we	first	looked	at	were	the	lake	and	biological	monitoring	stations	
that	had	enough	recent	phosphorous	data	to	be	considered	relevant.	Nine	monitoring	
stations	were	chosen	based	on	number	of	data	points	present	and	year	they	were	
taken.	These	points	were	averaged	and	reported	as	total	mg	P	per	liter.	Distance	of	each	
station	from	Elk	Lake	was	estimated	to	show	change	in	TP	the	farther	it	moved	from	the	
Lake.	
		
	
Fig.1	
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Figure	1	describes	the	relationship	between	distance	from	Elk	Lake	to	Lake	Orono,	
through	the	tributary	Elk	River.	
																																																	
	
Fig.2	

	

																																																 	
Figure	2	shows	the	seasonal	changes	over	time	in	phosphorus	concentration	at	site	
S003-686	in	2009.		
	
	
	
	
	
Fig	3.	

	

																																													 	
Figure	3	shows	seasonal	change	in	phosphorus	concentration	at	site	S001-526	in	2009.		
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Fig.	4.	
	

	

																																																											 	
	
	
Fig.	5	

	

																																		 	
The	graphs	conductivity	(Fig.	4)	and	dissolved	oxygen	(Fig.	5)	show	measurements	taken	
at	four	gage	stations	along	the	Elk	River-between	Elk	lake	and	lake	Orono.	Site	MO84	is	
most	upstream	of	lake	Orono,	followed	by	site’s	MO14,	MO38,	and	MO17,	successively.		

	
Conclusions-advice	

	
									 Solving	the	Lake	Orono	phosphorous	problem	will	be	neither	easy	nor	
inexpensive.			The	Elk	River	is	a	significant	contributor	of	phosphorus	inflow	into	Lake	
Orono.	The	Elk	RIver	is	the	major	outflow	of	Elk	Lake	and	empties	into	Lake	Orono.	
There	are	watersheds	directing	phosphorous	and	other	nutrient	leachate	into	the	Elk	
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River.	The	agriculturally	dense	land	areas	adjacent	to	the	Elk	River	are	largely	
responsible	for	much	of	the	phosphorus	pollution	in	lake	Orono.	

It	is	possible	to	argue	fractional	payment	from	the	responsible	counties	for	this	
pollution.	The	map	shows	the	change	in	phosphorus	concentration	at	different	points	
along	the	Elk	River.	The	data	we	used	was	collected	from	gage	stations	along	the	Elk	
River.	We	used	mean	annual	values	for	phosphorus	concentration	from	2009.	We	
suggest	you	could	use	this	data	alongside	micro-watershed	data	to	delineate	exactly	the	
directions	in	which	phosphorous	is	flowing	from	the	surrounding	land	into	the	Elk	River.	
If	you	know	the	volume	of	water	moving	through	a	particular	section	of	the	river	
between	the	gaging	stations	(or	any	two	points)	as	well	as	the	concentration	change	
between	those	zones,	you	can	roughly	calculate	the	quantity	of	phosphorus	entering	Elk	
River	between	each	station	and	each	perpetrators	fractional	contribution	to	lake	Oronos	
pollution.														
		 We	suggest	you	raise	awareness	and	direct	attention	to	the	responsible	
agricultural	businesses	with	conviction.	Show	them	the	data,	show	them	a	topographical	
map	describing	the	direction	of	water	flow	in	the	area,	show	them	the	change	in	
phosphorus	concentration	in	the	Elk	River	on	either	end	of	their	properties-from	point	A	
to	point	B.	Explain	the	negative	effects	the	nutrient	pollution	is	causing	to	Lake	Orono	
and	the	Elk	river	community-and	the	steep	price	to	save	lake	Orono-whose	burden	is	
left	to	the	taxpayers	of	Elk	River.	This	will	undoubtedly	raise	awareness	of	the	situation	
and	hopefully	encourage	better	decision	making	in	the	future.		
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Project	2:		

Effects	of	Removing	Phosphorus	Inputs	at	Local	vs.	Upstream	Sites	

Jenny	Walz	&	Evan	Cross	

	

The	purpose	of	our	model	is	to	highlight	the	Sherburne	County	phosphorus	contribution	
in	Lake	Orono	relative	to	upstream	sources.	The	goal	was	for	our	model	to	portray	how	
influential	phosphorus	removal	from	local	sources	would	be	compared	to	the	removal,	
or	 reduction,	 of	 phosphorus	 from	 these	 upstream	 sources.	 Our	 model	 is	 useful	 to	
potential	users	because	it	illustrates	where	possible	interventions	should	be	made,	and	
forces	the	viewer	to	take	a	step	back	and	consider	where	it	would	be	most	beneficial	to	
implement	a	phosphorus	removal	plan,	whether	that	be	at	the	local	or	widespread	level.	
Phosphorus	 removal	within	 the	Watershed	District	may	understandably	help	 reduce	P	
levels	 in	 Lake	 Orono,	 however,	 if	 there	 are	 alternate	 sources	 of	 phosphorus	 being	
continuously	 poured	 in	 upstream,	 the	 local	 solution	 may	 only	 provide	 a	 temporary	
bandaid.	To	explore	how	effective	phosphorus	removal	plans	would	be	at	either	 level,	
we	created	this	model	that	demonstrates	current	phosphorus	levels	within	Lake	Orono,	
and	 factors	 that	may	be	contributing	 to	an	 increase	or	decrease	of	phosphorus	 in	 the	
lake.		

Our	conceptual	model	portrays	the	different	ways	in	which	phosphorus	is	brought	into	
Lake	 Orono,	 and	 how	 quickly	 that	 phosphorus	 leaves.	 Our	 currency	 throughout	 the	
system	is	phosphorus.	Our	two	stocks	 in	the	system	are	concentrations	of	phosphorus	
represented	 in	 grams	 per	 liter.	 Flows	 of	 our	 system	 include	 upstream	 phosphorus	
coming	 in	 from	 Elk	 River	 upstream,	 local	 phosphorus	 inputs	 coming	 from	 within	
Sherburne	County,	miscellaneous	sources	of	phosphorus	coming	 from	other	upstream	
water	 sources	 like	 Tibbett’s	 Brook	 and	 Big	 Lake,	 and	 finally,	 phosphorus	 leaving	 the	
system	either	through	runoff	or	sedimentation.			

A	number	of	controls	were	implemented	to	make	our	data	more	accurate.	We	obtained	
data	 from	 the	 TMDL	 document	 to	 implement	 discharge	 rates	 of	 water	 and	
concentrations	 of	 phosphorus	 coming	 from	 upstream	 sources	 like	 the	 upstream	 and	
miscellaneous	 inflows.	Data	was	 also	 collected	 from	 Sherburne	 county	 to	 incorporate	
daily	precipitation	 into	our	 system	since	 the	 rainfall	 collects	 localized	phosphorus	and	
brings	 it	 into	 Lake	Orono.	We	 did	 not	 include	 snowfall	 in	 our	 precipitation	 converter	
because	 only	 a	 small	 amount	 of	 phosphorus	would	 likely	 go	 into	 Lake	Orono	 directly	
from	 snow.	 Likewise,	 the	 data	 would	 have	 to	 be	 manipulated	 in	 order	 to	 correctly	
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identify	how	much	water	contained	 in	 the	snow	melts,	and	of	 that	melted	snow,	how	
much	 phosphorus	 it	 brings	with	 it.	 Sedimentation	 and	mineralization	 data	were	 used	
from	a	previous	Como	Lake	model,	and	 lake	volume,	area,	 turnover	 rate,	and	starting	
concentrations	of	phosphorus	were	collected	using	both	the	TMDL	and	DNR	documents.	

We	decided	to	run	our	model	using	data	obtained	from	the	summer,	since	it	contained	
the	most	 activity	 in	 terms	 of	 discharge	 rates,	 phosphorus	 levels,	 and	 turnover	 rates.	
Since	there	were	few	discrepancies	for	each	summer	over	the	years,	we	decided	to	run	
our	model	for	one	summer	(2003),	a	total	of	183	days.	Results	are	shown	below.		

