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LOCATIONS	OF	MAJOR	
SAVANNAH	RIVER	

FEATURES	

1 Introduction	
Phinizy	Center	for	Water	Sciences	(PCWS)	has	been	monitoring	the	

Savannah	River	using	continuous	datasondes	since	2005.		The	main	goal	

of	this	monitoring	program	is	to	provide	a	“backbone”	of	basic	water	

quality	data	that	supports	and	informs	research	aimed	at	understanding	

how	the	Savannah	River	functions.		To	date,	PCWS’s	river	research	

program	has	

• produced	the	most	geographically	and	temporally	comprehensive	

water	quality	database	in	the	history	of	the	Savannah	River,	

• been	used	by	Georgia	EPD	to	calibrate	its	Savannah	River	water	

quality	model,	

• informed	resource	managers	about	the	impacts	of	low	flows	and	

drought,	

• provided	insight	into	the	movements	of	the	endangered	

shortnose	sturgeon,	and	

• revealed	the	importance	of	the	Augusta	Shoals	and	the	effects	of	

Thurmond	Dam	operations.	

In	2013,	through	the	generous	support	of	individuals,	and	local	

governments,	PCWS	began	converting	to	a	real-time,	web	accessible	

monitoring	system.		Continuous	monitoring	data	from	these	stations	is	

available	to	the	public	at:	http://goo.gl.kFn6H.	

This	report	summarizes	the	continuous	monitoring	data	collected	by	

PCWS	during	the	2015	calendar	year.	As	additional	information,	this	

report	also	summarizes	some	basic	climatological	and	hydrologic	data	

collected	by	other	state	and	federal	resource	agencies.	

ABOUT	THE	SAVANNAH	RIVER	

Savannah	River	flows	for	approximately	312-miles	from	its	headwaters	in	

the	Blue	Ridge	Mountains	to	the	Atlantic	Ocean	near	Savannah,	Georgia.	

The	river	forms	much	of	the	border	between	Georgia	and	South	Carolina,	

bisecting	three	distinct	physiographic	regions	-	the	Blue	Ridge,	Piedmont,	

and	Coastal	Plain.	The	Savannah	River	Basin	(Figure	1)	receives	drainage	

from	approximately	10,600	square	miles	of	watershed	located	in	North	

Carolina,	Georgia,	and	South	Carolina.	

Near	the	headwaters,	the	Seneca	and	Tugaloo	Rivers	join	and	are	

impounded	to	form	Lake	Hartwell.	Below	Hartwell	Dam,	Richard	B.	

Russell	and	J.	Strom	Thurmond	dams	and	their	associated	impoundments	

further	regulate	the	river.	These	three	impoundments	stretch	120	river	
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miles	(USACE	1996),	and	are	primarily	constructed	for	flood	control	and	hydroelectric	power	generation.	

Beginning	approximately	13	miles	below	Thurmond	Dam,	three	additional	features	impact	river	flow:	Stevens	

Creek	Dam,	Augusta	Diversion	Dam,	and	New	Savannah	Bluff	Lock	&	Dam	(NSBLD).	

While	the	Savannah	River	becomes	a	free	flowing	river	below	NSBLD	flow	patterns	below	NSBLD	have	been	

influenced	by	down-river	dredging,	26	miles	of	channelization,	and	navigation	cuts	(Hale	and	Jackson,	2003).		

Dredging	operations	from	River	Mile	21.3	(RM,	measured	from	the	mouth	of	the	Savannah	River)	up	to	RM	

204.4	(just	above	NSBLD)	ended	in	1979	due	to	a	lack	of	barge	traffic	around	Augusta	but	the	river	was	

shortened	by	nearly	40	miles	as	a	result	of	navigation	cuts.	

The	endangered	shortnose	sturgeon	and	Atlantic	sturgeon	inhabit	the	Savannah	River,	as	well	as	other	

important	diadromous	species	such	as	American	shad,	blueback	herring,	and	striped	bass.		
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Figure	1.	Map	of	the	Savannah	River	Basin	 	
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2 Methods	

2.1 Monitoring	Locations		
In	2015,	PCWS	performed	continuous	monitoring	at	9	stations	in	the	Savannah	River	mainstem;	descriptions	of	

each	site,	as	well	as	a	table	of	site	locations	(Table	1)	and	location	map	(Figure	2)	are	presented	below.	

2.1.1 RM	214	
Hydrology	at	RM	214	was	highly	influenced	by	hydropower	discharges	from	the	USACE’s	J.	Strom	Thurmond	

Dam,	located	approximately	eight	miles	upstream.		This	section	of	the	river	is	also	referred	to	as	the	Stevens	

Creek	pool	since	it	is	impounded	by	SCE&G’s	Stevens	Creek	Dam	which	is	located	approximately	six	miles	

downstream	(RM	208).		Depending	on	the	magnitude,	duration,	and	timing	of	generation	at	both	dams,	water	

velocities	typically	range	from	0.4	to	2	ft/sec	and	depths	fluctuated	an	average	of	two	feet	daily,	with	a	mean	

cross-sectional	depth	of	approximately	11	feet.		The	river	channel	is	relatively	wide	with	a	bed	consisting	

primarily	of	coarse	sand.		Fallen	trees	and	limbs	(snags)	were	common	along	the	banks.	

2.1.2 RM	202	
The	station	at	RM	202	was	located	approximately	five	miles	below	the	Augusta	Diversion	Dam	(ADD)	at	the	base	

of	the	shoals	and	at	the	upstream	limit	of	the	Augusta	Pool,	which	extends	approximately	15	miles	downstream	

to	New	Savannah	Bluff	Lock	and	Dam	(NSBLD).		Hydrology	at	RM	202	is	influenced	greatly	by	the	ADD,	which,	

during	low	flows,	diverted	up	to	75%	of	the	river	flow	into	the	Augusta	Canal	(FERC,	2006).		Water	levels	here	

are	held	relatively	constant	by	NSBLD,	with	pool	level	fluctuations	averaging	less	than	one	foot	daily.		Mean	

cross-sectional	depths	are	typically	10	-	18	feet,	with	measured	velocities	ranging	from	0.28	-1.36	ft/second.		

This	station	was	immediately	below	the	most	downstream	river	island,	where	a	majority	of	the	water	flows	

through	a	channel	on	the	South	Carolina	side	of	the	river.		The	streambed	was	predominantly	composed	of	

bedrock	and	coarse	sand.	

2.1.3 RM	190	
The	RM	190	station	was	the	last	station	in	the	pool	section	of	the	Savannah	River,	located	approximately	3	miles	

upstream	of	NSBLD.		Cutgrass	(Zizianopsis	miliacea)	and	water	hyacinth	(Eichhornia	crassipes)	were	the	primary	

aquatic	plants	inhabiting	the	shallow	stream	margins.		Mean	cross-sectional	depth	ranged	from	15-18	ft.	with	

velocities	between	0.4-1.02	ft/sec.		Bottom	substrate	here	consists	primarily	of	coarse	sand.	

2.1.4 RM	185	
The	RM	185	station	was	located	two	miles	below	NSBLD,	the	first	station	within	the	free	flowing	section	of	the	

Savannah	River.		This	section	experienced	daily	average	water	level	fluctuations	of	approximately	1	foot	due	to	

operations	at	NSBLD.		The	station	was	located	in	the	thalweg	of	an	outside	meander	bend	adjacent	to	a	bank	

armored	by	rip-rap.		Interaction	with	the	floodplain	began	in	this	reach	and	continued	to	the	Savannah	Harbor.		

Mean	cross-sectional	depths	ranged	from	10	to	18	feet	with	velocities	between	1.6	and	2.2	ft/sec.		Bottom	

substrate	consisted	primarily	of	course	sand.	

2.1.5 RM	179	
The	RM	179	station	was	located	approximately	six	miles	downstream	of	NSBLD.		This	was	the	first	station	

downstream	of	the	Augusta	Urban	Corridor,	located	approximately	three	miles	downstream	of	a	pulp	and	paper	
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mill	discharge.		The	channel	at	this	station	was	relatively	narrow,	with	mean	cross-sectional	depths	of	15-18	feet	

and	water	velocities	that	averaged	1.3	–	2.3	ft/sec.		Like	most	of	the	free-flowing	section,	the	bed	consisted	of	

course	sand,	with	numerous	snags	along	the	banks.		Wing	dikes	in	this	section	directed	flow	into	the	main	

channel	to	prevent	sedimentation	and	bank	erosion.		The	continuous	monitor	at	this	station	was	destroyed	by	

debris	in	April.		It	was	redeployed	in	the	Summer	of	2016.	

2.1.6 RM	146	
The	RM	146	station	was	located	approximately	three	miles	downstream	of	Plant	Vogtle	nuclear	electric	plant,	

and	was	the	third	station	in	the	free-flowing	section	of	the	river.		This	station	was	downstream	from	the	mouth	

of	Upper	Three	Runs	Creek,	located	on	the	Department	of	Energy’s	Savannah	River	Site.		Mean	cross-sectional	

depths	at	this	site	range	from	7	to	11	feet	with	velocities	between	1.8	and	2.1	ft/sec.		The	bed	material	consists	

primarily	of	coarse	sand.	

2.1.7 RM	119	
The	RM	119	station	was	located	just	upstream	of	the	Highway	301	bridge	and	USGS	Station	No.	02197500.		

Mean	cross-sectional	depths	and	velocities	at	this	site	average	8.9	feet	and	2.26	ft/sec,	respectively.		Snags	are	

common	in	this	section,	with	black	willows	(Salix	nigra)	lining	the	shallower	margins	of	the	channel.	

2.1.8 RM	61	
The	RM	61	station	was	located	0.4	miles	below	Georgia	Highway	119.		This	was	the	most	downstream	station	in	

the	freshwater,	non-tidally	influenced	reach	of	the	river.		Mean	cross-sectional	depth	and	velocity	at	this	site	

average	9.6	ft	and	2	ft/sec,	respectively.	

2.1.9 RM	27	
The	RM	27	station	was	located	beneath	the	Interstate	95	bridge,	approximately	one	mile	downstream	of	the	

mouth	of	Abercorn	Creek,	and	adjacent	to	the	Savannah	National	Wildlife	Refuge.		The	river	at	this	location	is	

highly	influenced	by	semidiurnal	tidal	fluctuations	resulting	in	mean	water	level	fluctuations	of	7	feet.	

	

Table	1.	Savannah	River	Monitoring	Locations	

River	
Mile	

Location	 Latitude	 Longitude	

214	 8	miles	below	Thurmond	Dam	 33.5904790	 -82.1305320	
202	 Just	below	Augusta	Shoals	 33.5027653	 -81.9906723	
190	 2.5	miles	upstream	of	NSBLD	 33.3839097	 -81.9317347	
185	 2.5	miles	downstream	of	NSBLD	 33.3453000	 -81.9410000	
179	 8.5	miles	downstream	of	NSBLD	 33.3179140	 -81.8909290	
146	 3	miles	downstream	of	USGS	gauge	021973269	 33.1160790	 -81.6977210	
119	 US	HWY	301	 32.9403800	 -81.5019190	
61	 0.5	miles	downstream	of	USGS	gauge	02198500	@	HWY	119	 32.5247390	 -81.2623880	
27	 I95	bridge,	near	USGS	gauge	02198840	 32.2356380	 -81.1508680	
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Figure	2.	Monitoring	location	map	 	
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2.2 Hydrology	and	Climate	Data	
Hydrology	and	climate	data	were	obtained	from	three	sources:	(1)	USACE	Water	Management	Page	for	The	

Savannah	River	Projects	(USACE	2014),	(2)	USGS	National	Water	Information	System	(USGS	2014),	and	(3)	

NOAAs	National	Climatic	Data	Center	(NCDC	2015).	

2.3 Lake	Profile	Data	
Data	from	monthly	vertical	profiles	collected	in	the	J.	Strom	Thurmond	Lake	forebay	was	obtained	from	the	

USACE.	The	USACE	performed	these	monthly	profiles	approximately	0.5	miles	upstream	of	the	dam.	

Temperature,	specific	conductance,	dissolved	oxygen,	and	pH	were	recorded	from	the	surface	to	the	lake	

bottom	at	approximately	6	ft	intervals.	

2.4 Continuous	Monitoring	
Each	monitoring	station	was	equipped	with	a	YSI	6820	V2-1	multiparameter	sonde	(YSI,	Inc.,	Yellow	Springs,	OH).	

Each	sonde	was	equipped	with	probes	that	measure	temperature,	specific	conductance,	dissolved	oxygen,	and	

pH.	Specifications	for	each	probe	are	presented	in	Table	2.	All	sondes	were	programmed	to	measure	the	above-

listed	parameters	at	15-minute	intervals.		

