




















Attachment 1 
Itemized Cost Share Items and Activities 

 

1  Costs associated with bird surveys and light-footed Ridgway’s rail monitoring are not included. 
2  This does not include staff time accounted for on monthly invoices. 
3  The bids for sediment augmentation came is much higher than estimated by the project engineer, therefore, some 

of the cost for sediment augmentation was covered by the Orange County Parks. 
  

Cost Share (June 1, 2015 to June 30, 2017) 

Activity or Item1 Funding Source Expenditure 

Total Cost Share from June 1, 2015 to September 30, 2016 
Pre and Post-augmentation 
monitoring1 

California State Coastal Conservancy $170,776 

Purchase boat to access site USFWS CRI Grant $2,425 
RTK elevation survey US Army Corps of Engineers $50,252 
USFWS staff time2 USFWS CRI Grant $137,592 
Sediment augmentation3 Orange County Parks $670,500 
Sediment augmentation USFWS CRI Grant $350,000 

                                                                                                            Subtotal  $1,381,545 

Total Cost Share from October 1, 2016 to December 31, 2016 
Post-augmentation monitoring California State Coastal Conservancy $45,179 
USFWS staff time2 USFWS CRI Grant $10,575 

                    Subtotal      $55,754  

January 1 – January 31, 2017 

Post-augmentation monitoring California State Coastal Conservancy $7,222 
USFWS staff time2 USFWS CRI Grant and Station Funds $1,071 
                                                                                                                                      Subtotal        $8,293 

February 1 –  February  28, 2017 

Post-augmentation monitoring California State Coastal Conservancy $384 
USFWS staff time2 USFWS CRI Grant and Station Funds 0 

Subtotal           $384 

March 1 – March 31, 2017 

Post-augmentation monitoring California State Coastal Conservancy $30,396 
USFWS staff time2 USFWS CRI Grant and Station Funds 0 

     Subtotal      $30,396 

April 1 – April 30, 2017 

Post-augmentation monitoring California State Coastal Conservancy $3,216 
USFWS staff time2 USFWS CRI Grant and Station Funds $2,551  

Subtotal        $5,767 

May 1 – May 31, 2017 

Post-augmentation monitoring California State Coastal Conservancy $15,449 
USFWS staff time2 USFWS CRI Grant and Station Funds $3,050 

Subtotal      $18,499 

June 1 – June 30, 2017 

Post-augmentation monitoring California State Coastal Conservancy $5,220 
USFWS staff time2 USFWS CRI Grant and Station Funds $3,600 

Subtotal        $8,820 
  Total Cost Share to Date      $1,509,458  
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Photographs taken on May 9, 2017 illustrating the growth of cordgrass into the site 
via rhizomes (Photo: USFWS/Nye). 
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Summary	

 Pre‐construction,	construction	period,	and	post‐construction	marsh	surface	

elevation	monitoring	was	done	with	deep	rod	Surface	Elevation	Tables	(SETs)	

and	adjacent	feldspar	throughout	the	year.	Monitoring	of	turbidity	and	sediment	

fluxes	was	done	at	two	YSIs	and	an	ADCP	in	the	deep	channel	site	(control)	and	

in	the	eelgrass	site	(adjacent	to	augmentation	site)	was	conducted	throughout	

the	year.	

 Mean	sediment	flux	measured	in	the	deep	channel	after	augmentation	

construction	demobilization	was	‐0.01	g/m2/s,	suggesting	that	little	sediment	

flowed	out	of	the	marsh	complex.		

 Mean	suspended	sediment	concentrations	(SSC)	at	the	deep	site	was	6	mg/L	

before	and	after	construction,	while	post‐construction	mean	SSC	at	the	eelgrass	

site	was	2.7	times	greater	than	pre‐construction	levels.	

 Control	SETs	have	had	gains	and	losses	of	elevation	since	installation,	but	have	a	

mean	cumulative	increase	of	3.48	mm	from	the	date	of	installation.	