	

Figure	 1:
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Results:	

Model	data	of	Lake	Orono	was	compared	to	both	Upper	and	Lower	Lake	data,	as	shown	
in	Figure	2.	The	model	estimates	approximately	the	same	amount	of	TP	in	Lake	Orono	as	
is	observed.	Therefore,	the	model	is	an	accurate	tool	that	can	be	used	to	estimate	the	
effects	of	various	changes	on	Lake	Orono	TP.	

	

	

	

	

Figure	2:	

	

Figure	2	 shows	 the	 total	 phosphorus	 in	 Lake	Orono	as	 estimated	by	 the	model	 (blue)	
compared	to	Lower	Orono	data	(red)	and	Upper	Orono	(green).	The	model	TP	is	about	
the	same	as	both	Lower	and	Upper	Orono	TP.	

To	 test	 the	different	 effects	phosphorus	 removal	 from	 local	 or	upstream	 inputs	 could	
have	 on	 Lake	 Orono	 TP,	 we	 removed	 1,728	 g/day.	 We	 wanted	 to	 see	 what	 would	
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happen	 to	 Lake	 Orono	 TP	 if	 we	 removed	 half	 of	 the	 local	 input.	 In	 order	 to	 remain	
consistent,	we	removed	the	same	amount	of	P	from	local	input	or	upstream	input.	This	
number	was	determined	using	the	following	calculations:	

Local	P	input	=	1.3	million	

Local	P	input*0.5	=	671,000	

Total	P	blocked	=	Local	P	input	-	Local	P	input*0.5	=	629,000	

P	blocked/day	=	Total	P	blocked/	365	=	1728	g/day	

We	 then	 removed	1728	 g/day	of	 phosphorus	 from	either	 local	 or	 upstream	 inputs	 to	
determine	where	P	removal	could	have	the	largest	effect.	Figure	3	shows	the	effects	of	
these	changes	on	the	TP	in	Lake	Orono.	Changing	P	input	on	a	local	level	seems	to	have	
a	greater	effect	on	Lake	TP	than	upstream	levels.	

	

Figure	3:	

	

Figure	3	compares	the	normal	TP	levels	in	Lake	Orono	(blue)	compared	to	a	decrease	in	
local	P	input	(red)	and	upstream	input	(green).	Though	decreasing	upstream	input	does	
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seem	 to	 result	 in	 slightly	 lower	 TP	 levels,	 decreasing	 local	 input	 completely	 removes	
seasonal	TP	spikes.	

Our	 model	 indicates	 that	 decreasing	 local	 P	 input	 could	 be	 more	 effective	 than	
decreasing	 upstream	 input.	 Local	 P	 input	 is	 almost	 all	 runoff,	 and	 so	 therefore	 it	 is	
heavily	 affected	 by	 rainfall.	 On	 the	 other	 hand,	 in	 our	 model,	 upstream	 P	 input	
maintains	 a	 relatively	 constant	 and	 high	 level	 throughout	 the	 season,	 no	 matter	 the	
rainfall	 levels.	 Therefore,	 our	model	 suggests	 that	 upstream	 input	 would	 need	 to	 be	
decreased	by	a	much	higher	level	than	local	input	to	achieve	similar	Lake	Orono	TP.		

Based	off	of	these	results,	we	believe	that	decreasing	P	input	within	Elk	River	could	have	
a	disproportionately	high	effect	on	the	Lake	Orono	TP.		Small	changes	within	Elk	River	
could	result	in	much	higher	decreases	of	Lake	Orono	TP.		The	upstream	input	accounts	
for	approximately	94%	of	the	Lake	Orono	TP,	and	so	to	effectively	cut	massive	amounts	
of	P	from	Lake	Orono,	large	changes	need	to	be	made	upstream	in	addition	to	local	
areas.	
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Project	3:		The	Effectiveness	of	Alum	as	a	Treatment	for	Excess	
Phosphorus	in	Lake	Orono	

	
							Quinn	Whiting	and	Katherine	Connelly		

	
Aluminum	 sulfate	 (Alum)	 has	 been	 used	 to	 reduce	 the	 total	 amount	 of	

phosphorus	in	shallow	lakes,	which	also	improves	the	clarity	of	the	lakes.	It	does	this	by	
binding	with	the	soluble	phosphate,	making	it	insoluble	and	then	settles	to	the	bottom	
of	the	lake.	This	treatment	has	been	used	before	in	the	Minneapolis	Chain	of	Lakes	and	
was	effective	at	improving	lake	clarity	and	reduction	of	internal	phosphorus	release	by	
85%	 (Huser,	 et	 al.).	 Lake	Orono	 is	 classified	 as	 a	 shallow	 lake,	 however,	 it	 has	 a	 very	
large	throughput,	which	makes	it	difficult	to	compare	to	these	other	lakes.			

To	help	us	see	how	an	Alum	treatment	would	affect	the	total	phosphorus	in	Lake	
Orono,	 we	 constructed	 a	 model	 of	 the	 lake	 using	 the	 program	 STELLA.	 This	 model	
includes	 stocks,	 flows,	 and	 converters,	 which	 calculate	 the	 movement	 of	 total	
phosphorus	 in	 pounds	 into	 and	 out	 of	 the	 lake.	 The	 purpose	 of	 our	 model	 is	 to	
determine	 whether	 or	 not	 Alum	 is	 a	 good	 treatment	 option	 with	 dealing	 with	 the	
overload	of	Phosphorus	in	Lake	Orono.	

We	 want	 our	 model	 to	 act	 as	 a	 calculator	 that	 allows	 you	 to	 put	 in	 various	
amounts	of	alum	and	to	be	able	to	make	a	graph	to	see	when	the	alum	runs	out,	as	well	
as	 the	 effectiveness	 of	 the	 treatment.	 By	 using	 a	 price	 per	 unit	 converter,	 it	 can	
determine	 the	 cost	 of	 the	 treatment,	which	would	 help	with	 determining	whether	 or	
not	this	is	a	realistic	option	economically.	

Our	model	is	robust,	by	which	it	can	be	applied	to	other	lakes	and	water	systems	
and	not	just	Lake	Orono.	One	can	simply	change	the	flows	of	water	coming	in	and	out,	
the	volume	of	the	lake,	and	the	initial	amount	of	phosphorus	in	the	lake	as	well	as	the	
inflow	and	outflow	rate	of	phosphorus.	It	could	also	be	helpful	in	the	planning	of	future	
treatment	as	well	as	calculating	the	cost	of	the	treatments.	

Below	 is	 a	 description	 of	 our	model	 in	 which	we	 go	 through	 and	 define	 each	
stock,	flow,	and	converter	as	well	as	justify	the	equations	and	initial	values	we	used.	We	
also	include	multiple	scenarios	such	as	decreasing	the	throughput,	adding	the	addition	
of	various	amounts	of	alum,	as	well	as	changing	the	washaway	rate	of	the	alum	in	order	
to	see	what	the	effects	would	be.	
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Figure	1.	Image	of	our	STELLA	model	which	represents	Lake	Orono	and	can	be	used	to	
calculate	the	total	amount	of	Phosphorus	in	the	Lake	before	and	after	Alum	treatment.	
	
