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Remedial Treatment System 
Construction Completion Report 

Executive Summary 

Introduction 

The	Remedial	Treatment	System	at	the	former	Seaboard	Chemical	Corporation	(SCC)	facility	and	closed	City	of	High	
Point	NC	(City)	Riverdale	Drive	landfill	(Landfill)	properties	(the	SCC	facility	and	the	Landfill	are	collectively	referred	
to	as	the	“Site”)	has	been	constructed	and	is	being	extensively	tested	prior	to	commencing	full	scale	operations	upon	
approval	 of	 this	 Report	 and	 written	 notification	 by	 the	 North	 Carolina	 Department	 of	 Environmental	 Quality	
(NCDEQ),	Division	of	Waste	Management	(DWM).	This	report	explains,	among	other	things,	the	significant	changes	
to	 the	design,	 configuration,	 function,	 or	 operation	 of	 the	Remedial	 Treatment	 System	 components	 from	 those	
described	in	the	Physical	Treatment	System	“Pre-construction	Report,”	(ERM-NC,	P.C.	December	28,	2009),	and	the	
“Phytoremediation	System	Pre-Construction	Report”	(URS	Corporation	October	26,	2010),	collectively	referred	to	as	
the	“Pre-construction	Report”	or	“PCR”.	

Remedial Objectives 

As	stated	in	the	PCR,	the	objectives	of	the	remedy	implemented	at	the	Site	include	the	following:	

1. Contain	 the	 contaminated	 soils	 at	 the	 source	 areas	 to	 prevent	 direct	 contact	 by	 potential	 human	 and	
environmental	receptors,	reduce	percolation	and	intrusion	of	storm	water	and	surface	water	to	reduce	the	
migration	of	contaminants	of	concern1	(CoCs)	into	the	groundwater;		

2. Control	migration	of	Landfill	leachate	to	prevent	discharge	to	surface	waters	at	the	Site;		
3. Control	migration	of	contaminated	groundwater	at	the	Site	to	prevent	offsite	migration	and	unacceptable	

impacts	to	surface	waters;		
4. Achieve	compliance	with	North	Carolina	surface	water	quality	standards	for	the	CoCs	in	the	surface	waters	

of	the	onsite	streams	and	the	Randleman	Reservoir	(Reservoir);		
5. Achieve	compliance	with	North	Carolina	Ground	Water	Quality	Standards	for	the	CoCs	in	the	groundwater	

beneath	the	Site;	and	
6. Restrict	 future	 uses	 of	 the	 Site	 and	 certain	 surrounding	 properties,	 that	 could	 present	 potentially	

unacceptable	exposure	risks	(e.g.,	residential	development,	use	of	impacted	ground	water,	etc.).	

Remedial Treatment System Installed 

Seaboard	Group	 II	 (SGII)	and	the	City	of	High	Point	 (collectively	the	“Parties”)	determined,	 through	the	remedial	
investigation	and	 feasibility	 study	process,	as	approved	by	 the	NCDEQ2,	 the	most	effective	 long-term	method	to	
accomplish	the	hydraulic	containment	of	the	plumes	and	treatment	of	the	groundwater	and	leachate	collected	at	
the	Site	would	be	shallow	and	deep	groundwater	extraction	in	conjunction	with	leachate	recovery	and	treatment	in	
physical	 and	natural	 systems.	This	 is	primarily	due	 to	 the	presence	of	 chlorinated	and	non-chlorinated	organics,	
dense	non-aqueous	phase	liquid	organics	(DNAPL),	and	1,4-dioxacyclohexane	(1,4-dioxane)3	in	the	shallow	and	deep	
groundwater	and	Landfill	leachate.		

																																																																				
1	Contaminants	of	Concern	or	“CoCs”	are	identified	as	certain	chlorinated	and	non-chlorinated	volatile	organic	compounds,	semi-volatile	organic	compounds,	metals	
and	metallic	salts.	A	complete	list	of	the	CoCs	is	included	as	Attachment	3	to	this	report.	
2	At	the	time	the	Pre-construction	Reports	were	approved	the	State	Agency	was	the	North	Carolina	Department	of	Environment	and	Natural	Resources.	That	has	since	
been	changed	to	the	North	Carolina	Department	of	Environmental	Quality	or	NCDEQ.		
3	1,4-Dioxane	is	a	common	name	for	1,4-Dioxacyclohexane	-	CAS	Number	123-91-1.	It	is	often	called	simply	dioxane	because	the	1,2	and	1,3	isomers	are	rarely	used.	
It	is	a	heterocyclic	organic	compound	that	is	a	colorless	liquid	with	a	faint	sweet	odor	similar	to	that	of	diethyl	ether,	and	is	used	mainly	as	a	stabilizer	for	the	solvent	
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Given	the	presence	of	DNAPLs	in	the	subsurface,	and	the	highly	fractured	and	heterogeneous	bedrock	conditions	
present	at	the	Site,	restoration	of	groundwater	quality	to	regulatory	standards	within	a	reasonable	timeframe	was	
determined	 to	 be	 technically	 impracticable.	 Therefore,	 the	 Remedial	 Treatment	 System	 components	 have	 been	
designed	based	on	their	operating	economics	and	ability	to	remain	in	operation	for	an	extended	period.	Considering	
all	these	factors,	the	Parties	determined	a	containment	remedy	based	on	the	use	of	a	Natural	Treatment	System	
(phytoremediation	and	biodegradation)4		to	treat	the	CoCs	in	the	extracted	groundwater	and	leachate	would	best	
address	the	requirements	and	remedial	objectives	at	the	Site.	

Due	to	initial	concerns	that	the	Natural	Treatment	System	could	become	ineffective	at	certain	times	due	to	natural	
perils	such	as	weather,	disease,	insects,	or	other	causes	beyond	the	Parties	control,	NCDEQ	requested	the	Parties	
include	 in	 the	 remedial	 design	 a	 backup	 to	 the	 use	 of	 the	 Natural	 Treatment	 System.	 The	 Parties	 installed	 an	
advanced	oxidation	 (AOP+)5	unit,	which	 the	Manufacturer6	warranted	 to	be	 capable	of	 consistently	 reducing	 the	
concentrations	of	the	CoCs,	particularly	1,4-dioxane	(one	of	the	more	problematic	CoCs	to	degrade	or	destroy),	to	
levels	 below	pretreatment	 limits	 allowing	 it	 to	 be	 discharged	 to	 the	 City	 Eastside	Wastewater	 Treatment	 Plant.	
Unfortunately,	testing	performed	after	installation	determined	that	the	AOP+	unit	is	not	capable	of	reliably	producing	
effluent	that	consistently	conforms	to	the	pretreatment	requirements	specified	in	the	City	pretreatment	permit	and,	
therefore,	it	cannot	be	operated.		With	DEQ’s	approval	the	AOP+	unit	been	taken	out	of	service.	

The	 Remedial	 Treatment	 System	 provides	 containment	 of	 the	 plumes	 by	 (1)	 groundwater	 extraction	 from	 the	
bedrock	 aquifer	 at	 a	 rate	 necessary	 to	 establish	 a	 capture	 zone 7 	that	 hydraulically	 controls	 the	 contaminant	
migration;	(2)	leachate	collection	in	tanks	and	sumps;	and	(3)	treatment	of	the	extracted	groundwater	and	Landfill	
leachate	by	chemical,	physical	and	natural	treatment	methods.	It	is	designed	to	achieve	all	of	the	remedial	objectives	
listed	 in	 the	PCR.	 It	 treats	extracted	Southern	 Intermittent	Stream	(SIS),	Northern	 Intermittent	Stream	(NIS)	and	
Landfill	 recovered	shallow	groundwater,	deep	groundwater	from	extraction	well	PWDR-1,	 leachate	from	the	five	
existing	leachate	collection	tanks,	and	the	leachate	drainage	from	the	piped	sections	of	the	NIS.	The	System	provides	
continuous	 monitoring	 of	 the	 groundwater	 drawdown	 to	 ensure	 a	 capture	 zone	 is	 maintained	 through	 seven	
permanently	 installed	 transducers	 and	 treatment	 of	 the	 Physical	 Treatment	 System	 process	 effluent	 in	 a	
approimately	33-acre	Natural	Treatment	System.	The	System	provides	control	of	the	migration	of	Landfill	leachate	
to	 prevent	 its	 discharge	 to	 surface	 waters	 and	 the	 migration	 of	 contaminated	 groundwater	 to	 prevent	 offsite	
migration	and	unacceptable	impacts	to	surface	waters.	The	System	treats	the	process	flow	to	reduce	the	mass	of	
contamination	 at	 the	 Site	 and	 is	 designed	 to	 achieve	 compliance	 with	 North	 Carolina	 Ground	 Water	 Quality	
Standards	for	the	CoCs	in	the	impacted	groundwater	beneath	the	Site	over	time.	

The	remedial	design	provides	for	improvement	of	the	cover	system	for	the	Soil	Residue	Mound,	and	maintenance	
and	 improvement	of	 the	existing	 Landfill	 cap.	This	has	been	achieved	 largely	by	 the	 installation	of	a	permanent	
geosynthetic	cover	over	the	soil	residue	mound,	as	well	as	Landfill	cap	improvements	in	certain	areas	of	the	Site,	
and	 a	 soil	 moisture-monitoring	 network	 installed	 to	 facilitate	 use	 of	 the	 cap	 for	 phytoremediation	 and	
biodegradation.	In	addition,	the	Site	is	secured	from	public	access	by	a	single	chain	link	fence	surrounding	the	entire	
Landfill,	and	a	double	chain	link	fence	surrounding	the	entire	SCC	facility.	Both	fences	have	three	strands	of	barbed	
wire	 to	 deter	 trespass,	 and	 are	 locked	 at	 all	 times	 the	 Site	 is	 unattended.	 These	 measures	 help	 contain	 the	
contaminated	soils	at	the	source	areas	to	prevent	direct	contact	by	potential	human	and	environmental	receptors.	

																																																																				
trichloroethane.	1,4-Dioxane	has	an	LD50	of	5,170	mg/kg	and	is	classified	by	the	IARC	as	a	Group	2B	carcinogen	and	by	the	U.S.	Environmental	Protection	Agency	as	a	
probable	human	carcinogen	and	a	known	 irritant.	 Like	 some	other	ethers,	dioxane	combines	with	atmospheric	oxygen	upon	prolonged	exposure	 to	air	 to	 form	
potentially	explosive	peroxides.	
4	Phytoremediation	and	biodegradation,	in	this	instance,	involve	the	use	of	an	upland	system	comprised	of	a	mixed	conifer	tree	stand	to	provide	year-round	treatment	
effectiveness	 through	 irrigation	and	plant	uptake,	 and	 certain	other	biological	 degradation	 treatment	mechanisms	 known	 to	be	 present	 in	 the	 soils	 at	 the	 Site.	
Phytoremediation	and	biodegradation	were	found	to	be	capable	of	destroying	the	main	CoCs	after	preliminary	treatment	to	remove	certain	phytotoxic	metals	and	
salts.		
5	AOP+	or	advanced	oxidation	process	at	this	Site	is	used	to	indicate	a	Titanium	Dioxide	Photo-catalytic	process	that	uses	ultraviolet	light	to	degrade	organic	materials.	
6	The	Manufacturer,	as	used	in	this	report,	refers	to	Purifics	ES,	Inc.	of	London,	Ontario,	Canada.	
7	When	an	extraction	well	is	pumped,	the	water	level	in	the	well	is	lowered.	By	lowering	this	water	level	a	gradient	occurs	between	the	water	in	the	surrounding	
aquifer	and	the	water	in	the	well.	Water	flowing	to	the	well	is	referred	to	herein	as	a	capture	zone.	
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The	Landfill	and	Soil	Residue	Mound	cap	improvements	also	help	to	reduce	percolation	and	intrusion	of	stormwater	
into	the	underlying	solid	waste	to	reduce	the	migration	of	contaminants	into	the	groundwater.		

To	 restrict	 future	 uses	 of	 the	 Site	 and	 certain	 adjacent	 properties	 that	 could	 present	 potentially	 unacceptable	
exposure	 risks,	 Land	Use	 Restrictions	 (LUR)	 have	 been	 recorded	 at	 the	 SCC	 property,	 Landfill	 property,	 and	 the	
Material	 Recovery	 Facility	 (MRF)	 property.	 On	 certain	 properties	 adjacent	 to	 the	 Site,	 land	 use	 is	 controlled	 by	
restrictions	placed	on	land	and	groundwater	use	within	the	Randleman	Reservoir	Critical	Watershed,	the	rules	of	
the	Piedmont	Triad	Regional	Water	Authority	(PTRWA)	specifically	precluding	development	within	a	200	foot	wide	
buffer	surrounding	the	Reservoir,	restrictive	conditions	of	the	Army	Corps	of	Engineers	(ACE)	permit	issued	for	the	
dam	and	Reservoir,	regulations	administered	by	the	NCDEQ	Division	of	Water	Resources	(DWR),	and	the	Guilford	
County	 Water	 Well	 Regulations,	 which	 limit	 water	 well	 placement	 within	 1,500	 feet	 of	 a	 known	 source	 of	
groundwater	contamination.	The	Parties	 	have	notified	the	Guilford	County	Health	Department	that	the	Site	 is	a	
source	of	groundwater	contamination.	Although	the	Parties	made	substantial	efforts	to	place	LURs	on	the	property	
that	abuts	the	PTRWA	buffer	on	the	north	side	of	the	Reservoir,	the	landowner	refused	to	allow	them	to	be	recorded.	
The	Parties	concluded	there	are	sufficient	other	existing	restrictions,	as	previously	discussed,	on	the	use	of	the	lands	
and	groundwater	in	the	vicinity	of	the	Site	to	preclude	any	increased	risk	to	human	health	or	the	environment	from	
the	CoC-affected	groundwater	and	leachate	at	the	Site.	

The	diversion	of	the	stormwater	flow	from	the	piped	section	of	the	NIS	prevents	contaminated	stormwater	from	
entering	the	Reservoir.	This	will	help	reduce	the	time	required	to	achieve	compliance	with	North	Carolina	surface	
water	quality	standards	for	the	CoCs	in	the	surface	waters	of	the	on-Site	streams	and	the	Reservoir.	

Conclusion 

The	Remedial	Treatment	System	components	have	been	constructed	and,	with	certain	exceptions	that	are	described	
in	this	report,	are	substantially	consistent	in	function,	performance	and	operation	to	those	presented	in	the	PCR	and	
address	all	the	remedial	objectives	for	the	Site.	The	construction	of	the	Remedial	Treatment	System	is	now	complete,	
and	the	Parties	have	substantially	completed	the	process	of	pre-operational	testing.	Construction,	although	taking	
longer	 than	 expected,	 progressed	 relatively	well	 considering	 the	 overall	 complexity	 of	 the	 Remedial	 Treatment	
System,	 the	 failure	 of	 the	 AOP+	 system	 to	 perform	 in	 accordance	with	 contract	 requirements,	 the	 necessity	 to	
address	higher	than	expected	levels	of	certain	CoCs	and	metal	salts	in	the	groundwater	and	leachate,	and	the	unique	
nature	of	the	remedy.	All	of	the	repairs,	upgrades	and	modifications	to	the	Remedial	Treatment	System	have	been	
necessitated	by	the	need	to	correct	problems	with	the	AOP+	unit,	 install	alterations	that	enhance	or	improve	the	
overall	treatment	system	efficiency,	provide	additional	CoC	and	metal	salts	removal,	or	provide	flow	path	flexibility	
to	improve	performance	or	safety.	All	modifications	to	the	Remedial	Action	Settlement	Agreement	(RASA)	Statement	
of	 Work	 (SOW)	 were	 submitted	 to	 the	 NCDEQ	 in	 ten	 (10)	 Technical	 Memoranda	 (TM),	 which	 are	 included	 in	
Attachment	5.	At	 this	 time,	 the	Parties	have	completed	all	 construction	and	pre-startup	 testing	of	 the	Remedial	
Treatment	System,	and	have	requested	that	NCDEQ	provide	the	requisite	authorizations	and	approvals	necessary	to	
begin	continuous	operation	of	the	system.	
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Remedial Treatment System 
Construction Completion Report 

General Information 

Introduction 

Pursuant	 to	 the	 Remedial	 Action	 Settlement	 Agreement	 (RASA)	 Statement	 of	Work	 (SOW),	 and	 at	 the	
request	of	the	North	Carolina	Department	of	Environmental	Quality	(NCDEQ),	this	report	has	been	prepared	
by	 the	 Seaboard	Group	 II	 (SGII)	 and	 the	 City	 of	 High	 Point	NC	 (City)	 (collectively	 the	 Parties),	with	 the	
assistance	 of	 the	 professional	 engineers,	 contractors	 and	 consultants	 who	 have	 planned,	 designed,	
overseen	or	performed	the	work	related	to	the	Remedial	Treatment	System	construction.		The	remedial	
construction	activities	have	been	completed	at	the	Site,	and	the	Parties	request	all	necessary	authorizations	
and	approvals	to	begin	full	remedial	system	operations	as	described	in	this	report.		

Scope 

This	 report	 presents	 details	 concerning	 the	 construction	 of	 the	 Remedial	 Treatment	 System,	 and	 the	
alterations,	delays,	defects,	and	other	matters	that	have	significantly	affected	the	design,	scope	of	work,	
cost	or	 schedule	of	 construction.	 It	 also	 contains	 information	 that	 is	 relevant	 to	 the	 selection	 and	 final	
design	of	the	Remedial	Treatment	System	and	how	it	compares	in	features,	function,	and	operation	to	that	
presented	in	the	Pre-construction	Report	(PCR).		

Purpose 

This	report	presents	information	concerning	the	following:	

• General	information	about	the	Site	including	a	brief	history,	background,	the	basis	used	to	determine	
the	need	to	perform	a	remedial	action	and	the	appropriate	remedial	design,		

• General	information	about	the	remedial	design	as	built,	and	the	various	components	included	in	both	
the	Natural	and	Physical	Treatment	System,	

• The	 significant	 problems,	 oversights,	 omissions,	 defects,	 deficiencies	 and	design	 errors	 (collectively	
defects)1	and	the	resultant	changes	or	corrective	measures	undertaken	that	have	significantly	affected	
the	 cost,	 scope	 and	 timing	 of	 the	 construction	 and	 startup	 of	 the	 remedial	 system,	 The	 details	 of	
changes	in	system	design,	operating	procedures,	upgrades	or	improvements,	(collectively	alterations)2	
made	to	the	system	to	improve	efficiencies	or	address	safety	or	operational	issues,	and	

• The	significant	changes	to	the	Remedial	Treatment	System	design,	function,	or	operation	from	what	is	
described	 in	 the	Physical	Treatment	System	 “Pre-construction	Report”	 (ERM-NC,	P.C.	December	28,	
2009),	referred	to	in	this	report	as	the	“Physical	System	PCR,”	and	the	“Phytoremediation	System	Pre-
construction	 Report”	 (URS	 Corporation	 October	 26,	 2010),	 referred	 to	 in	 this	 report	 as	 the	
“Phytoremediation	PCR”	(collectively	both	reports	are		referred	to	as	the	“PCR”)	

Definition of Terms 

In	this	report	certain	terms	have	been	used	to	describe	components	or	portions	of	the	Remedial	Treatment	
System	and	certain	types	of	construction	activities.	These	terms	are	as	follows:	

																																																																				
1	A	defect	refers	to	any	change	 in	the	design	or	method	of	operation	necessitated	by	an	oversight,	omission,	design	error,	equipment	defect,	safety	
violation,	bid	specification	nonconformity	or	failure	to	comply	with	a	professional	or	regulatory	requirement.	
2	An	 alteration	 refers	 to	 any	 change	 in	 the	design	or	method	of	 operation	of	 a	 component	of	 the	 remedial	 system	 in	order	 to	 improve	 the	overall	
performance.	Revisions,	or	changes	in	operations	of	any	nature,	that	were	not	necessary	to	correct	a	defect	are	referred	to	simply	as	“alterations.”	
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• Remedial	Treatment	System	refers	to	the	overall	system	including	the	Physical	Treatment	System	and	
the	Natural	Treatment	System.	

• Physical	Treatment	System	refers	to	those	components	of	the	Remedial	Treatment	System,	including	
the	extraction	well	network,	the	 leachate	collection	network,	Lift	Station-1,	the	Clarifier,	the	Sludge	
Handling	 System,	 the	 Filter	 Building,	 Lift	 Station-2,	 the	 Effluent	 Treatment	 System	 and	 all	 other	
components,	that	are	not	part	of	the	Natural	Treatment	System.	

• Natural	Treatment	System	refers	to	the	components	of	the	Remedial	Treatment	System,	including	the	
Phytoremediation	tree	stand	and	Biodegradation	in	the	landfill	cap	soils,	the	Irrigation	System,	the	Soil	
Moisture-monitoring	System,	and	all	other	components	that	are	not	part	of	 the	Physical	Treatment	
System	

• Component	refers	to	a	discrete	portion	of	the	Physical	Treatment	System	or	Natural	Treatment	System,	
including,	 for	 example,	 the	 Soil	Moisture-monitoring	Network,	 the	 Filter	 Building,	 and	 the	 Effluent	
Treatment	System.	

• Repair	is	a	change	in	the	Remedial	Treatment	System	necessary	to	correct	a	defect.	
• Upgrade	is	a	change	in	the	Remedial	Treatment	System	necessary	to	install	an	alteration.	
• Lift	Station-2	has	historically	been	referred	to	as	a	lift	station;	however,	it	does	not	actually	serve	a	lift	

station	function.	LS-2	is	where	all	of	the	various	process	flows	(i.e.,	LS-1,	PWDR-1,	shallow	groundwater	
recovery	wells,	etc.)	enter	into	the	system	before	being	sent	into	the	Clarifier.	An	inlet	manifold	and	
proportioning	valves	control	the	Clarifier	inlet	process	flow;	however,	there	is	no	provision	to	pump	(or	
lift)	the	process	flow	from	LS-2	to	the	Clarifier.	LS-2	is	more	correctly	part	of	the	Effluent	Treatment	
System,	because	it	contains	the	Effluent	Storage	Tanks,	the	Effluent	Manifold	to	the	Irrigation	System	
and	the	disabled	 line	to	the	City	of	High	Point	East	Side	Wastewater	Treatment	Works	(POTW),	the	
recycle	 line,	 Effluent	 Pumps,	 the	 Irrigation	 System	 control	 manifold	 and	 the	 Effluent	 Proportional	
Sampler.	However,	since	it	was	referred	to	as	LS-2	in	the	PCR,	 it	 is	addressed	in	that	manner	in	this	
report.	

• Effluent	Treatment	System	refers	to	Enclosures	1	through	5,	which	contain	the	Settling	Vat,	Settling	Vat	
Effluent	Filters	and	the	inoperable	AOP+	unit	that	are	the	final	treatment	components	for	the	process	
flow	before	it	is	sent	to	the	Effluent	Storage	Tanks	in	LS-2	for	final	disposition.		

• Contaminants	of	Concern	or	CoCs	refer	 to	those	compounds	 listed	 in	Attachment	3	that	have	been	
identified	as	being	present	in	the	soils	and	groundwater	at	the	Site.	It	should	be	noted	that	although	
the	 compound	1,4-dioxane	 is	one	of	 the	CoCs	 that	has	driven	much	of	 the	design	of	 the	Remedial	
Treatment	System,	it	is	not	the	only	recalcitrant	that	could	be	present	in	the	Physical	Treatment	System	
process	effluent.	Therefore,	unless	1,4-dioxane	is	being	addressed,	to	the	exclusion	of	the	other	CoCs,	
the	term	CoCs	will	be	used	in	this	report.	

Site History 

Seaboard	Chemical	Corporation	Site		
The	SCC	facility	is	located	on	the	north	side	of	Riverdale	Drive	in	Jamestown,	Guilford	County,	NC.	The	
facility	covers	approximately	13	acres,	including	an	approximately	5-acre	former	plant	and	processing	
area,	with	the	remaining	area	undeveloped	and	wooded.	It	is	bordered	on	the	north	and	east	sides	by	
the	Landfill,	and	the	Material	Recovery	Facility	(MRF)	is	on	the	west	side.	Riverdale	Drive	borders	the	
SCC	facility	to	the	south.		