Sondes	were	cleaned	and	recalibrated	at	each	location	at	approximately	1-month	intervals.		Where	possible	and	

necessary,	sonde	data	was	corrected	for	calibration	and	fouling	drift	using	field	and	lab	QA/QC	data.	Statistical	

summaries	and	drift	corrections	were	performed	using	Aquarius	WorkStation	(v	3.10.71;	Aquatic	Informatics).	

2.5 Long-Term	BOD	Study	
Samples	were	collected	in	August	2016.	The	amplified	BOD	test	was	conducted	according	to	Georgia	

Environmental	Protection	Division	protocols	(GAEPD	1989,	2005).	Each	sample	was	incubated	at	20	C	for	120	

days.	Dissolved	oxygen	concentration	(DO)	of	each	sample	was	measured	and	recorded	daily	for	days	1-7,	every	

two	days	for	days	8-22,	every	three	days	for	23-44,	and	every	seven	days	for	days	45-120.	A	subsample	from	

each	sample	was	collected	on	the	same	days	and	analyzed	for	nitrate/nitrite,	nitrite,	and	ammonia	(EPA	

methods	353.2	rev.	2	and	350.1),	and	subsamples	from	day	1	and	120	were	analyzed	for	total	Kjeldahl	nitrogen	

(EPA	method	351.1)	on	a	SEAL	Analytical	AQ2	Advanced	Discrete	Analyzer.	Blank	and	replicate	samples	were	

included	in	each	lot	of	samples.	

Sample	data	were	analyzed	using	GAEPD’s	LtBOD	analysis	software	(GAEPD	2010).	Within	this	software,	a	least	

squares	regression	was	used	to	model	the	nitrogenous	and	carbonaceous	components	of	BODU.	For	the	

nitrogenous	component,	a	lagged	first	order	model	was	first	applied	according	to	the	following	equation:	

!"#! =  !"#!(1 − !!!! !!!"# )	

The	lagged	first	order	curve	was	then	subtracted	from	the	total	BOD	curve,	and	a	dual	first	order	model	was	

applied	to	the	residuals	to	estimate	the	carbonaceous	component	according	to	the	following	equation:	

!"#! =  !"#!! 1 − !!!! +  !"#!! 1 − !!!! 	
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Where:		

BODt	=	BOD,	mg/L,	at	time	t,	days	

BODu	=	ultimate	BOD,	mg/L	

t	=	elapsed	time,	days	

k1	=	first	first-order	decay	rate,	days-1	

k2	=	second	first-order	decay	rate,	days-1	

Lag	=	time	to	onset	of	first	order	reaction,	days	

After	determining	the	best	fit	for	each	BODU	component,	residuals	were	analyzed	to	ensure	symmetry.	
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3 RESULTS	

3.1 HYDROLOGY	&	CLIMATE	

3.1.1 Precipitation	
Total	annual	precipitation	in	2015	(47.43	in)	was	9%	above	normal	compared	to	the	long-term	(30-year)	average	

(43.6	in.)	(Figure	3).	According	to	the	NCDCs	drought	monitoring	program,	the	Palmer	Hydrologic	Drought	Index	

(PHDI)	for	the	Southeast	region	averaged	-0.06	for	2015,	indicating	slightly	dry	conditions	(Figure	4)(NCDC	2016).		

However,	above	average	rainfall	in	September	through	December	resulted	in	very	wet	conditions	for	the	latter	

part	of	2015.	
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Figure	3.	2015	Monthly	total	and	long-term	monthly	mean	precipitation	(in)	(NCDC	2016)	
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Figure	4.	Long-term	monthly	(box	plot)	and	2015	Palmer	Hydrologic	Drought	Index	(PHDI)	for	Savannah	River	Basin	

3.1.2 Hydrology	
Due	to	the	below-average	precipitation	in	the	summer	months,	discharge	in	the	Savannah	River	was	lower	than	

the	long-term	average	for	much	of	the	year.		The	2015	mean	annual	discharge	at	USGS	gauge	#02197000	

(Savannah	River	at	Augusta)	was	7,561	ft3/sec,	compared	to	the	long-term	(1954-2014)	annual	average	of	8,827	

ft3/sec.		Figure	5	depicts	the	daily	average	discharge	and	long-term	average	monthly	discharge	for	the	USACE	

gauge	at	Thurmond	Dam	(RM221),	and	USGS	gauges	at	RM	187.5	(#02197000),	RM	148	(#021973269),	RM	119	

(#02197500),	and	RM	61	(#02198500).	
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Figure	5.	2015	daily	mean	discharge	(ft3/sec)	and	long-term	(1954-2014)	monthly	mean	discharge	(open	circles).	 	
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3.2 LAKE	PROFILES	
	

Monthly	vertical	profiles	performed	by	the	USACE	in	the	Thurmond	forebay	indicated	the	lake	began	to	

thermally	and	chemically	stratify	in	April	and	destratify	in	November	(Figure	6	and	Figure	7).		
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Figure	6.	Depth-Time	diagram	of	temperature	at	J.	Strom	Thurmond	Lake	(ACOE	2016)	
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Figure	7.	Depth-Time	diagram	of	dissolved	oxygen	(mg/L)	in	J.	Strom	Thurmond	Lake	(ACOE	2016)	
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3.3 CONTINUOUS	MONITORING	

3.3.1 Water	Temperature	
Water	temperatures	in	the	river	were	generally	lowest	January	and	February,	and	highest	in	August	(Table	2).	

Notable	was	the	characteristic	left-skewed	annual	temperature	pattern	at	RM	214	(Figure	8)	which	is	a	result	of	

hypolimnetic	releases	from	Thurmond	Dam	and	lake	turnover	in	October.	Average	annual	water	temperature	

was	lowest	at	RM	214	(14.37°	C),	and	generally	increased	in	a	downstream	direction.	

Table	2.	Monthly	mean	water	temperature	(degrees	Celsius)	

		 JAN	 FEB	 MAR	 APR	 MAY	 JUN	 JUL	 AUG	 SEP	 OCT	 NOV	 DEC	

214	 10.23	 9.01	 9.39	 10.93	 12.41	 14.01	 15.77	 18.01	 20.29	 19.99	 17.46	 14.41	

202	 9.76	 8.91	 12.51	 15.93	 18.23	 20.40	 	 22.72	 23.14	 20.28	 17.45	 15.12	
190	 10.27	 9.45	 12.35	 15.89	 18.44	 21.27	 22.26	 23.15	 23.40	 20.79	 18.03	 15.22	
185	 9.63	 9.33	 12.21	 15.65	 17.46	 19.25	 22.09	 23.41	 23.50	 20.74	 18.02	 15.53	
179	 10.30	 9.58	 12.69	 17.24	 	 	 	 	 	 	 	 	
146	 11.14	 9.53	 13.22	 17.44	 20.25	 23.53	 24.54	 24.87	 23.97	 20.50	 18.25	 	

119	 10.02	 9.63	 13.65	 18.11	 21.00	 24.55	 25.56	 25.81	 	 	 	 	
61	 10.04	 9.73	 14.38	 19.14	 22.04	 26.16	 27.23	 27.01	 25.03	 20.65	 17.20	 15.23	
27	 10.28	 9.84	 14.71	 19.74	 22.52	 26.91	 28.03	 27.63	 25.40	 20.78	 17.30	 15.14	

	

3.3.2 Specific	Conductance	
Specific	conductance	(conductivity)	in	the	freshwater	section	of	the	Savannah	River	generally	increased	in	the	

downstream	direction	(Table	3).	Conductivity	in	the	freshwater	section	ranged	from	an	annual	average	of	51	

μs/cm2	at	RM	214	to	97	μs/cm2	at	RM	27.	At	RM	27,	conductivity	was	partially	influenced	by	tidal	activity,	with	

the	highest	values	occurring	during	spring	tides,	and	the	lowest	values	occurring	during	neap	tides.		

Table	3.	Monthly	mean	specific	conductance	(µs/cm2)	

		 JAN	 FEB	 MAR	 APR	 MAY	 JUN	 JUL	 AUG	 SEP	 OCT	 NOV	 DEC	

214	 47	 47	 48	 49	 50	 51	 51	 52	 55	 55	 51	 50	
202	 50	 55	 	 	 53	 51	 	 51	 53	 52	 54	 52	
190	 55	 58	 57	 58	 61	 63	 63	 62	 65	 60	 53	 53	

185	 67	 67	 61	 63	 64	 65	 68	 67	 72	 62	 50	 48	
179	 93	 77	 72	 97	 	 	 	 	 	 	 	 	

146	 91	 88	 77	 86	 91	 85	 95	 95	 102	 91	 68	 	
119	 91	 95	 80	 92	 94	 89	 96	 105	 	 	 	 	
61	 94	 96	 81	 95	 95	 97	 108	 111	 114	 101	 77	 77	

27	 92	 99	 82	 99	 94	 98	 101	 104	 137	 106	 79	 73	

	



	
	

	

19	2015	Savannah	River	Monitoring	Report	

	

3.3.3 pH	
Savannah	River	pH	levels	were	relatively	circumneutral	(~7)	at	most	sites,	ranging	from	an	annual	average	of	

6.38	at	RM	214	to	7.09	at	RM	202	(Table	4).	Levels	below	a	pH	of	7	were	typically	associated	with	larger	

precipitation	events	in	previous	years.	RM	202	exhibited	both	the	highest	(8.98)	and	most	variable	(0.36	

standard	deviation)	pH	levels	of	all	monitored	sites,	likely	due	to	high	levels	of	production	(i.e.,	photosynthesis)	

with	the	Augusta	Shoals.	

Table	4.	Monthly	mean	pH	

		 JAN	 FEB	 MAR	 APR	 MAY	 JUN	 JUL	 AUG	 SEP	 OCT	 NOV	 DEC	

214	 6.75	 6.92	 6.81	 6.57	 6.31	 6.23	 6.07	 6.04	 6.05	 6.24	 6.32	 6.32	
202	 7.19	 7.22	 7.20	 7.33	 7.36	 7.07	 	 7.14	 7.09	 7.02	 6.71	 6.69	
190	 7.04	 7.17	 7.07	 7.03	 6.99	 6.96	 7.01	 6.86	 6.75	 6.77	 6.90	 6.88	

185	 6.95	 7.01	 6.93	 6.89	 6.79	 6.64	 6.63	 6.61	 6.61	 6.57	 6.62	 6.69	
179	 6.37	 6.48	 6.43	 6.50	 	 	 	 	 	 	 	 	

146	 6.70	 6.63	 6.59	 6.60	 6.53	 6.53	 6.50	 6.40	 6.38	 6.30	 6.24	 6.70	
119	 6.51	 6.59	 6.48	 6.52	 6.66	 6.63	 6.72	 6.73	 	 	 	 	
61	 6.64	 6.57	 6.48	 6.57	 6.69	 6.66	 6.59	 6.72	 6.79	 6.51	 6.14	 6.09	
27	 6.76	 6.72	 6.47	 6.71	 6.74	 6.83	 6.82	 6.72	 6.91	 6.85	 6.53	 6.37	

	

3.3.4 Dissolved	Oxygen	
Dissolved	oxygen	levels	met	or	exceeded	state	water	quality	standards	at	all	stations	except	RM	214	and	27.	

Dissolved	oxygen	levels	ranged	from	a	high	of	13.19	mg/L	at	RM	202	,	to	a	low	of	3.86	mg/L	at	RM	27	(Table	5).	

The	highest	variability	was	experienced	at	RM	214	(2.12	mg/L).		Percent	saturation	ranged	from	a	high	of	129.6	

%	at	RM	202,	to	a	low	of	48.4	%	at	RM	214	(Table	6).	

Current	dissolved	oxygen	standards	for	the	Savannah	River	stipulate	daily	average	concentrations	of	5	mg/L,	and	

instantaneous	concentrations	equal	to	or	greater	than	4	mg/L.	At	the	RM	214	station,	daily	averages	were	below	

5	mg/L	for	6	days,	though	no	instantaneous	measurements	were	below	4	mg/L.	A	single	measurement	on	July	

20	at	RM	27	(3.86	mg/L)	was	below	the	4	mg/L	standard.	