	
Description	of	Model:	
Currency-	(What	the	stocks	measure)	
Lake	TP	Stock:	The	total	unreacted	phosphorus	in	the	lake	in	pounds	(lbs)		
Alum	Stock:	The	amount	of	Alum	in	pounds	(lbs)	
	
Stocks:	(a	quantity	of	material	or	information	that	has	built	up	over	time)	
Total	lake	phosphorous	(Lake	TP):	initially	at	437	lbs	(198.2	kg),	this	was	calculated	from	
the	 TMDL	 document,	 which	 found	 the	 concentration	 to	 be	 115	 ug/L,	 and	 using	 unit	
conversions	 to	 lbs/m^3	and	multiplying	by	 the	 lake	volume	 in	m^3,	yields	 the	 initial	P	
amount	in	the	lake.		
Amount	 of	 alum	 (ALUM):	 initially	 at	 190000	 lbs	 (86182.5	 kg),	 this	was	 used	 because	
using	 this	amount	yields	50	mg/L,	which	 is	 the	maximum	concentration	 that	does	not	
negatively	affect	fish.		
Flows	(flows	of	phosphorus/alum	going	into	or	out	of	a	stock)	
P	in:	the	amount	of	P	coming	into	the	lake	every	day,	same	as	Runoff	TP,	(lbs/day).		
P-out:	 	 the	 amount	 of	 P	 flowing	 out	 of	 the	 lake	 every	 day.	 This	 is	 a	 function	 of	 the	
outflow	 of	 water	 and	 the	 concentration	 of	 total	 P,	 (outflow*(lbs/m^3))	 which	 yields	
(lbs/day)	units	
Alum	 TP:	 this	 is	 the	 amount	 of	 P	 that	 the	 Alum	 “soaks	 up”	 and	 is	 a	 function	 of	 the	
amount	 of	 unreacted	 Alum	 and	 the	 amount	 of	 P	 in	 the	 lake.	 The	 equation	 is	



	 14	

Lake_TP*(Kmax*(ALUM/(ALUM+Kss))),	 this	 makes	 it	 so	 all	 of	 the	 alum	 doesn’t	 react	
instantaneously.		
	
Washaway:	 this	 is	 the	amount	of	 the	unreacted	alum	that	will	 get	washed	out	of	 the	
lake	due	to	the	high	throughput	of	the	lake.	Right	now	we	are	saying	that	2.5%	of	the	
total	alum	is	getting	washed	away	per	every	throughput	of	the	lake.	The	equation	used	
is	(.025*ALUM)/ThruPut	
Alum	uptake:	this	is	the	amount	of	Alum	that	is	being	reacted	with	the	P	and	is	found	to	
be	ALUM_TP/STOIC,	because	for	every	1	mol	of	alum	it	reacts	with	2	mols	of	P.		
	
	
Converters:	(affects	the	flows	and	stocks	of	the	system)	
Runoff	TP:	This	 is	the	total	phosphorus	amount	from	the	TMDL	paper	which	 included:	
inflow	from	drainage	areas,	point	source	discharges,	falling	septic	systems,	inflow	from	
upstream	lakes,	atmosphere,	groundwater,	and	internal.	The	value	in	the	paper	was	in	
pounds	per	year	which	we	then	divided	by	365	to	get	pounds	per	day.	This	is	a	constant	
value.		
Lake	 Volume:	 the	 total	 volume	 of	 lake	 Orono.	 Found	 value	 in	 TMDL	 paper	 and	
converted	to	cubic	meters.	Volume:	1,732,788	cubic	meters.	This	is	a	constant	value.	
Lake	TP	lbs	m^3:	This	is	the	concentration	of	total	phosphorous	in	the	lake	based	on	the	
lake	volume	in	pounds	per	cubic	meters.	
Outflow:	The	outflow	value	was	found	in	the	TMDL	paper	and	labeled	with	the	variable	
Q.	We	converted	that	value	to	cubic	meters	per	day	and	got	985479	cubic	meters/day.	
This	is	a	constant	value	in	our	model.		
Turnover	 Rate:	 This	 value	 was	 found	 in	 the	 TMDL	 paper	 labeled	 with	 the	 variable	 T	
which	was	the	lake	volume	divided	by	the	lake	outflow.	The	turnover	rate	is	a	function	
of	lake	volume	and	outflow	which	is	equal	to	3.65	days.	
Kmax:	This	 is	the	maximum	rate	of	uptake	of	phosphorus	by	the	alum.	This	value	was	
obtained	from	an	online	source	(LennTech)	which	said	that	alum	takes	80%-90%	of	the	
total	phosphorus	so	we	used	80%	for	our	model.		
Ks:	At	half	 the	maximum	rate,	 this	 is	 the	value	of	 the	remaining	amount	of	unreacted	
alum,	we	set	this	at	76000	lbs.	
Alum	concentration:	The	concentration	of	lbs	of	alum	in	the	lake	based	on	the	volume	
in	cubic	meters	of	the	lake.		
STOIC:	This	is	the	ratio	of	moles	of	alum	to	moles	of	phosphorous.	For	every	one	mole	of	
alum,	two	moles	of	phosphorus	are	taken	up.		
	

Al2(SO4)3·14H2O+	2H3PO4	↔	2AlPO4	+	3H2SO4	+	18H2O	
	
	

	
Results	and	Conclusion:	
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Figure	2:	Shows	the	total	amount	of	Alum	in	lbs	(Blue)	in	the	lake	over	time.	The	amount	
of	P	that	the	Alum	reacts	with	(ALUM	TP,	RED).	And	the	amount	of	P	in	the	lake	(Pink).		
	
The	addition	of	 the	 alum	 to	 the	 lake	decreased	 the	 total	 P	 to	209	 lbs	or	 54	ug/L	 and	
slowly	increased	as	the	Alum	went	away	to	475	lbs	or	124	ug/L.	The	max	concentration	
of	P	in	a	shallow	lake	is	60	ug/L.	This	is	achieved	in	the	first	day	of	the	model,	however	it	
grows	 to	 past	 that	 concentration	 very	 quickly	 and	 eventually	 leveled	 off	 at	 around	
double	 the	 maximum	 desired	 concentration.	 Total	 cost	 of	 this	 treatment	 would	 be	
about	$256,500.	
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Figure	3:	This	scenario	shows	what	 the	Lake	TP	would	be	 if	none	of	 the	alum	washed	
away	and	stayed	in	the	lake.		
	
This	may	be	the	case	because	dams	act	as	sediment	barriers	and	prevent	sediment	from	
flowing	downstream.	The	total	cost	of	this	treatment	would	be	$256,500.	
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Figure	4:	Top	graph	shows	the	Lake	TP(In	Pink)	of	Lake	Orono	if	you	added	260,000	lbs	
of	Alum	on	day	one	and	70	 lbs	of	alum	every	day	after	 that,	 this	makes	 it	 so	 that	 the	
concentration	of	phosphorous	 is	within	the	parameters	 for	a	shallow	 lake.	The	cost	of	
this	would	be	$(351,000	+	94.5/day).	This	would	also	make	it	so	that	the	amount	of	alum	
is	above	 the	 recommended	concentration.	The	bottom	graph	shows	 the	 flow	of	Alum	
into	the	lake.	
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Figure	5:	
This	 shows	what	happens	when	we	decrease	 the	 flow	rate	 through	 the	 lake	 to	10000	
m3/	day.	The	total	P	lowers	to	4.8	lbs	which	is	far	lower	than	the	60	ug/L	maximum.	So	if	
this	 lake	 had	 a	 slower	 inflow	 and	 outflow,	 then	 alum	 may	 be	 a	 good	 treatment,	
however,	this	 is	not	the	case	and	so	alum	is	not	a	good	treatment	for	lake	Orono.	The	
total	cost	of	this	treatment	would	be	$256,500.	
	
	
	
Conclusion:	
	 Given	 the	 model	 outputs	 we	 realize	 that	 one	 of	 the	 limiting	 factors	 in	 alum	
treatment	 of	 Lake	 Orono	 is	 the	 throughput	 of	 water	 and	 phosphorous.	 This	 either	
makes	 it	 that	 the	alum	 is	being	washed	downstream	before	 it	 reacts	or	 that	 the	 total	
amount	reacts	quicker	due	to	the	constant	input	of	fresh	phosphorous.	We	believe	that	
treatment	with	alum	would	not	be	cost	beneficial	due	to	the	fact	that	the	alum	either	
completely	 reacts	or	washes	away	within	 	a	 short	amount	of	 time	when	compared	 to	
other	shallow	lakes	with	less	throughput.		
	