Between	1974	and	1989,	 SCC	operated	as	a	 solvent	 recycler,	 toll	processor	and	waste	derived	 fuel	
blender,	and	was	granted	interim	status	under	the	Resource	Conservation	and	Recovery	Act	(RCRA)	as	
a	 treatment,	 storage,	 and	 disposal	 facility	 in	 1982.	 The	 facility	 operations	 included	 distillation,	
fractionation,	 polymerization,	 packaging	 of	 organic	 solvents	 and	 wastes,	 and	 reclamation	 of	 off-
specification	commercial	chemical	products.	Other	operations	included	wastewater	treatment,	storage	
of	 incoming	bulk	and	drummed	commodities	and	wastes,	operation	of	aboveground	storage	 tanks,	
operation	of	a	 covered	drummed	hazardous	waste	 storage	area,	and	operation	of	 two	boilers.	The	
facility	also	operated	three	surface	impoundments	including	an	unlined	pond	(referred	to	as	Pond	3)	
located	 in	 the	 northeast	 corner	 of	 the	 SCC	 facility.	 This	 pond	 is	 thought	 to	 have	 been	 a	 major	
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contributor	 to	 the	 contaminant	migration	 into	 the	 groundwater	 from	 the	 SCC	 facility.	NCDENR	has	
terminated	 the	RCRA	operating	permit	 and	 revoked	 the	 interim	 status	of	 the	 facility.	 SCC	declared	
bankruptcy	in	1989,	and	the	bankruptcy	proceeding	has	been	closed.	The	trustee	was	unable	to	dispose	
of	the	real	property,	which	has	remained	unoccupied	and	 is	believed	to	have	reverted	under	North	
Carolina	 law	 to	 the	 dissolved	 former	 Seaboard	 Chemical	 Corporation.	 	 SGII	 and	 the	 City	 have	 a	
permanent	recorded	easement	for	access	to	the	SCC	Facility	to	conduct	remedial	actions.	

Riverdale	Drive	Landfill		
The	Riverdale	Drive	Landfill,	a	closed	municipal	solid	waste	landfill,	bounds	the	SCC	facility	on	the	North	
and	East	sides	and	the	MRF	is	on	the	west	side.	The	Landfill	was	operated	from	the	1950’s	until	October	
1993	as	a	municipal	solid	waste	disposal	facility,	and	was	permitted	by	the	NCDENR	in	1979.	It	occupies	
approximately	150	acres	and,	other	than	the	Material	Recovery	Facility	 (MRF)	operation,	only	post-
closure	care	activities	are	conducted	on	the	property	at	this	time.	The	main	areas	of	the	Landfill,	as	
used	in	this	report,	are	the	burn	pit	area,	the	soil	residue	mound,	the	main	treatment	area,	LS-1,	LS-2,	
the	Effluent	Treatment	System	enclosures,	the	East	Lobe	Node	Building,	the	West	Lobe	Node	Building,	
and	 the	 East	 and	West	 lobes	 of	 the	 Landfill.	 Figures	 showing	 the	 Site	 location	 and	 the	main	 areas	
addressed	in	the	remedy	are	included	in	Attachment	1	to	this	report	(see	Figures	1	and	2).	

During	Landfill	operations,	sections	of	the	two	tributary	streams	that	dissect	the	Landfill	property	were	
piped	with	reinforced	concrete	pipe	(RCP),	and	solid	waste	was	used	to	fill	the	drainage	valleys.	The	
two	streams	are	referred	to	as	the	Southern	Intermittent	Stream	(SIS)	and	the	Northern	Intermittent	
Stream	(NIS).	The	SIS	crosses	the	northern	portion	of	the	SCC	property	outside	the	former	processing	
area.	This	stream	is	mainly	a	storm	water	drainage	feature	that	begins	west	of	the	SCC	property.	It	is	
an	open	stream	on	the	SCC	property	near	the	location	of	the	former	Pond	3,	and	then	enters	the	head	
works	of	the	RCP	stretch	and	crosses	under	the	Landfill	northeast	of	the	SCC	property.	During	filling	of	
the	SIS	valley,	geosynthetic	 liner	 fabric	was	used	to	cover	the	RCP	and	a	 limited	 leachate	collection	
system	was	installed	adjacent	to	the	stream	channel,	outside	the	liner,	to	collect	leachate	migrating	
from	the	overlying	solid	waste.	In	1989,	the	leachate	collection	system	was	expanded	to	control	side	
seeps	 (leachate	 leakage)	 along	 the	 side-slopes	 of	 the	 Landfill	 facing	 the	 Reservoir.	 The	 leachate	 is	
collected	in	five	underground	storage	tanks	(referred	to	herein	as	leachate	collection	tanks	or	LCHTs).	

The	NIS	originally	began	on	the	Landfill	property	and	was	piped	with	RCP	under	the	entire	fill	area.	
There	was	no	liner	fabric	used	to	cover	the	NIS	pipe,	and	a	video	inspection	of	the	interior	of	the	pipe	
revealed	extensive	cracks	and	joint	leaks.	This	required	that	the	NIS	flow	be	diverted	around	the	landfill	
and	the	RCP	section	sealed	at	the	head	works	to	preclude	contamination	of	storm	water	entering	the	
Reservoir	due	to	mixing	with	the	leachate	that	leaked	into	the	RCP	pipe.	

From	approximately	1966	to	1970,	Landfill	operations	included	the	disposal	and	open	burning	of	liquid	
organic	wastes.	 This	 waste	 burning	 occurred	 in	what	were	 referred	 to	 as	 “burn	 pits.”	 These	 open	
unlined	pits	received	bulk	and	drummed	flammable	organics.	When	sufficient	material	was	collected,	
open	burning	was	used	to	empty	the	burn	pit.	Periodically,	a	burn	pit	was	cleaned	of	residue	and	that	
residue	was	accumulated	 in	an	area	referred	to	as	 the	Soil	Residue	Mound.	This	mound	consists	of	
approximately	 600	 cubic	 yards	 of	 contaminated	 residue.	 Tests	 conducted	 during	 the	 remedial	
investigation	indicated	this	material	is	characteristically	non-hazardous	waste.	

The	Landfill	itself	is	capped	with	an	earthen	cover	of	varying	thickness	and	maintained	under	a	Post-
Closure	Care	Plan	approved	by	NCDEQ.	The	average	cap	thickness	is	estimated	to	be	slightly	less	than	
3	feet,	and	the	soil	has	characteristics	similar	to	those	of	sandy	loam.	Because	of	the	relatively	thin	cap	
and	the	permeable	soils,	leachate	is	generated	at	a	high	rate	during	storm	events.		
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Site Features 

In	addition	to	the	Site	features	previously	described,	the	following	features	were	also	important	in	designing	
and	constructing	the	Remedial	Treatment	System.	

Former Deep River 

The	Deep	River	flowed	in	a	generally	north-to-south	direction	upstream	of	the	Site.	Near	the	northeastern	
boundary	of	the	Landfill	it	made	an	abrupt	turn	to	the	east.	This	west-to-east	flowing	stream	bed	continued	
across	the	northern	boundary	until,	immediately	northeast	of	the	Landfill,	it	made	another	abrupt	turn	back	
to	the	south.	In	early	reports	and	documents,	such	as	the	“Remedial	Action	Work	Plan”	(RIWP),	“Remedial	
Investigation	 Report”	 (RI),	 “Feasibility	 Study”	 (FS),	 “Baseline	 Risk	 Assessment”	 (BRA),	 and	 “Remedy	
Recommendation	 Document”	 (RRD),	 the	 Deep	 River	 still	 flowed	 across	 the	 north	 and	 east	 sides	 of	 the	
Landfill,	and	that	term	is	used	in	those	documents	to	refer	to	the	water	body	that	was	present	at	the	time	
those	documents	were	created.	As	explained	below,	the	Deep	River	has	been	dammed,	and	the	portion	
that	abuts	the	Site	is	now	incorporated	into	the	Reservoir.	

Randleman Reservoir 

The	 Piedmont	 Triad	 Water	 Regional	 Authority	 (PTRWA)	 was	 incorporated	 in	 1986	 by	 the	 cities	 of	
Greensboro,	High	Point,	Jamestown,	Archdale,	and	Randleman,	as	well	as	Randolph	County,	to	administer	
the	Reservoir	and	a	200-foot	wide	restricted	buffer	that	surrounds	it.	Because	the	proposed	location	was	
within	the	Cape	Fear	River	Basin,	which	includes	traditionally	navigable	waters	of	the	United	States,	in	1987	
the	PTRWA	proposed	the	Reservoir	and	dam	construction	to	the	U.S.	Army	Corps	of	Engineers	(ACE).	The	
final	Federal	Environmental	Impact	Statement	for	the	project	was	issued	in	2000,	and	on	April	6,	2001	the	
ACE	issued	a	permit	to	allow	construction	of	the	Reservoir	and	dam.		

By	damming	the	Deep	River	approximately	10	miles	downstream	of	the	Site,	the	PTRWA	created	a	roughly	
3,000-acre	 Reservoir	 in	 Randolph	 and	 Guilford	 Counties.	 It	 extends	 from	 just	 northwest	 of	 the	 city	 of	
Randleman	to	east	of	the	City	of	High	Point,	encompassing	the	stretch	of	the	Deep	River	that	abuts	the	Site.	
Construction	 began	 on	 the	 dam	 in	 2004	 at	 a	 location	 about	 10	miles	 south-southeast	 of	 the	 Site.	 The	
Reservoir	was	constructed	to	supply	area	drinking	water	needs	as	well	as	recreational	opportunities.	The	
dam	construction	was	completed	and	the	reservoir	began	filling	in	2007,	reaching	the	normal	pool	elevation	
in	2009.	On	March	1,	2010,	the	Reservoir	officially	opened	for	public	recreation.	Due	to	the	proximity	of	a	
Police	Shooting	Range,	a	portion	of	the	Reservoir	is	closed	to	recreational	traffic,	and	all	other	public	uses,	
at	a	point	downstream	of	 the	Site.	 Figure	2	depicts	 the	overall	 Site	 layout	 including	 the	 location	of	 the	
Reservoir	and	the	200-foot	wide	buffer.	

Remedial Treatment System Components 

The	Remedial	Treatment	System	refers	to	the	overall	treatment	process,	which	includes	the	Physical	and	
Natural	 Treatment	 Systems.	 The	 following	 information	 explains	 the	 terms	 used	 to	 refer	 to	 specific	
components	and	some	of	the	component	parts	of	those	systems.	

Landfill Components 

Main	Treatment	Area	
The	Main	Treatment	Area	is	located	near	the	end	of	Recovery	Way	just	east	of	the	junction	with	the	MRF	
access	road	on	the	east	side	of	the	Soil	Residue	Mound.	This	is	the	area	where	the	majority	of	the	Remedial	
Treatment	 System	 equipment	 is	 installed	 in	 what	 are	 referred	 to	 as	 Enclosures	 1	 through	 7.	 These	
enclosures	 house	 the	 AOP+	 unit,	 Settling	 Vat,	 the	 Settling	 Vat	 Effluent	 Filters,	 the	 water	 chemistry	
laboratory,	the	Effluent	Storage	Tanks,	and	LS-2.	It	also	is	where	the	Clarifier,	Filter	Building,	Maintenance	
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Building,	main	electrical	transformers,	weather	station	and	the	storage	enclosure	are	located.	(See	Figures	
11,	12,	13	and	14)		

Material	Recovery	Facility	
The	MRF	is	located	on	Riverdale	Road	a	short	distance	beyond	Recovery	Way.	This	is	a	single	large	building	
in	which	the	City	operates	municipal	solid	waste	(MSW)	material	recovery	and	recycling	operations.	MSW	
is	brought	to	the	facility	where	it	is	sorted	into	its	component	parts	such	as	paper,	plastic,	glass,	metal	and	
cardboard	for	recycling.	Although	the	MRF	is	a	significant	feature	of	the	Site,	it	is	not	a	component	of	the	
Remedial	Treatment	System	(see	Figures	2	and	3	for	location).		

Burn	Pits	
From	approximately	1966	to	1970,	Landfill	operations	included	the	disposal	and	open	burning	of	certain	
waste	organics.	This	organic	waste	burning	occurred	 in	what	were	 referred	 to	as	burn	pits.	These	open	
unlined	pits	received	flammable	organic	liquids.	The	burn	pits	were	located	in	the	area	generally	north	of	
Recovery	Way.	When	sufficient	material	was	collected,	open	burning	was	used	to	empty	the	active	burn	
pits	(see	Figure	3).	

Soil	Residue	Mound	
Periodically,	 each	active	burn	pit	was	 cleaned	of	 residue,	 and	 that	 residue	was	accumulated	 in	 an	area	
referred	 to	 as	 the	 Soil	 Residue	 Mound.	 This	 mound	 consists	 of	 approximately	 600	 cubic	 yards	 of	
contaminated	 soil	 and	 burn	 pit	 residue.	 Early	 testing	 performed	 during	 the	 remedial	 investigation	
determined	the	material	was	not	characteristically	hazardous	waste	(see	Figure	2).	

Landfill	Lobes	
The	Landfill	was	constructed	such	that	it	has	been	divided	into	three	separate	areas,	which	are	referred	to	
as	“lobes.”	Each	was	filled	at	different	times	and	in	different	manners	including	direct	burial,	shredding	and	
bailing.	One	section	is	located	on	the	east	side	of	the	Landfill	and	is	referred	to	as	the	East	Lobe.	Another	is	
located	on	the	west	side	of	the	Landfill	and	is	referred	to	as	the	West	Lobe.	The	center	section	has	not	been	
used	in	the	remedy	due	to	concerns	that	the	soils	are	not	suitable	for	sustained	tree	growth	and	biological	
activities	(see	Figures	6	and	7).	

Natural	Treatment	System	
The	East	and	West	Lobes	comprise	about	33	useable	acres,	roughly	12.5	on	the	East	Lobe	and	20.5	on	the	
West	Lobe.	They	are	used	for	phytoremediation	and	biodegradation	of	the	treated	Remedial	Treatment	
System	process	effluent.	The	non-native	tree	zones	are	planted	with	several	species	of	conifer	trees1	that	
comprise	the	Natural	Treatment	System.		

Landfill	Tributary	Streams	
As	described	in	the	previous	section,	during	the	period	of	Landfill	operations,	sections	of	the	two	tributary	
streams	that	dissect	the	Landfill	property	were	piped	with	RCP,	and	solid	waste	was	used	to	fill	the	drainage	
valleys.	The	two	streams	are	referred	to	as	the	SIS	and	the	NIS.	These	features	are	still	present	at	the	Site	
although	the	NIS	has	been	diverted	around	the	Landfill	(see	Figure	10	for	location).	

Landfill	Leachate	System	
During	filling	of	the	SIS	valley,	geosynthetic	liner	fabric	was	used	to	cover	the	RCP,	and	a	limited	leachate	
collection	 system	 was	 installed	 adjacent	 to	 the	 stream	 channel	 outside	 the	 liner	 to	 collect	 leachate	

																																																																				
1	As	explained	later	in	this	report	hardwood	trees,	which	are	deciduous,	were	originally	planted	in	certain	zones.	In	these	zones	the	hardwoods	have	
been	interplanted	with	conifer	species	making	the	tree	stand	effectively	all	conifer	trees.	Eventually	the	conifer	species	will	dominate	the	hardwoods	and	
they	will	die	out.	The	hardwood	trees	have	been	especially	sensitive	to	disease,	insect	damage	and	deer	browsing.	Moreover,	conifer	trees	will	take	up	
irrigation	water	year-round.	
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migrating	from	the	overlying	solid	waste.	In	1989,	the	leachate	collection	system	was	expanded	to	control	
side	seeps	(leachate	leakage)	along	the	slopes	of	the	Landfill	facing	the	Reservoir.		

Leachate	Collection	Tanks	
The	leachate	collection	system	drains	leachate	to	five	in-ground	tanks	referred	to	as	leachate	collection	
tanks	(LCHTs).	These	tanks	receive	leachate	from	the	side-seeps	and	SIS	leachate	collection	pipes.	Each	
tank	has	been	fitted	with	a	pneumatic	peristaltic	pump	that	pumps	any	excess	accumulated	leachate	
into	LS-1	for	treatment	in	the	Remedial	Treatment	System.	

Northern	Intermittent	Stream	Leachate	Sump	
After	the	NIS	was	diverted	around	the	Landfill,	it	was	necessary	to	collect	the	leachate	that	flowed	into	
the	abandoned	pipe.	This	required	the	installation	of	a	sump	at	the	outlet	end	of	the	pipe	to	collect	the	
leachate	and	divert	it	to	the	remedial	treatment	system	before	it	can	enter	the	Reservoir.	The	sump	is	
fitted	with	two	extraction	pumps,	which	are	set	to	operate	at	different	levels.	Normally	a	single	lower	
pump	operates	to	extract	accumulated	leachate.	When	the	level	rises	due	to	increased	flow,	the	sump	
level	rises	and	the	second	pump	is	actuated	to	remove	the	excess	accumulated	leachate.		

Physical Treatment System Components 

The	Physical	Treatment	System	refers	to	the	equipment	and	processes	in	the	extraction	well	network,	the	
leachate	collection	network,	LS-1,	the	Clarifier	System,	the	sludge	handling	system,	the	Filter	Building,	LS-2	
and	 the	 Effluent	 Treatment	 System,	 the	 discharge	 network	 and	 the	 irrigation	 network	 up	 to	 the	Node	
Panels.	The	Node	Panels	separate	these	components	and	their	associated	treatment	equipment	from	those	
used	in	the	Natural	Treatment	System.	The	division	between	the	Physical	Treatment	System	and	the	Natural	
Treatment	System,	as	used	 in	 this	 report,	 is	at	 the	Node	Buildings	on	 the	Landfill	East	and	West	Lobes.	
Within	each	Node	Building	there	is	a	large	electrical	control	panel	(referred	to	as	a	Node	Panel)	that	contains	
the	data	loggers	and	multiplexers,2	as	well	as	the	translation	interfaces	needed	to	convert	the	data	logger	
output	 from	Modbus	 to	 Profibus3.	 The	 Physical	 Treatment	 System	 encompasses	 everything	 up	 to	 and	
including	these	translation	devices	in	the	Node	Panels.	Everything	beyond	these	devices	is	considered	part	
of	the	Natural	Treatment	System.		

It	should	be	pointed	out	that,	although	this	point	of	division	is	used	for	descriptive	purposes	in	this	report,	
the	Natural	Treatment	System	could	not	be	operated	without	also	operating	most	of	the	components	of	
the	Physical	Treatment	System.	All	flow	must	pass	through	the	extraction	network	and	all	of	the	Physical	
Treatment	System	up	to	the	Settling	Vat	Effluent	Filters	 to	be	suitable	 for	use	as	 irrigation	water	 in	 the	
Natural	 Treatment	 System.	 Figures	 11,	 12,	 13	 and	 14	 in	Attachment	 1	 depict	 the	 layout	 of	 the	 various	
components	of	the	Physical	Treatment	System.	

Landfill	Node	Buildings	
This	refers	to	two	small	prefabricated	buildings,	one	on	the	East	Lobe	and	one	on	the	West	Lobe	of	the	
Landfill,	that	contain	the	equipment	(Node	Panels	and	appurtenances)	installed	to	collect	and	transfer	data	
from	the	soil	moisture	probe	network	to	the	main	control	and	instrumentation	network	(supervisory	control	
and	data	acquisition	system,	or	SCADA).		

Lift	Station	1	
This	is	a	single	8’	x	40’	(approximate)	enclosure	(sometimes	referred	to	as	Enclosure	8)	used	to	collect	and	
transfer	the	recovery	well	groundwater	and	the	leachate	from	most	of	the	sources	and	pump	it	to	the	inlet	

																																																																				
2	Data	loggers	are	devices	that	read	and	record	the	data	from	the	probes.	Multiplexers	are	devices	that	connect	directly	to	the	data	loggers	to	allow	
multiple	probes	to	send	separate	and	discrete	data	to	the	data	loggers.	
3	Modbus	is	an	open	computer	language	that	is	commonly	used	in	automation.	It	is	a	serial	communications	protocol	published	by	Modcom.	It	has	become	
a	de	facto	standard	communication	protocol,	and	it	is	now	amongst	the	most	commonly	available	means	of	connecting	industrial	electronic	devices.	The	
data	loggers	output	the	data	they	collect	from	the	soil	moisture	network	in	Modbus.	Profibus	(Process	Field	Bus)	is	a	standard	for	field	bus	communication	
in	automation	technology	used	by	Siemens.	Profibus	is	not	an	openly	published	protocol	as	older	ones	such	as	Modbus.	
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manifold	in	Lift	Station	2	(LS-2).	This	includes	flow	from	the	five	leachate	collection	tanks	(LCHT)	pumps,	the	
NIS	leachate	sump,	and	recovery	wells	RWNIS-1,	RWSIS-1,	RWLFS-1,	and	RWLFS-2.		

LS-1	is	located	nearly	80	feet	(vertically)	below	the	elevation	of	LS-2	near	the	Landfill	perimeter	road.	LS-1	
contains	the	pneumatic	controls	for	most	of	the	shallow	groundwater	recovery	wells	and	all	the	leachate	
pumps,	 and	 the	 inlet	 header	 from	 the	 leachate	 and	 shallow	groundwater	 recovery	well	 networks.	 	 See	
Figure	11.	

Lift	Station	2	
LS-2	consists	of	two	8’	x	40’	(approximate)	enclosures	(sometimes	referred	to	as	Enclosures	6	and	7)	used	
to	regulate	the	inlet	flow	to	the	Clarifier,	provide	pneumatic	control	for	the	remaining	shallow	groundwater	
recovery	wells,	and	store	and	transfer	the	process	flow	from	the	Physical	Treatment	System	to	the	irrigation	
network	 in	 the	 Natural	 Treatment	 System,	 or	 to	 the	 POTW.	 The	 LS-2	 inlet	 manifold	 contains	 the	
proportioning	and	shutoff	valves	used	to	regulate	the	system	flow	 into	the	Clarifier,	 then	 into	the	Filter	
Building,	and	from	the	Filter	Building	into	the	Settling	Vat.	It	also	receives	the	treated	process	flow	from	the	
Settling	 Vat	 proportioning	 manifold,	 or	 the	 advanced	 oxidation	 process	 (AOP+)	 discharge	 header,	 and	
controls	the	flow	to	the	discharge	networks.		

Enclosure	6	contains	three	Effluent	Storage	Tanks	that	can	be	configured	to	receive	the	process	flow	from	
the	Settling	Vat	Effluent	Filters	without	processing	in	the	AOP+	unit,	or	from	the	discharge	of	the	AOP+	unit	
after	processing.	Enclosure	7	contains	the	inlet	manifold	for	the	LS-2	extraction	network,	the	inlet	manifolds	
from	LS-1	and	the	Filter	Building,	the	control	manifold	for	the	irrigation	network	valves,	the	discharge	lines	
to	the	POTW,	the	Natural	Treatment	System,	the	Recycle	Line,	and	three	sets	of	Physical	Treatment	System	
process	effluent	pumps,	which	can	be	used	in	any	combination	to	pump	to	the	discharge	or	recycle	headers	
from	any	of	the	Effluent	Storage	Tanks.	(See	Figure	12).	

Two	totes	outside	LS-2	in	a	containment	enclosure	store	chemicals	used	for	treatment	of	the	process	flow.	
The	totes	contain	32%	active	hydrogen	peroxide	(H2O2),	which	is	continuously	fed	into	the	Filter	Building	
inlet	line	and	can	be	fed,	as	needed,	to	the	Settling	Vat	or	the	inlet	of	the	AOP+	unit.	A	large	double	walled	
storage	 tank	holds	 liquid	 fertilizer,	which	 is	 blended	 into	 the	process	 flow	 from	 the	Physical	 Treatment	
System	to	feed	nutrients	to	the	Natural	Treatment	System	when	the	effluent	is	used	for	irrigation.	