Table	5.	Monthly	mean	dissolved	oxygen	concentration	(mg/L)	

		 JAN	 FEB	 MAR	 APR	 MAY	 JUN	 JUL	 AUG	 SEP	 OCT	 NOV	 DEC	

214	 10.65	 11.41	 11.18	 9.77	 7.95	 7.51	 6.54	 5.46	 5.49	 5.95	 7.64	 8.59	
202	 11.08	 11.39	 10.67	 9.92	 9.67	 9.02	 	 8.56	 8.28	 8.76	 9.50	 10.04	

190	 10.69	 11.19	 10.43	 9.70	 9.11	 8.57	 8.49	 7.88	 7.17	 7.51	 8.84	 9.52	
185	 	 12.08	 11.17	 10.02	 9.97	 9.53	 8.92	 8.51	 8.41	 8.70	 8.97	 9.51	
179	 10.69	 10.97	 10.30	 8.40	 	 	 	 	 	 	 	 	
146	 9.70	 10.43	 9.56	 8.23	 7.68	 6.94	 7.16	 7.17	 6.47	 7.04	 7.58	 	
119	 9.97	 10.34	 9.15	 7.85	 7.64	 6.89	 7.13	 7.01	 	 	 	 	

61	 10.08	 10.32	 8.72	 7.58	 7.63	 7.17	 7.31	 7.38	 7.30	 7.25	 6.88	 7.17	
27	 9.36	 10.24	 8.61	 7.49	 7.57	 7.00	 6.95	 7.21	 6.97	 7.03	 6.93	 7.19	
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Table	6.	Monthly	mean	dissolved	oxygen	percent	saturation	

		 JAN	 FEB	 MAR	 APR	 MAY	 JUN	 JUL	 AUG	 SEP	 OCT	 NOV	 DEC	
214	 94.8	 98.7	 97.6	 88.4	 74.4	 72.9	 65.9	 57.7	 60.7	 65.4	 79.7	 84.0	

202	 97.6	 98.2	 100.1	 100.3	 102.7	 100.0	 	 99.3	 96.8	 96.8	 99.2	 99.8	

190	 95.3	 97.8	 98.4	 99.7	 97.0	 96.7	 97.5	 92.1	 84.2	 83.8	 93.3	 94.8	

185	 	 104.6	 104.1	 100.8	 104.1	 104.8	 108.3	 102.9	 100.0	 98.5	 93.9	 93.9	

179	 94.7	 96.2	 97.0	 87.2	 	 	 	 	 	 	 	 	

146	 88.2	 91.1	 91.1	 85.8	 84.6	 81.4	 85.8	 86.6	 76.8	 78.5	 80.5	 	

119	 88.3	 90.7	 88.0	 83.0	 85.6	 82.8	 87.2	 86.1	 	 	 	 	

61	 89.2	 90.2	 85.2	 81.9	 87.3	 88.7	 92.2	 92.7	 88.4	 80.7	 71.5	 71.3	

27	 81.2	 88.9	 84.6	 81.9	 87.5	 87.9	 88.7	 91.6	 85.0	 78.5	 72.2	 71.5	
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Figure	8.	River	Mile	214	daily	mean	plots	for	continuous	parameters	
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Figure	9.	River	Mile	202	daily	mean	plots	for	continuous	parameters	
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Figure	10.	River	Mile	190	daily	mean	plots	for	continuous	parameters	

	 	

1  2  3  4  5  6  7  8  9  10  11  12  

W
at

er
 T

em
pe

ra
tu

re
 (C

)

4

6

8

10

12

14

16

18

20

22

24

26

1  2  3  4  5  6  7  8  9  10  11  12  

Sp
ec

ifi
c 

C
on

du
ct

an
ce

 (m
s/

cm
2 )

35

40

45

50

55

60

65

70

1  2  3  4  5  6  7  8  9  10  11  12  

pH

6.2

6.4

6.6

6.8

7.0

7.2

7.4

1  2  3  4  5  6  7  8  9  10  11  12  

D
is

so
lv

ed
 O

xy
ge

n 
%

 S
at

ur
at

io
n

70

75

80

85

90

95

100

105

110

1  2  3  4  5  6  7  8  9  10  11  12  

D
is

so
lv

ed
 O

xy
ge

n 
(m

g/
L)

6

7

8

9

10

11

12

13



	
	

	

24	2015	Savannah	River	Monitoring	Report	

	

	

Figure	11.	River	Mile	185	daily	mean	plots	for	continuous	parameters	
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Figure	12.	River	Mile	179	daily	mean	plots	of	continuous	parameters	
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Figure	13.	River	Mile	146	daily	mean	plots	for	continuous	parameters	
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Figure	14.	River	Mile	119	daily	mean	plots	for	continuous	parameters	
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Figure	15.	River	Mile	61	daily	mean	plots	for	continuous	parameters	
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Figure	16.	River	Mile	27	daily	mean	plots	for	continuous	parameters	

	 	

1  2  3  4  5  6  7  8  9  10  11  12  

W
at

er
 T

em
pe

ra
tu

re

5

10

15

20

25

30

35

1  2  3  4  5  6  7  8  9  10  11  12  

Sp
ec

ifi
c 

C
on

du
ct

an
ce

 (m
s/

cm
2 )

50

100

150

200

250

300

350

1  2  3  4  5  6  7  8  9  10  11  12  

pH

6.0

6.2

6.4

6.6

6.8

7.0

7.2

7.4

1  2  3  4  5  6  7  8  9  10  11  12  

D
is

so
lv

ed
 O

xy
ge

n 
%

 S
at

ur
at

io
n

60

70

80

90

100

110

1  2  3  4  5  6  7  8  9  10  11  12  

D
is

so
lv

ed
 O

xy
ge

n 
(m

g/
L)

5

6

7

8

9

10

11

12



	
	

	

30	2015	Savannah	River	Monitoring	Report	

	

	

3.4 LONG-TERM	BOD	
We	collected	and	analyzed	one	set	of	long-term	BOD	(BOD120)	samples	from	7	locations	on	the	Savannah	River	

in	September	2015.	Results	indicated	BOD120	was	lowest	at	RM	214	and	highest	at	RM	179	(Table	7).		

According	to	results	generated	by	the	GAEPD’s	LtBOD	software,	decay	rates	for	the	fast-reacting	carbonaceous	

component	(CBODU1k)	were	highest	at	RM	61	and	lowest	at	RM	179.		Decay	rates	for	the	slow-reacting	

carbonaceous	component	(CBODU2k)	were	fairly	similar	at	most	sites.		Figure	17	provides	a	depiction	of	2015	

data	relative	to	all	long-term	BOD	samples	analyzed	since	this	research	was	initiated	in	2009.	

Table	7.	Results	of	2015	long-term	BOD	tests	

Location	
BODU	
(mg/L)	

BOD120	
(mg/L)	

NBODU	
(mg/L)	

NBOD	k	
(1/day)	

CBODU1	
(mg/L)	

CBODU2	
(mg/L)	

CBODU1	k	
(1/day)	

CBODU2	k	
(1/day)	

214	 4.27	 2.94	 0.69	 0.151	 0.78	 2.80	 0.224	 0.006	
190	 5.06	 3.41	 0.76	 0.089	 1.30	 3.00	 0.183	 0.005	
179	 8.24	 6.77	 1.01	 0.058	 2.70	 4.53	 0.146	 0.010	
146	 6.28	 4.88	 2.09	 0.049	 1.12	 3.07	 0.175	 0.007	
119	 6.08	 4.62	 1.33	 0.091	 0.81	 3.94	 0.475	 0.009	
61	 6.27	 3.89	 1.41	 0.081	 0.31	 4.55	 0.879	 0.005	
27	 8.87	 5.74	 1.51	 0.091	 0.58	 6.78	 0.538	 0.006	
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Figure	17.	Results	of	2015	long-term	BOD	test	compared	to	box	plots	of	historical	results	
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4 Additional	Savannah	River	Research	as	a	result	of	leveraging	funds	from	the	
monitoring	program	detailed	in	this	report	

4.1 Oxbow	Lake	Study	
In	2015	PCWS	received	a	grant	to	study	the	ecology	of	oxbow	lakes	along	the	Savannah	River.		The	project,	

entitled	“A	preliminary	investigation	into	the	ecology,	hydrodynamics,	and	limnological	parameters	of	oxbow	

lakes	in	the	middle	and	lower	Savannah	River	Basin,”	was	funded	through	a	grant	from	the	Clemson/USGS	

Water	Resources	Institute.		PCWS	labor	was	used	as	an	in-kind	match,	which	was	made	possible	by	funding	for	

the	ongoing	river	monitoring	program	described	in	this	report.	

In	2015	and	2016,	PCWS	performed	this	study,	which	included	several	components.		These	were:	

1. Hydrodynamics:	We	measured	surface	and	groundwater	levels	at	four	lakes	using	continuous	loggers	to	

determine	how	river	flows	affected	their	hydrology.	

2. Water	Chemistry:	We	performed	regular	vertical	profiles	in	each	lake,	and	collected	discrete	samples	

which	were	analyzed	for	total	and	dissolved	organic	carbon,	nutrients,	and	E.	Coli.	

3. Biology:	We	performed	quarterly	sampling	of	fish,	macroinvertebrate,	zooplankton,	and	phytoplankton	

communities.	

We	are	still	in	the	process	of	analyzing	the	results	of	this	study,	but	have	already	presented	some	preliminary	

results	at	the	2016	South	Carolina	Water	Resources	Conference.	

4.2 Macroinvertebrate	Study	
In	2015	PCWS	received	a	Regional	Water	Plan	Seed	Grant	from	the	Georgia	EPD	to	perform	an	intensive	

investigation	of	macroinvertebrate	communities	in	the	Savannah	River.		The	main	component	of	this	project,	

which	is	still	in	progress,	involves	monthly	sampling	of	macroinvertebrate	communities	at	four	locations.		The	

goal	of	this	study	is	to	compare	river	flows	to	macroinvertebrate	communities	to	determine	how	different	flow	

regimes	might	affect	those	communities.		Another	component	of	this	study	involves	a	partnership	with	the	

Philadelphia	Academy	of	Natural	Sciences	at	Drexel	University.		Researchers	at	Drexel	are	similarly	looking	at	

historical	fisheries	survey	data	in	an	effort	to	determine	the	effects	of	river	flows	on	those	communities.		

Conclusions	from	this	study	are	intended	to	inform	river	discharge	management	decisions.		This	study	will	

conclude	in	early	2017.	

4.3 Presentations	and	papers	
In	2005,	PCWS	participated	in	the	Georgia	Water	Resources	Conference	by	presenting	4	papers,	3	poster	

presentations,	and	by	participating	in	one	panel	discussion;	below	is	a	list	of	each	title	and	attached	are	copies	

of	the	accepted	papers.		

• Panel	Discussion:	Maximizing	Flow:	restoring	the	Savannah	River	Basin’s	natural	flood	patterns	

o A	pending	study	involving	South	Carolina,	Georgia,	The	Nature	Conservancy	and	the	USACE	will	

specifically	address	updates	to	the	drought	plan	using	the	new	drought	of	record.	With	revised	

ecosystem	flow	recommendations	developed	by	a	scientific	panel,	the	study	will	model	the	

effects	of	several	alternatives	of	revised	Thurmond	Dam	outflows.		Panel	discussion	members:	
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Oscar	Flite	(Phinizy	Center),	Eric	Krueger	(The	Nature	Conservancy),	Will	Duncan	(USFWS),	Rhett	

Jackson	(UGA),	Stan	Simpson	(USACE).	