Summarized	points:		
● Based	 on	 the	 various	 scenarios	 we	 explored	 using	 our	 model,	 we	 would	 not	

suggest	using	the	alum	treatment	method	in	lake	Orono.		
● To	get	under	the	60	ug/L	mark	with	alum,	you	would	need	to	add	more	than	the	

environmentally	recommended	amount.		
● Even	if	the	alum	did	not	wash	away	and	stayed	in	the	lake,	the	phosphorus	levels	

would	still	be	above	the	safe	levels	for	a	shallow	lake.	
● 40	 x	 50lbs	 pallet	 for	 2700$,	 (40*50)=	 2000lbs,	 190000/2000=95	 pallets,	

95*2700=	 $256500	 for	 one	 190000	 lbs	 treatment.	 (from	 Factory	 Direct	
Chemicals)		
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Project	4:	

Role	of	Curly-Leaf	Pondweed	in	Seasonal	P	dynamics	in	Lake	Orono	
	

Courtney	Pelissaro	&	Ethan	Just	
	
	
Introduction	

Curly-leaf	 pondweed	 is	 an	 invasive	 specie	 that	 has	 spread	 its	 way	 through	
Minnesota.	It	produces	a	thick	layer	of	mass	at	the	surface	of	the	water	interfering	with	
recreational	 lake	 use.	 The	 invasive	 plant	 overpowers	 and	 kills	 many	 native	 plants	
ultimately	taking	over	lakes.	Then	in	mid	summer	the	plant	dies	off	and	washes	to	the	
shore.	 These	plants	 have	 caused	many	problems	 to	 the	 lakes	 in	Minnesota.	After	 the	
mid-summer	 die-off	 the	 plant	 reduces	 water	 clarity	 and	 often	 creates	 algae	 blooms,	
creating	 unpleasant	 swimming	 conditions.	 Curly-leaf	 pondweed	 has	 been	 a	 major	
concern	for	 lakes	that	benefit	from	having	clean	water.	For	our	project	we	focused	on	
Lake	Orono,	a	shallow,	high	phosphorous	yielding	lake	in	Minnesota	that	has	a	problem	
with	Curly-leaf	pondweed.	Lake	drawdowns	are	known	for	having	a	significant	effect	on	
lowering	plant	life	in	lakes,	but	there	is	a	lack	of	knowledge	on	how	drawdowns	impact	
to	the	total	amount	of	phosphorus	in	a	lake.	In	this	model	we	designed	it	to	represent	
the	 effects	 Curly-leaf	 pondweed	 has	 on	 the	 phosphorous	 levels	 in	 Lake	 Orono	 and	 if	
killing	off	Curly-leaf	pondweed	could	be	a	solution	to	the	lakes	high	phosphorous	levels.	
Once	we	created	a	working	model	of	 the	 lake,	we	designed	a	way	to	represent	a	 lake	
drawdown	 in	 the	 fall	 that	 would	 kill	 some	 of	 the	 pondweed	 in	 hopes	 to	 lower	
phosphorous	levels	in	the	lake.	We	went	this	route	because	we	know	a	drawdown	has	
been	talked	about	and	the	lake	has	been	drawn	down	4.5	feet	in	the	past.	

Lake	 drawdowns	 can	 be	 a	 successful	 way	 to	 manage	 aquatic	 plant	 problems.	
Specifically	for	Lake	Orono,	we	want	to	simulate	a	lake	drawdown	during	the	winter,	a	
time	where	the	seeds	and	roots	of	the	Curly-leaf	pondweed	can	be	exposed	to	the	cold	
winter	weather.	This	will	kill	them	in	hope	that	they	would	not	come	back	as	strong	the	
next	year.	We	read	about	Lake	Orono	doing	a	successful	 lake	drawdown	of	4.5	feet	 in	
2003	 and	not	 done	 since.	We	didn't	 receive	 any	data	on	 the	2003	drawdown	but	we	
assume	a	successful	drawdown	would	result	 in	a	significant	impact	in	aquatic	plants	in	
the	lake.	

	
Parameters	

We	 found	 that	 the	 total	 amount	 of	 Phosphorus	 in	 Lake	Orono	was	 211,596	 g.	
Next	we	found	the	daily	inflow	of	water	from	Elk	River	over	a	four	year	period	from	the	
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USGS	website	and	plugged	 these	points	 into	our	model.	 	We	also	 found	 the	 inflow	of	
water	from	other	sources	by	taking	the	total	amount	of	water	that	enters	into	the	lake	
per	year	and	subtracting	the	amount	of	water	from	Elk	River	entering	the	lake	per	year.		
To	 find	 the	 yearly	 amount	 of	 inflow	 from	Elk	 River,	we	 added	 a	 year’s	worth	of	 daily	
inflow.	 The	 information	 was	 found	 at	
https://www.pca.state.mn.us/sites/default/files/wq-iw8-46e.pdf;	p.106.	

Next,	 we	 calculated	 how	 much	 phosphorus	 was	 entering	 the	 lake	 each	 day.	
Using	the	same	website	source,	we	found	that	the	net	discharge	of	water	is	3.59	x	1011	
liters/year	and	 the	amount	of	phosphorous	 is	 44,690,642	grams/year.	We	 then	 found	
the	 average	 amount	 of	 phosphorus	 entering	 the	 lake	 per	 liter	 to	 be	 .0001244g	 of	
phosphorus	per	liter.	We	multiplied	the	water	inflow	by	the	phosphorus	concentration	
to	find	the	P	inflow	into	the	lake.		

We	assumed	that	the	water	 inflow	and	water	outflow	rates	were	the	same.	To	
find	how	much	phosphorus	was	leaving	the	lake,	we	multiplied	the	concentration	of	the	
lake	by	 the	water	outflow.	For	 the	curly-leaf	pondweed,	we	estimated	 that	 there	was	
200,000	 pounds	 of	 wet	 mass	 or	 20,000	 pounds	 dry	 mass	 pondweed	 in	 Lake	 Orono	
during	the	summer.		We	also	estimated	that	.25%	of	the	dry	mass	is	phosphorus	(Snow	
&	Mason,	 1979).	 This	 is	 equivalent	 to	 22,680	 grams	 of	 phosphorus	 in	 the	 pondweed	
during	the	summer.	We	used	this	value	as	the	maximum	grams	of	P	that	the	pondweed	
hold	could	reach	and	adjusted	the	takeup	flow	to	account	for	this	maximum.		

We	 ignored	the	sediment	because	our	model	 is	concerned	about	the	die-off	of	
pondweed	in	the	late	summer	and	what	effect	that	has	on	the	lakes	total	phosphorus.	
We	assumed	the	sedimentation	would	be	at	a	steady	state	with	the	water	column	and	
the	net	flux	would	be	equal	to	0.		
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Model	Design	and	Output	

	
	

	 First	we	set	up	our	model	with	a	lake	phosphorus	stock	indicating	the	amount	of	
phosphorus	 in	 the	 lake.	We	added	a	simple	 inflow	and	outflow	to	the	stock	which	we	
could	 then	 add	 the	 concentration	 of	 P	 coming	 into	 and	 flowing	 out	 of	 the	 lake.	 To	
represent	the	pondweed	growing	and	their	Phosphorous	take	up	during	their	growth	we	
made	a	stock	named	Pondweed	P	hold.	In	this	stock	phosphorous	will	be	taken	from	the	
Lake	P	stock	and	stored	in	the	Pondweed	P	hold	during	the	spring	and	summer.	When	
the	 pondweed	 dies	 during	 late	 summer	 the	 phosphorous	 hold	 is	 released	 and	 the	
phosphorous	flows	out	of	the	P	hold	and	into	the	lake.	

During	 the	 spring	 and	 summer,	 the	 pondweed	 can	 take	 up	 P,	 but	 after	 the	
summer	die	off	the	pondweed	cannot	take	up	any	P	until	spring.	To	model	this	takeup,	
we	 added	 a	 converter	 that	 made	 the	 takeup	 inflow	 either	 multiplied	 by	 1	 or	 0	 to	
represent	 spring/summer	 and	 fall/winter,	 respectively.	 In	 other	 words,	 the	 takeup	
equaled	0	during	the	fall/winter.		