Clarifier	System	
The	Clarifier	is	a	vertical	wall	cylindrical	Clarifier	system	which	is	approximately	15	feet	tall	and	18	feet	in	
internal	diameter.	It	receives	all	the	flow	from	all	sources	in	LS-1	and	LS-2	and	performs	the	initial	treatment	
to	remove	mineral	salts	by	pH	adjustment,	flocculation	and	settling.		

The	Clarifier	consists	of	the	cylindrical	concrete	body	which	has	a	sloped	floor	and	a	set	of	moving	rakes	
that	rotate	to	move	the	settled	sludge	to	the	center	extraction	line.	Process	flow	entering	the	Clarifier	is	
initially	mixed	with	lime	to	raise	the	pH	and	cause	the	mineral	salts	to	precipitate.	The	precipitate	is	mixed	
with	ferric	chloride	to	cause	it	to	flocculate	and	settle	to	the	bottom	of	the	Clarifier.	This	is	accomplished	in	
the	mixing	 zone	of	 the	Clarifier.	 Following	 the	chemical	 addition	and	mixing,	 the	process	 flow	exits	 the	
mixing	zone	near	the	bottom	of	the	Clarifier	and	rises	through	the	settling	zone	allowing	the	precipitated	
solids	to	settle	to	the	bottom	and	the	clarified	waters	to	rise	to	an	overflow	weir.	The	Clarifier	effluent	flows	
by	gravity	to	the	Aeration	Tank	in	the	Filter	Building.		

Sludge	Handling	System	
The	sludge	from	the	bottom	of	the	Clarifier	is	pumped	to	one	of	two	Sludge	Dewatering	Boxes	(referred	to	
as	Tipper	Boxes).	These	two	dewatering	boxes	are	mounted	on	elevated	stands	to	allow	them	to	be	tipped	
to	empty	the	dewatered	sludge.	A	polymer	is	added	to	the	sludge	in	the	line	between	the	Clarifier	and	the	
Tipper	Boxes	to	enhance	dewatering.	Sludge	is	directed	to	one	of	the	Tipper	Boxes	until	it	is	full.	At	that	
time,	flow	is	directed	to	the	idle	Tipper	Box,	and	the	full	box	drains	any	free	water	to	a	sump	that	is	pumped	
into	the	Clarifier	Equalization	Tank.		Once	the	sludge	is	dried	sufficiently,	the	box	is	emptied	and	the	solids	
disposed.	These	devices	are	located	outside	the	Maintenance	Building	near	the	Clarifier.	See	Figure	14.		
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Filter	Building	
The	Filter	Building	receives	flow	from	the	Clarifier	including	LS-1	and	the	shallow	bedrock	recovery	wells	
RWSIS-2,	 RWSIS-3,	 RWSIS-4,	 and	 deep	 groundwater	 pumping	 well	 PWDR-1.	 It	 provides	 oxidation	 and	
aeration	prior	to	filtering	to	25-microns+/-	and	polishing	it	in	a	6-tray	Air	Stripper.	It	is	then	passed	through	
to	the	Settling	Vat	in	the	Effluent	Treatment	System.	See	Figure	13.	

Filter	Building	Inlet	Aerated	Storage	Tank	
This	 tank	has	 ceramic	 fine	bubble	diffusers	 that	 aerate	 the	 inlet	process	 flow.	 The	air	 is	 exhausted	
outside	the	Filter	Building.	Aeration	is	used	to	strip	any	possible	methane,	remove	some	of	the	VOCs	
and	cVOCs	that	enter	the	system	from	the	process	flow,	and	help	oxidize	the	metals	before	they	are	
removed	in	the	filters.	

Filter	Building	Main	Filters	
This	refers	to	two	large	filters	in	the	Filter	Building.	Their	cross	sectional	area	and	filter	bed	capacity	
make	them	suited	 for	processing	at	a	 flow	rate	of	50	GPM	or	more,	and	their	 filter	media	capacity	
allows	sustained	operation	without	excessive	backwash.	They	are	loaded	with	a	dual	bed	filter	media	
consisting	of	an	upper	layer	of	Filter	AG	to	remove	larger	particles,	and	a	lower	bed	of	garnet	that	is	
intended	 to	 filter	 particles	 as	 small	 as	 25	microns.	 Prior	 to	 the	 process	 flow	 entering	 the	 filters,	 a	
coagulant	or	flocculent	may	be	added	to	improve	the	efficiency	of	the	filters.	

The	filters	are	automatically	backwashed	based	on	differential	pressure.	Process	water	is	stored	in	a	
2,000-gallon	backwash	tank	in	the	Filter	Building.	The	backwash	tank	can	be	supplemented	with	City	
water	as	needed.		The	backwash	pump	draws	water	from	that	tank	and	pumps	it	through	the	off-line	
filter	in	the	reverse	direction	at	a	rate	twice	the	normal	process	flow	rate.	That	lifts	the	bed	and	flushes	
the	solids	out	of	the	media.	The	backwash	water	is	sent	to	the	Equalization	Tank	located	behind	the	
Filter	Building.	The	Equalization	Tank	is	pumped	to	the	Clarifier	for	further	processing.		

Filter	Building	Air	Stripper	
This	unit	provides	the	final	polishing	treatment	for	VOCs	and	cVOCs	in	the	process.	It	processes	all	of	
the	flow	coming	out	of	the	filters	prior	to	it	being	pumped	to	the	Settling	Vat.	It	is	a	6-tray	counter	flow	
air	 stripper	with	a	5-HP	blower.	 It	produces	a	much	 larger	 surface	area	of	 fluid	exposed	 to	a	much	
higher	 flow	of	air	 than	can	be	achieved	by	aeration.	This	makes	 it	very	effective	 in	VOC	removal.	A	
sequestering	 agent	may	be	 added	 to	 the	Air	 Stripper	 inlet	 line	 to	 avoid	 scale	 deposition	 in	 the	Air	
Stripper	and	downstream	components.	

A	 tank	 in	 the	Filter	Building	holds	a	polymer-based	 flocculent	 that	 is	added	 to	 the	 sludge	 line	 from	the	
Clarifier	to	the	Tipper	Boxes.	This	improves	the	dewatering	of	the	sludge.		

Maintenance	Building	
The	Maintenance	 Building	 is	 located	 near	 the	 Filter	 Building	 and	 contains	 the	 lime	 and	 ferric	 chloride	
storage	tanks,	chemical	feed	pumps,	air	compressor	and	other	appurtenances	associated	with	the	Clarifier	
chemical	feed	systems.	It	is	also	used	for	storage	of	spare	parts	and	equipment.		

Effluent Treatment System Components 

This	 system	 consists	 of	 five	 8’	 x	 40’	 (approximate)	 enclosures	 (sometimes	 referred	 to	 as	 Enclosures	 1	
through	5)	and	refers	to	the	portion	of	the	Physical	Treatment	System	that	includes	the	Settling	Vat,	Settling	
Vat	Effluent	Filters,	AOP+	unit	and	the	water	chemistry	laboratory.	This	term	refers	to	the	area	where	the	
final	treatment	of	the	process	flow	occurs	prior	to	exiting	the	Physical	Treatment	System	and	where	control	
of	the	process	flow	path	occurs.	It	distinguishes	this	portion	of	the	treatment	system	from	LS-1,	LS-2,	the	
Clarifier,	the	Filter	Building	and	the	primary	Natural	Treatment	System.	This	system	receives	process	flow	
from	the	Filter	Building	and	treats	the	combined	flow	of	50	GPM	(maximum)	to	remove	any	residual	light	
organic	materials,	heavy	organic	materials,	as	well	as	any	remaining	metal	salts	that	can	become	phytotoxic	
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(damaging	or	destructive	to	vegetation)	if	allowed	to	accumulate	in	the	soil.	It	is	also	where	the	AOP+	unit	
is	located.		

Settling	Vat	
The	Settling	Vat	 is	a	 large	approximately	6,000	gallon	rectangular	stainless	steel	vat	that	receives	all	the	
process	 flow	from	the	Filter	Building	for	additional	settling	and	separation	of	dense	non-aqueous	phase	
liquid	organics	(DNAPL),	 light	non-aqueous	phase	 liquid	organics	(LNAPL)	and	solids	before	 it	 is	used	for	
irrigation	water	or	further	processed	in	the	AOP+	unit.	There	are	provisions	to	raise	and	lower	the	pH	and	
add	an	oxidizing	agent	following	the	Settling	Vat,	if	needed.		

In	order	to	eliminate	safety	concerns	due	to	the	possibility	of	methane	in	the	inlet	flow,	and	to	eliminate	
the	potential	for	exposure	of	workers	to	the	CoCs,	the	open	top	of	the	vat	has	been	covered,	the	entire	
headspace	swept	with	air	from	outside	the	Enclosures,	and	the	air	exhausted	through	an	explosion-proof	
blower	outside	the	Enclosure.		

Because	 the	unit	did	not	operate	properly	during	startup,	 the	Parties	 installed	 two	baffles	 in	 the	vat	 to	
dissipate	turbulence,	capture	separated	materials,	and	facilitate	separation	and	settling.	At	the	 inlet,	an	
underflow	baffle	was	installed	to	dissipate	turbulence	and	capture	light	materials	before	the	flow	enters	
the	settling	section.	In	the	settling	section,	the	water	flows	across	an	overflow	baffle	and	then	enters	the	
final	section,	where	it	is	picked	up	in	the	transfer	pump	suction	manifold,	which	can	extract	from	any	or	all	
of	four	different	levels	on	the	sidewall	of	the	vat.	Because	the	suction	lines	are	well	above	the	vat	floor,	the	
final	baffle	should	also	assist	in	removing	any	heavy	materials.		

Settling	Vat	Effluent	Filters		
The	process	flow	from	the	Settling	Vat	is	sent	to	the	Settling	Vat	Effluent	Filters.	These	filters	consist	of	a	
set	of	two	bag	type	filters	and	a	cartridge	filter.	The	bag	filters	are	operated	as	paired	filters	during	normal	
operation,	and	the	cartridge	filter	is	bypassed.	The	process	flow	from	the	bag	filters	is	sent	either	directly	
to	the	three	Effluent	Storage	Tanks	in	LS-2	through	the	bag	filters	using	a	25-micron	bag,	or	to	the	AOP+	unit	
through	the	same	bag	filters	operated	in	series	using	a	25-micron	initial	 filter	and	a	5-micron	secondary	
filter,	and	then	to	a	1-micron	cartridge	filter	before	being	processed	in	the	AOP+	unit.	Process	flow	from	
these	 filters	 is	 sent	directly	 to	 the	Effluent	 Storage	Tanks	 for	discharge,	 to	 the	AOP+	unit	 inlet	 filter	 for	
processing	or	it	may	be	recycled.	This	component	occupies	all	of	Enclosure	5.	

AOP+	Unit	
This	 refers	 to	 a	 treatment	 system	 component	 that	 utilizes	 photo-catalytic	 (UV	 light	 and	 TiO2	 catalyst)	
“advanced	oxidation”	which	the	Manufacturer	represented	can	destroy	organic	compounds,	including	1,4-
dioxane,	 that	are	persistent	 in	 the	other	processes	 in	 the	Remedial	Treatment	System.	The	TiO2	photo-
catalytic	process,	in	brief,	is	intended	to	employ	a	catalyst	to	expand	the	useful	bandwidth	of	the	ultraviolet	
(UV)	 light	 in	the	formation	of	hydroxyl	radicals	(OH-),	and	creates	what	are	called	“super-oxides.”	These	
positively	charged	“holes”	(h+)	form	on	UV	irradiated	TiO2	and	are	a	stronger	oxidizing	agent	than	hydroxyl	
radicals.	This	component	occupies	all	of	Enclosure	2	and	was	intended	to	provide	backup	treatment	when	
the	primary	Natural	Treatment	System	is	not	functioning.		

When	delivered	to	the	Site,	the	AOP+	Unit	was	not	operable,	and	despite	repeated	efforts	the	Manufacturer	
was	unable	to	make	the	Unit	operational.		The	Parties	spent	considerable	time	and	money	to	repair	the	system	
and	to	render	the	Unit	operational.		Ultimately,	even	when	operational,	the	AOP+	could	not		consistently	treat	
the	 effluent	 to	 the	 required	 levels	 established	 in	 the	 City’s	 Pretreatment	 Permit	 	 Therefore,	 	 it	 cannot	 be	
operated,	and	the	Parties	are	not	able	to	discharge	any	treated	effluent	to	the	POTW.	The	Parties	have	explored	
alternative	 technologies	 that	 might	 improve	 or	 replace	 the	 AOP+	 unit.	 However,	 the	 available	 alternative	
technologies	are	very	limited	due	to	the	high	levels	of	1,4-dioxane	in	the	groundwater	and	leachate	and	the	
presence	of	high	levels	of	radical	scavengers	in	groundwater	and	leachate	at	the	Site.	At	this	time,	the	Parties	
have	not	been	able	to	identify	a	suitable	enhancement	or	replacement	for	the	PhotoCat.	As	a	result	the	Parties	
submitted	Technical	Memorandum	E-10,	which	presented	the	case	for	operating	the	system	as	is	without	any	
backup.	TM-E10	was	approved	by	NCDEQ. 
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Supervisory	Control	and	Data	Acquisition	Network	
The	Supervisory	Control	and	Data	Acquisition	Network	(SCADA)	controls	the	operation,	alarm,	 interlock,	
data	 collection	 and	 other	 functions	 necessary	 to	 safely	 operate	 the	 Remedial	 Treatment	 System	
components.	 It	 is	 comprised	 of	 a	 central	 programmable	 logic	 controller	 (PLC)	 and	 four	 operator	 input	
stations,	one	in	LS-2,	one	in	Enclosure	3	in	the	Effluent	Treatment	System,	one	in	the	Filter	Building	and	one	
in	LS-1.	This	allows	the	operator	to	input	commands	from	any	of	those	locations.		

Natural	Treatment	System	Components	
The	 Natural	 Treatment	 System	 (sometimes	 referred	 to	 as	 the	 Phytoremediation	 System	 and	 the	
Biodegradation	System)	is	currently	established	and	maturing	on	the	cap	of	the	Landfill.	It	is	a	33-acre	tree	
stand	consisting	of	a	variety	of	conifer	tree	species	(primarily	pine	tree	species).	A	buried	drip-irrigation	
system	for	irrigation	and	fertigation4	of	the	trees	is	divided	into	16	two-acre	(approximately)	zones	that	can	
be	automatically	activated	sequentially	to	dispense	irrigation	water	and	nutrients	at	a	rate	of	approximately	
50	GPM	per	 zone.	An	 irrigation	monitoring	and	 control	 system	 is	managed	by	 the	SCADA	and	provides	
irrigation	based	on	data	from	soil	suction	(soil	water	tension)	and	temperature	probes	installed	at	various	
depths	in	each	zone.	The	SCADA	is	programmed	to	automatically	control	irrigation.	If	the	soil	profile	within	
a	given	zone	becomes	too	wet,	and	excessive	percolation	below	the	root	zone	is	imminent,	the	SCADA	will	
skip	that	zone	and	move	to	the	next	zone.	When	the	SCADA	senses	soils	have	sufficiently	dried	because	of	
transpiration	and	percolation,	it	will	again	allow	irrigation	of	the	skipped	zone.	Figures	6	and	7	in	Appendix	
1	show	the	general	layout	of	the	Natural	Treatment	System.	

Phytoremediation	Tree	Stand	
The	Phytoremediation	Tree	Stand	refers	to	an	upland	tree	stand	planted	on	the	East	and	West	Lobes	
of	the	Landfill.	It	consists	of	a	planting	of	mixed	conifer	5	trees	which	uptake	soil	moisture.	It	is	designed	
to	uptake	irrigation	water	and	destroy		the	CoCs	contained	in	the	groundwater	and	leachate	through	
phytovolatilization,	a	process	in	which	the	trees	take	up	the	CoCs	dissolved	in	the	irrigation	water	and	
translocate	the	CoCs	to	the	leaves.	The	CoCs	exit	the	leaves	with	the	transpiration	gas	via	the	stomata.	
In	the	atmosphere,	the	CoCs	are	destroyed	by	ultraviolet	light.	This	process	is	the	predominant	method	
by	which	the	Natural	Treatment	System	degrades	the	CoCs	during	the	months	in	which	the	trees	are	
actively	growing	and	evapotranspiration	is	high.	In	addition	to	this	process,	biodegradative	processes	
are	known	to	act	on	the	CoCs	in	the	soils,	particularly	in	the	area	immediately	surrounding	the	root	
zone	of	a	tree	or	other	plant.	This	area	around	the	plant	root	 is	referred	to	as	the	rhizosphere,	and	
biodegradation	 in	 the	 rhizosphere	 is	 called	 rhizodegradation.	 These	 biodegradation	 processes	 can	
degrade	 the	 VOCs,	 cVOCs	 and	 1,4-dioxane,	 and	 contribute	 significantly	 to	 the	 overall	 treatment	
effectiveness	of	the	Natural	Treatment	System.		

Irrigation	System		
For	 the	Natural	 Treatment	 System	 to	 be	 effective,	 it	 is	 important	 that	most	 of	 the	 CoC-containing	
irrigation	water	be	taken	up	by	the	trees	during	the	period	when	the	evapotranspiration	rate	(ETo)	is	
high,	and	the	irrigation	water	is	retained	in	the	soil	for	a	sufficient	time	to	allow	the	biodegradation	
processes	to	be	effective.	The	rate	of	water	input	from	irrigation	plus	precipitation	is	compared	to	the	
rate	of	water	exiting	the	system,	primarily	through	transpiration	by	the	trees	and	percolation	below	
the	root	zone	soils,	to	maintain	the	proper	balance.	

The	main	controller	for	the	Irrigation	System	is	the	SCADA,	which	is	networked	to	remote	input	and	
output	(I/O)	devices.	Data	input	from	the	Natural	Treatment	System	to	the	SCADA	comes	from	data	
loggers	that	record	the	data	from	the	soil	suction	probes	and	soil	temperature	probes	and	provides	
hourly	averages	to	the	SCADA.	In	addition,	the	SCADA	can	receive	overriding	commands	input	by	the	
system	operator.		

																																																																				
4	Fertigation	is	the	injection	of	fertilizers,	soil	amendments,	and	other	water-soluble	products	into	an	irrigation	system.	
5	As	explained	earlier,	the	hardwood	trees	have	been	interplanted	with	alternative	conifer	species	effectively	making	the	tree	stand	act	as	 if	 it	were	
planted	in	all	conifer	trees.	
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Data	 loggers	collect	data	 from	the	soil	 suction	 (water	 tension)	and	 temperature	probes	 installed	at	
various	depths	in	the	Landfill	cover	soils.	Based	on	this	data,	the	data	loggers	calculate	the	soil	suction	
on	a	scale	of	0	to	200	kilopascals	(kPa),	the	higher	the	tension	the	dryer	the	soil.	Information	from	the	
data	loggers	is	averaged	hourly,	translated	from	Modbus	to	Profibus,	and	transmitted	to	the	SCADA.	
The	SCADA	also	receives	 information	directly	from	other	probes	(e.g.,	weathers	station	sensors	and	
water	 flow	 meters).	 Based	 on	 this	 information,	 the	 controller	 regulates	 soil	 suction	 within	 an	
acceptable	range	for	the	various	zones.	

One	key	set	of	program	instructions	are	the	zone-specific	values	for	saturation	points	based	on	the	
water	 holding	 characteristics	 of	 the	 soil	 in	 each	 zone.	 Based	 on	 these	 instructions,	 the	 SCADA	
automatically	allows	an	irrigation	zone	to	be	turned	on	or	off,	and	automatically	determines	the	next	
available	zone	to	irrigate.	These	values	are	input	by	the	operator	based	on	soil	samples	collected	from	
each	moisture	probe	nest	area.	

Each	irrigation	zone	contains	1	to	2	nests	(23	total	nests	in	16	zones)	of	soil	suction6	probes	installed	
approximately	1	foot	(horizontal	distance)	from	a	drip-irrigation	line.	Soil	suction	is	a	measure	of	the	
tension	exerted	on	the	soil	by	the	moisture	present.	Within	each	nest	there	are	three	probes	installed	
at	different	depths	in	the	soil	profile.	The	probes	are	designated	u-	(upper),	m-	(middle),	and	d-	(deep).	
The	number	of	nests	within	each	irrigation	zone	and	the	depths	of	the	three	probes	in	each	nest	are	
determined	by	the	varying	depth	of	the	Landfill	cap	material	and	differing	areas	of	each	zone.	All	of	the	
u-probes	are	 installed	12	 inches	below	ground	surface	(bgs);	all	of	the	d-probes	are	 installed	1	to	2	
inches	 above	 the	 soil/waste	 interface,	 and	 all	 of	 the	 m-probes	 are	 installed	 roughly	 equidistant	
between	the	u-	and	d-probes.	The	readings	from	each	are	recorded	by	the	data	loggers	and	averaged	
hourly.	The	set	point	is	the	maximum	soil	moisture	of	the	root-zone	soil	that	allows	the	moisture	to	be	
held	 in	the	soil	without	rapid	drainage.	The	set	points	are	different	for	each	irrigation	zone	and	are	
dependent	upon	the	water-holding	characteristics	of	the	soil	within	each	zone.		

Soil	Moisture	Probes	
The	Irrigation	System	Repair	and	Upgrade	modified	the	soil	moisture	control	network.	The	network	has	
been	 upgraded	 by	 using	 the	 existing	 23	 nested	 probe	 locations.	 However,	 the	 3	 soil	 moisture,	
temperature,	and	salinity	probes	originally	installed	at	each	nest	have	been	replaced	with	soil	suction	
probes.	These	probes	use	a	simple	current	flow,	or	more	correctly	the	resistance	to	current	flow,	to	
determine	the	soil	tension	or	suction,	and	are	more	reliable	than	the	original	probes.	

Temperature	Probes	
In	addition	to	the	soil	suction	probes,	6	soil	temperature	probes	were	installed	to	monitor	the	upper,	
middle,	and	deep	probe	depth	soil	temperatures	on	each	lobe	of	the	Landfill.	These	temperatures	are	
used	to	correct	the	soil	suction	probe	readings.	In	addition,	two	temperature	probes,	one	on	each	lobe,	
monitor	 the	 temperature	of	 the	 soil	 approximately	 4	 inches	 bgs.	 These	 are	 used	 to	 determine	 the	
critical	temperature	at	which	irrigation	may	be	stopped	due	to	hard	freeze	conditions.	

Data	Loggers	
Data	 loggers	 are	 the	 core	 devices	 that	 generate	 the	 signals	 necessary	 to	 read	 the	 soil	 suction	 and	
temperature	probes,	record,	manipulate	and	average	those	readings	as	needed,	and	present	them	in	
tabular	 format	 for	 input	 into	 the	 SCADA.	 These	devices	 are	 the	 last	 piece	of	 equipment	 in	what	 is	
referred	to	as	the	Soil	Moisture	Probe	Network.	One	data	logger	is	located	in	each	Node	Building	Panel.	

																																																																				
6	If	the	water	contained	in	the	voids	of	a	soil	were	subjected	only	to	gravity,	the	soil	lying	above	the	water	table	would	be	completely	dry	all	the	time.	
However,	molecular	and	physical-chemical	forces	act	at	the	boundary	between	the	soil	particles	and	the	water	and	cause	the	water	to	be	either	drawn	
up	into	the	otherwise	empty	void	spaces,	or	held	there	without	drainage.	The	attraction	that	the	soil	exerts	on	the	water	is	termed	“soil	suction.”	The	
magnitude	of	the	attractive	force	that	the	soil	exerts	on	water	is	governed	by	the	size	of	the	voids.	The	smaller	the	void,	the	harder	it	is	to	remove	the	
water	from	the	void.	Therefore,	soil	suction	is	a	function	of	both	the	molecular	forces	and	the	soil	characteristics.	Basically,	the	dryer	the	soil	the	higher	
the	soil	suction.	It	is	measured	in	units	of	kilopascals	(kPa).	
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Multiplexers	
Multiplexers	are	devices	that	are	used	to	connect	multiple	data	inputs	(probe	inputs)	to	a	single	data	
logger.	In	this	case,	the	soil	suction	probes	and	the	temperature	probes	each	occupy	an	address	on	a	
multiplexer.	These	devices	are	mounted	in	the	Node	Panels	located	in	each	Node	Building.	