	

• Presentation	papers:	

o Flite,	O.P.,	S.E.	Rosenquist,	M.R.	Erickson,	C.	Nestell-Fabillar,	E.N.	Hobbs,	K.	Laymon,	D.	L.	Mullis,	
and	J.W.	Moak.		2015.		Preliminary	assessment	of	organic	material	flux	in	the	Ogeechee	River	
system:	a	Lagrangian	perspective.		In,	Proceedings	of	the	2015	Georgia	Water	Resources	
Conference,	April	28-29,	2015.	University	of	Georgia.	Athens,	GA.	

o Flite,	O.P.,	S.E.	Rosenquist,	M.R.	Erickson,	C.	Nestell-Fabillar,	E.N.	Hobbs,	K.	Laymon,	D.	L.	Mullis,	
and	J.W.	Moak.		2015.		Summary	of	comparison	of	continuous	sonde	data	from	the	Ogeechee	
and	Savannah	River	Basins.		In,	Proceedings	of	the	2015	Georgia	Water	Resources	Conference,	
April	28-29,	2015.	University	of	Georgia.	Athens,	GA.	

o Flite,	O.P.,	S.E.	Rosenquist,	M.R.	Erickson,	C.	Nestell-Fabillar,	E.N.	Hobbs,	K.	Laymon,	D.	L.	Mullis,	
and	J.W.	Moak.		2015.		Biochemical	oxygen	demand	in	the	Savannah	River	Basin:	results	from	
ten	years	of	research.		In,	Proceedings	of	the	2015	Georgia	Water	Resources	Conference,	April	
28-29,	2015.	University	of	Georgia.	Athens,	GA.	

o Mullis,	D.L.,	J.W.	Moak,	C.	Nestell-Fabillar,	K.	Laymon,	E.N.	Hobbs,	B.S.	Metts,	M.R.	Erickson,	and	
O.P.	Flite.		2015.		A	comparison	of	macroinvertebrate	communities	within	two	southeastern	
rivers.		In,	Proceedings	of	the	2015	Georgia	Water	Resources	Conference,	April	28-29,	2015.	
University	of	Georgia.	Athens,	GA.	
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Abstract. In 2014, we developed a Lagrangian sam-
pling (sampling according to travel time) program for
the Ogeechee River to focus on the fate and transport
of organic material in this system. We sampled the river
at five locations on four separate sampling excursions
from June to September and analyzed the water for total
organic carbon (TOC) and dissolved organic carbon
(DOC) and ash-free dry mass (AFDM). Results showed
that TOC and DOC concentrations were equal 75% of
the time. All samples with higher TOC occurred during
the June sampling event only which coincided with the
falling limb of an extended flood event within the basin.
The flux of organic material increased steadily in the
downstream direction for the June and September sam-
plings, remained relatively steady during the August
sampling, and increased significantly from River Mile 204
to River Mile 119, then decreased from River Mile 119
to River Mile 80 during the July sampling. Mass flux
rate of the July sampling was nearly 5 times higher than
all other sample excursions; this trend was most likely
due to considerably higher flows during that time period;
decreased flux during the last legs of this sample excur-
sion were likely due to organic matter consumption in the
floodplain. Compared with a Lagrangian sampling event
in the Savannah River that coincided with the June
sampling event in the Ogeechee, the Savannah River
transported 14 times more DOC/s than the Ogeechee at
four sites of equivalent distance from the ocean.

INTRODUCTION

Organic material serves as the base of the food pyramid
for all heterotrophic aquatic organisms. This material is
transported from the watershed (allochthonous) and/or
grows within the river (autochthonous). Understanding
the quantity, timing, and delivery of this material as
well as its capture, cycling, and transformation are the
essence of understanding aquatic ecosystem function. Too

much organic material has the potential to create water
quality issues, too little impacts food web dynamics and
ecosystem carrying capacities.

One of the challenges in determining the sources,
quantity, quality, and fate of organic material in water-
sheds lies in the ability to provide an appropriate refer-
ence frame to understand the dynamic system. Typically,
the reference frame for river sampling is sample collection
relative to fixed geographical locations without regard
to travel time between those fixed sampling locations.
Without regard to travel time, samples collected from
multiple fixed locations are not necessarily “intercon-
nected”; this interconnectedness is essential for providing
an understanding the gains and losses of organic material
from the river system. Since rivers are always moving,
sources of organic material are supplied at variable rates
and that material is trapped, respired, and incorporated
into biomass, all at variable rates too. Therefore, the
reference frame for understanding the fate and transport
of organic material has to be dynamic. The most suitable
way to provide that dynamic approach is to follow and
sample a parcel of water as it travels downstream; this is
called a Lagrangian approach.

In 2006, we developed a Lagrangian sampling scheme
for the Savannah River and in 2014 we developed a sim-
ilar sampling scheme for the Ogeechee River. Comparing
the organic material fate and transport of these two adja-
cent river basins will provide a unique opportunity to
understand both systems more completely. The prelim-
inary findings of this study set an important baseline for
developing that understanding.

METHODS

Ogeechee River study site. The Ogeechee River is one
of the few remaining unregulated rivers in Georgia. This
river is nearly 300 miles long and drains 5,540 sq. miles
of watershed. The Ogeechee River mostly originates in
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Figure 1: Ogeechee River Basin and water quality sam-
pling site locations.

the Coastal Plain Physiographic Province, which gener-
ally classifies it as a blackwater river. Land use within
this watershed is characterized by forest (52%), agricul-
ture (22%), wetlands (8%), urban (7%), open water (3%)
and other (8%) (SUOWP, 2005).

Permanent sampling sites and Lagrangian
travel time determinations. In 2014, we installed 5
real-time, web-enabled water quality monitoring stations
on the Ogeechee River (http://goo.gl/LpPzGK) that
measure water temperature, dissolved oxygen, pH, and
specific conductance at 15-minute intervals. The sites
were either located near USGS gauging stations, road
crossings, or on private property. The river mile (RM)
designations are as follows: RM 162, RM 119, RM 115,
RM 80, and RM 27 and are shown in Figure 1. We
used water quality data from the monitoring stations
as well as available USGS data (velocity, gauge datum,
and discharge) at multiple sites to make travel time esti-
mates between Ogeechee River sampling locations. Data
were used to develop algorithms for travel times between
adjacent sampling sites over various discharge ranges.

Discrete sampling and analysis. Sampling events
were conducted monthly on the Ogeechee River by
choosing a starting date and calculating Lagrangian
sampling times at sites downstream of the initial site.
In addition to the continuous monitoring sites, we also
sampled at the RM 204 site, which is the location of the
USGS gauge at the GA 88 crossing near Grange, GA. A
total of 10-L of water was collected from the left, center,
and right thirds of the river at each location using a
peristaltic pump. Samples were immediately stored on

ice for transport to the laboratory. In the lab, whole
water samples were homogenized using a churn splitter
and then subsampled. Total organic carbon (TOC), ash-
free dry mass (AFDM), and chloride were analyzed on
unfiltered samples; dissolved organic carbon (DOC) was
analyzed after filtration with a 0.45µm filter. TOC and
DOC were sent to Shealy Environmental Services (Cayce,
SC) for analysis on an OI Analytical 1030 TOC Ana-
lyzer (EPA Method 415.1). Particulate organic carbon
(POC) was calculated as the di↵erence between TOC and
DOC. Chloride was analyzed on a SEAL AQ2 autoana-
lyzer (EPA Method 105-A Rev 5). AFDM was measured
gravimetrically. Known sample volumes were filtered on
pre-ashed, pre-rinsed, and pre-weighed Glass Fiber Fil-
ters (GFF) with nominal pore size of 0.7um, which were
then dried in a drying oven to constant weight. Filters
were then combusted at 550 C, rewetted with deionized
water, and dried to constant weight; this resulted in a
concentration of mg organic matter per mL of water
filtered. Mass flux of organic material and chloride was
determined by multiplying the organic material concen-
tration by the discharge displayed at the time of sampling
at the nearest USGS gauging station; travel time di↵er-
ences were taken into account if a sampling station was
not in close proximity to a gauge.

Savannah River study site. We simultaneously
sampled the Savannah River and Ogeechee River during
the September 2014 sampling event. The Savannah River
sites were sampled within a Lagrangian sampling scheme
as well; travel times and sites were established in 2006
and have been part of an ongoing study. Savannah River
sampling sites started seven miles below Thurmond Dam
and extended to the GA 119 crossing (near Clyo, GA).
Sites included the following: RM 215 (7 miles below
Thurmond Dam), RM 202, RM 190, RM 185, RM 179,
RM 148, RM 119, and RM 61 (near Clyo, GA); addi-
tional site description information can be found here:
http://goo.gl/68S6Hd. Sampling and analysis methods
were the same as for the Ogeechee River.

RESULTS

Samples were collected during flows that were generally
150 cfs to 200 cfs at the USGS Midville gauge (RM 162)
except for the July sample, which was collected during
a higher flow period of >700 cfs (Fig. 2). Table 1 shows
the average discharge recorded over all sites sampled
during each Lagrangian sampling event and total rainfall
recorded during each event (from USGS gauge 02203536
at US 17).

Concentrations of DOC ranged from a low of 4.0 mg
DOC/L at RM 162 in mid October to a high of 17 mg
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Figure 2: Discharge from USGS gauge at Midville, GA
(RM 162; USGS 02201230) during the study period (red
markers indicate sampling event times at RM 162).

DOC/L at RM 27 in early October, TOC was the same
concentration on those days as well which indicated that
all of the organic material at those sites was in the dis-
solved phase. In fact, TOC and DOC concentrations were
equal 75% of the time for all samples collected with the
largest TOC:DOC deviation occurring during the high
flow events. AFDM ranged from a low of 0.7 mg AFDM/L
at RM 80 in early July to a high of 10 mg AFDM/L at RM
27 in mid July. Figure 3 shows the AFDM, DOC, POC,
and chloride mass flux data for all sampled Ogeechee
River stations. The highest values for all parameters were
observed at the RM 27 site for all events. For all river
sites, not including RM 27, the highest AFDM, DOC, and
POC flux values occurred during the July 2014 sampling
event at RM 105, RM 119, and RM 162, respectively.
The highest maximum DOC flux (excluding the RM 27
site) was observed at RM 119 during the June 2014 sam-
pling event (1.7 E5 mg DOC/s), which coincided with
the highest flow event sampled. Organic material fluxes
were, on average, 3 times higher during this event than
any other.

Ambient chloride flux was used as a conservative
tracer. Chloride flux indicated that the Lagrangian parcel
of water was tracked fairly well (increasing mass flux with
decreasing river mile) for most samples except for flood
flow conditions that showed reaches of increasing and
decreasing chloride flux; this likely resulted from over-
bank flow losses.

Since the RM 27 site dominated the flux analyses,
the following discussion does not include trends from
that site. During the June event, DOC and POC gener-
ally increased with downstream direction while AFDM
and chloride increased at all sites except the RM 119
to RM 80 reach. During the July event, all parameters
were highly variable in the downstream direction. While

Table 1: Average discharge and total precipitation during
each Lagrangian sampling event.
Date Avg. discharge* Avg. discharge** Total precip.***

(cfs) (cfs) (in.)

Jun-14 206 2444 6.07
Jul-14 501 1532 3.16
Aug-14 161 2067 1.32
Sep-14 216 1488 4.53
Oct-14**** 98

* discharge of all sites at time of sampling- without RM27

** discharge of all sites at time of smapling- including RM 27

*** precipitation total during entire smapling event (from

USGS gauge 02203536- US 17)

**** data from RM 204 and RM 162 only

the rainfall total was not the highest of all Lagrangian
events, the result of the previous months rainfall and
resulting flooding caused certain reaches to gain and lose
organic material and chloride mass. The largest DOC
(> 4,500%), AFDM (> 3,500%), POC (>9,000%), and
chloride (>3,500%) flux increases occurred within the
RM 204 to RM 162 reach. The largest decreases for POC
(-94%) and AFDM (-35%) occurred within the RM 162
to RM 119 reach, which indicated that some material was
likely deposited within this reach of river or floodplain
from the upper reach; all POC but not all AFDM was
deposited by RM 80. During the August event, chloride
flux increased steadily in the downstream direction while
AFDM flux steadily decreased, DOC flux varied, and
POC increased at the RM 119 to RM 80 reach only. The
September event showed steady increases in chloride,
DOC, and AFDM (except for the RM 119 to RM 105
reach) fluxes with no POC flux at any of the sites. At
the time of this submission, there were only two sites
analyzed for the October event; similar to the September
event, fluxes for DOC, AFDM, and chloride increased
while there was no POC flux for both sites sampled.

Results of simultaneous river basin DOC sampling for
the Ogeechee and Savannah Rivers are shown in Figure 4.
When all sites for each basin are averaged, results show
that DOC transport in the Savannah River is 11 times
higher than in the Ogeechee River.

CONCLUSIONS

Lagrangian sampling was important for determining the
flux of organic material within these river systems. The
use of chloride flux as a natural conservative tracer for
Lagrangian packet transport was useful. During the June
event, it appears that we caught the packet su�ciently
well until the RM 80 sample, which showed a decrease;
this could have been due to not being in the same
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Figure 4: Dissolved organic material flux from simul-
taneous Savannah (red) and Ogeechee (blue) River
Lagrangian sampling events beginning in September
2014.

packet or could have indicated actual loss of chloride
through floodplain inundation or surface/ground water
withdrawal. The July sampling showed highly variable
chloride flux, which would have been consistent with
losses and gains due to floodplain inundation dynamics.
The August, September, and October sampling events
all showed an increase in chloride flux with downstream
direction which indicates that our Lagrangian packet
tracking was reasonably well followed; the river under-
goes seasonally low flows during this time so the water
remained within its banks for all of those sampling events.