Since	we	had	water	 inflow	data	for	4	years	we	were	able	to	run	our	model	 for	
that	amount	of	time.	Starting	our	model	January	1st	2013,	we	ran	it	until	December	10,	
2016.	In	the	summer,	we	had	to	model	the	summer	die	off.	During	this	time,	all	of	the	
pondweed	P	is	released	from	the	hold	and	becomes	part	of	the	total	lake	P.	During	the	
rest	of	the	year	there	is	no	release.	To	simulate	this	we	added	a	converter	that	made	the	
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release	be	0	at	all	times	when	it	was	not	the	summer	die	off	period.		For	the	summer	die	
off	period,	we	had	the	release	happen	over	20	days.	 	The	first	day	5%	of	the	hold	was	
released,	then	everyday	the	release	rate	was	increased	by	5%	until	day	20	when	100%	
of	the	P	was	released.	Figure	1	shows	the	pondweed	P	over	the	4	year	period	with	no	
additional	management	plan	besides	the	regular	summer	pondweed	die-off	cycle,	which	
is	 technically	 a	management	plan	 for	 the	 lake.	 	 The	 sudden	drops	 in	 the	pondweed	P	
represents	the	summer	die	off.	Figure	2	shows	the	total	 lake	P	over	the	4	year	period	
with	no	additional	management	plan.		
	
Figure	1	

	
Figure	1.	Pondweed	P	after	no	additional	management	plan	
	
Figure	2	

	
Figure	2.	Lake	P	with	no	additional	management	plan		
	

For	our	management	plan,	we	wanted	to	model	a	winter	drawdown	that	would	
result	in	killing	off	a	large	amount	of	the	pondweed.	To	simulate	the	effects	of	a	winter	
drawdown,	we	decided	to	decrease	the	amount	of	P	takeup	since	we	would	be	killing	
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off	the	pondweed	and	therefore,	the	ability	for	pondweed	to	take	up	P.		To	model	this,	
we	added	another	 converter	 that	was	 similar	 to	 the	normal	 takeup	 function.	 	 For	 the	
first	 year,	 we	 had	 the	 pondweed	 take	 up	 the	 normal	 amount	 of	 P	 during	 the	
spring/summer.	 The	next	 spring/summer,	 the	pondweed	was	only	 allowed	 to	 take	up	
50%	of	the	P	to	simulate	that	50%	of	the	pondweed	was	killed	off	the	previous	winter	
during	the	drawdown.	The	next	spring,	we	reduced	the	take	up	to	25%.		Then	the	next	
spring,	we	reduced	the	take	up	to	12.5%.		Each	year	we	wanted	to	simulate	that	there	
was	 less	 and	 less	 pondweed.	 Figure	 3	 illustrates	 the	 pondweed	 P	 during	 this	
management	 plan	 and	 Figure	 4	 illustrates	 the	 lake	 P	 during	 this	management	 plan.	 If	
you	 compare	 Figure	 1	 and	 Figure	 3,	 it	 can	 be	 observed	 the	 there	 is	 a	 reduction	 in	
pondweed	 P.	 	 On	 the	 other	 hand,	 if	 you	 compare	 Figure	 2	 and	 Figure	 4,	 it	 can	 be	
observed	 that	 there	 is	 almost	 no	 difference	 between	 the	 levels	 of	 total	 lake	 P.	 The	
implication	here	is	that	the	management	plan	was	successful	at	reducing	pondweed,	but	
had	little	impact	on	the	total	lake	P.		
	
Figure	3	

	
Figure	3:	Pondweed	P	after	50%	kill	off	management	plan	
	
Figure	4	

	
Figure	4:	Lake	P	after	50%	kill	off	management	plan	
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We	also	wanted	to	model	what	happened	if	75%	of	the	pondweed	was	killed	off	

of	the	second	winter	(instead	of	only	50%).	So	we	only	let	the	pondweed	take	up	25%	of	
P	 that	 year,	 then	12.5%	 the	next	 year,	 and	6.25%	 the	 last	 year.	 Figure	5	and	Figure	6	
shows	 the	 pondweed	 P	 and	 total	 lake	 P,	 respectively,	 after	 this	 management	 plan.	
Figure	5	illustrates	a	large	reduction	in	pondweed	P,	but	again	there	is	 little	impact	on	
total	lake	P.	Further,	Figure	7	graphs	the	lake	P	at	all	management	strategies.		It	can	be	
observed	 that	 the	 lines	 are	 completely	 overlapping,	 meaning	 there	 is	 almost	 no	
difference	between	the	strategies.	This	implies	that	no	additional	management	is	just	as	
successful	as	the	kill	off	management	plans	in	relation	to	total	Lake	P	levels.	We	do	not	
see	a	difference	because	the	amount	of	P	that	is	being	released	by	the	pondweed	is	so	
minimal	compared	to	the	amount	of	P	flowing	in	and	out	of	the	lake	everyday.		
	
Figure	5	

	
Figure	5.	Pondweed	P	after	75%	kill	off	management	plan	
	
Figure	6	
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Figure	6.	Lake	P	after	75%	kill	off	management	plan	
	
	
Figure	7	

	
Figure	7.	Comparisons	of	the	Lake	P	with	no	additional	management	and	the	two	levels	
of	kill	off	after	winter	drawdown.	Note	 that	all	 three	management	plans	are	graphed,	
but	cannot	be	seen	due	to	complete	overlap.		
	

Lake	Orono	 is	 not	 a	 standard	 lake	because	 it	 has	 such	a	 fast	 turnover	 rate.	 	A	
more	 normal	 lake	 will	 have	 lower	 rates	 of	 water	 entering	 and	 leaving	 the	 lake.	 	We	
wanted	to	model	what	would	happen	if	Lake	Orono	had	a	more	standard	turnover	rate.	
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To	simulate	this,	we	multiplied	the	water	 inflow	and	water	 flow	by	10%	to	 illustrate	a	
lake	that	has	only	10%	of	the	turnover	rate	that.	Figure	8	 illustrates	the	differences	 in	
lake	P	for	the	normal	Lake	Orono	turnover	rate	compared	to	Lake	Orono	turnover	rate	if	
it	was	10%	of	what	it	is	now.	Essentially	we	see	that	the	Lake	P	is	reduced	with	a	lower	
turnover	 rate,	 which	 makes	 sense	 since	 there	 is	 less	 P	 entering	 the	 lake.	 Next,	 we	
wanted	to	see	if	killing	off	the	pondweed	would	make	more	of	a	difference	in	a	standard	
lake.	Figure	9	shows	the	Lake	P	shows	the	pondweed	P	with	no	additional	management	
plan	when	 at	 the	 reducing	 turnover	 rate	 and	 Figure	 10	 shows	 the	 respective	 Lake	 P.	
Then	we	compared	these	findings	to	if	we	did	the	50%	kill	off	management	plan.		Figure	
11	and	Figure	12	show	the	pondweed	P	and	lake	P,	respectively,	 for	this	management	
situation.	When	compared,	there	is	almost	no	difference	in	the	Lake	P	with	or	without	
the	 additional	management	 plan,	 even	when	 the	 turnover	 rate	 is	 reduced.	 Figure	 13	
compares	the	Lake	P	for	all	management	scenarios	when	the	turnover	rate	is	reduced	to	
10%.		
	