Node	Panels	
Within	each	of	the	East	and	West	Lobe	Node	Buildings,	there	is	a	large	control	panel	referred	to	as	the	
Node	Panel.	These	panels	each	contain	several	components	 that	are	part	of	 the	Natural	Treatment	
System.	This	 includes	a	data	 logger	and	one	or	more	multiplexers	 that	 are	used	 to	 connect	69	 soil	
suction	probes	and	8	temperature	probes	to	two	data	loggers.	

Weather	Station	
The	weather	station	is	located	in	the	Main	Treatment	Area	near	Enclosure	1.	It	provides	temperature,	
barometric	 pressure,	 relative	 humidity,	 wind	 speed	 and	 direction,	 the	 amount	 of	 rainfall	 and	 the	
amount	 of	 solar	 radiation	 to	 the	 SCADA.	 The	 SCADA	 in	 turn	 uses	 the	 data	 to	 calculate	 the	
evapotranspiration	rate	(ETo)	for	the	Site.	That	information	is	balanced	against	the	amount	of	irrigation	
water	and	the	amount	of	rainfall	to	manage	the	water	balance	for	the	irrigation	network	control.	The	
rate	at	which	the	trees	use	water,	the	transpiration	rate,	is	a	function	of	ETo.	
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Remedial Treatment System Design 

General Information 

The	original	selection	of	the	remedy	implemented	at	the	Site	was	based	largely	on	the	presence	of	DNAPLs	
and	1,4-dioxane	in	the	groundwater	and	leachate.	The	compound	1,4-dioxane	has	very	poor	treatability	
characteristics	in	conventional	treatment	systems	and	does	not	respond	well	to	most	of	the	commonly	used	
remedial	treatment	techniques.	This	is	because	it	has	a	relatively	low	Henry’s	Law1	constant,	and	therefore	
is	not	volatile	and	cannot	be	air-stripped.	Its	boiling	point	is	101	°C,	very	similar	to	water,	and	therefore	it	
will	not	distill	or	easily	separate.	It	has	a	low	organic-carbon	partitioning	factor	(Koc);	therefore,	it	will	not	
readily	separate	in	processes	such	as	carbon	adsorption.	It	does	not	adsorb	to	organic	material	and	is	highly	
soluble	in	water.	

Given	the	presence	of	 	 	DNAPLs	 in	the	subsurface,	and	the	highly	fractured	and	heterogeneous	bedrock	
conditions	 present	 at	 the	 Site,	 restoration	 of	 groundwater	 quality	 to	 regulatory	 standards	 within	 a	
reasonable	 timeframe	 was	 determined	 to	 be	 technically	 impracticable.	 The	 presence	 of	 1,4-dioxane	
mandated	 that	 a	 remedial	 treatment	 system	 be	 capable	 of	 degrading,	 mineralizing	 or	 destroying	 this	
compound,	which	 is	 highly	mobile	 and	 resistant	 to	 treatment	 techniques	more	 commonly	 employed	 in	
treatment	systems.	

The	 modifications	 made	 to	 the	 original	 treatment	 design	 were	 based	 upon	 the	 higher	 than	 expected	
amount	of	solids	generated	due	to	the	higher	 levels	of	metal	salts.	This	consisted	of	the	addition	of	the	
Filter	 Building	 in	 an	 effort	 to	manage	 the	 solids	 by	 direct	 filtration.	When	 this	 proved	 insufficient,	 the	
Clarifier	was	added	to	remove	the	solids	prior	to	the	flow	entering	the	Filter	Building.		

As	a	result,	 the	treatment	methods	employed	at	the	Site	have	been	designed	to	provide	for	reasonable	
operating	economics	coupled	with	long-term	operating	capabilities	and	reduction	of	the	concentrations	of	
all	the	CoCs	including	1,4-dioxane.	The	Remedial	Treatment	System	employs	the	extraction	and	treatment	
of	groundwater	at	a	rate	necessary	to	capture	and	contain	contaminant	migration	and	the	collection	and	
treatment	 of	 SIS,	 Landfill	 and	 NIS	 recovered	 shallow	 groundwater,	 leachate	 from	 the	 existing	 leachate	
collection	tanks,	and	leachate	drainage	from	the	abandoned	piped	sections	of	the	NIS.	It	also	provides	for	
the	 improvement	of	the	cover	system	for	the	Soil	Residue	Mound,	diversion	of	the	flow	from	the	piped	
section	of	 the	NIS	and	 restrictions	on	 specific	uses	of	 the	 land	on	and	adjacent	 to	 the	Site	 through	 the	
recording	of	Land	Use	Restrictions	and	other	limiting	rules,	regulations	and	permit	conditions.	

Remedial Objectives 

The	objectives	of	remedial	action	implemented	at	the	Site	include	the	following:	

1. Contain	the	contaminated	soils	at	the	source	areas	to	prevent	direct	contact	by	potential	human	
and	environmental	receptors,	reduce	percolation	and	intrusion	of	storm	water	and	surface	water	
to	reduce	the	migration	of	CoCs	into	the	groundwater;		

2. Control	migration	of	landfill	leachate	to	prevent	discharge	to	surface	waters	at	the	Site;		
3. Control	 migration	 of	 contaminated	 groundwater	 at	 the	 Site	 to	 prevent	 off-site	 migration	 and	

unacceptable	impacts	to	surface	waters;		
4. Achieve	compliance	with	North	Carolina	surface	water	quality	standards	for	the	CoCs	in	the	surface	

waters	of	the	on-Site	streams	and	the	Reservoir;	and	
5. Achieve	 compliance	 with	 North	 Carolina	 Ground	Water	 Quality	 Standards	 for	 the	 CoCs	 in	 the	

groundwater	beneath	the	Site;	and	

																																																																				
1	At	a	constant	temperature,	the	amount	of	a	given	gas	that	dissolves	in	a	given	type	and	volume	of	liquid	is	directly	proportional	to	the	partial	pressure	
of	that	gas	in	equilibrium	with	that	liquid.	
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6. Restrict	 future	uses	of	 the	 Site,	 and	 certain	adjacent	properties,	 that	 could	present	potentially	
unacceptable	exposure	risks	(e.g.,	residential	development,	use	of	impacted	ground	water,	etc.).	

It	is	important	to	point	out	that	the	primary	objective	of	this	remedy	is	to	control	the	migration	of	Landfill	
leachate	 to	 prevent	 discharge	 to	 surface	 waters,	 and	 the	 migration	 of	 contaminated	 groundwater	 to	
prevent	unacceptable	impacts	and	off-Site	migration	to	surface	waters.	This	is	accomplished	by	a	hydraulic	
containment	system	that	is	monitored	by	transducers	installed	in	key	wells	to	monitor	and	demonstrate	
the	effectiveness	of	the	capture	zone.		

Containment	of	the	contaminated	soils	at	the	source	areas	to	prevent	direct	contact	by	potential	human	
and	environmental	receptors	and	reduction	of	the	intrusion	of	storm	water	and	surface	water	to	restrict	
the	migration	of	CoCs	into	the	groundwater	are	accomplished	by	the	capping	of	the	Soil	Residue	Mound	
and	 general	 Landfill	 cap	maintenance.	 The	method	used	 to	 restrict	 future	uses	 of	 the	 Site,	 and	 certain	
adjacent	 properties	 that	 could	 present	 potentially	 unacceptable	 exposure	 risks	 (e.g.,	 residential	
development,	use	of	impacted	ground	water,	etc.)	is	the	recording	of	“Land	Use	Restrictions”	(LURs)	on	the	
SCC	property,	the	Landfill	property	and	the	MRF	property.		

On	 certain	 properties	 adjacent	 to	 the	 Site,	 land	 use	 is	 restricted	 by	 the	 limitations	 placed	 on	 land	 and	
groundwater	use	within	the	Randleman	Reservoir	Tier	2	critical	watershed,	the	rules	of	the	PTRWA	which	
specifically	 preclude	 development	 within	 the	 Reservoir	 and	 the	 200	 foot	 wide	 buffer	 surrounding	 the	
Reservoir,	 restrictive	 conditions	 of	 the	 Army	 Corps	 of	 Engineers	 (ACE)	 permit	 issued	 for	 the	 dam	 and	
Reservoir,	regulations	administered	by	the	NCDEQ	Division	of	Water	Resources,	and	the	Guilford	County	
Well	Regulations,	which	limit	water	well	placement	within	1,500	feet	of	a	known	source	of	groundwater	
contamination.2	Although	the	Parties	made	substantial	efforts	to	place	LURs	on	the	Crutchfield	property	
that	abuts	the	PTRWA	buffer	on	the	north	side	of	the	Reservoir,	the	landowner	refused	to	allow	them	to	be	
recorded.	 The	 Parties	 concluded	 there	 are	 sufficient	 other	 restrictions	 on	 the	 use	 of	 the	 lands	 and	
groundwater	in	the	vicinity	of	the	Site	such	that	not	recording	LURs	on	that	property	would	not	result	in	
increased	risk	to	human	health	or	the	environment.	

Site Hydrogeology 

The	geology	of	the	Site	consists	of	fractured	granite	gneiss3	that	has	been	intruded	by	mafic	dikes.	The	mafic	
dikes	are	generally	oriented	N20oE	 (20	degrees	east	of	north)	 and	are	 sub-vertical,	 dipping	 to	both	 the	
northwest	and	the	southeast.	The	mafic	dikes	generally	do	not	occur	as	single	massive	tabular	bodies,	but	
as	a	swarm	of	thinner	tabular	and	irregular	dikes	within	larger	fracture	zones	within	the	granite	gneiss.	The	
thickness	of	individual	mafic	dikes	ranges	from	less	than	one	foot	to	more	than	30-feet.	Smaller	ephemeral	
mafic	dikes	that	are	not	associated	with	fracture	zones	are	disseminated	throughout	the	granite	gneiss.	

The	physical	character	of	the	subsurface	geologic	media	grades	with	depth	from	unconsolidated	soil	and	
saprolite4	to	partially	weathered	rock	 to	bedrock.	 In	some	areas	across	 the	Site,	outcrops	of	competent	
bedrock	occur	at	the	ground	surface.	The	saprolite,	where	present	at	the	Site,	generally	consists	of	clayey	
sands	to	silty	clays	and	is	 less	than	20	to	30	feet	 in	thickness.	The	partially	weathered	rock	is	composed	
generally	of	medium	to	coarse-grained	granite	gneiss	and	is	interbedded	occasionally	with	fine	to	medium-

																																																																				
2 	See	 Guilford	 County	 Well	 Rules	 Chapter	 2,	 Section	 III	 Standards	 of	 Construction,	 Paragraph	 A	 Location,	 Subparagraph	 2	 which	 states	 “Special	
consideration	shall	be	given	for	wells	within	1,500	feet	of	a	point	or	source	of	groundwater	contamination.”	The	Guilford	County	Health	Department	
(GCHD)	must	 review	 these	wells	 before	 they	 are	 permitted.	 The	 Parties	 have	 notified	 the	GCHD	 that	 the	 Site	 represents	 a	 source	 of	 groundwater	
contamination.	

3 Gneiss	is	a	typical	rock	type	formed	by	regional	metamorphism,	in	which	a	sedimentary	or	igneous	rock	has	been	deeply	buried	and	subjected	to	high	
temperatures	and	pressures.	Nearly	all	traces	of	the	original	structures	and	fabric	are	lost	as	the	minerals	migrate	and	recrystallize.	

4	Defined	as	soft,	friable,	is	volumetrically	weathered	bedrock	that	retains	the	original	rock’s	structure	and	fabric	but	with	a	lower	bulk	density.	
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grained	silty	sands.	Where	present,	the	partially	weathered	rock	zone	varies	from	depths	of	approximately	
25	feet	near	MW-2A	to	90	feet	near	PW-13I	(see	Figure	3).	

Several	 prominent	 geologic	 structures	 have	 been	 identified	 and	 mapped	 at	 the	 Site.	 Based	 on	 the	
conceptual	model,	which	was	developed	during	the	Remedial	 Investigation	process,	the	most	significant	
geologic	features	are	as	follows:	

Southern	Intermittent	Stream	Fault		
A	N80oE	oriented	fracture	zone/fault	that	parallels	the	southern	intermittent	stream.	Based	on	an	on-site	
outcrop	measurement	and	fracture	orientation	data	from	the	PW-3D	core,	the	fracture	zone	is	believed	to	
dip	43o	to	the	south.	

Seaboard	Dike		
A	N20oE	oriented	mafic	dike	that	extends	from	the	Seaboard	facility	to	the	vicinity	of	monitoring	well	PW-
13I	and	north	of	the	Deep	River.	

PW-5D	Dike	or	Fault		
A	N20oE	oriented	diabase	dike	/	fault	that	extends	northward	from	the	east	side	of	the	Seaboard	facility	
near	PW-8S	 to	 the	vicinity	of	monitoring	well	PW-5D	north	of	 the	Deep	River.	 The	PW-5D	Fault	has	an	
inferred	connection	with	the	Southern	Intermittent	Stream	Fault	beneath	the	Landfill.	

Regional	Dike		
A	major	regional	mafic	dike	that	extends	N20oE	near	PW-6I/6D	and	extends	north	of	the	Deep	River.	

Deep	River	Fault		
A	southward-dipping	fault	that	forms	the	east-west	segment	of	the	Deep	River.	Based	on	an	on-site	outcrop	
measurement	and	fracture	orientation	data	from	the	PW-5D	core,	the	fracture	zone	is	believed	to	dip	50o	
to	the	south.	

These	structural	features	serve	as	preferred	pathways	for	groundwater	flow	and	contaminant	migration	at	
the	 Site.	 The	 Southern	 Intermittent	 Stream	 Fault	 represents	 a	 significant	 groundwater	 flow	 and	
contaminant	migration	pathway	to	the	east,	toward	the	Reservoir.	Groundwater	flow	is	diverted	northward	
from	this	fault	by	north-south	trending	geologic	structures,	which	extend	to	the	Reservoir	in	the	vicinity	of	
PW-5D.	 At	 the	 east-west	 segment	 of	 the	 Reservoir,	 the	 Deep	 River	 Fault	 controls	 the	 flow	 path.	 This	
southward-dipping	 fault	 intercepts	 the	main	VOC	plume	at	 the	Reservoir.	The	Regional	Dike	serves	as	a	
natural	cut-off	feature	to	limit	the	eastward	migration	of	contaminants	within	the	shallow	bedrock	aquifer	
and	limits	the	discharge	zone	of	contaminated	groundwater	into	the	Reservoir.	Similarly,	the	Seaboard	Dike	
that	extends	 from	the	Seaboard	 facility	northeastward	to	the	vicinity	of	PW-13I	 represents	a	northwest	
boundary	of	the	main	VOC	plume	(see	Figure	3).	

Groundwater Hydraulic Containment 
Design 

An	aquifer	test	was	conducted	at	the	Site	during	the	period	of	July	through	August	2002.	Using	extraction	
well	 PW-DR1,	 pumping	 rates	 were	 periodically	 varied	 to	 evaluate	 the	 potential	 capture	 zone	 using	
drawdowns	 observed	 in	 nearby	monitoring	wells.	 The	 determination	 of	 the	 extraction	 rate	 that	would	
capture	flow	from	the	Regional	Dike	and	the	Seaboard	Dike	was	of	particular	interest.	The	extraction	rate	
test	results	indicated	that	the	VOC	plume	could	be	contained	at	the	Reservoir	by	pumping	at	a	relatively	
low	rate	(10	–	20	GPM)	at	PW-DR1.	The	drawdown	data	indicated	that	pumping	at	a	rate	of	approximately	
10	GPM	produced	a	 capture	 zone	 that	extends	parallel	 to	 the	east-west	 segment	of	 the	Reservoir.	 The	
capture	zone	extends	along	the	Deep	River	Fault	to	beyond	the	Seaboard	Dike	to	the	west	and	beyond	the	
Regional	Dike	to	the	east.	
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Based	on	the	results	of	the	extraction	test,	the	main	plume	of	VOC-impacted	groundwater	migrating	from	
the	bedrock	aquifer	to	the	Reservoir	is	intercepted	by	pumping	from	groundwater	extraction	well	PW-DR1,	
located	at	the	Reservoir	near	the	SIS	confluence.	The	estimated	pumping	rate	for	PW-DR1	is	10	to	20	GPM.	
Four	additional	shallow	groundwater	recovery	wells	also	are	located	along	the	Reservoir:	RW-NIS1	located	
at	the	NIS	confluence	with	the	Reservoir;	RW-LFS1	and	RW-LFS2	located	along	the	southeast	portion	of	the	
Landfill;	and	RW-SIS1	located	near	the	SIS	confluence	with	the	Reservoir.	RW-SIS1	is	used	only	if	needed	
(i.e.	if	capture	of	shallow	impacted	groundwater	in	the	eastern	SIS	area	is	not	achieved	by	pumping	at	PW-
DR1).	The	estimated	pumping	rates	of	the	four	additional	extraction	wells	along	the	Reservoir	range	from	
0.5	GPM	for	RW-SIS1	to	6	GPM	for	RW-NIS1.	

In	the	western	SIS	area,	located	upstream	of	the	Landfill,	five	shallow	groundwater	extraction	wells	are	used	
to	intercept	the	affected	groundwater	migrating	to	the	SIS.	Three	extraction	wells	(RW-SIS2,	RW-SIS3	and	
RW-SIS4)	are	located	along	the	south	bank	of	the	stream	and	have	an	estimated	pumping	rate	of	0.5	GPM	
each.	Two	extraction	wells	(RW-SIS5	and	RW-SIS6)	are	located	along	the	north	bank	of	the	stream	and	will	
be	used	if	capture	of	shallow	impacted	groundwater	in	the	western	SIS	area	is	not	achieved	by	pumping	at	
the	three	wells	along	the	south	bank.	The	location	of	the	groundwater	extraction	wells	is	shown	in	Figure	
9.	

System Efficacy 

To	evaluate	the	efficacy	of	the	extraction	network,	transducers	were	installed	to	monitor	water	levels	in	
seven	 existing	 monitoring	 wells	 as	 described	 in	 the	 modified	 Remedial	 Monitoring	 and	 Effectiveness	
Evaluation	Plan.	These	seven	monitoring	wells	include	OW-DR-2,	OW-DR-3,	OW-DR-4,	PW-6D,	and	OW-LFS-
2,	which	 are	 located	 on	 the	 Landfill	 property,	 and	 PW-15D	 and	 PW-16D,	which	 are	 located	 across	 the	
Reservoir	on	property	within	the	PTRWA	buffer.	During	December	2014,	while	startup	testing	of	all	of	the	
recovery	wells	was	underway,	the	transducers	indicated	drawdown	and	good	hydraulic	control	in	most	of	
the	 monitored	 wells,	 including	 two	 monitoring	 wells	 located	 across	 and	 north	 of	 the	 Reservoir.	 The	
observed	 water	 level	 drawdowns	 during	 startup	 testing	 are	 summarized	 in	 Table	 1.	 An	 exception	 is	
monitoring	well	OW-DR3,	which	has	historically	been	unresponsive	to	pumping	and	did	not	show	significant	
drawdown	during	the	limited	startup	testing	of	the	extraction	system.	Information	similar	to	the	results	of	
drawdown	 testing	 during	 the	December	 2014	 startup	was	 also	 observed	 during	 collection	 of	 the	 static	
monitoring	well	water	 levels	during	the	2014	Annual	Water	Quality	Monitoring	Event.	The	groundwater	
levels	in	MW-3C,	MW-12D,	OW-DR2,	PW-5D,	PW-6D,	PW-SF1,	and	W-4A	showed	evidence	of	drawdown	
because	of	the	startup	test	extraction.	The	startup	test	pumping	of	extraction	well	PW-DR1	has	altered	the	
groundwater	flow	regime	in	the	bedrock	aquifer	along	the	northern	portion	of	the	Landfill	adjacent	to	the	
Reservoir.	The	operation	of	extraction	well	PW-DR1	indicates	a	significant	capture	zone	for	monitoring	wells	
along	the	northern	section	of	the	Landfill	adjacent	to	and	across	the	Reservoir.	

Observations	of	groundwater	drawdown	during	recent	startup	testing	confirm	the	design	data	developed	
during	the	2002	aquifer	testing.	The	drawdown	pattern	and	extent	of	the	capture	zone	observed	from	the	
permanently	 installed	 transducers	during	 the	2014	Annual	Water	Quality	Monitoring	Event	 support	 the	
findings	of	the	aquifer	testing	and	indicate	hydraulic	control	of	the	contaminant	plume	is	achieved	using	an	
extraction	rate	of	+	20	GPM	at	PW-DR1.	Given	the	drawdown	indicated	in	deep	monitoring	wells	on	the	
north	 side	of	 the	Reservoir	 (PW-15D/PW-16D),	 the	designed	extraction	 system	exceeds	 the	anticipated	
design	performance.	Evaluation	of	the	efficacy	of	the	capture	zone	will	continue	as	full	operation	of	the	
extraction	system	is	implemented.	
Table	1	-	Transducer	Well	Levels	

Well	ID	 Water	Level	Drawdown	at	24	hours	 Water	Level	Drawdown	at	48	hours	

PW-DR1	(extraction	well)	 -19.24	 -19.25	

OW-DR4	 -13.72	 -13.74	

OW-DR2	 -13.93	 -13.96	
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OW-DR3	 -0.14	 0.31*	

PW-6D	 -8.53	 -8.59	

OW-LFS2	 0.70*	 1.76*	

PW-16D	 -7.62	 -7.55	

PW-15D	 -5.29	 -5.26	

Notes:		 Pumping	rate	set	at	+	30	GPM.	
Drawdown	shown	as	feet	below	static	observed	at	startup.	

	 *	Increase	in	water	level	likely	attributable	to	fluctuations	in	Reservoir	levels.	

Natural Treatment System Design 

The	Natural	Treatment	System	at	the	Site	is	an	approximately	33-acre	stand	of	conifer	trees	that	is		irrigated	
year-round	with	process	flow	from	the	Physical	Treatment	System.	The	process	flow	contains	1,4-dioxane	
and	low	levels	of	VOCs	as	well	as	some	metal	salts.	Phytoremediation	processes	include	the	transpiration	
of	 the	 irrigation	 water,	 phytovolatilization	 of	 the	 CoC-components	 (including	 1,4-dioxane)5,	 as	 well	 as	
rhizodegradation	(Biodegradation	in	the	plant	root-zone)	of	residual	VOCs.	

Phytovolatilization	 is	 the	 primary	 mechanism	 of	 CoCs	 removal,	 a	 process	 in	 which	 the	 dissolved	 CoCs	
including	1,4-dioxane	are	taken	up	via	the	roots	and	transferred	to	the	atmosphere	along	with	water	vapor	
in	the	transpiration	gas.	Thus,	the	rate	of	phytovolatilization	is	tied	to	transpiration	(water	up-take	by	the	
trees).	The	transpiration	rate	of	the	tree	stand	matches	or	exceeds	the	irrigation	rate	from	spring	through	
fall	when	reference	evapotranspiration	(ETo)	is	high.	In	winter,	with	low	ETo,	the	rate	of	irrigation	will	exceed	
the	rate	of	transpiration,	and	some	percentage	of	irrigation	water	will	percolate	below	the	root	zone.		

The	 current	 operating	 procedures	 for	 the	 Site	 include	 on-going	 tasks	 related	 to	 the	Natural	 Treatment	
System,	specifically,	monitoring	the	performance	of	the	33-acre	system	as	well	as	performing	tests	with	a	
pilot-scale	system.		

The	monitoring	program	has	the	following	objectives:	

1. Tracking	the	extent	of	plant	stress	will	assess	the	health	and	sustainability	of	the	tree	stand.	Stress	
will	be	estimated	by	on-going	measurements	of	the	ratio	of	transpiration	to	ETo.		