The Ogeechee River transported more DOC than any
other organic matter fraction. While the river generally
transported between 8g DOC/s and 48 g DOC/s for most
sampling events, there was considerably more transport
during the July 2014 event where the flux ranged from 3g
DOC/s at RM 204 to over 170g DOC/s at RM 80. This
event coincided with a rain event that increased the rivers
discharge by nearly 500% (at the USGS at Rocky Ford
gauge 02202040), which was large enough to inundate
the floodplain. The June 2014 sampling event occurred
during the descending limb of a rain event that also inun-
dated the floodplain but transported less material, likely
because we only captured the descending limb of this
event. The DOC fraction is an important ecosystem driver
for building bacterial biomass, which provides a necessary
energy component for aquatic ecosystem food webs.

The POC fraction showed highest flux at the RM 204
to RM 162 reach during the July sampling event but
POC flux showed a steady increase at all stations during
the June sampling event. The lower flow sampling events
were associated with little to no POC flux relative to
the flood events. POC increased over 100 times from the

RM 80 to RM 27 reach in June and increased from near
zero to nearly 200g POC/s during the July event along
that transect; our future work will focus on the source of
POC increase within this reach. The di↵erence between
the flooding and low flow conditions show how impor-
tant flooding events can be to transporting allochthonous
POC to the river system; this fraction of organic material
is important for collector-filter feeding organisms, many of
which are important to the overall riverine food web and
are indicators of good water quality. Our future studies
will focus on monthly aquatic insect dynamics relative to
monthly POC dynamics.

The AFDM fraction showed di↵erent flux dynamics
than the POC flux dynamics. Operationally, we filtered
river water through a glass fiber filter until the filter was
clogged. This means that the initial nominal pore size
of 0.7 um decreased over the filtration time, in essence
trapping smaller and smaller organic particles until the
filter was clogged. The reason why AFDM flux was higher
than the POC flux (TOC minus DOC) was that AFDM
accounts for particles larger and smaller than the 0.45
um cuto↵ for the POC analysis. AFDM flux was gener-
ally variable during the wet period (June and July) but
increased overall in the downstream direction. During the
August sampling event, flows were low and AFDM flux
decreased with decreasing river mile. The September sam-
pling event was also during low, stable flows but AFDM
flux increased with downstream direction. This could
have resulted, not from allochthonous contributions, but
from autochthonous contributions such as algae. While
both autochthonous and allochthonous organic material
sources are important for fueling aquatic food webs, it is
important to know the timing of each as a supplement
to the food web. We will focus more on the di↵erences
between low flow and high flow contributions to this river
system during future sampling events.

It was clear for the Ogeechee River that organic
matter flux at the RM 27 site increased significantly as
the parcel of water entered the estuary-dominated por-
tion of the river. DOC flux increase ranged from 1,600%
to over 11,000% from RM 80 to RM 27 in the Ogeechee
River over all months sampled. This considerable amount
of organic material likely plays a role in the reduced
dissolved oxygen concentrations that have been observed
in the summer months at this site since 2014 (Flite et
al., 2015); more work needs to be done to confirm the
source of organic material in this reach. When compared
to the Savannah River system, the Ogeechee transported
only 9% of the total DOC that the Savannah River
transported from the most upstream sites to the RM 61
(Savannah)/RM 80 (Ogeechee) sites. Although we did
not sample the Savannah River at the RM 27 site during
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this event, historic USGS TOC data collected 5 miles
downstream of the RM 27 location indicated that the
magnitude of TOC flux during the time of the Ogeechee
River sampling was comparable to the DOC flux that we
measured at the Ogeechee River Mile 27 site. More work
needs to be done on this but noting that the Ogeechee
River transports only one-tenth of the organic material
that the Savannah River does prior to the tidal zone,
but has similar organic matter flux within the tidal zone
is a significant increase in organic matter loading in the
Ogeechee River system.
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collected as part of Phinizy Centers Savannah River
Monitoring Program, which is funded by municipal-
ities (Richmond and Columbia County, GA; City of
North Augusta), industries (PCS Nitrogen, International
Paper, DSM Chemical, and Kimberly Clark- Beech
Island), Georgia Environmental Protection Division, and
from individuals that support our organization through
philanthropy and memberships.

The Ogeechee River data were collected as part of
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Abstract. Continuous sonde data (temperature, pH,
dissolved oxygen, and specific conductivity) is important
for providing a baseline of parameters that help provide
a short-term and long-term perspective of water quality
conditions. In this study, we provide a summary of results
on the first six months of sonde data from five perma-
nent stations in the Ogeechee River Basin that span
from Ogeechee River Mile 162 (ORM 162) to Ogeechee
River Mile 27 (ORM 27). We also compare these data
to continuous sonde data collected during the same time
period from five locations within the Savannah River
Basin that span from Savannah River Mile 214 (SRM
214) to Savannah River Mile 27 (SRM 27). Results show
significant di↵erences between these two adjacent river
basins which likely lead to observed spatial di↵erences in
biological species composition and ecosystem processes.

INTRODUCTION

Continuous sonde data is important for providing a
physical-chemical record of general water quality condi-
tions over time. Use of the data ranges from instantaneous
“sentinel-type” information for water quality protection
to multi-year records, which can be used to determine
water quality trends over long periods of time. In 2005,
Phinizy Center for Water Sciences (formerly Southeastern
Natural Sciences Academy) developed a network of water
quality monitors to study the limnology of the Savannah
River below Thurmond Dam. In its tenth year, that
program has been able to provide a long-term dataset
for understanding water quality trends for the Savannah
River, mostly focused on the reach from Thurmond Dam
(SRM 222) to SRM 27, near the I-95 bridge crossing.
In 2014, Phinizy Center developed a similar monitoring
program in the Ogeechee River Basin as part of a Sup-
plemental Environmental Project. That program spans
from ORM 162, near Midville, GA, to ORM 27 near the
I-95 bridge. Since the Savannah and Ogeechee Rivers are

adjacent basins they share similar climate and the fact
that they both cut through the Coastal Plain physio-
graphic province. However, they are distinctly di↵erent
in that the Savannah River originates in the Blue Ridge
and cuts through the Piedmont physiographic provinces
(the Ogeechee River begins in the lower Piedmont),
has a highly regulated discharge, has a deep water port
within the estuary, has two nuclear facilities (Savannah
River Site and Plant Vogtle), has been shortened by 40
miles (USACE navigation cuts), and has more permitted
discharges compared to the Ogeechee River. The com-
parison of these two adjacent basins with simultaneous
research and continuous monitoring programs will allow
for a better understanding of how each of these river
systems functions. In this paper we will describe some of
the di↵erences in sonde data observed within the first six
months from multiple locations within these two adjacent
river basins.

METHODS

The Ogeechee River Basin is slightly over 5,500 sq. miles
and originates in the lower Piedmont with most of the
drainage basin within the Coastal Plain; the river is 294
miles long. The Ogeechee River is one of Georgia’s few
remaining free-flowing rivers with an average discharge
of 2,202 cfs (from available annual data from USGS gage
02202500-near Eden, GA). There are 8 major permitted
dischargers within the entire basin (from EPA’s Discharge
Monitoring Report system).

The Savannah River Basin is nearly 10,600 sq. miles
and originates in the Blue Ridge Physiographic Province.
The river is well over 300 miles long when accounting
for the drainage network that includes the Seneca and
Tugaloo Rivers, which combine to form the Savannah
River. Flow in the Savannah River is regulated by 7
dams which include 3 hydropower reservoirs for peak
power (Thurmond Dam is located at SRM 222), 1 smaller
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Temperature(�C)

SRM 214 ORM 162 SRM 119 ORM 119 SRM 61 ORM 80 SRM 27 ORM 27
Average 18.36 19.27 20.74 20.13 21.50 21.44 20.16 20.51
StDev 2.83 7.20 5.08 6.91 5.43 6.89 6.38 7.33
CV% 15.40 37.39 24.48 34.35 25.25 32.15 31.63 35.75
Count 15168 15168 14855 14855 13597 13597 10717 10717
Max 22.50 28.74 27.55 29.70 28.22 30.73 29.45 31.11
Min 11.81 6.37 10.61 7.30 10.21 7.72 10.45 9.21

Dissolved oxygen(mg/L)

SRM 214 ORM 162 SRM 119 ORM 119 SRM 61 ORM 80 SRM 27 ORM 27
Average 6.83 7.89 7.55 7.66 7.94 7.35 7.57 5.71
StDev 1.90 1.57 1.00 1.60 0.99 1.48 0.95 1.50
CV% 27.77 19.83 13.25 20.87 12.45 20.12 12.5 26.32
Count 15114 15114 14817 14817 13595 13595 11708 11708
Max 10.74 11.25 9.89 11.5 10.28 11.03 9.49 9.03
Min 4.32 5.68 5.91 4.49 6.59 5.43 4.32 3.66

Specific conductance (µS/sm)

SRM 214 ORM 162 SRM 119 ORM 119 SRM 61 ORM 80 SRM 27 ORM 27
Average 47.37 72.07 97.89 103.82 97.54 114.36 107.86 531.82
StDev 2.17 4.13 8.23 9.99 8.96 23.36 10.68 842.45
CV% 4.57 5.73 8.40 9.63 9.19 20.42 9.90 158.41
Count 14669 14669 14855 14855 13596 13596 10711 10711
Max 54.00 83.35 123.00 132.30 122.00 166.39 292.00 6961.00
Min 43.00 52.95 77.00 76.70 80.00 40.17 81.00 79.00

pH

SRM 214 ORM 162 SRM 119 ORM 119 SRM 61 ORM 80 SRM 27 ORM 27
Average 6.27 6.91 6.63 6.98 6.87 6.85 7.02 6.30
StDev 0.29 0.19 0.09 0.29 0.08 0.35 0.24 0.27
CV% 4.59 2.81 1.37 4.20 1.11 5.04 3.38 4.27
Count 15018 15018 14846 14846 12759 12759 11772 11772
Max 6.84 7.22 6.78 7.70 7.10 7.70 7.49 6.96
Min 5.81 6.29 6.32 6.30 6.67 5.33 6.59 5.47

Table 1: Sonde data statistics for Savannah and Ogeechee
River sites.

hydropower plant that regulates the daily average flow
for the river below Thurmond Dam, a diversion dam, and
a lock and low-head dam (⇠SRM 187). The daily average
flow for the Savannah River is 11,368 cfs (from available
annual data from USGS gage 02198500-near Clyo, GA).
There are 31 major permitted dischargers in the Middle
and Lower Savannah River Basins (from EPA’s Discharge
Monitoring Report system).

Phinizy Center’s monitoring network for the Savannah
River was established in 2005. In 2012, the system
was upgraded to a real-time, web-accessible network
(http://goo.gl/gyp80z) with 8 sites that span from SRM
214 (six miles below Thurmond Dam) to SRM 27 (near
the I-95 bridge). Phinizy Center’s Ogeechee River moni-
toring network was established in 2014 and includes two
sites owned by GAEPD; all sites also have real-time, web-
enabled data (http://goo.gl/LpPzGK). All sites in both
river systems collect data using a YSI water quality sonde
which measures water temperature (±0.15�C), pH (±0.2
units), dissolved oxygen (±0.1 mg/L or 1% of reading,
whichever is greater; ±1% of reading or 1% air saturation,
whichever is greater), and specific conductance (±0.5%
plus 0.001 mS/cm) at 15-minute intervals. All sites are
maintained at least once per month by Phinizy Center
sta↵; data is post-processed using Aquarius Time Series
software.

In this paper, we paired four sites in both basins that
were important water quality sites and that were within
the same proximate distance upstream from the ocean.

Figure 1: Project area and location of sondes.

In the Savannah River system we chose SRM 214 (eight
miles below Thurmond Dam), SRM 119, SRM 61, and
SRM 27. In the Ogeechee River system we chose ORM
162 (most upstream site where water flow is constant),
ORM 119, ORM 80, and ORM 27 (Fig. 1).

It is usual, for one reason or another, to have some
missing data from a deployed sonde dataset. In order
to accurately compare statistics between paired sites, we
chose to use data that matched the exact date and time
from each paired site instead of using the total available
record for the paired sites. This matching technique min-
imizes bias in the data, which could arise from missing
data from one of the paired sites. For example, if one
month of summer time data were missing from one of the
paired sites and present in the other, the statistical anal-
yses would be biased higher for the site with the warmer
temperature data. As a result, the number of data points
for sites of a given river system di↵er from site to site
but are exactly the same for the paired basin sites. We
used Microsoft Excel on post-processed data to develop
matched data sets and to develop the descriptive statis-
tics.
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Figure 2: Histograms of dissolved oxygen (column 1), temperature (column 2), specific conductance (column 3), and
pH (column 4) data from both the Savannah River Basin (black) and Ogeechee River Basin (red).