	
	
	
Figure	8	

	
Figure	8.	Comparison	of	lake	P	with	normal	and	reduced	turnover	rate.		
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Figure	9	

	
Figure	 9.	 Lake	 P	 after	 no	 additional	 management	 plan	 when	 there	 is	 10%	 of	 the	
inflow/outflow		
	

Figure	10	
Figure	10.	Total	 lake	P	after	no	additional	management	plan	when	there	 is	10%	of	the	
inflow/outflow	
	
	
	
Figure	11	
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Figure	11.	Pondweed	P	after	50%	kill	off	management	plan	when	there	 is	10%	 	of	 the	
inflow/outflow		
	
	
	
	
Figure	12	

	
Figure	12.	Total	 lake	P	after	50%	kill	 off	management	plan	when	 there	 is	10%	 	of	 the	
inflow/outflow		
	
Figure	13	
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Figure	13.	Comparison	of	total	lake	P	with	different	management	strategies	when	there	
is	10%	of	the	inflow/outflow	
	

Lastly,	we	wanted	to	illustrate	if	the	lake	not	only	had	10%	the	turnover	rate,	but	
also	 10%	 the	 P	 coming	 in.	 	 Figure	 14	 and	 15	 show	 the	 pondweed	 P	 and	 lake	 P,	
respectively,	for	this	situation	when	the	50%	kill	off	management	plan	is	applied.	Figure	
14	 shows	 that	 there	 is	 a	 heightened	 level	 of	 pondweed	 P	 when	 compared	 to	 the	
previous	pondweed	P	figures.	For	simplicity’s	sake	we	kept	the	baseline	total	lake	P	the	
same,	so	this	 is	why	there	 is	a	big	drop	 in	 the	beginning	of	Figure	15.	 	Figure	15	does	
show	a	general	trend	of	decreasing	total	lake	P,	but	it	is	unclear	if	it	is	a	function	of	the	
pondweed	removal.		
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Figure	14	

	
Figure	14.	Pondweed	P	after	50%	kill	 off	management	plan	when	 there	 is	 10%	of	 the	
inflow/outflow	and	10%	of	the	concentration	of	P	flowing	in.	
	
Figure	15	
	

	
Figure	 15.	 Lake	 P	 after	 50%	 kill	 off	 management	 plan	 when	 there	 is	 10%	 of	 the	
inflow/outflow	and	10%	of	the	concentration	of	P	flowing	in.	
	
	
Conclusions	

When	using	our	model	we	found	that	there	was	not	enough	phosphorous	being	
held	in	the	Curly-leaf	pondweed	to	make	a	significant	impact	on	phosphorous	levels	in	
Lake	Orono.	This	is	due	largely	to	the	fact	that	there	is	such	a	short	turnover	rate	in	the	
lake.	When	 testing	our	model	with	 a	 lake	with	 an	 Inflow	and	outflow	of	 10%	of	 Lake	
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Orono	and	with	a	P	concentration	 inflow	of	10%	of	Lake	Orono	(Figure	14	and	15)	we	
found	 that	 killing	 off	 pondweed	 does	 lower	 the	 amount	 of	 phosphorous	 in	 the	 lake.	
Although	killing	off	pondweed	might	not	have	a	significant	effect	 in	Lake	Orono,	 it	will	
still	slow	the	growth	and	spread	of	the	weed.	Doing	a	lake	drawdown	will	clean	up	the	
lake	by	reducing	the	repopulation	of	the	weed	after	being	exposed	to	the	winter	air.	The	
phosphorous	 levels	 in	 Lake	 Orono	 are	 due	 to	 upstream	 problems	 so	 the	 removal	 of	
curly-leaf	pondweed	will	not	change	the	phosphorous	levels	in	the	lake.	The	City	of	Elk	
River	 is	 interested	in	 lowering	phosphorus	 levels	 in	an	attempt	to	clean	up	the	lake	so	
that	Lake	Orono	will	be	more	appealing	 for	 recreational	use	and	residential	use.	After	
running	 our	 model	 we	 have	 concluded	 that	 a	 lake	 drawdown	 will	 not	 lower	
phosphorous	 levels.	 However,	 if	 a	 drawdown	 does	 have	 a	 significant	 impact	 on	 the	
amount	of	pondweed	in	the	lake	then	The	City	of	Elk	River	might	be	interesting	in	using	
a	drawdown	to	clean	the	lake.	

	
	
	
	
	
	
	
	
	
	
	
	
	

References	
	

Snow,	P.	D.,	&	Mason,	R.	P.	(1979).	Monitoring	of	hydraulic	dredging	for	lake	restoration	
						 Lake	restoration:	Proceedings	of	a	national	conference	(pp.	195-204).	
	 Washington,	D.C.:	Office	of	Water	Planning	and	Standards.	
	
	
	



	 32	

	
Project	5:		

Effectiveness	of	Sand	Filters	in	Removing	P	from	Lake	Orono	Tributaries	
	

Eric	Udermannm,	Katie	Dennis,	Tyler	Schmitt	
		
									 As	 a	 result	 of	 runoff	 from	 fields	 using	 fertilizer	 containing	 Phosphorus	 (P),	 the	
concentration	of	P	in	surrounding	rivers	and	lakes	is	high.	High	P	concentration	leads	to	
algae	blooms,	which	have	negative	effects	on	lake	habitats	as	well	as	recreational	areas.	
An	area	of	significance	for	our	project,	the	Elk	River,	eventually	runs	into	the	Mississippi	
River,	 which	means	 that	 P	 is	 also	 entering	 the	 river	 that	 stretches	 across	 the	 United	
States.	A	 large	percentage	of	 the	P	 in	 the	Elk	River	and	Lake	Orono	 is	 from	upstream,	
outside	of	Sherburne	County.		If	little	can	be	done	to	reduce	the	P	input	upstream,	then	
the	problem	must	be	addressed	in	Sherburne	County.	
									 One	management	method	 is	 the	use	of	an	 iron-enriched	sand	 filter.	 	 The	 filter	
consists	 of	 aggregate	 sands	 and	 Iron	 filings.	 	 The	 sand	 catches	 suspended	 solids	 and	
particulate	P,	while	the	Iron	chemically	reacts	with	the	dissolved	P	and	removes	it	from	
the	water.	 	On	average,	a	filter	 lasts	about	30	years	before	the	Iron	must	be	replaced.		
The	 effective	 working	 time	 of	 the	 filter	 depends	 on	 water	 flow	 rate	 and	 P	
concentrations.		
									 One	of	Lake	Orono’s	tributaries	is	the	Orono	inlet.	The	inlet	drains	3,410	acres	of	
land	 into	 Lake	Orono.	 The	Orono	 inlet	 is	 the	 location	 chosen	 to	 implement	 the	 iron-
enriched	 sand	 filter	 for	 a	 number	 of	 reasons.	 	 First,	 the	 inlet	 runs	 into	 a	 stormwater	
pond	before	it	enters	Lake	Orono.	The	stormwater	pond	allows	some	of	the	particulate	
P	to	settle	before	it	enters	the	lake.	The	Orono	inlet	also	has	a	significantly	higher	water	
flow	rate	than	the	Elk	River.	It	would	be	easier	to	put	a	filter	into	an	area	with	a	lower	
flow	rate	than	into	a	rushing	river.		Also,	a	filter	big	enough	to	span	the	Elk	River	would	
cost	a	 substantial	amount	of	money	and	 then	would	need	 to	be	 replaced	before	a	30	
year	period	because	of	the	high	water	flow	rate.			
									 The	purpose	of	our	models	is	to	show	the	effect	of	different	sized	iron-enriched	
sand	 filters	 on	 Lake	 Orono	 by	 implementing	 them	 on	 the	 Lake	 Orono	 inlet.	Model	 1	
shows	the	effectiveness	of	an	Iron-enriched	sand	filter	and	its	capacity	to	absorb	P	over	
a	30	year	time	period.	Model	2	uses	efficiency	values	from	Model	1	and	shows	the	Lake	
Orono	P	over	a	single	summer.	Together,	the	results	of	these	two	models	allows	for	a	
comparison	 of	 costs/benefits	 of	 different	 sized	 Iron-enriched	 sand	 filters.	 The	
comparisons	will	be	used	by	the	City	of	Elk	river	to	determine	if	the	Iron-enriched	sand	
filter	is	a	practical	management	technique	for	high	concentrations	of	P.	
		