2. Landfill	 cover	 soils	will	 be	monitored	 for	 soil	moisture,	 electrical	 conductivity	 (an	 indication	 of	
salinization),	CoC	concentrations,	and	agronomic	characteristics.	There	is	a	system	of	23	nests	of	
soil	moisture	sensors	within	the	33-acre	tree	stand	(three	sensors	per	nest).		

3. The	volume	and	CoC	content	in	the	drainage	water	collected	in	bucket	lysimeters	will	be	monitored	
and	the	masses	of	CoCs	percolating	below	the	root	zone	will	be	calculated.	There	are	10	bucket	
lysimeters	installed	within	the	33-acre	system;	

4. Potential	imbalances	in	plant	nutrition	created	by	uptake	of	inorganics	in	the	irrigation	water	will	
be	 monitored	 by	 analyzing	 samples	 of	 plant	 tissue.	 These	 imbalances	 will	 be	 addressed	 by	
appropriate	changes	in	the	fertigation	protocol.		

5. Pilot	tests	will	be	conducted	within	a	small	plot	of	mature	trees	located	on	the	west	lobe	of	the	
Landfill	 that	 is	 fully	 representative	 of	 the	 full-scale	 system.	 The	 plot	 is	 instrumented	 so	 that	
drainage	and	transpiration	rates	and	soil	moisture	can	be	extensively	monitored.	The	pilot	tests	
will	 provide	 monthly	 data	 for	 the	 treatment	 efficiency	 of	 the	 Natural	 Treatment	 System,	
specifically	 the	 volume	of	drainage	water,	 the	mass	of	CoCs	 leaching	below	 the	 root	 zone	and	
remaining	 in	 the	 soil,	 and	 the	 rates	 of	 1,4-dioxane	 phytovolatilization.	 Rates	 of	 1,4-dioxane	
phytovolatilization	will	be	estimated	by	multiplying	data	for	the	volume	of	water	transpired	by	the	
trees	during	a	given	study	period	(L)	by	the	concentration	of	1,4-dioxane	in	the	xylem	sap	(mg/L).		

																																																																				
5	As	explained	earlier,	although	1,4-dioxane	has	been	one	of	the	primary	CoCs	that	has	driven	some	of	the	design	of	the	Remedial	Treatment	System	it	is	
only	one	of	several	CoCs	that	could	be	persistent	in	the	Physical	Treatment	System.	Therefore,	unless		
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The	area	of	the	tree	stand	as	well	as	the	species	and	maturity	of	trees	was	used	to	determine	the	theoretical	
water	losses	attributable	to	transpiration.	The	rate	of	transpiration	by	the	tree	stand	is	indicated	in	Table	1	
below	as	ETc	(ETc	is	a	function	of	reference	evapotranspiration,	ETo)	The	transpiration	rate	of	the	tree	stand	
varies	each	month,	as	reflected	by	the	values	for	average	ETc.	Therefore,	as	the	tree	stand	is	irrigated	it	will	
only	 consume	 the	 amount	 of	 irrigation	 water	 equal	 to	 the	 losses	 through	 evaporation	 ETc	 offset	 by	
precipitation.	The	difference	between	ETc	and	precipitation	is	the	net	amount	of	irrigation	water	that	can	
be	used	by	the	tree	stand	(Ic	in	Table	1).	If	Ic	is	greater	than	the	rate	of	irrigation,	there	is	no	net	infiltration;	
if	Ic	is	less	than	irrigation,	the	difference	represents	the	water	available	for	infiltration.	Because	the	irrigation	
system	uses	buried	drip	emitters	and	lines,	evaporation	is	assumed	zero.		
Table	2	-	Monthly	Potential	Infiltration	Rates	

Month	 ETc	 Precipitation	 Ic	 Infiltration	

January	 53.8	 53.8	 0	 50	

February	 69.2	 50	 19.2	 30.8	

March	 123.1	 59.6	 63.5	 0	

April	 161.5	 61.5	 100	 0	

May	 196.8	 55.8	 141	 0	

June	 207.7	 61.5	 146.2	 0	

July	 207.7	 71.2	 136.5	 0	

August	 192.3	 59.6	 132.7	 0	

September	 142.3	 76.1	 66.2	 0	

October	 107.7	 50	 57.7	 0	

November	 96.9	 51.9	 45	 25	

December	 52.6	 48.1	 4.5	 45.5	

January	represents	the	only	month	in	which	the	infiltration	rate	is	equal	to	the	irrigation	rate.	Infiltration	
begins	 in	 November	 at	 25-GPM,	 becomes	 higher	 in	 December	 and	 January,	 and	 lessens	 throughout	
February	until	it	is	zero	again	in	March.	

This	infiltration	water	is	needed	in	the	system	to	flush	any	potential	salt	buildup	out	of	the	Site	soil	and	into	
the	upper	layer	of	the	Landfill	material.	In	the	PCR	for	the	Natural	Treatment	System	it	was	explained	that	
the	 soils	 needed	 to	 be	 periodically	 flushed	 of	 accumulated	 salts	 using	 City	 water.	 At	 that	 time,	 it	 was	
assumed	there	would	be	a	greater	salt	concentration	in	the	process	effluent	water	than	was	seen	during	
recent	 testing.	 Therefore,	 the	 excess	 Physical	 Treatment	 System	 process	 effluent	water	 applied	 to	 the	
Natural	Treatment	System	during	 the	period	when	ETo	 is	 low	will	 replace	 the	use	of	City	water	 for	 this	
purpose.	In	the	PCR,	it	was	planned	that	it	would	be	necessary	to	cease	irrigation	with	Physical	Treatment	
System	process	effluent	during	the	period	when	ETo	is	low,	shift	to	discharging	to	the	POTW,	and	irrigate	
with	City	water	at	a	rate	of	50	GPM	during	this	entire	period.		

One	main	factor	that	has	resulted	in	the	improved	quality	of	the	irrigation	water	was	replacing	the	originally	
planned	 constructed	 treatment	 wetlands	 (CTW)	 with	 various	 chemical	 and	 physical	 pre-treatment	
processes,	as	described	in	this	report.	At	the	time	the	PCR	was	submitted,	it	was	planned	for	the	CTW	to	
receive	extracted	groundwater	and	leachate	without	significant	pretreatment.	The	flow	from	LS-1	and	LS-2	
was	to	be	sent	to	the	CTW	without	prior	treatment	and	the	cVOCs	and	VOCs	would	be	biodegraded	in	the	
CTW.	With	the	elimination	of	the	CTW,	and	the	inclusion	of	various	chemical	and	physical	pre-treatment	
processes,	such	as	aeration,	air	stripping,	flocculation,	softening,	and	filtration,	the	levels	of	metal	salts	and	
chlorides	in	the	irrigation	water	is	much	lower	than	anticipated	when	the	PCR	was	submitted.	The	much	
lower	levels	of	metal	salts	and	chlorides	found	to	be	present	in	the	Site	soils	during	startup	testing	appear	
to	confirm	this.		
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With	the	lower	accumulation	rate	of	salts	experienced	during	startup	testing,	due	to	the	enhanced	removal	
in	the	Physical	Treatment	System,	it	is	not	necessary	to	stop	irrigation	during	the	period	when	ETo	is	low.	
Because	the	Physical	Treatment	System	process	effluent	now	contains	salts	below	phytotoxic	levels,	it	is	
acceptable	to	use	process	effluent	to	flush	accumulated	salts	from	the	Site	soil.	This	approach	has	the	added	
benefits	of	keeping	the	Physical	Treatment	System	process	effluent	inside	the	capture	zone	of	the	Physical	
and	Natural	Treatment	Systems,	and	not	discharging	it	to	the	POTW,	which	does	not	have	the	capability	to	
treat	some	of	the	CoCs,	especially	1,4-dioxane.	In	addition,	even	when	ETo	is	 low	and	tree	uptake	is	at	a	
minimum,	 the	 biodegradative	 activities	 in	 the	 soil	 are	 still	 active.	Moreover,	 some	 transpiration	 occurs	
during	periods	of	low	ETo	due	to	the	use	of	mostly	conifer	trees	in	the	Natural	Treatment	System,	providing	
a	degree	of	continuing	reduction	in	the	CoCs.	

Redundant System Design 

At	 the	 time	 the	 remedy	 was	 approved,	 NCDEQ	 was	 hesitant	 to	 accept	 that	 phytoremediation	 and	
biodegradation	alone	were	sufficiently	reliable	to	meet	the	Remediation	Goals	over	a	long	period.	This	was	
mainly	due	to	the	lack	of	long-term	operating	data	and	experience	with	the	natural	treatment	technology	
at	the	time	and	a	concern	that	disease	or	other	natural	processes	could	destroy	or	diminish	the	ability	of	
the	 Natural	 Treatment	 System	 to	 process	 the	 Physical	 Treatment	 System	 effluent	 flow	 necessary	 to	
effectively	control	the	contaminant	plumes.		

Therefore,	the	Parties	attempted	to	provide	an	alternative	to	the	use	of	the	Natural	Treatment	System	in	
the	Remedial	 Treatment	 System	design.	 After	 investigation	of	 the	 treatability	 of	 1,4-dioxane	 and	other	
CoCs,	and	based	on	representations	of	the	Manufacturer,	the	Parties	installed	the	AOP+	unit	as	a	backup	
treatment	technology.	That	system	is	described	earlier	in	this	report		

Thus	 the	Remedial	Treatment	System	was	originally	designed	with	 two	possible	 flow	paths	 for	 the	 final	
disposition	of	the	Physical	Treatment	System	process	effluent	that	share	all	the	Physical	Treatment	System	
components	except	for	the	AOP+	unit.	Had	the	AOP+	unit	performed,	the	groundwater	and	leachate	flow	
would	have	been	the	same	through	the	Physical	Treatment	System	up	through	the	Settling	Vat	Effluent	
Filters	regardless	of	the	configuration	selected	for	flow	beyond	that	point.	At	that	point,	flow	was	designed	
to	be	directed	either	directly	to	the	Effluent	Storage	Tanks	in	LS-2,	or	through	the	AOP+	unit	and	then	to	the	
Effluent	Storage	Tanks.	From	the	Effluent	Storage	Tanks,	the	operator	would	have	had	three	options:	(1)	
use	the	process	flow	for	irrigation	in	the	Natural	Treatment	System;	(2)	discharge	to	the	POTW6;	and	(3)	in	
the	event	of	a	system	upset,	return	the	flow	to	the	Filter	Building	for	further	processing.	Because	the	AOP+	
unit	cannot	be	operated	to	reliably	produce	an	effluent	that	meets	the	City	pretreatment	permit	limits,	that	
discharge	flow	path	has	been	disabled	in	the	SCADA.	As	a	result,	the	operator	has	two	options	at	this	time:	
to	use	the	effluent	for	irrigation	of	the	tree	stand	or	return	it	to	the	Filter	Building	for	further	processing.		

Site Treatment System Effectiveness 
Evaluation 

Groundwater	and	surface	water	sampling	in	conjunction	with	continuous	monitoring	of	the	groundwater	
elevations	at	selected	monitoring	wells	using	transducers	will	be	employed	to	monitor	the	effectiveness	of	
the	 remedy	 and	 ensure	 there	 is	 no	 unacceptable	migration	 of	 contaminants	 into	 the	 Reservoir	 or	 the	
groundwater	beneath	the	lands	north	and	east	of	the	Landfill.	The	effectiveness	of	the	selected	remedy	will	
be	 evaluated	 every	 five	 years	 after	 startup	 to	 assess	 performance	 and	 explore	 alternative	 new	 and	
developing	technology	that	might	influence	remedial	design.	

																																																																				
6	Throughout	this	Report	there	are	references	to	the	Physical	Treatment	System’s	ability	to	discharge	to	the	POTW.	It	is	important	to	understand	that,	
although	the	capability	is	there,	the	actual	ability	to	discharge	to	the	POTW	is	contingent	upon	compliance	with	the	limits	established	by	the	City	of	High	
Point	 Industrial	User	Pretreatment	Permit	 (IUP)	Number	0150,	which	 includes	among	other	 limitations,	a	maximum	concentration	of	10	ug/L	of	1,4-
dioxane	in	the	system	effluent.	Because		the	AOP+	unit	is	not	able	to	meet	that	discharge	limit,	it	is	not	permitted	to	discharge	to	the	POTW..	
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Site Investigation  

General Information 

Two	phases	of	Site	investigation	occurred	once	the	remedial	activities	began	in	1990.	These	are	as	follows:	

Phase	I	work	consisted	of	two	surface	removal	action	phases	and	the	preparation	and	submission	of	
the	plans	and	procedures	needed	to	conduct	a	remedial	 investigation.	Seaboard	Group	I	conducted	
this	work	

Phase	 2	 work	 consisted	 of	 the	 investigatory	 work	 necessary	 to	 prepare	 and	 submit	 a	 Remedial	
Investigation	Report,	a	Baseline	Risk	Assessment,	a	Feasibility	Study,	and	a	Remedy	Recommendation	
Document,	as	well	as	execute	a	Remedial	Action	Settlement	Agreement.	The	City	of	High	Point	and	
Seaboard	Group	II	jointly	conducted	this	work.	

System Engineering Standards 

The	Remedial	Treatment	System	installed	at	the	Site	was	designed	to	comply	with	the	latest	edition	of	the	
following	codes	and	standards:	

1. National	Electrical	Code	(NEC)	
2. Occupational	Safety	and	Health	Administration	(OSHA)	
3. National	Fire	Protection	Association	(NFPA)	
4. National	Electrical	Manufacturer’s	Association	(NEMA)	
5. American	National	Standards	Institute	(ANSI)	
6. Insulated	Cable	Engineer’s	Association	(ICEA)	
7. Instrument	Society	of	America	(ISA)	
8. Underwriter’s	Laboratories	(UL)	
9. ETL	Testing	Laboratories	(ETL)	
10. American	Society	of	Heating,	Refrigeration,	and	A/C	Engineers	(ASHRAE)	
11. International	Building	Code	(IBC)	
12. North	Carolina	State	Building	Code	
13. North	Carolina	Modular	Building	Code	
14. American	Society	for	Testing	and	Materials	(ASTM)		
15. NEMA	12	for	dry,	electrical	control	rooms.	
16. NEMA	4	for	indoor	process	equipment	rooms.	
17. NEMA	4	for	outdoor	locations.	

The	remedial	design	and	construction	at	the	Site	has	occurred	in	multiple	phases	spanning	over	25	years.	
Many	engineers	specializing	 in	various	disciplines	assisted	 in	the	development	of	the	project	design	and	
specifications.	The	various	plans,	specifications	and	reports,	signed	and	sealed	by	the	responsible	engineers	
for	their	disciplines,	have	been	submitted	separately	to	NCDEQ.	

These	plans,	specifications	and	reports	include	the	following:	

- Pre-construction	report	
- Phase	1	construction		plans	
- Phase	2	construction	plans	(Filter	Building)	
- Phase	3	construction	plans	(Clarifier)	
- Process	and	Instrumentation	Diagrams	
- Hazen	&	Sawyer	report	
- Arcadis	Report	

The	 original	 design,	 as	 submitted	 in	 the	 PCR,	 was	 certified	 by	 the	 various	 participating	 professional	
engineers	as	attested	by	their	seals	and	signatures	on	the	various	plan	set	drawings.	As	modifications	to	



Construction	Completion	Report	
Seaboard	Group	II	and	City	of	High	Point	

SITE	INVESTIGATION	 PAGE	-	28SITE	INVESTIGATION	

those	 plans	 were	 being	 designed,	 registered	 professional	 engineers	 licensed	 to	 practice	 the	 requisite	
disciplines	required	by	the	State	of	North	Carolina	were	retained	to	oversee	all	engineering.	A	full	plan	set	
of	 drawings	with	 the	 requisite	 signatures	 and	 seals	 of	 the	 appropriate	 professional	 engineer	 has	 been	
provided	to	NCDEQ	as	a	separate	submittal.	These	plans	and	drawings	attest	to	the	oversight	by	licensed	
North	Carolina	Registered	Professional	Engineers.		

Phase 1 Site Investigation Work 

Seaboard	Group	I	Activities	
Because	SCC	was	bankrupt	and	there	was	evidence	potentially	serious	environmental	risks	remained	at	the	
Site,	NCDENR	notified	identified	parties	that	had	allegedly	shipped	material	to	the	facility,	referred	to	as	
Potentially	Responsible	Parties	(PRPs),	that	a	meeting	was	to	be	held	in	Raleigh,	NC	in	the	spring	of	1990	to	
discuss	the	remedial	needs	at	the	SCC	facility.	Because	of	that	meeting,	Seaboard	Group	I	(SGI)	was	formed	
by	 some	 of	 the	 PRPs	 to	 implement	 and	 fund	 a	 surface	 removal	 action	 and	 undertake	 the	 initial	 steps	
necessary	to	mitigate	risks	of	environmental	impacts	at	the	SCC	facility.		

SG	I	conducted	removal	activities	at	the	SCC	facility	from	1990	to	1992,	during	which	all	waste	materials,	
tanks	and	equipment,	other	than	the	main	building,	were	removed	from	the	Site.	The	SCC	facility	was	then	
fenced	with	 a	 6-foot	 chain	 link	 fence	with	 3-strands	 of	 barbed	wire	 on	 the	 top	 to	 deter	 unauthorized	
trespassing	which	had	been	a	recurring	problem.		

In	addition,	SGI	agreed	to	prepare	and	submit	a	remedial	 investigation	work	plan	(RIWP)	(Geraghty	and	
Miller	1993),	and	a	Health	and	Safety	Plan	(HASP)	(Geraghty	and	Miller	1994)	and	Sample	and	Analysis	Plan	
(SAP)	(Geraghty	and	Miller	1994)	for	the	scope	of	work	outlined	in	that	RIWP.	This	work	was	completed	
during	the	period	from	1992	to	1994,	and	the	necessary	documentation	was	submitted	to	NCDENR,	which	
approved	the	RIWP	for	implementation.	

Phase 2 Site Investigation Work 

City	of	High	Point	and	Seaboard	Group	II	Activities	
Following	the	Phase	1	work,	around	1995	the	PRPs	formed	SGII	to	conduct	further	remedial	activities	at	the	
Site.	SGII	and	the	City	agreed	to	perform	a	remedial	investigation	(RI)	and	prepare	and	submit	a	RI	Report,	
a	feasibility	study	(FS)	and	a	baseline	risk	assessment	(BRA)	for	the	Site.	The	City	and	SGII	entered	into	an	
interim	agreement	to	cooperatively	fund	the	cost	of	this	work.	Blasland,	Bouck,	and	Lee,	Inc.	(BB&L)	was	
retained	to	perform	the	required	investigatory	tasks	listed	in	the	RIWP	and	prepare	the	RI	report.	ERM-NC,	
P.C.	(ERM)	was	retained	to	prepare	the	FS	and	BRA.	

Remedial	Investigation	
The	RI	determined	the	Reservoir	would	be	located	down-gradient	of	the	Site	groundwater	plume,	which	
contained	1,4-dioxane	and	a	mixture	of	chlorinated	volatile	organic	compounds	(cVOCs),	volatile	organic	
compounds	(VOCs),	semi-volatile	organic	compounds	(sVOCs),	and	metal	salts,	referred	to	collectively	as	
the	contaminants	of	concern	or	CoCs.	Table	1	lists	the	most	significant	CoCs	identified	at	the	Site.		
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Table	3	-	Summary	of	Significant	Contaminants	of	Concern		

Chlorinated	

Ethenes	

Chlorinated	

Ethanes	

BTEX	

Compounds	

Other	

Organics	

Perchloroethene	 1,1,1-	Trichloroethane	 Benzene	 Chloromethane	

Trichloroethene	 1,1-	Dichloroethane	 Ethyl	benzene	 Dichloromethane	

1,1-Dichloroethene	 1,2-	Dichloroethane	 Toluene	 Chlorobenzene	

cis-1,2-	Dichloroethene	 	 	 Acetone	

trans-1,2-	Dichloroethene	 	 	 Vinyl	acetate	

Vinyl	chloride	 	 	 1,4-Dioxane	

The	CoCs	originate	from	groundwater	contaminated	by	materials	that	are	assumed	to	have	entered	the	
bedrock	beneath	the	Site	because	of	the	activities	conducted	by	SCC	during	operations,	particularly	in	the	
area	of	the	closed	Pond	3	located	in	the	northeast	corner	of	the	facility.	 In	addition,	contaminants	have	
resulted	 from	groundwater	 and	 leachate	originating	 at	 the	 Landfill	 from	 surface	water	 and	 stormwater	
percolation	into	the	waste	and	burn	pits,	and	subsequent	leachate	percolation	into	the	bedrock	beneath	
the	Landfill.	The	Landfill	generates	recoverable	leachate	at	the	average	rate	of	about	8,000	gallons	per	day.	
However,	some	of	the	leachate	enters	the	groundwater	through	percolation	before	it	reaches	the	leachate	
collection	system,	because	the	leachate	collection	system	has	limited	coverage,	it	does	not	extend	to	the	
burn	pit	area,	and	there	is	no	liner	underlying	the	waste.	

Figure	 8	 shows	 the	 conceptual	 hydrogeologic	 flow	 and	 transport	 scheme	 developed	 for	 the	 Site.	
Groundwater	flow	is	controlled	by	the	fault	structures	located	at	the	Site.	These	faults	are	highly	fractured	
heterogeneous	formations	that	provide	a	preferential	flow	path	for	the	deep	groundwater.	At	the	Site,	most	
of	these	faults	are	oriented	about	20	degrees	east	of	north-south.	Groundwater	flow	follows	those	faults	
to	 a	 major	 east-west	 trending	 structure	 referred	 to	 as	 the	 Deep	 River	 fault.	 This	 fault	 structure	
approximately	follows	the	east-west	section	of	the	former	Deep	River	stream	bed.	It	is	angled	toward	the	
surface	at	about	a	45-degree	angle,	rising	into	the	stream	bed	of	the	former	Deep	River,	now	the	Reservoir.		

The	 RI	 revealed	 the	 Site	 is	 contaminated	with,	 among	 other	 things,	 DNAPLs	 in	 fractured	 bedrock.	 This	
situation	has	been	determined	to	be	technically	infeasible	to	effectively	remediate	in	a	reasonable	period	
by	 the	United	 States	 Environmental	 Protection	Agency	 (EPA).	 In	 addition,	 unacceptable	 levels	 of	 VOCs,	
cVOCs,	 and	 1,4-dioxane	 were	 detected	 in	 the	 groundwater	 and	 leachate.	 1,4-Dioxane	 was	 used	 as	 a	
stabilizer	in	the	solvent	trichloroethane	and	is	found	at	significant	levels	in	many	personal	care	products,	
soaps	and	detergents1.	It	has	very	poor	treatability	characteristics	in	conventional	treatment	systems.	As	a	
result,	the	proposed	Remedial	Treatment	System	needed	to	contain	the	contaminant	plumes	and	prevent	
future	migration	 of	 contaminants	 into	 the	 Reservoir,	 NIS,	 and	 SIS,	 and	 to	 prevent	 human	 exposure	 to	
impacted	soils,	leachate,	and	groundwater	at	the	Site.	

The	RI	tasks	were	completed	by	1998,	and	the	initial	draft	RI	Report	was	submitted	to	NCDENR.	Following	
completion	of	the	initial	work,	and	review	and	comment	by	NCDENR	on	the	draft	RI	Report,	supplemental	
investigatory	work	was	performed	to	better	characterize	the	contaminant	plumes,	and	additional	on-Site	
work	was	performed	to	remove	the	remaining	surface	structures	and	further	secure	the	SCC	facility.	This	
was	 completed	 in	 2001	 when	 the	 main	 building	 on	 the	 SCC	 facility,	 which	 included	 offices,	 vehicular	
maintenance	and	a	small	processing	area,	was	demolished,	additional	samples	were	collected	and	a	second	

																																																																				
1	As	a	byproduct	of	the	ethoxylation	process,	a	route	to	some	ingredients	found	in	cleansing	and	moisturizing	products,	1,4-dioxane	can	contaminate	
cosmetics	and	personal	care	products	such	as	deodorants,	shampoos,	toothpastes	and	mouthwashes.	The	ethoxylation	process	makes	the	cleansing	
agents,	such	as	sodium	lauryl	sulfate,	less	abrasive	and	offers	enhanced	foaming	characteristics.	1,4-Dioxane	is	found	in	small	amounts	in	some	cosmetics,	
a	yet	unregulated	substance	used	in	cosmetics	in	both	China	and	the	U.S.	
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tier	of	chain	 link	 fence	was	 installed	surrounding	 the	SCC	 facility	to	eliminate	continuing	problems	with	
trespass.		