RESULTS

Statistics (average, standard deviation (StDev), Coe�-
cient of Variation as a percent (CV%), the number of data
points used (count), and minimum (min) and maximum
(max) value for the record) from all paired sites is shown
in Table 1. In order to develop a better understanding of
the spread of the data, we developed histograms for each
parameter at each site as well (Fig. 2).

The upper river comparison: Savannah River Mile
214 and Ogeechee River Mile 162. Comparison of the
uppermost sites showed, on average, lower values for each
parameter in the Savannah River than in the Ogeechee
River. The Savannah River had the lowest variability
for both temperature and specific conductance but the
Ogeechee River had less variable dissolved oxygen and
pH at the uppermost sites. The minimum values for each
parameter were lowest for the Savannah River except
temperature whereas the Savannah River had the highest
maximum value for all parameters. Distribution of the
data was quite di↵erent for all parameters. The Savannah
River showed a somewhat bimodal distribution for DO
whereas the Ogeechee River showed a somewhat right-
skewed distribution, temperature data for the Savannah
River were much less distributed compared to a wide

temperature range for the Ogeechee River, and both
specific conductance and pH showed two distinct ranges
with the Savannah River having the lower range for both
parameters.

The middle river comparison: Savannah River
Miles 119 and 61 versus Ogeechee River Miles 119
and 80. Comparison of the two paired sites within the
middle of the study reach showed, on average, that the
Savannah River had lower pH and specific conductance
at both sites and lower DO at SRM 119 only while the
temperature was lower at both sites in the Ogeechee River
and had lower DO at the ORM 80 site only. The Savannah
River had the lowest variability and the lowest maximum
value for all parameters at both paired sites. Minimum
values for all parameters at both paired sites was lowest
in the Ogeechee River except for specific conductance and
pH at the RM 119 site pair where the lowest value was
essentially the same in both rivers. Distribution of the
data for the two paired sites in the middle of the study
reach were more alike than the SRM 214/ORM 162 pair
but the spread of the data remained slightly wider for
the OR sites than for the SR sites. Data distribution for
specific conductance at both paired sites and pH for the
RM 119 sites were centered slightly lower for the SR sites
than in the OR sites.
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The lower river comparison: Savannah River
Mile 27 and Ogeechee River Mile 27. Comparison of
the lowermost sites showed, on average, lower values for
temperature and specific conductance for the Savannah
River and lower values for DO and pH for the Ogeechee
River. The Savannah River had the lowest variability for
all parameters at the paired RM 27 sites. The minimum
values were lowest for all parameters for the Ogeechee
River while maximum values were lowest for temperature
and specific conductance only. Distributions for Ogeechee
River DO and pH were slightly wider and to the left of
the distribution for the Savannah River while the dis-
tribution of temperature was similar for both basins
except ORM 27 had slightly more counts at the max-
imum temperatures than SRM 27. Statistics for specific
conductance comparisons between the RM 27 pairing
was quite di↵erent because the saltwater wedge reaches
much further up in the Ogeechee River; all 10,711 mea-
surements taken in the Savannah River were between 0
µS/cm and 500µS/cm whereas 26% of all measurements
were > 500µS/cm in the Ogeechee River.

CONCLUSIONS

As shown, Thurmond Dam has an impact on each of
the sonde parameters in the Savannah River relative to
the uppermost location in the Ogeechee River; it is gen-
erally colder in the summer and warmer in the winter,
more dilute, has less DO, has a lower pH, and shows
less variability for each parameter. Our preliminary data
comparing aquatic insect populations between these two
basins indicates that SRM 214 in the Savannah River
was dominated mostly (⇠95%) by collector-gatherers and
has no taxa represented by the orders Ephemeroptera,
Plecoptera, or Tricoptera (EPT) whereas, the upper-
most sampled site in the Ogeechee was mostly shredders
(⇠50%) with only about one-third of the population
categorized as collector-gatherers with about 5% of the
population as EPT taxa (Mullis et al., 2015). While these
findings could be consistent with one or more of the sonde
parameters measured, additional research is required to
strengthen the causational relationships.

The initial conditions set by Thurmond Dam in the
Savannah River seem to leave a lasting “imprint” on the
downstream sites for most of the parameters. Dissolved
oxygen is one exception, DO starts low in the Savannah as
a result of metalimnetic discharges from the reservoir, but
increase with downstream direction whereas DO in the
Ogeechee starts higher and decreases with downstream
direction. It is likely that large organic material fluxes
(Flite et al., 2015), and concomitant bacterial respiration,
from the estuary in the Ogeechee Basin are responsible for

lower DO values at ORM 27 compared to SRM 27. It will
be important to continue this research to understand the
dynamics of the low DO condition in the Ogeechee River
estuary. It will also be important to continue research on
the potential impacts of the lasting “imprint” of Thur-
mond Dam on the aquatic ecosystem below the dam.

We have known that continuous data sets are impor-
tant for determining short-term and long-term trends in
river basins. However, this study has shown that compar-
ison of continuous data sets of adjacent river basins can
make these data even more powerful, especially if the river
basins share some common elements (i.e. geology, climate,
and aquatic species) but di↵er in others (i.e. managed
flows with dams and drainage basin area). Since the phys-
ical and chemical environment is so critical for aquatic
species survival and fitness, adjacent basin comparisons
can give scientists, regulators, managers, and other stake-
holders an important baseline of information for guiding
river basin management e↵orts to protect and enhance
the riverine ecology and can support more informed reg-
ulatory decision-making.
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Abstract. Biochemical oxygen demand (BOD) is a
regulatory parameter that is used to determine how
much oxygen will be consumed by a particular natural or
manmade discharge to a water body. Over the past six
years, we have assessed oxygen demand dynamics within
this river system by applying multiple methods, experi-
ments, and analysis approaches. By using a Lagrangian
sampling approach (sampling according to travel time)
from 2006-2008, we found that the river acts as a conduit
for dissolved organic material in the winter but undergoes
moderate organic matter loss in the summer. Using the
EPA approved Long Term Biochemical Oxygen Demand
method, we found large seasonal intra-site variability
(20% to 90% coe�cient of variation) for all sampled
sites but also found that the oxygen consumption rate
used in the Total Maximum Daily Load calculations
for the Savannah Basin underestimates the fast kinetic
rate and overestimates the slow kinetic rate used in
the current modeling e↵ort. Using a real-time, in-situ
Lagrangian sampling e↵ort, we found that the conven-
tional LTBOD test likely underestimates actual river
respiration rates downstream of industrial and municipal
discharges. Results from this research show that current
sampling, analysis, and modeling of biochemical oxygen
demand in river systems can be improved to better
characterize actual river processes.

INTRODUCTION

Riverine food webs are fueled by organic material;
that organic material is either transported to the river
by surface water, groundwater, or point source dis-
charges (allochthonous) or originates within the system
as algal, bacterial, and aquatic vegetative biomass
(autochthonous). Vegetation and land use in watersheds
feeding most river systems are not homogenous or mono-
culture so the landscape can be thought of as a mosaic
of individual patches. The Patch Dynamics Concept

(Pringle et al., 1988; Townsend, 1989) of river systems
provides a context for understanding river water quality
as a function of the landscape that feeds it. Within this
context, the concept also allows for understanding the
presence, absence, and abundance of aquatic organisms
at any given location in a river as a function of the
drainage within each reach. The concept proposes that
each patch has the ability to provide di↵erent organic
and inorganic material to the river system at any given
time. Since the biological assemblage at any given site
is a function of the physical and chemical environment,
then the assemblage itself will be a function of that
material and will be patchy too. We used this concept
as our foundational understanding of river systems and
have developed sampling and analysis protocols through
that conceptual lens.

Understanding the origination, quality, fate, and
transport of organic material in rivers is the essence of
understanding the overall water quality narrative, the
capacity of the riverine food web to sustain a certain
biomass of organisms, and to understand the overall
metabolic processing potential of a river to sustain indus-
tries and municipalities above the natural background
loads in order to meet water quality standards. Since
organic material is the most significant bridge between
ecosystem and economic sustainability, we have focused
on it for the past 10 years in the Savannah River Basin.
That research, its findings, and conclusions are summa-
rized in this paper.

BACKGROUND

Over the past 10 years, we developed three distinct
studies in order to understand how the river processes
natural (tributaries and groundwater) and manmade
(point sources) discharges. This section briefly defines
the goals of each study.

1



2005-2008: Comprehensive Study. The goal of
this study was to understand Savannah River water
quality dynamics in terms of physical, chemical, and bio-
logical components from Thurmond Dam to near Clyo,
GA with reference to physical, geological, and land use
changes along that reach. We developed permanent mon-
itoring stations at 10 mainstem and 3 tributary sites, all
of which had continuous monitors for temperature, pH,
specific conductance, and dissolved oxygen (DO). Each
site was sampled monthly for over 90 dissolved and total
chemical constituents. A subset of each monthly sampling
event was collected according to travel time (Lagrangian
sampling). During that time we collected aquatic insect
samples from each site every other month, and collected
a number of other physical parameters. The relevant data
from that study for this paper was the mass transport of
DOC.

2009-2011: Long-Term Biochemical Oxygen
Demand study. The goal of this study was to determine
sources, transport, and respiration rates of biochemical
oxygen demanding substances, with an emphasis on
the carbonaceous biochemical oxygen demand (CBOD),
within the Savannah River. The study reach stretched
from RM 215 to the Savannah Harbor (RM 11) and
focused on land use changes and seasonality e↵ects on
oxygen demanding substances by applying a Lagrangian
sampling scheme.

2012: Lagrangian cruise study. The goal of this
study was to develop a truly Lagrangian perspective of
the river and its biogeochemical processes by traveling
with, and continuously collecting data from, the same
packet of water as it flowed from RM 190 (approximately
2 miles above NSBL&D) to RM 45 (near Ebenezer
Creek). Our intention was to focus on the carbon dioxide
and dissolved oxygen dynamics to develop an under-
standing of the rate and amount of organic material that
was processed by the entire river community along the
study reach.

Figure 1 shows sampling locations and the extent of
the Lagrangian cruise (RM 190 to RM 45).

METHODS

2005-2008: Comprehensive Study. When possible,
all water samples were collected using a US-D96-A1 col-
lapsible bag sampler, developed by the Federal Intera-
gency Sedimentation Project (FISP). This device allowed
for the collection of flow-weighted, depth-integrated sam-
ples. Based on depth and water velocity, the device was
lowered and raised at a constant rate to collect approxi-
mately three liters of water. A total of 20 L of water was
collected at each sampling location, with approximately

Figure 1: Map of study area showing sampling locations
and extent of Lagrangian cruise.

one-third of the total volume collected at the right, center,
and left thirds of the transect. The sampler could not col-
lect water at velocities below 1.5 – 2.0 ft/sec. At sites
where water velocities were below this threshold, depth-
integrated samples were collected with an electric pump.
Each 20-L carboy containing samples was placed on ice
for transport to the lab. For each sampling event, a dupli-
cate and field blank were included for QA/QC purposes.
Water samples were homogenized in the lab using a 37-
L polyethylene churn splitter. Water samples were then
either poured directly into sample containers or filtered
through a 0.45-m cellulose acetate filter using a peristaltic
pump for total and dissolved constituent analysis, respec-
tively. Shealy Environmental Services (Cayce, SC) con-
ducted all analyses according to EPAs Contract Labora-
tory Program (CLP) specifications except for fecal col-
iform concentrations, they were determined by MicroBac
(New Ellington, SC).