 Augmentation	SETs	had	a	mean	increase	in	elevation	of	216	mm	(8.50	in)	with	

sediment	application,	but	had	a	decrease	in	mean	elevation	of	75.59	mm	(2.97	

in)	post	sediment	application	(April	2016‐May	2017).	Elevation	decreases	were	

most	rapid	initially	after	the	sediment	application	period	(augmentation)	and	

elevation	loss	has	slowed	over	the	course	of	monitoring.	 	



Objectives	

Our	research	objectives	were	to:	1)	detect	changes	in	turbidity	in	the	eelgrass	

bed	(adjacent	to	augmentation	site)	due	to	effects	of	construction	and	sediment	

application;	2)	detect	changes	in	turbidity	and	sediment	fluxes	at	the	deep	channel	

site	(control)	due	to	any	effects	of	construction	and	sediment	application;	3)	

monitor	any	post‐construction	impacts	to	in‐channel	turbidity	at	the	eelgrass	bed	

and	deep	channel	site;	and	4)	assess	changes	in	elevation,	including	accretion,	

erosion,	compaction,	and	shallow	subsidence	before,	during,	and	after	construction	

at	the	sediment	augmentation	site,	comparing	our	results	to	results	at	a	control	site.	

Methods	

Sediment	fluxes	and	turbidity		

	 Turbidity	was	measured	with	YSI	multi‐parameter	sondes	(sondes)	at	

eelgrass	bed	and	deep	channel	site	(Figure	1).	Prior	to	deployment,	sondes	were	

calibrated	to	a	standard	turbidity	solution.	During	two	deployments	between	

January	2017	and	March	2017,	a	poor	turbidity	standard	was	used	due	to	a	

manufactured	error,	and	turbidity	data	were	corrected	with	new	information.	

Sondes	were	recovered,	cleaned,	and	deployed	after	approximately	1‐2	months	for	

continuous	monitoring.	Turbidity	data	were	carefully	scrutinized,	so	that	periods	

characterized	by	biological	fouling	and	short‐term	interference	were	omitted	for	

further	analysis.	Data	processing,	time	series	analysis	of	turbidity	data,	and	other	

summary	statistics	were	completed	in	Matlab	2014a.		



	 Following	sonde	deployment	water	samples	were	collected	opportunistically	

from	a	boat	with	van	dorn	samplers.	Samples	were	taken	adjacent	to	sensors	during	

a	predicted	turbidity	measurement	(i.e.,	every	15	minutes).	Suspended	sediment	

and	loss	on	ignition	data	from	each	1	L	sample	were	analyzed	at	the	U.S.	Geological	

Survey	California	Water	Science	Center,	Santa	Cruz,	California.	Turbidity	data	were	

calibrated	to	suspended	sediment	via	linear	regression	in	Matlab	2014a.	

	 Inundation	and	flow	velocities	were	measured	with	Nortek	aquadopp	

current	profiler	(ADCP).	Combined	with	the	instantaneous	turbidity	values,	which	

were	calibrated	to	collected	suspended	sediment	data,	the	flow	parameters	were	

used	to	calculate	sediment	fluxes	in	Matlab	2014a.		

Elevation	and	Accretion	

	 Changes	in	elevation	were	assessed	with	deep	rod	Surface	Elevation	Tables	

(SET)	and	through	the	corresponding	three	feldspar	marker	horizons	at	each	SET.	

There	are	15	SETs	at	the	augmentation	site	and	6	SETs	at	the	control	site	(Figure	1).	

Prior	to	sediment	application,	accretion	was	measured	at	three	feldspar	proximal	

plots	by	cutting	an	approximately	3cm	x	3cm	x	6cm	plug	using	a	serrated	knife.	

After	sediment	application	occurred	at	the	augmentation	site,	accretion	was	

measured	using	a	cryo	coring	method	as	well	as	a	1‐m	long	Russian	peat	coring	

device.	