This	was	followed	by	the	preparation	of	the	final	RI	Report	and	an	amended	FS	and	BRA.	Work	also	began	
on	development	of	a	series	of	treatability	studies	and	pilot	studies	of	Natural	Treatment	Systems	such	as	
Phytoremediation	and	Biodegradation	to	treat	the	groundwater	and	leachate	to	acceptable	levels	for	use	
in	irrigation,	or	for	discharge	to	the	City’s	Eastside	Wastewater	Treatment	Plant	(POTW).	In	addition,	1,4-
dioxane	treatability	and	feasibility	studies	were	performed	to	examine	the	possibility	of	using	the	Landfill	
cap	 for	 the	 location	 of	 a	 treatment	 system	 using	 natural	 processes	 such	 as	 Biodegradation	 and	
Phytoremediation.	The	FS	identified	Phytoremediation	as	one	of	the	more	promising	methods	of	dealing	
with	the	CoCs	over	what	was	anticipated	to	be	a	long-term	remedial	action.	

The	CoCs	 and	 the	 Site	 hydrogeologic	 setting	were	 identified	 and	 characterized	during	 the	RI	 through	 a	
process	 in	accordance	with	EPA	guidelines,	and	the	NCDENR	 Inactive	Hazardous	Site	Branch	publication	
“Guidelines	for	Assessment	and	Cleanup”	("Guidelines	for	Assessment	and	Cleanup").	Through	analyses	of	
soil,	 surface	 water	 and	 groundwater	 samples,	 and	 hydrogeological	 studies,	 the	 CoCs	 at	 the	 Site	 were	
identified	and	a	conceptual	hydrogeological	model	of	the	groundwater	flow	and	contaminant	transport	was	
developed.	Notice	requesting	public	comments	on	the	final	RI	Report	was	published	in	the	North	Carolina	
Register	and	in	a	newspaper	of	general	circulation,	the	Greensboro	News-Record.	After	the	comment	period	
ended,	NCDENR	approved	the	document.	

Baseline	Risk	Assessment	
Once	the	contaminant	source	areas	and	nature	of	the	Site	and	the	CoCs	were	characterized	 in	the	RI,	a	
Baseline	Risk	Assessment	 (BRA)	was	developed	which	characterized	the	risks	and	 identified	the	need	to	
perform	remedial	work	at	the	Site.	The	BRA	was	developed	in	accordance	with	EPA	and	NCDENR	guidelines.	
Notice	 requesting	 public	 comments	 on	 the	 BRA	was	 published	 in	 the	North	 Carolina	 Register	 and	 in	 a	
newspaper	of	general	circulation,	the	Greensboro	News-Record.	After	the	comment	period	ended,	NCDENR	
approved	the	document.	

Feasibility	Study	
After	 the	 BRA	 was	 complete,	 a	 Feasibility	 Study	 (FS)	 was	 prepared	 which	 evaluated	 various	 remedial	
alternatives	and	helped	determine	the	most	effective	means	to	implement	a	remedy.	It	examined	a	number	
of	 remedial	 alternatives	 and	was	prepared	 in	 accordance	with	 the	 EPA	 and	NCDENR	 guidelines.	Notice	
requesting	public	comments	on	the	FS	was	published	in	the	North	Carolina	Register	and	in	a	newspaper	of	
general	circulation,	the	Greensboro	News-Record.	After	the	comment	period	ended,	NCDENR	approved	the	
document.	

Remedy	Approval	
After	 several	 other	 preliminary	 activities	 were	 completed,	 the	 Parties	 submitted	 a	 proposed	 remedial	
design	 in	a	document	titled	“Remedy	Recommendation	Document”	 (Southwestern	Environmental,	LLC.	 -	
2000)	to	NCDENR	in	early	2000.	Notice	requesting	public	comment	on	this	document	was	published	in	the	
June	1,	2000	North	Carolina	Register	and	the	Greensboro	News-Record.	After	a	public	hearing,	NCDENR	
approved	the	document	and	the	proposed	remedy.	

Cost	Sharing	Agreement	
In	the	beginning	of	the	remedial	investigation	process,	the	RIWP	identified	four	“operable	units.”		

These	included:	

1. The	Seaboard	Site	soils;	and	
2. The	Landfill	contents	and	associated	leachate;	and	
3. The	burn	pit	soils;	and	
4. The	groundwater	beneath	the	entire	combined	Site.	



Construction	Completion	Report	
Seaboard	Group	II	and	City	of	High	Point	

SITE	INVESTIGATION	 PAGE	-	31	

The	City	and	SGII	determined	the	remedy	would	be	more	efficient	and	economical	if	a	single	process,	or	
group	of	processes,	was	designed	and	implemented	to	address	the	remedial	needs	of	both	the	SCC	facility	
and	the	Landfill.	As	a	result,	in	May	of	1997	the	City	and	SGII	entered	into	an	interim	cost	sharing	agreement	
to	fund	the	activities	at	the	Site	until	a	longer-term	agreement	could	be	executed.	In	October	2008	the	City	
and	SGII	executed	an	agreement	that	specified	a	method	to	be	used	to	jointly	fund	the	long-term	costs	of	
the	remedy	at	the	combined	Site.	

Remedial	Action	Settlement	Agreement	
The	 Parties	 then	 entered	 into	 a	 Remedial	 Action	 Settlement	 Agreement	 (RASA)	 with	 the	 NCDENR	 on	
December	 28,	 2008	 to	 construct	 and	 implement	 the	 approved	 remedial	 action	 at	 the	 Site.	 The	 RASA	
required	 the	 Parties,	 among	 other	 things,	 to	 complete	 and	 submit	 a	 final	 Remedial	 Treatment	 System	
design,	in	the	form	of	a	Preconstruction	Report,	no	later	than	December	28,	2009	for	the	Physical	Treatment	
System,	and	one	year	after	the	completion	of	the	final	pilot	study	(October	2010)	for	the	Natural	Treatment	
System.		
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Remedial Treatment System 
Construction 

Remedial	construction	began	in	the	spring	of	2010	following	the	approval	of	the	Pre-construction	Report	
(PCR)	and	occurred	in	three	phases:		

Phase	-	1. Construction	 that	began	after	 approval	of	 the	RASA	and	 submission	of	 the	PCR	 in	 the	
spring	of	2010,	through	completion	of	the	Automation	and	Irrigation	Repairs	in	April	of	
2013.		

Phase	-	2. Construction	 that	 took	 place	 from	 the	 completion	 of	 the	 Automation	 and	 Irrigation	
Repairs	in	April	2013	through	completion	of	construction	and	initial	testing	of	the	Clarifier	
Upgrade,	which	commenced	in	January	2016.	

Phase	-	3. Construction	 that	 took	place	 from	 January	 2016	 through	 construction	 completion	and	
initial	testing	presently	in	progress.		

Phase 1 – Spring 2010-April 2013 

The	RASA	was	approved	on	December	28,	2009	and	allowed	one	year	 from	the	date	of	approval	of	 the	
Physical	System	PCR	to	complete	the	Physical	Treatment	System	construction.	The	Physical	System	PCR	was	
verbally	approved	by	NCDENR	on	April	30,	2010,	and	the	main	components	of	the	treatment	system	were	
ordered	and	scheduled	for	delivery	by	December	31,	2010.	

The	construction	following	the	approval	of	the	PCR	began	in	April	2010,	when	the	Parties	employed	various	
contractors	and	undertook	 the	 tasks	 that	 needed	 to	 be	 completed	prior	 to	 the	delivery	 of	 the	Physical	
Treatment	 System	 components.	 This	 included	 the	 installation	 of	 the	 extraction	 and	 collection	 network	
piping;	the	installation	of	the	recovery	well	and	leachate	pumps;	the	pouring	of	the	concrete	pads	needed	
to	support	LS-1,	LS-2,	the	Effluent	Treatment	System	structure	and	the	two	Node	Buildings	in	accordance	
with	the	design	provided	by	the	structural	engineer;	installation	of	the	improvements	to	the	soil	residue	
mound	 cap;	 and	 diversion	 of	 the	 NIS	 around	 the	 Landfill.	 In	 addition,	 the	 contractors	 installed	 the	
transformer	 pads,	 the	 electrical	 distribution	 system	 and	 grounding	 loops	 in	 accordance	with	 the	 plans	
approved	by	the	electrical	engineer.	Items	completed	during	these	construction	activities	included:	

1. Installation	of	the	main	electrical	feed	and	grounding	loops.	
2. Installation	of	the	piping	from	the	wells	and	leachate	pumps	to	the	lift	stations.	
3. Installation	of	the	piping	from	LS-1	to	LS-2.	
4. Installation	of	all	buried	control	cables.	
5. Installation	of	the	weather	station	components.	
6. Improvements	to	the	cover	system	on	the	soil	residue	mound.	
7. Installation	of	the	pneumatic	lines	to	the	air	operated	pumps.	
8. Installation	of	the	NIS	leachate	sump	and	associated	piping.	
9. Diversion	of	the	NIS	stream	flow.	
10. Installation	of	the	concrete	pads	for	LS-1,	LS-2,	and	the	mechanical	system	structures.	
11. Installation	of	stainless	steel	lines	to	operate	the	irrigation	valves.	
12. Installation	of	all	inlet	and	outlet	pipes	and	stainless	steel	hoses	to	connect	the	pipes	to	the	

mechanical	system.	
13. Installation	of	all	safety	equipment	including	a	safety	shower.	
14. Installation	of	piping	to	direct	all	tank	vents	to	outside	the	structures.	
15. Installation	of	a	cover	on	the	open	metals	settling	tank	and	venting	it	outside	the	structure.	
16. Installation	of	LEL	monitors	in	the	metals	removal	tank	area	LS-1,	and	LS-2.	
17. Repair	and	revision	of	the	electrical	system	to	comply	with	the	NEC.	
18. Installation	of	constant	level	monitoring	in	PWDR-1.	
19. Replacement	of	components	at	PWDR-1	wellhead	as	needed,	and	connecting	PWDR-1	to	LS-

1	SCADA	for	control.	
20. Installation	of	the	required	drains	on	LS-1	and	LS-2	compressors.	
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21. Installation	of	the	external	inlets	and	outlets	for	air	compressors	in	LS-1	and	LS-2.	
22. Completion	of	the	Automation	Repair	Project.	
23. Completion	of	the	Irrigation	Repair	Project.	

This	represented	most	of	the	construction	during	this	period	at	the	Site.	

Soil	Residue	Mound	Cover	
The	soil	residue	mound	was	reshaped,	graded,	and	covered	with	the	required	geo-synthetic	containment	
barrier.	This	work	began	in	May	2010,	was	completed	in	early	June	of	that	year,	and	has	been	approved	by	
NCDENR.	The	original	estimate	of	the	area	and	amount	of	fill	required	for	the	project,	as	included	in	the	
PCR,	was	incorrect.	The	task	required	significantly	more	fill	and	geosynthetic	liner	material	than	originally	
estimated.	However,	other	than	the	estimation	error,	 the	task	was	completed	on	time	and	without	any	
delays	or	injuries.	All	work	was	done	in	accordance	with	the	“Site	Specific	Health	and	Safety	Plan”	(ERM-
NC,	P.C.),	and	exclusion	zone	protocols	and	protective	measures	for	surrounding	areas	were	used.		

NIS	Relocation	Work	
This	task	involved	the	acquisition	of	an	easement	by	the	City	to	install	a	head	works	and	the	construction	
of	a	flow	channel	to	divert	the	NIS	flow	around	the	piped	section	running	under	the	Landfill	and	into	the	
Reservoir.	This	required	the	City	to	acquire	an	easement	for	the	use	of	adjoining	property	and	its	annexation	
into	City	property.	This	was	accomplished	in	the	summer	of	2010,	and	the	Project	Managers	undertook	the	
work	necessary	for	the	diversion	of	the	NIS.	Although	the	diversion	work	went	very	well,	the	contractor	
encountered	landfill	materials	in	the	stream	bed	excavation	area	outside	the	expected	footprint	of	the	filled	
area	of	the	Landfill.	This	resulted	in	a	significant	cost	overrun	for	the	transportation	and	disposal	of	that	
material.		

During	 this	work	 a	 subcontractor	 blasting	 rock	 from	 the	 stream	channel	 experienced	 a	 problem	with	 a	
controlled	 detonation	 that	 resulted	 in	 some	 damage	 to	 the	 City’s	 wastewater	 pump	 station	 backup	
electrical	generator	building.	The	contractor	repaired	the	damage,	and	there	was	no	personal	injury.	This	
matter	was	settled	between	the	City	and	the	blasting	contractor.	This	is	the	only	incident	in	which	remedial	
construction	activities	at	the	Site	have	resulted	in	any	damage	to	property.	

NIS	Leachate	Collection	Sump	
Following	the	diversion	of	the	stream	itself,	the	leachate	that	drains	from	the	old	pipe	under	the	Landfill	
needed	to	be	captured	before	it	reached	the	Reservoir.	This	was	accomplished	in	the	summer	of	2011	by	
the	installation	of	a	new	NIS	collection	sump	and	transfer	pump	system.	The	electrical	and	instrumentation	
controls	were	integrated	into	the	SCADA,	and	the	engineering	contractor	prepared	final	as-built	drawings.	

Concrete	Pads	and	Foundations	
This	work	required	the	Parties	to	apply	for	and	receive	the	City	and	Guilford	County	Building	Departments’	
approvals	to	begin	construction	related	to	the	structures	and	concrete	pads,	and	be	issued	Building	Permits	
for	all	structures	to	be	constructed	at	the	Site.	At	the	time	the	Building	Departments	were	contacted,	the	
Parties	were	 informed	 the	 structures	would	 be	 required	 to	meet	 the	 North	 Carolina	Modular	 Building	
(NCMB)	code	requirements.		

As	a	result	of	the	NCMB	code	requirements,	the	Parties	were	required	to	retain	a	North	Carolina	registered	
professional	structural	engineer	(SE)	to	certify	the	pad	designs	as	meeting	the	North	Carolina	wind	loading,	
seismic	 loading,	 and	 additional	 structural	 requirements,	 among	 other	 regulations	 and	 standards.	 The	
Parties	retained	Runkle	Consulting,	Inc.	(Runkle)	of	Lawrenceville,	GA	to	provide	these	services.	

Once	the	structural	requirements	were	met,	the	engineers	tested	and	certified	the	soils	in	the	pad	areas	as	
meeting	the	required	compaction	prior	to	 installation.	The	County	and	the	City	then	 issued	the	Building	
Permits	 for	 all	 four	 pads	 and	 their	 associated	 structures,	 after	 their	 review	of	 the	 structural	 engineer’s	
report,	and	in	accordance	with	the	local	requirements	and	the	NCMB	Code.		
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The	contractor	then	poured	four	separate	pads,	one	to	accommodate	LS-1	(Enclosure	8),	two	small	pads	to	
accommodate	 the	 East	 Lobe	 and	West	 Lobe	Node	 Buildings,	 and	 the	 largest	 pad	 to	 accommodate	 the	
combined	LS-2	and	the	Effluent	Treatment	System	Enclosures	(Enclosures	1	through	7).	

As	the	four	pads	were	poured,	the	geo-technical	engineer	obtained	concrete	samples	and	performed	the	
required	 testing	 for	 certification	 of	 the	 pads.	 After	 the	 pads	 had	 cured	 for	 the	 required	 period,	 the	
contractor	obtained	the	Structural	Engineer’s	certification	of	the	pads	prior	to	receiving	and	placing	the	LS-
1	Enclosure,	 the	prefabricated	Node	Buildings,	and	 the	LS-2	and	Effluent	Treatment	System	Enclosures.	
Although	the	City	and	County	issued	Building	Permits	for	the	construction	of	the	various	structures,	their	
rules	require	that	the	structures	themselves	be	inspected	after	they	are	installed	and	that	“Certificates	of	
Occupancy”	 be	 issued	 prior	 to	 allowing	 them	 to	 be	 placed	 in	 service.	 After	 extensive	 repairs	 and	
modifications	to	LS-1,	LS-2,	and	the	Effluent	Treatment	System,	those	inspections	were	completed	in	2011	
and	the	Certificates	of	Occupancy	were	issued	in	January	of	2012.	

Main	Electrical	Distribution	System	
The	Project	Managers	retained	a	North	Carolina	registered	professional	electrical	engineer	(EE)	to	design	
the	distribution	system	and	oversee	the	electrical	work	performed	at	the	Site.	The	EE	completed	his	design	
drawings	 and	 submitted	 them	 to	 the	 County	 and	 City	 to	 support	 the	 Building	 Permit	 applications	 in	
accordance	with	the	requirements	of	the	NCMB	Code.	

The	design	of	the	electrical	feeds	called	for	the	installation	of	a	main	transformer	by	the	City.	Once	that	pad	
position	 had	 been	 located,	 the	 contractor	 installed	 the	 conduits	 in	 ground,	 and	 the	 feed	 from	 the	
transformer	was	pulled	to	an	outside	main	distribution	panel	with	four	main	breakers	inside	a	weatherproof	
panel.	A	grounding	loop	was	installed	surrounding	the	LS-1,	LS-2,	and	Effluent	Treatment	System	pads,	and	
the	main	feed	conductors	sized	to	accommodate	the	required	amperage	were	pulled	to	the	distribution	
panel.	The	electrical	contractor	then	installed	five	separate	electrical	feeds:	one	225-ampere	feed	to	the	
distribution	subpanel	at	the	Maintenance	Building,	which	in	turn	feeds	the	Filter	Building;	one	20-ampere	
feed	to	each	of	 the	 two	Node	Building;	one	100-ampere	 feed	to	LS-2;	and	one	630-ampere	 feed	to	 the	
Effluent	 Treatment	 System	 breaker	 in	 Enclosure	 1.	 In	 addition,	 an	 electrical	 feed	 was	 installed	 from	 a	
transformer	located	between	LS-1	and	LS-2	near	the	Landfill	perimeter	road	to	a	distribution	panel	to	supply	
LS-1’s	250-ampere	feed.		

Groundwater	and	Leachate	Recovery	Pumps	
The	contractor	installed	the	groundwater	and	leachate	pneumatic	recovery	pumps	as	specified	in	the	PCR.	
This	purchase	order	was	issued	on	September	8,	2010,	and	the	work	completed	in	December	2010,	with	
the	exception	of	installing	the	NIS	leachate	collection	sump	and	final	installation	of	some	recovery	well	level	
alarms.	These	items	were	completed	in	early	2011.	All	the	pumps	were	installed	and	connected	to	their	
appropriate	pneumatic	air	supplies.	Each	pump	was	tested	and	confirmed	as	operational	when	installed.		

Constructed	Treatment	Wetlands	Elimination	
In	 the	 remedial	design	presented	 in	 the	PCR,	 a	 constructed	 treatment	wetlands	 (CTW)	was	 included	 to	
biodegrade	and	reductively	de-chlorinate	the	VOCs	and	cVOCs.	This	was	thought	necessary	because	of	a	
concern	that	 if	 left	untreated	and	applied	to	 the	phytoremediation	soils,	 the	 levels	of	VOCs,	cVOCs	and	
chlorides	in	the	soil	would	increase,	and	this	could	develop	to	levels	that	would	leach	to	the	groundwater	
and/or	become	phytotoxic	and	affect	tree	health.	The	later	pilot	studies	seemed	to	contradict	this	earlier	
assumption.	When	 the	 Parties	 began	 to	 look	 into	 the	 available	 supporting	 research,	 they	 discovered	 a	
significant	body	of	work	was	available,	most	of	which	was	published	after	the	Remedy	Recommendation	
Document	 was	 prepared.	 This	 research	 pointed	 to	 successes	 in	 VOC	 and	 cVOC	 removal	 by	 several	
mechanisms	 including	air	 stripping	and	biodegradation	processes	 in	 the	Landfill	 soils	 that	are	unique	 in	
methane-rich	soil	environments,	such	as	exist	at	Landfills.	

Because	 there	 was	 evidence	 the	 CTW	 was	 not	 necessary,	 the	 Project	 Managers	 explored	 the	 effect	
eliminating	the	CTW	might	have	on	the	remedy.	Eliminating	it	provides	a	simplified	treatment	process.	It	
removes	 several	 control	 variables	 and	makes	 control	 of	 the	 phytoremediation	 irrigation	 less	 complex.	
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Eliminating	it	also	reduced	costs	and	did	not	increase	the	potential	environmental	risk	at	the	Site	or	the	
anticipated	duration	of	the	remedial	action.	Therefore,	it	was	decided	to	request	a	change	in	the	remedy,	
and	TM	E-3	was	prepared	and	submitted	to	NCDENR.	TM	E-3	was	verbally	approved	by	NCDENR,	and	the	
CTW	was	eliminated	from	the	remedial	treatment	system	design.	

Physical	Treatment	System	Construction	
The	Parties	contracted	with	the	Manufacturer	to	construct,	 test,	and	deliver	a	 fully	operational	Physical	
Treatment	System	ready	to	be	placed	in	service	upon	delivery.	This	was	to	include	the	components	of	LS-1,	
LS-2,	the	Metals	Removal	System,	the	Air	Stripper	and	the	AOP+	unit	and	the	Node	panels.	This	also	included	
the	automation	and	integration	hardware	and	software	necessary	to	control	the	entire	Physical	and	Natural	
Treatment	Systems,	including	the	irrigation	system.	The	order	for	this	equipment	was	placed	April	28,	2010	
immediately	after	the	PCR	was	verbally	approved	by	NCDENR.	The	equipment	was	originally	scheduled	for	
delivery	 no	 later	 than	 26	 weeks	 after	 the	 approval	 of	 the	 plans,	 or	 mid-December	 2010.	 	 Because	
manufacturing	delays,	however,	the	equipment	did	not	arrive	at	the	Site	until	July	2011.	

After	the	AOP+	unit	arrived	and	had	been	installed	at	the	Site,	the	Parties	attempted	to	start	it	up	in	
September	2011	and	again	in	October	2011	and	February	2012.		The	First,	Second	and	Third	Startup	
Attempts	were	all	unsuccessful,	because	the	system	had	several	significant	defects	that	made	startup	
unsafe	and	impossible.	Among	other	things,	the	system	lacked	the	automation,	integration,	alarm,	and	
interlock	system	software	the	Manufacturer	had	agreed	to	supply.	After	an	extended	period	of	locating	
and	correcting	the	problems	at	significant	cost	and	unsuccessfully	negotiating	with	the	Manufacturer	
to	 render	 the	 system	 operational,	 the	 Parties	 retained	 an	 independent	 electrical	 contractor,	 an	
automation	engineer	and	other	contractors	to	undertake	the	repairs	needed	to	make	the	system	safe	
and	operable.		The	repair	work	included	the	“Automation	Repair	Project”,	which	involved	installation	
of	a	new	Siemens	PLC	S7-317	programmable	 logic	controller	(PLC)	 in	LS-2	that	serves	as	the	central	
control	 for	 the	 entire	 Physical	 and	 Natural	 Treatment	 Systems.	 All	 input	 and	 outputs	 (I/O)	 are	
connected	directly	to	that	PLC	either	through	a	direct	bus	feed	or	through	an	industrial	Ethernet	(LAN).	
The	PLC	is	administered	and	operated	by	a	Siemens	“box	computer”	(PC-827),	referred	to	as	the	Server	
or	Historian,	installed	in	a	new	control	cabinet	in	LS-2	that	receives	operator	inputs	from	four	panel	PC	
screens	(referred	to	as	human-machine	interfaces	or	HMIs)	located	in	LS-1,	LS-2,	the	Filter	Building	and	
the	AOP+	area	of	the	Effluent	Treatment	System.		