2009-2011: Long-Term Biochemical Oxygen
Demand study. River samples were collected bi-
monthly from several of the mainstem sampling sites;
most of those samples were collected according to a
Lagrangian sampling scheme. Due to the complexity of
regulated flows and tidal influences, samples were col-
lected while water was discharging from the dam (RM
215) and from the mainstem river prior to the tidally
influenced reach. Samples were collected in triple rinsed
20-L carboys, stored on ice until arrival at the lab,
and refrigerated until processing. We followed an EPA
amended (John Marlar-EPA, personal communication,
2009) methodology developed by GAEPD (1989) for
determination of ultimate BOD (uBOD). In short, all
samples were divided into a ground glass stoppered,
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2-L BOD bottle and a 1-L reservoir bottle after being
homogenized with a churn splitter. All samples and
reservoir bottles were incubated at 20 C for 120 days.
DO was checked daily for the first week, once every
other day during weeks 2 and 3, every third day during
weeks 4- 6, and weekly for the remaining time period. If
needed, samples were reaerated before the DO reached
4 mg/L by vigorously shaking the entire 3-L sample
for 30 seconds between two BOD bottles. In order to
determine DO loss due to nitrification, ⇠4 mL of sample
was removed from each bottle on each day the DO con-
centrations were assessed. Nitrate, nitrite, and ammonia
concentrations were determined using an AQ2 discrete
autoanalyzer (SEAL Analytical, Mequon, WI) while
TKN was assessed on day 1 and day 120 by perman-
ganate digestion and subsequent ammonium analysis on
the AQ2. All data were entered and analyzed within
GAEPDs (2008) LtBod software program (version 3.0.).
Dissolved oxygen consumption was modeled according
to GAEPDs Amplified BOD protocol (GAEPD, 1989).
The modeling philosophy included accounting for oxygen
loss due to nitrogen species oxidation (NBOD), a labile
or fast-reacting carbonaceous component (CBOD k1),
and a recalcitrant or slow-reacting carbonaceous com-
ponent (CBOD k2). This modeling philosophy was also
consistent with EPA and GAEPDs model e↵orts for the
Savannah Harbor DO TMDL. Ultimate oxygen consump-
tion (uBOD) was calculated as a summation of a lagged
first order equation for NBOD and first order equations
for both CBOD1 and CBOD2.

2012: Lagrangian cruise study. Lagrangian data
was collected from a 30-ft research vessel equipped with
a data sonde (temperature, DO, pH, and conductivity),
GPS, an instrument capable of measuring the partial
pressure of CO2 in air and water (Apollo SciTech Inc.
model AS-P2), and drifter floats. Water for the CO2 ana-
lyzer, BOD samples, and water bath was continuously
pumped from a depth of 0.5m below the water surface
from a pipe that extended 1m o↵ the front of the vessel;
the sonde was deployed o↵ the side of the boat at a
similar depth.

The cruise was initiated on June 26, 2012 from RM
190 (⇠2 miles above New Savannah Blu↵ Lock & Dam
(NSBL&D)) and ended on July 1, 2012 at RM 45 (near
Ebeneezer Creek). We intended the cruise to be con-
ducted continuously but our actual travel time (0.52m/s)
was consistently faster than our pre-calculated and mea-
sured (drifters) travel time (0.46m/s). As a result, we
anchored the boat and switched to an Eulerian scheme
for up to four hours each day while the theoretical cen-
troid of the packet of water caught up to our position.
This methodology would have been most important early

Figure 2: Dissolved organic carbon flux for 2007 and 2008
Lagrangian sampling events.

on in the cruise and less important later in the cruise
because dispersion of the tracked water packet would have
exceeded the small deviation in travel time relative to
our starting point at RM 190. Conversely, our stoppages
may have slightly altered the Lagrangian perspective for
discharges to the river that were well downstream of our
starting point at RM 190.

In order to incorporate the CO2 data into the con-
ventional LTBOD methodology, we transformed the CO2

into DO data by assuming that 1 mole of CO2 evolved
through respiration would have consumed 1 mole of O2.
We then used the converted data to construct an oxygen
loss curve over time in order to determine the rates of
oxygen demand and associated BOD.

RESULTS

2005-2008: Comprehensive Study. The overall
upstream to downstream trend (Lagrangian sampling) of
DOC flux from January 2007 through January 2008 indi-
cated a seasonal trend where the cooler months exported
significantly more carbon than the warmer months (>1.0
kg DOC/s versus >0.8 kg DOC/s). During the cooler
months, presumably due to decreased respiration rates,
carbon flux increased steadily with decreasing river mile,
even through the floodplain section of the study reach.
However in the warmer months, DOC flux often decreased
through the reach from RM 179 to RM 61 (Fig. 2).

2009-2011: Long-Term Biochemical Oxygen
Demand study. The average measured bottle rate for
the CBOD k1 (fast rate) was 0.225/d and the average
measured bottle rate for CBOD k2 (slow rate) was
0.009/d for all river sites from RM 215 to RM 61 (n=60)
(Table 1). Of all sites, RM 148 had the lowest average
CBOD k1 and CBOD k2 rates of all river samples while
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Table 1: Results from Savannah River long-term biochemical oxygen demand (LTBOD) samples.
Site BOD120 CBOD k1 CBOD k2 NBODu NBOD k NBOD lag BODu Total N Mean

(river mi.) (mg L�1) (day�1) (day�1) (mg L�1) (day�1) (days) (mg L�1) (mg L�1) RMSE n

215 3.20 (0.562) 0.334 (0.2063) 0.009 (0.0026) 0.66 (0.168) 0.075 (0.0270) 10.5 (6.44) 4.22 (0.900) 0.84 (0.246) 0.06 7
190 4.26 (2.509) 0.220 (0.1890) 0.008 (0.0036) 0.81 (0.319) 0.066 (0.0592) 7.0 (4.23) 5.84 (2.988) 0.93 (0.177) 0.06 11
185 4.43 (3.194) 0.291 (0.2539) 0.011 (0.0066) 0.80 (0.320) 0.061 (0.0413) 6.3 (2.78) 5.71 (3.719) 1.23 (0.451) 0.06 7
179 6.39 (1.432) 0.214 (0.0969) 0.012 (0.0072) 0.95 (0.132) 0.067 (0.0345) 6.5 (1.83) 7.68 (0.775) 0.85 (0.063) 0.07 6
148 5.35 (1.294) 0.139 (0.0471) 0.007 (0.0023) 1.02 (0.187) 0.053 (0.0213) 4.0 (2.62) 7.47 (1.231) 0.75 (0.085) 0.07 6
119 4.23 (0.200) 0.183 (0.0931) 0.007 (0.0028) 0.71 (0.391) 0.070 (0.0389) 6.8 (3.10) 6.05 (0.877) 0.80 (0.121) 0.06 6
61 4.98 (1.221) 0.215 (0.0971) 0.008 (0.0031) 0.82 (0.333) 0.063 (0.0373) 6.6 (3.02) 6.75 (1.606) 0.87 (0.136) 0.07 11
27 5.56 (1.460) 0.180 (0.0448) 0.009 (0.0019) 0.72 (0.388) 0.085 (0.0512) 9.6 (4.28) 7.37 (2.206) 0.98 (0.167) 0.06 6

BOD120 = biochemical oxygen demand at 120 days, CBOD k1 = carbonaceous biochemical oxygen demand fast
rate, CBOD k2 = carbonaceous biochemical oxygen demand slow rate, NBODu = ultimate nitrogenous biochemical
oxygen demand, NBOD k, nitrogenous biochemical oxygen demand rate, NBOD lag = nitrogenous biochemical
oxygen demand lag time, BODu = ultimate biochemical oxygen demand, Total N = total nitrogen in sample, Mean
RMSE = mean Root Mean Square Error for all samples, and n = number of samples at particular river mile.

RM 215 had the highest average CBOD k1 rate and
RM 179 had the highest average CBOD k2 rate. Since
the total CBOD is partitioned between a fast (CBOD1)
and slow (CBOD2) component, changes in rates will
result in changes in how much CBOD, in terms of CBOD
concentration (mg/L), will be apportioned between the
fast and slow CBOD components. When compared to
the fixed rate results (0.15/d and 0.02/d), the partition
of the total CBOD between fast and slow components
changed as a result of changes in CBOD k1 and CBOD
k2. We found that changes resulting from the fixed to
unconstrained rate analysis methodology that we applied
resulted in an average increase of CBOD1 for half of the
samples. The data also showed a regular periodicity to
the partitioning where CBOD1 partitioning was highest
around August and March and lowest around December
and May of each year.

2012: Lagrangian cruise study. Using a two
CBOD rate characterization, a fixed CBOD k2 (slow
rate) of 0.02/d, and an ultimate biochemical oxygen
demand (uBOD) of 7.0 mg/L, we found that the LTBOD
bottle test data (from a 2011 sampling event) were best
fit with a CBOD k1 (fast rate) of 0.3/d and that the
in-situ Lagrangian CO2 data were best fit with a CBOD
k1 (fast rate) of 0.9/d.

CONCLUSIONS

2005-2008: Comprehensive Study. The trend in DOC
flux most likely indicated that significant respiration was
ongoing, especially in July 2007 when a loss of ⇠ 0.2
kg DOC/s was observed from RM 179 to RM 61. This
loss, which was equivalent to nearly 30% of the total
load below all CSRA dischargers, decreased carbon flux

to levels observed within the CSRA pool (above the dis-
chargers with the largest biochemical oxygen demanding
loads) for that time period and may indicate that a sig-
nificant amount of CSRA e✏uent material was respired
within river, prior to the harbor.

2009-2011: Long-Term Biochemical Oxygen
Demand study. The current rates used in the Savannah
River TMDL modeling e↵ort are 0.15/d for CBOD k1
and 0.02/d for CBOD k2. This study showed that the
average measured bottle rate for CBOD k1 was 0.225/d
and the average measured bottle rate for CBOD k2 was
0.009/d for all river sites from RM 215 to RM 61 (n=60).

2012: Lagrangian cruise study. When comparing
the results to the fixed CBOD rates of 0.02/d and 0.15/d
that are currently being used in the TMDL model for the
Savannah River, our results translate to 2.3% less Total
BOD transported to RM 61 using the LTBOD bottle test
result and 12% less Total BOD transported to RM 61
when using the Lagrangian CO2 data result for only the
12 hour period below the Augusta dischargers (RM 179).
In pounds of BOD/d, this result indicates that an addi-
tional 25,000-30,000 lbs/d of BOD was being respired in
this portion of the river over what was currently being
modeled (Fig. 3).

Each method we used to understand the fate of oxygen
demanding substances in the Savannah River below Thur-
mond Dam showed that patches of high respiration exist
in certain reaches of the river below Augusta, GA. When
directly compared to respiration rates, the patches were
shown to have rates that were higher than rates used
in the TMDL modeling e↵ort for the Savannah River
below Augusta. Data from these studies shows that model
parameters could be updated to reflect the new data and
analysis and to better reflect the actual ecosystem ser-
vices that bacteria provide in this river system.
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Figure 3: Oxygen demand results from the 2012 Lagrangian river cruise showing an ultimate biochemical oxygen
demand of 6.6 mg BOD/L of which a total of 6% is consumed after day 1.1 using the long-term biochemical oxygen
demand test results (dashed line) and 18% is consumed for the same time period using the converted CO2 data (solid
line through the data points (dots)).

Acknowledgements. The Savannah River data were
collected as part of Phinizy Centers Savannah River
Monitoring Program, which is funded by municipal-
ities (Richmond and Columbia County, GA; City of
North Augusta), industries (PCS Nitrogen, International
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Island), Georgia Environmental Protection Division, and
from individuals that support our organization through
philanthropy and memberships.
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Abstract. As part of ongoing continuous monitoring
projects on the Savannah and Ogeechee Rivers quar-
terly macroinvertebrate assessments were initiated in the
spring of 2014. Hester-Dendy samplers were placed along
⇠140 miles of each river. After 30 days, samplers were
collected. Macroinvertebrates were measured and identi-
fied to the lowest practical taxonomic level and classified
into functional feeding groups to allow for an assessment
of trophic relationships within communities. Macroin-
vertebrate abundance (ind./m2) and biomass (mg/m2)
were calculated. In addition, di↵erences between samples
were also assessed by comparing common metrics used
in the biological assessment of streams in the region (i.e.
richness, diversity, composition, and biotic integrity).
Total macroinvertebrate abundance was higher within
Ogeechee River sites averaging 1,458±192 ind./m2 com-
pared to 674±188 ind./m2 for Savannah River sites, with
collector-gatherers abundance accounting for much of
this increase. Longitudinal trends of abundance remained
relatively stable within the Ogeechee River. In contrast,
abundances within the Savannah consistently trended
upward from 344 ind/m2 at the uppermost sampling site
to their peak of 1363 ind/m2 at the furthest downstream
site. There were similar longitudinal trends in both rivers;
with collector-gatherers decreasing, as collector-filters
and scrapers increase downstream. Diversity and EPT
taxa also increase at downstream sites. In addition, sites
upstream in both rivers consistently had lower amounts
of macroinvertebrate biomass. A notable dissimilarity
between these rivers would be the lack of shredders in
the Savannah.