Results	

Water	samples,	turbidity,	and	sediment	fluxes	

Turbidity	was	calibrated	to	SSC	(Figure	2)	according	to	the	following	

equation:	

SSC	=	2	*	(NTU)	–	0.42	 	 	 	 	 	 	 (1)	

Mean	flux	measured	in	the	deep	channel	after	augmentation	construction	

demobilization	was	‐0.01	g/m2/s,	suggesting	that	very	little	sediment	was	flowing	

out	of	the	marsh	complex		after	construction	(Figure	3	and	Table	1).	We	measured	

no	change	in	the	mean	SSC	at	the	deep	monitoring	site	(6	mg/L)	before	or	after	

construction	activities.		While	post‐construction	mean	SSC	at	the	eelgrass	

monitoring	site	which	is	adjacent	to	the	sediment	application	area	was	2.7	times	

greater	than	pre‐construction	levels.		Storms,	which	can	lead	to	elevated	SSC	and	

sediment	fluxes,	were	common	during	the	post‐construction	period	and	therefore	

probably	increasing	turbidity	at	the	study	sites.	Mean	SSC	was	greatest	at	both	the	

eelgrass	site	(14	mg/L)	and	deep	site	(29	mg/L)	during	a	storm	on	Jan	22,	2017,	

which	yielded	9.3	cm	(3.7	in)	of	rain	(Table	2).	During	that	extreme	storm,	the	

sediment	import	rate	was	0.23	g/m2/s	(Table	2).	

Surface	elevation	changes	

Using	Surface	Elevation	Tables	(SETs)	an	initial	surface	elevation	loss	was	

documented	at	the	Augmentation	SETs	between	the	end	of	construction	application	

(4/15/2016)	and	the	following	measurements	(6/24/2016	and	10/27/2016;	



Figure	4),	presumably	from	a	combination	of	compaction	of	the	marsh	platform	and	

sediment	being	re‐suspended	during	high	tides	and	leaving	the	marsh.	

Control	SETs	have	had	gains	and	losses	of	elevation	since	installation,	but	

have	a	mean	cumulative	increase	of	4.08	mm	from	the	date	of	installation	(Figure	

4).	Augmentation	SETs	had	a	mean	increase	in	elevation	of	216	mm	(8.5	in)	with	

sediment	application,	but	had	a	decrease	in	elevation	of	63.16	mm	(2.5	in)	post	

sediment	application	(April‐October).	Then	between	October	and	January	mean	

elevation	increased	0.93	mm	(0.04	in),	showing	that	the	marsh	platform	seemed	to	

be	stabilizing	in	elevation.	However	from	the	most	recent	measurements	(January‐

May),	the	augmentation	SETs	decreased	in	elevation	again	dropping	13.38	mm	(0.53	

in).	This	recent	elevation	decrease	could	be	continued	stabilization	of	the	marsh	

surface	and	also	due	to	seasonal	strong	storms.		We	measured	elevation	loss	at	the	

control	SETs	(‐0.35	mm,	‐0.01	in)	during	the	same	time	period.			

Conclusions	

	 Monitoring	of	the	augmentation	marsh	surface	with	SETs	showed	that	the	

area	had	initial	elevation	losses,	but	stabilized	since	construction	was	completed	

and	elevation	losses	are	small.		Monitoring	of	turbidity	and	sediment	fluxes	during	

and	after	augmentation	construction	showed	that	suspended	sediment	impacts	

were	localized	and	small,	mostly	at	the	adjacent	eelgrass	channel	following	

demobilization	of	construction	equipment.		Elevated	post‐construction	turbidity	at	

the	eelgrass	site	suggest	that	there	may	lingering	impacts	from	augmentation,	and	

associated	with	heavy	storm	conditions	during	the	winter	2016	and	early	2017.	We	



speculate	that	this	elevated	turbidity,	which	is	still	low	relative	to	other	regional	salt	