The	LS-2	panel	unit	was	reformatted	to	remove	all	software	installed	by	the	Manufacturer,	and	then	
installed	in	LS-1.	It	was	necessary	to	purchase	one	completely	new	panel	PC	unit	to	replace	the	unit	
provided	by	the	Manufacturer.	As	LS-1	is	the	least	used	operator	location,	the	existing	LS-2	unit	was	
determined	to	be	suitable	for	that	installation,	and	a	new	panel	PC	unit	was	installed	in	LS-2.	The	reused	
units	were	 formatted	 to	 remove	all	 software	 installed	by	 the	Manufacturer	and	 loaded	with	only	a	
runtime	version	of	Windows	7®	with	its	included	Internet	Explorer®1	software.	

In	the	revised	system,	a	single	Siemens	S7	processor	(hard-PLC)	contains	all	the	logic	and	controls.		One	
Siemens	WinCC	HMI	server	and	four	Siemens	WinCC	HMI	clients	allow	operators	to	access	each	station	
with	a	common	set	of	graphics	and	security	settings.		No	matter	which	HMI	an	operator	uses	for	an	
input	to	control	the	system,	or	where	that	HMI	may	be	located,	it	provides	a	signal	to	the	PLC,	which	
commands	the	system	operation.	This	was	important	in	order	that	a	command	given	from	any	input	
location	would	result	in	the	same	output	to	the	PLC,	and	any	output	command	would	originate	from	
the	same	lines	or	block	of	code	in	the	PLC	and	result	in	the	same	action	or	effect	on	the	system.	This	
eliminated	the	possibility	of	conflicts	and	faults	caused	by	unstructured	code,	latency	and	timing	issues	
that	plagued	the	multiple	soft-PLC	loaded	HMIs	in	the	system	provided	by	the	Manufacturer.	

																																																																				
1	Internet	Explorer	is	a	computer	program	that	is	supplied	as	a	component	of	the	Windows	7	operating	system	and	is	a	registered	
trademark	of	Microsoft	Corporation	of	Redmond,	Washington.	
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Natural	Treatment	System	Construction	
A	thorough	study	of	the	Landfill	cap	and	soils	was	performed	in	2010.	The	study	revealed	areas,	including	
some	that	were	remnants	of	old	roads,	with	poor	soil	quality,	poor	tree-growing	conditions	lacking	proper	
nutrients,	soil	pH	above	the	level	that	is	recommended	for	the	tree	species	planted,	low	organic	content	
reducing	moisture	retention	capabilities,	and	several	other	concerns.	It	was	apparent	that	if	the	full	capacity	
of	the	Natural	Treatment	System	were	to	be	realized,	a	major	soil	modification	program	was	needed.	To	be	
able	to	amend	the	soil	and	incorporate	the	amendments	into	the	cap	it	was	necessary	to	remove	the	drip	
irrigation	 lines	 in	most	of	 the	 irrigation	zones.	This	was	done	 in	the	early	summer	of	2010,	and	a	major	
application	of	 amendments	and	nutrients	was	performed.	The	amendments	were	allowed	 to	 react	 and	
incorporate	into	the	soils	before	the	areas	were	resampled	that	fall.	Unfortunately,	certain	areas	showed	
indications	of	extreme	carbonate	buffering	possibly	due	to	the	disposal	of	water	treatment	plant	sludge	in	
certain	areas	of	the	Landfill,	and	the	pH	remained	too	high	for	the	tree	species	planted.	This	was	a	surprise,	
as	the	Parties	had	a	“Soil	Suitability	Study”	conducted	prior	to	undertaking	the	initial	tree	planting.	That	
study	 indicated	 the	 Landfill	 cap	 soil	 was	 generally	 suitable	 for	 use	 in	 the	 Natural	 Treatment	 System.	
However,	the	areas	of	the	Landfill	with	high	pH	occur	in	certain	limited	areas	of	the	Landfill	cap,	and	the	
detection	of	these	areas	was	missed	in	the	initial	site	evaluation	during	which	soil	samples	were	taken	at	
selected	locations.	

During	the	spring	of	2011,	there	was	a	second	larger	round	of	soil	amendments	added	to	further	correct	
the	pH	and	nutrient	deficiencies.	For	example,	an	application	of	approximately	3-inches	of	compost	was	
added	to	Zone	3	and	incorporated	into	the	Landfill	cap.	Previously,	this	zone	showed	greatly	inhibited	tree	
growth	and	samples	were	sent	to	the	NC	Agricultural	Extension	Service,	the	University	of	North	Carolina	
Soil	Laboratory,	as	well	as	a	commercial	laboratory.	These	analyses	indicated	extreme	carbonate	buffering	
that	could	not	be	overcome	by	amending	with	aluminum	sulfate	at	any	practical	levels.	Therefore,	a	heavy	
application	of	compost	was	overlaid	on	the	entire	zone	and	tilled	into	the	existing	soil.	This	amendment	
proved	to	be	effective	for	the	establishment	of	a	healthy	stand	of	eastern	red	cedar.	 	At	the	same	time	
(spring,	2011),	the	upper	layer	of	the	cap	in	portions	of	Zone	6	where	an	old	roadway	had	been	built	was	
removed	and	replaced	in	rows	with	suitable	soil	to	allow	the	rootstock	to	be	planted.		

During	the	spring	of	2012,	the	final	amendments	to	the	soil	were	added,	and	the	drip	irrigation	system	lines	
were	repaired	or	replaced	as	needed,	and	buried	approximately	6	inches	below	grade.	In	the	past,	most	of	
the	damage	 to	 the	drip	 lines	had	been	due	 to	nuisance	animals	 and	entanglement	 in	 the	mowers	 that	
maintain	the	grass	on	the	cap.	Burying	the	lines	solved	both	of	these	problems.	

Irrigation	Repair	Project	
The	 Irrigation	 Repair	 Project	 involved	 the	 repair	 or	 replacement	 of	 components	 of	 a	 soil-moisture	
monitoring	network	installed	on	the	Landfill	cover	(cap)	as	part	of	the	Irrigation	Control	System.	This	
network	consisted	of	69-soil-moisture,	temperature	and	salinity-monitoring	probes	(manufactured	by	
Decagon,	and	all	model	5TE	probes)	that	send	data	in	serial	data	interface	at	1200	baud	(SDI-12)	format	
to	one	of	two	Node	Panels	located	in	the	east	and	west	Landfill	Lobe	Node	Buildings.		

There	were	69-probes	 installed	 in	23	nests	of	three	probes	each,	one	approximately	2.3	feet	below	
ground	surface	(“bgs”),	one	about	1.6	feet	bgs,	and	one	about	1	foot	bgs.	These	probes	were	connected	
to	 23	 junction	 boxes	 that	 were	 in	 turn	 connected	 in	 series	 to	 one	 of	 5	 loops	 of	 cable	 that	 were	
connected	 to	 the	 corresponding	 Node	 Panel	 inputs.	 The	 Node	 Panels	 were	 installed	 by	 the	
Manufacturer	to	input	data	from	the	soil-moisture	probes	to	the	control	network,	and	to	translate	that	
data	from	a	SDI-12	format	transmitted	by	the	probes	into	a	format	that	could	be	reliably	input	into	the	
automation	system.	Translation	problems	occurred	that	were	primarily	due	to	a	conflict	between	one	
of	the	I/O	cards	supplied	by	the	Manufacturer	and	the	SCADA.	There	was	no	workaround.	

The	 existing	 configuration	 had	 been	 shown	 to	 be	 unstable	 and	 appeared	 to	 suffer	 from	 lightning	
damage.	The	probe	failure	rate	was	nearly	50%.	The	goal	of	the	repair	was	to	rectify	the	instability	and	
eliminate	the	high	rate	of	probe	failure.	
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Objectives	of	the	Repair	
The	scope	of	the	repair	was	intended	to	address	the	problems	with	the	SDI-12	network	and	the	data	
accumulation	 and	 initial	 translation.	 The	 automation	 system	 repair	 contractor	 was	 to	 provide	 the	
incorporation	of	the	data	into	the	SCADA.	

The	goals	of	the	SDI	12	repair	were	as	follows:	

1. To	specify	a	soil	moisture	probe	that	will	provide	reasonable	accuracy	for	the	determination	of	
soil	moisture	throughout	the	16	active	irrigation	zones	

2. To	design	a	network	for	collection	and	transmission	of	data	from	the	soil	moisture	probes	to	the	
node	panels	located	on	the	landfill	lobes	

3. To	divide	the	network	so	as	to	minimize	the	damage	caused	by	lightning	and	other	spurious	
electrical	signals	that	might	damage	the	components	

4. To	provide	the	means	of	data	collection	and	translation	to	a	format	acceptable	to	the	SCADA.		
5. To	use	or	reuse	any	of	the	existing	equipment	and	code	existing	outside	the	node	panels	in	the	

assembly	of	the	revised	network	

Scope	of	Repair	
The	Parties	found	it	necessary	to	install	a	completely	new	irrigation	control	network.	This	required	that	
everything	 from	 the	Node	Panels	 through	 to	 the	 soil	moisture	 probes	 needed	 to	 be	 replaced	with	
different	components,	and	the	network	would	need	to	transmit	data	in	a	different	format.		

The	 new	 probe	 network	 is	 managed	 by	 comparing	 the	 irrigation	 rate	 with	 the	 theoretical	 rate	 of	
transpiration	by	the	tree	stand,	ETc,	which	is	proportional	to	ETo.	This	management	approach	ensures	
that	overwatering	or	under	watering	is	not	occurring.	

In	the	new	irrigation	control	network,	there	are	three	probes	installed	in	each	nest	(23	nests	of	3	probes	
each	or	69	total	probes),	as	was	the	case	in	the	past.	All	of	the	original	probes	have	been	replaced	with	
Watermark	soil	suction	(soil	water	tension)	probes.	Each	nest	has	an	upper,	middle,	and	lower	horizon	
probe.	In	addition,	there	are	thermistor	type	temperature	probes	(CS-108),	three	on	each	lobe	of	the	
Landfill	at	selected	locations.	Each	probe	(both	soil	suction	and	temperature)	is	read	6	times	an	hour	
and	averaged	with	a	scale	of	0	to	200	kilopascal	(KPa)	of	soil	suction,	and	-35	to	+50	C	(-31	to	+122oF)	
for	the	temperature	probes.	The	averaged	results	from	the	soil	suction	probe	readings	are	corrected	
using	the	hourly	average	temperature	reading	from	the	three	probes	on	each	lobe	and	compared	to	
set	points	the	operator	inputs	in	1-KPa	increments	between	0	and	200.	There	are	three	set	points	for	
each	probe.	They	are	as	follows:	

1. Dry	soil	(operator	set	-	0-200	KPa2)	
2. Optimum	soil	moisture	range	(operator	set	range	of	0-200	KPa)	
3. Wet	to	Field	Capacity	(operator	set	–	0-200	KPa)	

The	settings	were	initially	determined	based	upon	soil	water	characteristic	curves	run	on	composite	
soil	samples	from	each	zone	of	the	irrigation	system.	Field	observation,	pan	lysimeters,3	and	hand-held	
meter	readings	were	used	to	refine	those	settings.	Dry	conditions	are	at	some	point	near	the	upper	
range	of	the	soil	suction	probe	scale,	currently	thought	to	be	approximately	80-KPa.	Wet	conditions	
are	at	the	lower	end	of	the	scale	currently	thought	to	be	approximately	10-KPa.	Optimum	range	will	be	

																																																																				
2	The	Irometer	Watermark	sensors	have	a	full	scale	of	0	to	200	KPa	and,	therefore,	the	SCADA	allows	the	operator	the	full	instrument	scale	for	all	of	the	
moisture	settings.	
3	A	pan	lysimeter	is	a	measuring	device	that	is	used	to	measure	the	amount	of	actual	moisture	that	is	released	by	soil	through	drainage.	By	recording	the	
amount	of	precipitation	that	an	area	receives	and	the	amount	lost	through	the	soil,	the	amount	of	water	lost	to	evapotranspiration	can	be	calculated.	
Lysimeters	are	of	two	types,	weighing	and	non-weighing.	A	pan	lysimeter	is	a	non-weighing	device	that	consists	of	a	membrane	covered	collection	vessel	
with	extraction	tubes	provided	to	the	soil	surface.	When	placed	in	the	soil	at	the	waste	interface	they	provide	a	measurement	of	the	moisture	that	drains	
from	the	soil	into	the	upper	waste	layer.		
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set	between	10-	and	80-KPa,	and	frequently	refined	by	field-testing	and	observation	of	each	irrigation	
zone.	

Soil	suction4	is	a	measure	of	the	free	energy	of	the	pore-water5	in	soil.	The	less	pore-water	in	the	soil,	
the	greater	the	attractive	forces	between	the	moisture	and	the	soil,	and	the	greater	the	force	or	suction	
required	to	extract	it.	Thus,	the	higher	the	soil	suction,	the	dryer	the	soil.		

In	brief,	the	actual	readings	from	the	soil	suction	probes	will	be	averaged	hourly	and	compared	to	the	
optimal	soil	moisture	range	(assumed	for	now	to	be	10	to	80	KPa).	The	reading	can	be	within	the	range,	
below	the	range	or	above	the	range.	From	these	readings	 the	results	will	be	compared	to	a	matrix	
determined	 by	 the	 27	 possible	 configurations	 of	 probe	 readings	 for	 each	 nest.	 That	 matrix	 will	
determine	what	the	actual	field	conditions	command	the	system	to	do.	The	system	will	take	one	of	the	
following	four	possible	actions:	

1. Irrigate	as	was	done	at	the	prior	event,	or	
2. Increase	the	irrigation	time	by	an	operator	set	amount,	because	the	soil	is	getting	too	dry,	or	
3. Decrease	the	irrigation	time	by	an	operator	set	amount	because	the	soil	is	too	wet,	or	
4. Not	irrigate	and	skip	to	the	next	zone.	

Irrigation	Logic	Repair	
To	increase	the	amount	of	irrigation	water	the	cap	can	receive	during	the	winter	months,	in	2011	the	
Parties	replaced,	or	inter-planted,	all	of	the	deciduous	trees	with	conifer	species.	The	conifer	species,	
such	as	loblolly	pine	and	Virginia	pine,	transpire	at	the	same	rate	during	the	summer	as	the	various	
deciduous	tree	species	that	had	been	installed	on	the	Landfill	(e.g.	hackberry,	Chinese	elm,	black	locust,	
Kentucky	 coffee	 tree).	 Conifer	 trees	 transpire	 throughout	 the	 winter	 months	 at	 rates	 that	 are	
proportional	to	ETo	making	year-around	irrigation	possible.	

With	the	possibility	of	increased	irrigation	during	winter	(when	ETo	is	low)	because	of	the	interplanting	
of	conifer	trees,	and	improvements	made	to	the	Physical	Treatment	System,	an	evaluation	was	made	
of	the	possibility	of	irrigating	at	a	rate	of	50	GPM	year-around	and	not	discharging	to	the	POTW.	This	
differs	slightly	from	the	irrigation	logic	presented	in	the	PCR.	That	logic	called	for	a	period	where	the	
use	of	Physical	Treatment	System	process	effluent	for	irrigation	would	cease,	and	City	water	would	be	
used	to	flush	any	accumulated	salts	from	the	soil.	

The	decision	to	continue	to	irrigate	with	Physical	Treatment	System	process	effluent	and	not	use	City	
water	 for	 flushing	was	based	on	several	 factors.	With	the	enhancements	 to	 the	Physical	Treatment	
System	 installed	 to	address	 the	higher	metals	concentrations	 in	 the	groundwater	and	 leachate,	 the	
quality	 of	 the	 Physical	 Treatment	 System	 process	 effluent	 is	 significantly	 improved	 over	 that	
anticipated	at	the	time	the	PCR	was	prepared.	With	the	lower	metals	and	salts	concentrations	in	the	
process	 flow	 due	 to	 enhanced	 filtration,	 and	 the	 lower	 VOC	 and	 cVOC	 concentrations	 due	 to	 the	
increased	aeration	 and	air	 stripping,	 the	 amount	of	 contaminant	 loading	being	 sent	 to	 the	Natural	
Treatment	 System	 is	 considerably	 less	 than	 anticipated	 in	 the	 PCR.	 During	 the	 recent	 operational	
testing,	 the	 irrigation	 system	 has	 been	 operated	 and	 the	 soils	 have	 been	 tested	 and	 monitored.	
Samples	collected	from	the	soils	after	being	irrigated	for	an	extended	period	have	shown	no	excessive	
buildup	of	VOCs,	cVOCs,	or	salts	in	the	soils.		

The	water	balance	on	the	Landfill	is	not	affected	by	the	continued	use	of	Physical	Treatment	System	
process	effluent.	It	was	always	intended	to	irrigate	at	a	similar	rate	during	periods	of	low	ETo;	the	only	
change	 is	 the	 source	of	 the	 irrigation	water.	Because	 the	quality	of	 the	Physical	 Treatment	System	
process	effluent	has	been	improved,	and	there	has	been	no	salt	or	organic	buildup	noted	in	the	soils,	

																																																																				
4	Soil	suction,	in	practical	terms,	is	a	measure	of	the	affinity	of	soil	to	retain	water	and	can	provide	information	on	soil	parameters	that	are	influenced	by	
the	soil	water;	for	example,	volume	change,	deformation,	and	strength	characteristics	of	the	soil.	
5	Pore	Water	–	or	Sediment	interstitial	water	is	the	water	occurring	in	the	small	openings,	spaces,	and	voids	between	particles	of	unconsolidated	materials	
in	that	portion	of	the	vadose	water	zone	between	the	ground	surface	and	the	water	table.	The	water	is	held	in	place	by	entrapment,	ionic	attraction,	and	
capillary	or	adhesive	forces,	rather	than	from	upward	pressure	components	of	saturation,	and	occupies	the	spaces	between	sediment	particles.		
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irrigating	to	flush	the	salts	into	the	upper	layer	of	the	Landfill	waste	during	periods	of	low	ETo	is	possible	
and	should	have	no	effect	on	the	duration	of	the	remedy	or	risks	to	human	health	and	the	environment.	

Fertigation	Upgrade	
Another	concern	was	the	fertigation	of	the	Landfill	cap.	The	Parties	had	been	testing	soils	to	determine	why	
various	irrigation	zones	were	not	sustaining	the	rate	of	tree	growth	that	was	seen	in	other	zones.	In	about	
six	of	the	16	zones,	trees	within	certain	portions	of	the	zones	were	stunted	or	dead	for	a	variety	of	reasons.	
In	certain	cases,	testing	showed	the	pH	was	too	high,	a	condition	that	restricts	the	“availability”	of	nutrients.	
In	these	areas	of	the	Landfill,	the	Parties	added	sulfur	(elemental)	to	the	cap	to	lower	the	pH.	In	most	of	the	
zones,	the	desired	decrease	in	soil	pH	was	observed.	The	Parties	tested	to	ensure	the	elemental	sulfur	had	
fully	converted	(a	biological	process),	or	was	still	in	the	process	of	being	converted.		

The	 fertigation	 process	 installed	 was	 the	 only	 method	 available,	 other	 than	 manually	 spreading	 by	
conventional	techniques	as	had	been	done	previously,	to	get	needed	soil	nutrients	and	amendments	onto	
the	cap.	Manual	spreading	was	costly	and	required	that	measures	be	taken	to	avoid	damage	to	the	drip	
lines.	As	a	result,	the	Parties	changed	the	fertigation	process	installed	in	the	Natural	Treatment	System.		

Originally	plans	were	to	install	a	fertigation	pump,	a	manual	plunger	pump	set	for	dosing	based	on	piston	
stroke.	There	was	no	SCADA	control	other	than	simple	ON/OFF,	and	a	very	limited	variability	of	the	dosing	
range.	This	would	have	 irrigated	all	zones	at	a	 fixed	rate.	That	was	changed	to	a	new	SCADA-controlled	
metering	 pump	 (150	 L/hr.	 -	 1000:1	 turndown)	 that	 has	 been	 programmed	 to	 allow	 both	 speed	 and	
operating	time	control	by	zone,	giving	the	system	more	flexibility	when	determining	the	formulation	and	
concentration	of	the	various	components	of	the	solution	used	to	fertilize.	 In	addition,	the	capability	has	
been	programmed	into	the	SCADA	to	regulate	dosing	at	a	different	amount	for	each	zone.	

Because	the	integration	of	the	fertigation	process	into	the	overall	SCADA	system	was	advantageous,	a	new	
double-walled	tank	was	installed	outside	LS-2	to	hold	fertigation	solution.	The	fertigation	pump	draws	from	
this	tank,	which	has	a	level	control	to	avoid	drawing	from	the	tank	when	it	is	empty.	The	pump	discharges	
to	the	discharge	line	from	the	three	sets	of	pumps	on	Effluent	Storage	Tanks.	This	affords	the	opportunity	
to	selectively	feed	a	preset	dose	rate	to	the	Physical	Treatment	System	process	effluent	mixture	from	one	
or	more	Effluent	Storage	Tanks	being	fed	to	the	Natural	Treatment	System	based	on	the	proportioned	flow	
to	each	zone.	

Phase 2 - April 2013 to June 2015 

This	phase	of	construction	consisted	of	system	refinements	and	modifications	to	provide	additional	system	
flexibility,	enhance	metal	salt	removal,	and	improve	CoC	removal.	The	system	was	also	refined	chemically	
to	increase	its	efficiency	and	allow	longer	periods	of	sustained	operation.	

Fourth	Startup	Attempt	
Following	the	completion	of	the	Automation	Repair	Project,	the	Project	Managers	began	another	startup	
by	bringing	city	water	back	into	the	system.	After	resolving	a	few	problems,	the	system	was	operated	on	
City	 water	 recirculating	 back	 to	 the	 Settling	 Vat.	 System	 checks	 indicated	 the	 recent	 automation	 and	
irrigation	repairs	were	functioning	as	planned.		

Shortly	after	commencing	operation,	samples	were	collected	from	all	of	the	leachate	collection	tanks	and	
certain	groundwater	observation	wells	at	the	Site.	The	samples	were	collected	from	each	leachate	tank,	the	
NIS	 Sump	 and	 Deep	 River	 Observation	 wells	 OWDR-1,	 OWDR-2,	 OWDR-3,	 and	 OWDR-4.	 The	 sampling	
indicated	that,	among	other	things,	the	levels	of	iron	in	the	leachate	and	groundwater	were	significantly	
higher	during	system	operation	than	those	detected	during	earlier	testing	and	used	for	the	process	design	
submitted	in	the	PCR.	

Neither	the	AOP+	system	nor	the	Natural	Treatment	System	could	tolerate	the	higher	metals	 levels	that	
would	result	from	the	higher	inlet	concentrations.	The	Settling	Vat	was	not	designed	to	handle	the	increase	
in	metals	loading.	At	first,	this	was	thought	to	be	a	temporary	spike	in	metal	concentrations	due	to	initial	
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system	operations.	However,	 it	was	determined	to	be	an	 indication	of	a	chronically	high	 level	of	metals	
particularly	in	the	leachate,	but	present	in	the	groundwater	as	well.		

Metals	Removal	System	Upgrade	
Sampling	indicated	that	the	levels	of	iron,	manganese,	calcium	and	magnesium	salts	in	the	leachate	and	
groundwater	 were	 significantly	 higher	 during	 treatment	 system	 operation	 than	 those	 detected	 during	
earlier	testing.	See	Attachment	4	for	a	complete	list	of	parameters	and	analytical	results	from	the	AOP+	Pilot	
Study	Report.		