INTRODUCTION

Habitat and biological communities in streams are closely
linked (Raven et al. 1998). Habitats that occur in flowing
waters incorporate all aspects of the physical and chem-
ical constituents of the stream in any given area. These

habitats influence the composition of the biological com-
munities and provide the templet on which life-history
strategies are evolved (Steinmann 1907, Southwood 1977,
1988). At a flow-through time scale, spatial variations
occur longitudinally due to the hierarchical nature of
rivers (Minshall 1988). This “aging of water” is partially
due to the transport of biota and the by-products of
their activities in a downstream direction (Fisher et al.
1982). In addition to biological influences, geological,
lithological, and hydrological settings influence stream
habitat at large scales; whereas substrate, depth, velocity,
and input of organic matter play important roles at a
local scale (Hieber et al. 2002). Thus, what occurs in
a particular segment of river is not only influenced by
local conditions, but is a reflection of what went on in
time before the water and its load reached that given
point (Margalef 1960, Vannote et al. 1980). The resulting
variations in habitat will be reflected in which taxa from
a regional pool are present at a given location.

As rivers enter the Southeastern Coastal Plain they
become wider, deeper, flow slower, and increase in sin-
uosity. These systems are characterized by sandbars,
sloughs, and extensive floodplain swamps. Sand and
silt are the dominant substrate and these rivers gener-
ally carry a heavy sediment load. While these common
habitat features act as major constraints determining the
pool of macroinvertebrate taxa that can inhabit South-
eastern Coastal Plain systems, other characteristics may
be used to di↵erentiate between the rivers and streams
that occur in this ecoregion. These include origin of
water, discharge, size, depth and land use. These factors
influence turbidity, water velocity, dissolved oxygen, pH,
salinity, temperature, organic carbon, and nutrient con-
centrations. These scaled habitat features can be viewed
as nested filters through which species in the regional pool
must ‘pass’ to be present at a given site, consequently
dictating local distributions of organisms and ultimately
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assemblage composition (Tonn 1990, Po↵ 1997, Hieber et
al. 2002).

This study is part of ongoing monitoring projects
within the Savannah and Ogeechee River Basins. These
projects include continuous monitoring of temperature,
dissolved oxygen, pH, and specific conductance using
mutiparameter water quality sondes; discrete chemistry
sampling for various dissolved constituents; and quarterly
macroinvertebrate sampling. The goal of this portion of
these programs was to compare and contrast longitudinal
changes in macroinvertebrate assemblages between two
neighboring rivers. These rivers di↵er in their origins of
water, discharge, size, and land use. We expected that
these di↵erent characteristics would influence the longi-
tudinal changes in habitat within each river, and that
the macroinvertebrate assemblages would reflect these
changes.

METHODS

Ogeechee River

The Ogeechee is a medium sized river primarily located
in the Coastal Plain of Georgia with its mouth ⇠30 km
south of Savannah. Land use within the basin is 71%
forested, 11% non-forested wetlands, 18% agriculture, and
1% urban, with most urban areas occurring near the coast
(GDNR 2001a, Smock et al 2005). Mean discharge near
its mouth is about 115 m3 s�1 (Smock et al 2005), but
varies seasonally from 10 m3 s�1 in summer-autumn to
>200 m3 s�1 in winter-spring (Benke and Wallace 2015).
During times of high water its mostly forested floodplain
can stay inundated with water for months. It has no major
impoundments on its main stem and retains substantial
snag habitat in its main channel. Because of these charac-
teristics it has been suggested as recent as 2005 that the
Ogeechee would probably be as close to a reference river
of its size remaining in the region (Wallace et al. 1987,
Smock et al. 2005, Benke and Wallace 2015).

Savannah River

The Savannah is a large river that forms much of the
border between Georgia and South Carolina. It emp-
ties into the Atlantic Ocean near Savannah, GA. The
river flows through three physiographic regions – the
Appalachian Plateau, Piedmont Province, and Coastal
Plain. Land uses within the basin are 65% forested, 22%
agriculture, 4% urban, and 9% other (Smock et al. 2005).

The Savannah River has three major impoundments
that start near the headwaters where the Seneca and
Tugaloo Rivers join. These impoundments end 120
river miles downstream at the J. Strom Thurman Dam

and were primarily constructed for flood control and
hydroelectric power generation (USACE 1996, Moak et
al. 2010). In addition, ⇠21 km below Thurman Dam
three other dams impact river flow ending ⇠55.5 km
downstream at the New Savannah Blu↵ Lock & Dam
(NSBLD). The river becomes free flowing downstream
of the NSBLD. Flow patterns have also been influenced
by down-river dredging, channelization, and navigational
cuts (Hale and Jackson, 2003, Moak et al. 2010). Mean
discharge 98 km above its mouth is 319 m3 s�1 (Smock
et al. 2005). This discharge is largely regulated by the
Thurmond Dam.

Sampling Sites

Four sampling sites within the Coastal Plain ecoregion
were chosen on each river (Fig.1). In addition, two sites
between Thurman Dam and NSBLD were selected to
assess the influence of these structures on macroinver-
tebrate communities. Study Sites were selected based
on several criteria including accessibility, safety, security,
and proximity to major source inputs (e.g., creeks, munic-
ipal/industrial discharges, etc.). Sites are designated by
River Mile (RM) as referenced to National Oceanographic
and Atmospheric Administration nautical charts.

Macroinvertebrate Sampling

Macroinvertebrates were collected using Hester-Dendy
multi-plate samplers. Two samplers were deployed at
each site, one near the left and right river banks. Sam-
plers were suspended 1 foot below the water surface
using floats and were retrieved after a deployment of
⇠30 days. Macroinvertebrates were measured, identified
to genus, and classified into functional feeding groups to
allow for an assessment of trophic relationships within
communities.

Macroinvertebrate abundance (ind./m2) was esti-
mated, and biomass (mg/m2) was calculated using pub-
lished length-mass regressions (Benke et al. 1999). In
addition, di↵erences between sites were also assessed by
comparing common metrics used in the biological assess-
ment of wadeable streams in the region (i.e. richness,
diversity, composition, and biotic integrity).

In order to better understand the “aging of water”
on longitudinal changes in macroinvertebrate communi-
ties, a Lagrangian sampling regime was used. The goal
of this scheme was to have the samplers exposed to the
same masses of water as they move downstream. The first
samplers were deployed on the Savannah River at RM 214
on April 13, 2014 and the last samplers were retrieved at
RM 61 on May 19, 2014. Sampling began at RM 224 on
the Ogeechee River on June 16, 2014 and ended at RM 80

2



on August 5, 2014. The di↵erence in travel time between
the rivers accounts for the longer sampling period on the
Ogeechee.

RESULTS

In total, 2,741 macroinvertebrates were collected, dis-
tributed in 27 families and 54 taxa. Macroinvertebrate
abundance was higher on the Ogeechee River with sam-
pling sites averaging 1458±192 ind./m2, compared to
674±188 ind./m2 for the Savannah River. Longitudinal
trends of abundance remained relatively stable within
the Ogeechee River. In contrast, abundances within the
Savannah consistently trended upward from 344 ind./m2

at the uppermost sampling site to their peak of 1363
ind./m2 at the furthest downstream site. Macroinverte-
brate biomass in the Savannah River averaged 1,317±652
mg/m2, compared to 942±189 mg/m2 in the Ogeechee
River.

Assemblage Composition

The three most dominant taxa in the Savannah River
were Macca↵ertium (23%), Cricotopus sp. (13%), and
Tvetenia (Chironomidae) (11%), accounting for 47% of
individuals. The dominant taxa in the Ogeechee River
were Cricotopus sp. (17%), Macca↵ertium sp. (16%),
and Polypedilum sp. (12%), accounting for 45%. Sixteen
taxa were shared by both rivers. Thirty eight taxa were
exclusive, with fourteen of these only occurring in the
Savannah River, and twenty four only in the Ogeechee
River.

The dominant taxon within each river varied longitu-
dinally, with the two sites above NSBLD on the Savannah
River dominated by Cricotopus sp., accounting for 86%
of the community at RM 214 and 50% at RM 190. Two
miles below NSBLD at RM 185 Tvetenia became the
dominant taxon comprising 77% of the community. As the
sites move further downstream Macca↵ertium sp. become
dominant at RM 148 (28%) and RM 119 (44%). At the
lowest sampling site RM 61 Hydropsyche sp. (Hydropsy-
chidae) became dominant, accounting for 38% of the com-
munity.

The dominant taxon at RM 204 on the Ogeechee River
was Polypedilum sp. at 47%. Downstream at RM 162
Cricotopus sp. (31%) became dominant, with Macca↵er-
tium sp. becoming most abundant at RM 119 and RM 80,
accounting for 22% of individuals at each site. The per-
cent Ephemeroptera, Plecoptera, and Trichoptera (EPT)
taxa increased in a downstream trend in both rivers. In
the Savannah River, EPT taxa at RM 214 was at 0% and

Figure 1: Percent composition of each Functional Feeding
Group (FFG) at sampling sites within; A) Savannah
River, and B) Ogeechee River.

trended up until reaching 92% at RM 61 (Fig. 3A). Sim-
ilarly, on the Ogeechee River %EPT was low at the two
upper sites accounting for only 6% at RM 204 and 4% at
RM 162, and then increased to 68% at RM 119 and 51%
at RM 80 (Fig. 3B).

Functional Feeding Groups

In the Savannah River collector-gatherers were dominant
at the two sites upstream from NSBLD, and just down-
stream at RM185 (between 53-96%). Scrapers became
dominant downstream accounting for 34% of the commu-
nity at RM 148, and 58% at RM 119. Collector-Filters
became dominant at the lowest site accounting for 59%
at RM 61 (Fig. 1A). On the Ogeechee River, RM 204
was dominated by Shredders, accounting for 47% of
the community. At RM 162 Collector-gathers became
dominate accounting for 52% of the community. The two
lower sites then become dominated by Collector-Filterers,
accounting for 39% at RM 119 and 35% at RM 61 (Fig.
1B).
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Figure 2: Percent Ephemeroptera, Plecoptera, and Tri-
choptera (EPT) taxa; Hilsenho↵ Biotic Integrity Index;
and Shannon-Wiener Diversity Index (H’ ) for the: A)
Savannah River, and B) Ogeechee River.

Diversity and Biotic Integrity

Diversity, as measured by the Shannon-Wiener Index
(H’ ), was lowest at the uppermost sampling sites
within each river; Savannah’s RM 214 (H’=0.54), and
Ogeechee’s RM 204 (H’=1.63). The most diverse sites
on the Savannah River were RM 119 and RM 148, with
both having an H’ score of 2.16. The most diverse site on
the Ogeechee was RM 119 with a score of 2.51. (Fig. 2)

The biotic integrity estimates, as calculated with
the Hilsenho↵ Biotic Integrity Index (HBI), for sites on
the Savannah steadily improved downstream, with RM
214=7.27 and RM 61=4.04. The Ogeechee River showed
a similar trend with RM 204=6.59, then improved to
4.69 at RM 119, ending with 4.85 at RM 80. (Fig. 2)

DISCUSSION

There were temporal di↵erences in sampling between the
two rivers. With macroinvertebrates having varied life
cycles we must be cautious in comparing macroinverte-
brate communities between river basins. However, Moak
et al. (2010) found that longitudinal changes in macroin-
vertebrate communities within the Savannah River stayed
consistent over a two year period of time. As such, a com-
parison of how macroinvertebate communities change lon-
gitudinally within each river is a useful first step in this
ongoing research.

Although water quality within the Savannah River is
generally good (Smock et al. 2005, Moak et al. 2010),
ecologically the river has been modified. The influence
of dams on river systems and the subsequent changes in
habitat have been well documented (Petts 1979, 1984;
Ward and Stanford 1983, 1995). In the Savannah River,
the sites upstream and just downstream from these struc-
tures show signs of their e↵ect, generally having lower
abundance, biomass, %EPT taxa; and not scoring as well
on diversity and biotic integrity metrics. However, these
indices progressively improve with distance away from
NSBLD indicating a recovery in the macroinvertebrate
communities. Since water quality isn’t an issue, changes
in food resources are likely driving these improvements.

The two upper sites RM 204 and RM 162 on the
Ogeechee River were comparable, having similar FFG
compositions, few EPT taxa, and having similar scores
on diversity and biotic integrity. The two lower sites (RM
119 and RM 80) were also very similar, both showing
an increase in collector-filterers and improved scores on
diversity and biotic integrity. The two upper sites having
abundant shredders, and then the downstream shift to
collector-filterers also indicate that food resources are
driving the changes in community.

There were similar longitudinal trend in both rivers;
with collector-gatherers decreasing, as collector-filters
and scrapers increase downstream. Diversity and EPT
taxa also increase at lower sites. In addition, sites
upstream in both rivers consistently had lower amounts
of macroinvertebrate biomass. A notable dissimilarity
between these rivers would be the lack of shredders in
the Savannah.
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