marsh	sites	during	other	periods,	may	be	related	to	an	increased	sediment	supply	in	

the	eelgrass	bed	from	construction	and/or	continued,	chronic	export	of	sediment	to	

the	eelgrass	site	from	tidal	creeks	in	the	augmentation	site.	However,	the	post‐

construction	surface	elevation	and	accretion	gains	from	SETs	suggest	that	erosion	is	

not	occurring	from	the	marsh	surface.	This	may	mean	that	increased	turbidity	levels	

at	the	eelgrass	site	during	storms	is	not	from	runoff	of	the	augmentation	site,	but	

possible	resuspension	of	sediment	at	the	channel	bottom	and	adjacent	areas.	

	 	



Tables	

Table	1.	Instantaneous	SSC	and	sediment	fluxes	averaged	across	date	range	of	

activities.		Spraying	dredged	sediment	(12in	pipe)	and	demobilization	of	equipment	

resulted	in	the	highest	SSC	adjacent	to	the	application	site.	

Activity	 Eel	SSC	

(mg/L)	

Deep	SSC	

(mg/L)	

Deep	Flux	

(g/m2/s)	

Pre	Construction	 3	 6	 ‐0.34	

Hay	Bale	Install	 11	 6	 ‐0.25	

Silt	Fence	Install	 21	 6	 ‐0.05	

Spray	Dredge	8	in	 9	 6	 ‐0.26	

Spray	Dredge	12	

in	

30	 6	 0.01	

Dredge	Clam	

Shell	

18	 6	 ‐0.12	

Demobilization	 35	 5	 0.24	

Post	

Construction	

8	 6	 ‐0.01	

*negative	flux	values	indicate	export	

**Items	are	ordered	in	chronological	order,	but	there	is	some	overlap	between	construction	events	

	 	



Table	2.	Instantaneous	suspended	sediment	(SSC)	and	sediment	fluxes	averaged	

across	date	range	of	storms	after	demobilization.	

Date	 Daily	

Precipitation	

(in)	

Eel	SSC	

(mg/L)	

Deep	SSC	

(mg/L)	

Deep	Flux	

(g/m2/s)	

Nov	21,	2016	 0.6  2	 5	 ‐0.31	

Dec	16,	2016	 0.6  5	 7	 ‐0.98	

Dec	21‐23,	2016	 0.6, 0.8, 1.1  1	 6	 ‐0.30	

Jan	5,	2017	 0.5  1	 2	 ‐0.08	

Jan	9,	2017	 0.6  2	 3	 ‐0.27	

Jan	12,	2017	 0.7  5	 5	 ‐0.63	

Jan	19‐20,	2017	 0.7, 1.2  4	 11	 ‐0.08	

Jan	22,	2017	 3.7  14	 29	 0.23	

Feb	6,	2017	 1.1  5	 6	 ‐0.18	

Feb	17,	2017	 2.3  6	 6	 0.17	

*negative	flux	values	indicate	export	

**Storm	was	defined	as	one	or	more	consecutive	days	of	rain	with	at	least	0.5in/day	of	precipitation	

	

	 	



Figures	

	

Figure	1.	Site	map	of	project	area	and	data	collection	locations.	



	

Figure	2.	Relationship	of	suspended	sediment	concentration	(SSC)	measured	by	

water	samples	to	turbidity	(NTU)	from	YSIs.	



	

	

Figure	3.	Time	series	of	suspended	sediment	concentrations	(SSC)	and	flux	per	unit	

area	of	the	creek	cross‐section	at	deep	channel	site	over	the	November	11,	2014‐

March,	2017	monitoring	period	during	and	after	augmentation	construction	

activities.			Anything	after	April	4th,	2016	was	considered	post	sediment	application	

moniting.	

	 	



	

Figure	4.	Mean	surface	elevation	change	at	control	site	(above)	and	augmentation	

site	(below).		Brown	box	represented	construction	time	frame.			