Model	#1	
		

For	model	#1	we	simulated	using	an	 iron-enriched	sand	 filter	and	 looked	at	 its	
efficiency	(the	capacity	to	absorb	P)	over	a	30	year	period	in	the	Lake	Orono	inlet.	We	
used	 this	 information	 to	 model	 seasonal	 total	 phosphorus	 (TP)	 and	 P	 concentration	
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scenarios	 for	Lake	Orono	 (model	#2).	The	stock	 in	model	#1	 is	 shown	 in	Figure	1.	The	
stock	 is	 the	 iron	 filter’s	 captured	phosphorous	 in	grams.	The	controls	on	 this	 flow	are	
the	 rate	 of	 discharge	 and	 concentration	of	 P	 coming	 into	 the	 filter.	 At	 the	 top	of	 the	
model	we	have	a	control	for	the	size	of	filter	desired,	which	then	calculates	the	capacity	
in	 the	 control	 called	 takeout.	 We	 calculated	 the	 correlation	 between	 filter	 size	 and	
takeout	 capacity	with	 the	 data	 found	 in	 the	 Lake	Orono	 Stormwater	 Retrofit	 Analysis	
document.	Each	size	filter	in	the	document	gave	a	corresponding	average	take	out	value	
in	pounds	of	P	per	year.	On	average	the	filters	last	for	30	years,	so	we	multiplied	each	of	
the	 average	 takeouts	 by	 30	 to	 show	 the	 overall	 capacity.	 Each	 size	 filter	 had	 a	
corresponding	 capacity,	 so	 we	 graphed	 capacity	 with	 filter	 size	 as	 the	 dependent	
variable.	

Our	inflows	to	the	stock	are	dissolved	P	and	suspended	P	in	grams/L.	We	split	up	
the	 inflow	of	 phosphorus	between	dissolved	P	 and	particle	 P	 because	 the	 filter	 has	 a	
capacity	of	dissolved	P	it	can	hold,	yet	the	particle	P	can	still	be	caught	by	the	sand.	Our	
outflow	is	the	combined	amount	of	dissolved	and	particulate	phosphorous	coming	out	
of	 the	 filter.	 	We	 set	 this	 up	with	 an	 outflow	 (dissolved	 P	 *	 Dissolved	 P	 efficiency)	 +	
(Particle	P	*	Particle	P	efficiency).	 	Controls	on	both	inflows	(dissolved	and	particulate)	
are	the	concentration	of	phosphorus	coming	in	in	grams/L	and	the	rate	of	discharge	in	
L/year.	
									 As	the	stock	of	our	filter	fills	up,	we	can	calculate	the	saturation	in	the	filter	using	
the	equation	(filter	(g)	/	takeout	(g)).	This	is	calculated	in	the	control	called	percent	filter	
saturation.	As	 the	 filter	 fills	up	 the	 saturation	 reaches	100%	and	 the	amount	of	P	not	
being	 caught	 in	 the	 filter	 increases.	We	 demonstrate	 this	 by	 the	 Dissolved	 efficiency	
control	 increasing	exponentially	up	 to	100%	as	 the	saturation	approaches	1.	Once	 the	
dissolved	efficiency	reaches	100%	the	outflow	of	dissolved	P	is	the	same	as	the	inflow	of	
dissolved	P.	Essentially	what	goes	in	is	coming	straight	out	after	the	saturation	reaches	
1.	However,	once	the	saturation	reaches	1,	some	of	the	particulate	P	still	gets	through.	
We	set	this	up	with	a	control	called	Particle	P	efficiency.	As	the	saturation	gets	higher	
the	efficiency	of	Particle	P	gets	higher	until	tapering	off	at	90%.	This	represents	10%	of	
the	particulate	P	that	still	gets	through	the	filter	after	it	is	technically	“filled.”	Since	the	
efficiencies	are	on	the	outflows,	the	higher	the	“efficiency”	the	less	efficient	the	filter	is.	
So	when	 saturation	 is	 high	 and	 the	 efficiencies	 are	 high	 the	 filter	 is	 not	 collecting	 as	
much	P.	This	changes	with	the	size	of	each	filter.	The	data	that	will	be	used	for	the	Lake	
Orono	model	(model	#2)	and	comes	from	the	overall	efficiency	converter.	We	find	this	
by	dividing	the	model’s	outflow	by	its	inflow,	given	a	percentage	of	total	P	coming	out	of	
the	filter.	
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Figure	1:	Iron-enriched	Sand	Filter	Stella	Model	
	
Results	of	Model	#1	
		

Graph	 1	 below	 illustrates	 the	 total	 P	 in	 the	 filter	 over	 a	 30	 year	 period.	 	 The	
beginning	year	of	 the	 filter	are	 the	most	efficient	 in	absorbing	P	as	 seen	by	 the	steep	
slope.			Once	the	Iron	cannot	hold	anymore	P,	the	sand	continues	to	filter	the	water	and	
collect	the	particle	P.		The	total	P	taken	out	from	the	filter	(model	#1)	is	the	data	that	is	
used	in	model	#2	to	examine	the	effects	on	a	season.		Results	of	the	total	P	intake	of	the	
filter	 align	with	 estimates	made	 in	 the	 lake	Orono	 Stormwater	 Retrofit	 Analysis.	 	 The	
estimates	give	total	P	 intake	per	year,	so	multiplying	that	value	by	30	 is	what	the	end	
total	P	is	for	the	filter	after	30	years.		For	a	980	ft2	filter,	the	total	estimated	P	intake	is	
around	 100,000	 g.	 	 Graph	 1	 shows	 the	 agreement	 between	 Model	 #1	 results	 and	
estimated	values.	
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Graph	1:	Total	P	captured	by	iron-enriched	filter	in	the	Orono	inlet	
	
		
Model	#2	
														Model	#2	shows	the	effects	of	the	Iron	filter	on	Lake	Orono	during	one	season.	It	
is	originally	based	off	of	a	model	for	Como	Lake,	but	the	values	are	changed	to	simulate	
Lake	Orono	TP	in	the	water	column	for	the	summer	months.	Controls	that	affect	TP	in	
the	water	column	include	mineralization,	sedimentation,	temperature,	daily	rainfall,	and	
turnover	 data	 for	 Lake	 Orono.	 The	 sedimentation	 rate	 for	 the	 lake	 feeds	 out	 of	 the	
water	 column	and	 into	 a	 stock	 for	 sediment	 P,	which	 ties	 into	permanent	 burial.	 The	
mineralization	rate	of	the	sediment	P	flows	opposite	of	sedimentation	and	into	TP	in	the	
water	 column.	 Further,	 the	 temperature	of	 the	 lake	 affects	 the	 rate	of	mineralization	
and	the	area	of	the	lake	affects	sedimentation	coming	from	the	water	column.	There	is	
also	an	introduction	of	P	into	water	column	that	was	calculated	using	flow	rates	and	P	
values	from	other	bodies	of	water	that	enter	Orono,	as	described	below.	Values	for	TP	
in	 the	water	 column	and	 for	P	 coming	out	of	 the	 system	were	determined	using	pre-
existing	Orono	data.	P	coming	out	of	the	system	is	affected	by	daily	rainfall	data,	which	
plays	into	the	lake’s	turnover	rate.	This	rate	is	also	affected	by	the	lake’s	overall	volume,	
the	rate	of	discharge	coming	from	Elk	River,	and	the	amount	of	P	in	Elk	River.		

For	this	model,	the	main	focus	was	to	use	a	filter	to	reduce	the	amount	of	P	in	
the	water	column	introduced	from	outside	sources.	Using	the	data	from	the	Mississippi	
River	Watershed	 TMDL	 document	 (pg.	 106),	 we	 created	 4	 controls	 on	 P	 coming	 into	
Lake	 Orono.	 The	 four	 inflows	 come	 from	 Elk	 River,	 Direct,	 Orono	 Inlet,	 and	 Tibbits	
Brook.	Our	focus	for	this	model	was	putting	a	filter	on	the	ditched	inlet.	Along	with	flow	
data	we	also	had	concentrations	for	each	of	the	4	streams.	The	P	inflow	into	Lake	Orono	
was	controlled	by	multiplying	each	of	the	discharges	by	concentration.	We	ran	model	#1	
for	three	different	bench	areas	of	filters	(980	ft²,	4262	ft²,	9,365ft²),	and	took	data	of	the	
efficiency	of	the	filter	at	different	years	(1	yr.,	10	yrs.,	20	yrs.,	30	yrs.).	Using	this	data,	
we	multiplied	the	ditched	inlet	portion	of	the	inflow	by	the	efficiencies	at	different	years	
with	different	sized	filters	and	graphed	the	Lake	Orono	TP	to	see	how	much	of	an	effect	
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each	filter	made.	Essentially	what	this	showed,	was	how	effective	a	filter	would	be	over	
a	30	year	period	only	looking	at	summer	data.		
	

	
		
Figure	2	Lake	Orono	TP	Model	
		
		
Applying	Filter	Efficiency	to	Model	#2	
	
	 Figure	3	compares	a	normal	season	for	Lake	Orono	(regarding	P	concentration	in	
the	water	column)	with	a	season	where	a	filter	is	applied	that	has	a	0.5	efficiency	value.	
Although	the	filter	allows	for	a	 lower	concentration	value,	the	difference	between	the	
two	 concentrations	 is	 significant.	 Using	 a	 filter	 at	 0.5	 efficiency	 only	 allows	 for	 a	
difference	of	approximately	2	ppb	between	the	regular	water	column	P	concentration,	
and	what	it	would	be	with	a	filter	(Table	1).	Although	during	certain	times	of	the	season	
the	filter	is	removing	almost	4,000	grams	of	P	from	Orono,	this	doesn’t	have	a	big	effect	
because	of	the	lake’s	volume.	Due	to	this	finding,	a	filter	still	may	be	a	feasible	option	if	
it	 is	 paired	 with	 other	 mitigation	 efforts,	 or	 if	 a	 better	 efficiency	 can	 be	 obtained,	
therefore	taking	more	TP	out	of	the	water	column.	
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Looking	at	the	different	filter	options	in	our	iron-enriched	sand	filter	model,	for	
Orono	to	experience	the	greatest	decrease	in	P	concentration	for	the	longest	amount	of	
time,	the	largest	filter	needs	to	be	used	(9,365	ft²).	This	filter	runs	at	an	efficiency	of	.5	
for	17	years,	but	it	 is	also	the	most	expensive	option	(Figure	3).	Further,	this	efficiency	
only	 allows	 for	 a	 small	 concentration	of	 P	 to	 be	 taken	out	 of	 the	water	 column,	 so	 a	
better	efficiency	would	need	to	be	obtained	to	make	the	price	of	the	filter	worth	it.		
		
		
	

	
	
Figure	3:	A	Comparison	of	the	Concentration	of	P	in	Orono	during	a	Single	Season	with	
and	Without	a	Filter	Operating	at	0.5	Efficiency		
		
	

	 Average	 Water	
Column	TP		
	
	
	
(Days	0-40)	

Average	 Concentration	
of	 P	 in	 the	 Water	
Column		
	
	
	
(Days	0-40)	

Average	 Water	
Column	TP		
	
	
	
(Days	100-120)	

Average	
Concentration	 of	
P	 in	 the	 Water	
Column		
	
(Days	100-120)	

Without	
Filter		

211448	 0.000114284	 235395	 0.000127227	

With	Filter		 207940	 0.000112388	 231529	 0.000125137	
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Table	1-	Average	Low	(Days	0-40)	and	High	 (Days	100-120)	Water	Column	TP	Values	
and	Concentrations	of	P	in	the	Water	Column	for	Lake	Orono	with	and	Without	a	Filter		
		

Bench	 size	
(ft²)	

Year	1	eff	 Year	10	eff	 Year	15	eff	 Year	20	eff	 Year	30	eff	

980	 .5	 .9	 .9	 .9	 .9	

4,262	 .5	 .5	 .6	 .7	 .9	

9,365	 .5	 .5	 .5	 .6	 .8	

	
Table	2-	Filter	Efficiency	Values	and	Corresponding	Bench	Sizes		
		
	
	

	
Figure	3	
		

One	of	the	concerns	presented	in	any	management	technique	is	cost.	The	cost	of	
the	 filter	 is	 related	 to	 its	 size.	 The	 cost	 estimates	were	 formulated	 in	 the	 Lake	Orono	
Stormwater	Retrofit	Analysis.	 The	 initial	 cost	of	 any	 filter	 is	high,	but	as	 the	 filter	 size	
increases,	the	increase	in	price	is	relatively	low.	Figure	3	shows	the	estimates.		

Additionally,	 the	 largest	bench	 size	 allows	 for	 a	 greater	efficiency	over	 the	30-
year	 period,	 but	 as	 Model	 2	 demonstrates,	 this	 efficiency	 only	 allows	 for	 a	 2	 ppb	
difference	regarding	P	concentration	in	Lake	Orono.	This	would	mean	that	implementing	
a	lower	bench	size	would	have	even	less	of	an	effect	on	Lake	Orono’s	P	concentration,	
since	 it	would	 run	at	 the	best	efficiency	 for	an	even	shorter	period	of	 time.	For	 these	
reasons,	 either	 a	 larger	 bench	 area	 must	 be	 used,	 or	 a	 better	 filter	 efficiency	 be	
obtained	using	the	bench	sizes	depicted	in	Figure	3.		
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Conclusion	
		

In	model	#1	we	demonstrated	 the	effectiveness	of	different	 sized	 filters	 in	 the	
Orono	 inlet	 over	 time.	 As	 expected,	 the	 bigger	 filters	 lasted	 longer	 and	 were	 more	
effective,	and	as	discharge	increases,	the	effectiveness	decreases.	In	model	#2	we	used	
the	 efficiencies	 generated	 from	Model	 #1	 and	 simulated	using	 the	 filter	 in	 the	Orono	
inlet	 for	one	season.	Though	the	filter	could	remove	approximately	4,000	grams	of	TP	
from	the	water	column,	this	only	resulted	in	removing	a	P	concentration	around	2	ppb.	
Further,	we	 tested	 the	9365	 ft2	 filter	on	 the	Elk	River,	 and	 found	 that	because	of	 the	
relatively	higher	water	flow	rate,	the	filter	fills	up	with	P	quickly	(within	a	few	years)	and	
is	no	longer	removing	dissolved	P.	

The	goal	of	the	sand	filter	is	to	remove	P	from	Lake	Orono.	Using	the	sand	filter	
in	either	the	Orono	inlet	or	the	Elk	River	would	accomplish	this	goal,	however,	it	is	more	
practical	 to	 implement	 the	 filter	 in	 the	 Orono	 inlet.	 The	 Orono	 inlet	 flows	 into	 a	
stormwater	 pond	 before	 entering	 Lake	 Orono.	 This	 gives	 some	 sediment	 that	 is	
suspended	 in	 the	water	a	chance	to	settle	 to	 the	bottom	of	 the	pond	before	going	 to	
Lake	Orono.	This	is	beneficial	because	instead	of	suspended	P	getting	caught	in	the	filter	
it	settles	in	the	stormwater	pond	and	adds	to	the	longevity	of	the	filter.		The	Orono	inlet	
is	 the	 most	 advantageous	 spot	 for	 the	 Iron-enriched	 sand	 filter,	 but	 a	 greater	 filter	
efficiency	must	be	reached	before	implementing	this	remediation	technique.			

We	believe	that	the	amount	of	money	needed	to	implement	the	sand	filter	is	not	
worth	the	return.		In	order	to	make	a	significant	impact	on	the	level	of	P	in	Lake	Orono,	
the	sand	filter	would	need	to	be	used	with	other	management	techniques.	It	would	be	
convenient	if	we	could	find	one	management	technique	to	solve	the	P	problem	in	Lake	
Orono,	 but	 in	 reality	 if	 this	was	 feasible,	 it	would	 have	 been	 done	 already.	 	Working	
through	 several	management	 techniques	will	 decrease	P	 concentration	 to	 the	desired	
level.	
	