The	results	of	those	analyses	are	presented	in	the	following	table.	
Table	4	–	Pre-startup	Sample	Results	

Parameter	
OW-
DR1	

OW-
DR2	

OW-
DR3	

OW-
DR4	

LCHT-1	 LCHT-2	 LCHT-3	 LCHT-4	 LCHT-5	
NIS	
SUMP	

Average*	

TDS	 976	 1030	 1430	 808	 1320	 2600	 4700	 3960	 808	 1100	 1873.2	

TSS	 4	 26	 2.5	 4	 220	 98	 36	 226	 56	 94	 76.65	

Nitrate	-N		 <0.10	 <0.10	 <0.10	 <0.10	 <0.10	 <0.10	 0.11	 0.68	 <0.10	 0.33	 0.33	

Nitrite	-N	 <0.10	 <0.10	 <0.10	 <0.10	 <0.10	 <0.10	 0.11	 0.35	 <0.10	 0.20	 0.2	

Iron,	total	 8.71	 8.52	 0.37	 4.44	 44.90	 34.10	 34.70	 93.80	 16.80	 44.5	 29.08	

Total	Mn	 8.19	 6.44	 1.22	 7.57	 0.335	 0.408	 0.633	 0.445	 2.68	 4.06	 3.198	

Total	Mg	 92.9	 84.5	 143.0	 78.9	 52.1	 74.3	 61.7	 83.9	 42.6	 58.7	 77.26	

Total	Na	 44.8	 43.4	 27.5	 45.1	 197.0	 512.0	 932.0	 853.0	 85.2	 151.0	 289.1	

pH,	lab	 NA	 NA	 NA	 6.2	 6.5	 6.6	 7.1	 7.4	 6.2	 6.6	 6.66	

pH,	field	 6.6	 7.7	 6.1	 7.3	 7.1	 7.3	 7.5	 7.8	 7.3	 7.5	 7.22	

NOTE:	All	results	in	mg/L	except	pH.	

The	total	metals	concentrations	in	leachate	tanks	(LCHT)	1	through	5	and	the	NIS	sump	during	this	sampling	
event	were	all	considerably	higher	than	the	10	mg/L	expected	from	earlier	sampling	events.	The	LCHT	tanks	
and	NIS	sump	iron	levels	averaged	44.8	mg/l	of	total	iron,	which	is	over	four	times	what	was	anticipated	in	
the	system	design.	For	comparison,	a	copy	of	the	original	testing	performed	during	the	AOP+	pilot	study	is	
included	in	this	report	as	Attachment	4.	The	reason	for	the	increase	is	undetermined	at	this	time;	however,	
neither	 the	 AOP+	 system	 nor	 the	 Natural	 Treatment	 System	 could	 tolerate	 metals	 at	 the	 determined	
concentrations.		

The	amount	of	sludge	generated	by	this	increase	in	metals	concentration	resulted	in	frequent	shutdowns	
of	the	process	to	remove	the	metals’	precipitate	residues	from	the	Settling	Vat.	The	Settling	Vat	could	not	
be	modified	 to	 remove	 the	metals	 to	 levels	 below	 the	 concentrations	 needed	prior	 to	 final	 treatment.	
Therefore,	the	Parties	decided	that	modifications	to	the	Remedial	Treatment	System	to	address	the	need	
to	remove	additional	metal	salts	were	required.		

Pilot	Testing	
The	initial	step	in	the	design	of	the	modified	process	was	to	conduct	a	pilot	study.	The	goal	of	the	pilot	
study	performed	by	the	Parties	in	April	2013	was	to	attempt	to	determine	the	effects	of	fine	bubble	
aeration,	pH	adjustment,	 filtration	and	settling	on	the	combined	 leachate	and	groundwater	 flowing	
through	the	treatment	system	at	various	stages	in	the	process.	This	included	at	the	inlet	to	Lift	Station	
(LS)-1,	the	inlet	to	LS-2	and	at	the	outlet	of	the	existing	Settling	Vat	in	the	final	treatment	area.		

In	determining	the	most	effective	resolution	to	these	problems,	the	Parties	referred	to	work	performed	
much	earlier	 in	 the	 remedial	 action	 in	 support	of	 the	Feasibility	 Study.	 In	a	 report	authored	by	Dr.	
Richard	 Brown,	 several	 methods	 of	 iron	 and	 other	 metals	 control	 were	 explored,	 including	
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sequestration,	chelation,	ion	exchange	and	aeration.	The	only	method	determined	to	be	operationally	
and	economically	feasible	at	the	Site	was	aeration.		

This	required	the	system	design	to	be	modified	to	add	aeration	at	LS-1	and	the	installation	of	a	new	
pretreatment	process	to	include	a	larger	filter	to	process	the	combined	flow	of	all	groundwater	and	
leachate	prior	 to	 it	entering	the	Effluent	Treatment	System.	 It	was	also	determined	that	 this	would	
require	 a	 new	 building,	 because	 the	 floors	 installed	 in	 the	 existing	 structures	were	 not	 capable	 of	
supporting	the	weight	of	the	properly	sized	filter	bodies	once	they	were	full	of	water.	

Based	upon	this	information	a	pilot	study	was	scoped	and	performed	to	simulate	a	proposed	process	
design.	This	modification	would	consist	of	aeration	at	LS-1,	followed	by	aeration	and	filtration	in	a	new	
Filter	Building	prior	to	the	combined	flows	entering	the	Settling	Vat	for	final	pretreatment	before	either	
being	further	processed	by	the	AOP+	or	used	to	irrigate	the	Natural	Treatment	System.	

Metals	Removal	System	Repairs	
The	metals	removal	repairs	consisted	of	several	modifications	to	improve	the	chemical	feed	system,	
chemical	mixing	and	solids	separation	capabilities	of	the	Remedial	Treatment	System.	This	 included	
several	modifications	to	LS-1,	the	Filter	Building,	and	the	Settling	Vat.	

LS-1	Modifications	
The	Parties	added	an	aeration	tank	to	the	flow	path	at	LS-1.	The	aeration	tank	employs	ceramic	fine	bubble	
diffusers	to	aerate	the	combined	leachate	and	groundwater	flow	exiting	the	inlet	manifold	in	LS-1.	All	of	
the	leachate	and	groundwater	entering	LS-1	is	either	collected	in	a	large	(approximately	4,200	gallon)	tank	
that	 is	 aerated	by	 ceramic	 fine	bubble	diffusion,	 or	 that	 tank	 could	be	bypassed	 and	 flow	entering	 the	
equalization	tank	directly.	This	is	due	to	the	high	pH	caused	in	the	influent	flow	at	times	when	it	is	aerated.	
All	influent	was	configured,	at	that	time,	to	be	pumped	through	a	hydrocyclone	to	the	inlet	manifold	in	LS-
2.	This	manifold	directs	the	flow	into	the	Filter	Building.		

Filter	Building	Construction	
The	main	reason	the	Filter	Building	was	necessary	was	that	the	Media	Filters	provided	by	the	Manufacturer	
were	not	adequately	sized	to	handle	the	designed	flow	of	50	GPM.	It	was	also	determined	there	were	other	
significant	problems	with	the	Media	Filters	as	well.	During	backwash,	the	filter	media	was	being	washed	
out	of	the	filters	and	into	the	Settling	Vat.	Further	investigation	revealed	the	filter	bodies	were	inadequately	
sized	for	the	design	flow.	This	made	the	velocity	of	the	backwash	water	too	high,	and	rather	than	just	lifting	
the	bed,	it	was	carrying	the	media	out	of	the	vessels	and	into	the	Settling	Vat.		

The	Parties	determined	the	cross-sectional	area	of	the	Media	Filters	was	insufficient,	and	the	differential	
pressure	across	the	filters	at	its	maximum	capacity	would	have	precluded	operation	at	50	GPM.	In	addition,	
it	was	determined	the	floors	 in	Effluent	Treatment	System	Enclosures	would	be	unable	to	support	 filter	
bodies	of	the	size	required	for	proper	filtration.	With	properly	sized	filter	bodies,	the	vessels	were	estimated	
to	 be	 4	 feet	 in	 diameter	 and	 6	 feet	 tall,	 which	 meant	 the	 total	 weight	 of	 a	 single	 vessel	 would	 be	
approximately	7,000	pounds.	

Filter	Repair	and	Upgrade	
The	problem	encountered	with	the	Media	Filters,	and	the	lack	of	adequate	support	for	properly	sized	filters,	
led	to	the	decision	that	the	filters	and	associated	equipment	needed	to	be	installed	in	a	new	30-	by	30-foot	
metal	prefabricated	and	insulated	building	constructed	on	an	engineered	concrete	pad	designed	to	support	
the	filter	bodies	and	the	added	weight	of	aeration	and	other	equipment	necessary	to	pretreat	the	entire	
flow	of	groundwater	and	leachate	prior	to	pumping	it	to	the	Settling	Vat.	

The	Filter	Building	receives	the	flow	from	LS-1	and	mixes	it	with	the	flow	from	PWDR-1	and	certain	RWSIS	
wells	in	an	aerated	tank	to	provide	a	relatively	consistent	50	GPM.	A	vertical	flat-bottomed	tank	with	the	
fine	bubble	ceramic	diffusers	will	be	used	for	initial	mixing	and	aeration.	Aeration	at	this	point	helps	reduce	
the	VOC	and	cVOC	 loading	on	 the	Air	Stripper	 influent	 thereby	 improving	 its	efficiency,	 further	oxidizes	
metals	and	removes	any	remaining	methane	prior	to	it	being	further	distributed	throughout	the	system.	
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The	aeration	tank	gravity	overflows	into	an	equalization	tank	before	it	is	pumped	through	a	set	of	25-micron	
fixed	bed	filters	designed	to	process	50	GPM.	Those	filters	are	backwashed	to	a	lined	sand	bed	filter.	The	
underflow	from	the	sand	bed	filter	is	pumped	through	a	hydrocyclone	and	a	25-micron	bag	filter	to	capture	
solids	before	being	returned	to	the	backwash	tank	for	reuse	or	to	the	aeration	tank	for	further	processing.	
Solids	from	the	sand	filter	are	properly	characterized	and	stored,	handled	and	disposed	in	accordance	with	
the	North	Carolina	regulations.	

Process	flow	from	the	filters	is	sent	to	the	six-tray	Air	Stripper,	which	was	relocated	to	the	Filter	Building.	
Process	flow	from	the	Air	Stripper	is	pumped	back	into	the	Effluent	Treatment	System	structure	through	a	
line	that	discharges	into	the	Settling	Vat.		

Effluent	Treatment	System	Modifications	
Although	the	system	flows	remain	essentially	similar	to	that	proposed	in	the	PCR,	there	were	several	piping	
modifications	to	the	return	piping	leading	to	the	Effluent	Storage	Tanks	made	as	part	of	this	modification.	
This	simplified	the	piping,	decreased	the	number	of	valves	and	other	flow	restrictions	and	decreased	the	
pressure	drop	in	the	system	from	the	Settling	Vat	to	the	Effluent	Storage	Tanks.	This	piping	was	supplied	by	
the	Manufacturer	and	had	included	provisions	for	alternative	flow	configurations	that	are	now	not	needed.	
This	made	the	piping	more	complicated	than	necessary.	As	a	result,	the	multiple	valves,	fittings,	directional	
changes	and	flow	consolidations	created	unnecessary	back-pressure	on	the	system	and	seriously	limited	
the	maximum	flow	to	the	Effluent	Storage	Tanks.	All	of	this	piping	was	removed	and	a	simplified	process	
flow	manifold	was	 installed.	This	has	reduced	the	pressure	drop	and	made	it	possible	for	the	treatment	
system	process	flow	to	be	sent	to	any	or	all	of	the	Effluent	Storage	Tanks.	This	is	controlled	by	the	operator	
set	points	and	by	level	control	by	the	SCADA.		

Settling	Vat	Problem	
During	the	brief	period	of	operation	of	the	system,	the	Project	Managers	noticed	that	the	Settling	Vat	
did	not	seem	to	settle	some	of	the	suspended	solids	from	the	process	influent	and	made	no	provisions	
for	LNAPL	and	DNAPL	removal.	Because	there	is	a	possibility	that	LNAPL	and	DNAPL	could	reach	the	
Settling	Vat	 during	 a	 system	upset,	 it	was	 decided	 to	 add	 that	 capability.	 Examination	 showed	 the	
Settling	Vat,	as	supplied,	was	a	large	rectangular	vat	that	contained	approximately	6,000	gallons	when	
operated	at	the	maximum	operating	level	of	4	feet.	The	vat	is	roughly	6	feet	wide,	32	feet	long,	and	5	
feet	high.	

Settling	Vat	Repairs	
To	limit	the	horizontal	flow	and	turbulence,	extend	the	retention	time	and	force	directional	changes	to	
occur	to	minimize	particulate	carryover	and	capture	any	free	organic	materials,	the	Settling	Vat	was	
modified	 by	 installing	 two	 stainless	 steel	 baffles	 to	 compartmentalize	 the	 vat,	 separate	 LNAPL	 and	
DNAPL	from	the	process	flow,	and	enhance	solids	separation.	This	modified	the	vat	from	being	a	surge	
tank	in	the	process	flow	to	being	a	true	clarifier	and	separator	tank	that	enhances	pretreatment	and	
can	be	modified	to	provide	several	additional	treatment	technologies	if	needed.		

Modification	of	the	Startup	Testing	and	System	Monitoring		
The	 PCR	 proposed	 that	 the	 initial	 testing	 would	 include	 a	 30-day	 aquifer	 drawdown	 test,	 an	 AOP+	
performance	 test	 and	 certain	 other	 tests	 thought	 necessary	 prior	 to	 beginning	 system	 operations	 and	
monitoring.	The	Project	Managers	felt	the	30-day	drawdown	test	would	not	provide	significant	useful	data	
due	 to	 its	 limited	 scope	 and	 submitted	 TM-E8.	 TM-E8	 included	 a	 revised	 Remedial	 Monitoring	 and	
Effectiveness	Evaluation	Plan	(RMEEP),	which	specified	a	longer-term	capture	zone	evaluation	period	and	
the	 installation	of	 several	 continuously	monitored	 transducers	 in	key	wells.	TM-E8	and	 the	new	RMEEP	
were	approved	by	NCDENR	during	February	2014.		

Fifth	Startup	Attempt	
During	January	2014,	the	Parties	completed	the	modification	of	the	treatment	system	designed	to	remove	
the	additional	metals	and	handle	the	associated	filtered	solids,	and	the	Project	Managers	resumed	startup	
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testing.	During	the	first	quarter	of	2014,	the	startup	advanced	to	the	point	that	groundwater	and	leachate	
sources	were	 introduced	 into	the	process	and	the	entire	system	operated	for	short	durations	 in	various	
configurations	to	test	the	automation	controls.	The	testing	progressed	fairly	well;	however,	the	amount	of	
filter	solids	generated	made	long	periods	of	sustained	operation	infeasible.		

The	solids	problem	was	present	in	two	locations.	The	most	serious	problem	occurred	when	the	air	stripper	
discharge	 pump	 impellers	 (P-605)	 ceased,	 causing	 the	 system	 to	 shut	 down.	 Upon	 inspection	 it	 was	
determined	 that	 solids	 passing	 through	 the	 new	 filters	 had	 caused	 deposits	 to	 build	 up	 between	 the	
impeller	and	the	backing	plate	on	the	pump	casing.	To	address	this	problem,	the	Project	Managers	sent	a	
sample	of	the	scale	and	filter	solids	from	the	system	to	a	NC	certified	laboratory	to	be	tested.	The	results	
indicated	the	filter	media	being	used	in	the	new	filters	was	not	performing	as	efficiently	as	required.	To	
address	this	problem,	it	was	decided	to	replace	the	existing	filter	media	(sand)	in	the	new	filters	with	a	two-
layer	bed	comprised	of	a	bottom	layer	of	garnet	and	an	upper	layer	of	Filter	AG.	This	two-layer	system	was	
intended	to	provide	the	requisite	solids	removal	and	eliminate	the	problem	in	the	P-605	pumps.	However,	
it	became	apparent	the	filter	solids	generated	at	Lift	Station-1	(LS-1)	would	be	much	more	than	the	existing	
equipment	could	properly	handle	as	well.	In	addition,	during	the	shutdown	the	Project	Managers	had	all	
shallow	groundwater	recovery	wells	surge	blocked	to	ensure	that	they	would	restart	with	fresh	formation	
water	from	all	shallow	wells.	

The	enhanced	filtration	in	the	Filter	Building	raised	the	concern	that	during	filter	backwash,	the	amount	of	
solids	 being	 removed	 would	 be	 more	 than	 the	 existing	 bag-filter	 will	 be	 able	 to	 efficiently	 remove.	
Therefore,	the	Project	Managers	sent	a	sample	for	testing	to	determine	the	particle	size	distribution	in	the	
filtered	solids.	From	that,	it	was	determined	about	98%	of	the	larger	particles	(above	74-microns	in	size)	
could	be	removed	using	a	hydrocyclone.	Therefore,	a	hydrocyclone	was	added	to	the	filter	backwash	line	
before	the	bag-filter	to	handle	most	of	the	larger	solids.	The	bag-filter	was	then	operated	with	a	filter	bag	
designed	to	capture	particles	greater	than	25-micron	in	size,	allowing	the	backwash	water	to	be	reused.	
This	modification	was	installed	without	a	full	system	shutdown.		

After	installation,	it	was	determined	the	hydrocyclone	alone	would	not	adequately	remove	the	solids,	and	
the	bag	filter	was	plugging	frequently	during	each	backwash	cycle.	This	indicated	there	was	a	large	amount	
of	solids	between	25	and	75-microns.	As	a	result,	the	system	was	shutdown	to	install	a	lined	sand	bed	filter	
at	the	back	of	the	filter	building.	The	piping	was	modified	to	send	all	of	the	backwash	water	to	the	lined	
sand	bed	filter.	The	underflow	from	the	lined	sand	bed	is	collected,	pumped	through	the	hydrocyclone	and	
a	25-micron	bag	 filter,	and	returned	to	the	backwash	holding	tank	 for	 reuse	or	 to	 the	aeration	tank	 for	
further	treatment.	This	corrected	the	problem.	

The	other	concern	raised	by	the	amount	of	solids	generated	was	the	possible	plugging	of	the	lines	from	LS-
1	to	LS-2	and	from	LS-2	into	the	Filter	Building.	These	lines	have	variable	and	intermittent	flow.		And	the	
lines	from	LS-1	to	LS-2	raise	up-hill	with	a	vertical	lift	of	about	80-feet	and	could	become	fouled	with	the	
high	solids	content	of	the	incoming	groundwater	and	leachate.	Therefore,	it	was	decided	to	install	a	sand	
bed	filter	at	LS-1	as	well,	and	direct	all	flow	from	the	inlet	equalization	tank	into	the	sand	bed	filter.	The	
underflow	from	the	sand	bed	filter	is	directed	to	a	sump	that	is	pumped	to	a	second	equalization	tank	and	
then	through	a	hydrocyclone	installed	in	the	line	from	the	LS-1	discharge	pump	to	LS-2.	The	leachate	and	
shallow	groundwater	flow	entering	LS-1	was	adjusted	to	a	pH	of	9.4	using	potassium	hydroxide	(KOH)	and	
then	treated	with	a	flocculent	and	coagulant	to	make	the	sand	bed	filter	efficient	in	solids	removal	and	to	
create	a	filter	solid	that	rapidly	releases	water.	This	removes	the	majority	of	the	solids	before	the	process	
flow	 enters	 the	 line	 feeding	 LS-2	 and	 reduces	 the	 calcium	 and	magnesium	 content	 entering	 the	 Filter	
Building	to	a	level	the	process	can	tolerate.	

During	full	operation,	the	Settling	Vat	filter	process	flow	showed	signs	of	colloidal	iron	(or	something	that	
caused	an	iron-like	color)	and	fine	suspended	solids	remaining	after	all	treatment.	The	process	flow	from	
the	Settling	Vat	Effluent	Filters,	which	 feeds	either	 the	 Irrigation	System	or	 the	AOP+	unit,	continued	to	
show	a	significant	amount	of	fine	suspended	solids	(TSS)	and	color.	This	was	thought	to	be	mostly	colloidal	
iron.	 To	 address	 this,	 the	 Parties	 retained	 the	 services	 of	 a	 consulting	 process	 chemist	 who	 evaluated	
methods	 to	 flocculate,	 coagulate,	 or	 otherwise	 remove	 the	 remaining	 TSS	 and	 color	 from	 the	 Physical	
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Treatment	System	process	effluent.	Although	this	may	not	be	a	problem	for	the	Irrigation	System,	it	would	
not	be	suitable	 for	processing	 in	 the	AOP+	unit.	This	unit	 relies	on	 the	 transmissivity	of	 light	 to	operate	
efficiently.	Therefore,	this	Settling	Vat	effluent	filter	process	flow	TSS	and	color	would	have	interfered	with	
the	AOP+	unit	operation,	reduced	its	effectiveness	and	increase	its	operating	costs.	After	the	modifications	
mentioned,	most	of	the	TSS	and	discoloration	was	removed.		

System	Chemistry	Upgrade	
The	filter	solids	produced	by	the	metal	chelation	process	were	thin,	gelatinous,	and	very	slow	to	release	
water.	This	caused	the	sand	bed	filter	at	LS-1	and	the	Filter	Building	to	become	ineffective	and	overloaded	
with	solids	that	would	not	properly	dewater.	To	address	this	problem,	the	Parties	had	the	process	chemistry	
reviewed	 by	 the	 consulting	 chemist	 to	 determine	 if	 the	 addition	 of	 flocculants	 and	 coagulants	 might	
improve	the	performance	of	the	existing	system	without	significant	modification.		

Samples	 were	 collected	 from	 several	 points	 during	 system	 operation.	 Each	 source	 was	 chemically	
characterized	 for	 critical	 components.	Then	chemical	precipitation	programs	were	evaluated	 to	 remove	
metals	 including	 Iron,	Manganese,	 and	 Total	 hardness	 (combined	 calcium	 and	magnesium).	 A	 series	 of	
coagulants	and	flocculants	were	evaluated	in	conjunction	with	metal	precipitation	to	enhance	solids	settling	
and	filter	solids	dewatering.	
Table	5	-	Baseline	Chemistry	

Sample	point	 Total	
iron	

Mn	 SO4	 TH	 TA	 TDS	 pH	 ORP	

LS1-RW	 42.2	 13	 100	 950	 750	 1873	 6.45	 72	

PWDR-1	 17.2	 14	 24	 720	 620	 1210	 6.61	 71	

S1S-RW	 7.15	 12	 5	 300	 170	 568	 6.56	 	4	

Leachate	 14.1	 1	 110	 580	 1850	 3815	 6.92	 	2	

Results	reported	as	mg/l,	unless	noted	otherwise	
TH	=	total	hardness	=	combined	calcium	and	magnesium,	as	mg/l	calcium	carbonate	
TA	=	total	alkalinity,	reported	as	mg/l	of	calcium	carbonate	
ORP	=	Oxidation	Reduction	Potential	

Table	6	-	LS-1	Inlet	Flow	Test	Results	

Test	 Iron	 Mn	 TH	

Baseline	 42.2	 13	 950	

pH	elevation	to	8.8	with	NaOH	 1.07	 11.1	 760	

Inc.	ORP	by	500	mV,	Adj.	pH	to	9.2	 0.06	 1.4	 670	

Inc.	ORP	+	350	mV,	Add	125	ppm	ACH,	Adj	pH	to	9.3	 0.06	 0.0	 500	

Inc.	ORP	by	+	350	mV:	Add	125	ppm	ACH,	Adj	pH	to	9.5	 	 	 450	

Inc.	ORP	by	+	350	mV,	Add	125	ppm	ACH,	Adj	pH	to	9.9	 	 	 430	

Note:	ORP=Oxidation-Reduction	Potential	

Buffering	capacity	exhausted	at	pH	9.5.	 Incremental	addition	of	sodium	hydroxide	generates	strong	 increase	 in	pH.	No	carbonate	
alkalinity	left	to	buffer	pH	or	react	with	calcium.	

Molarity	calculation:	

2. Moles	Total	hardness	=	9.5	X	10	-3	moles	
3. Moles	carbonate	ion	=	7.2	X	10-3	

One	mole	of	carbonate	reacts	with	one	mole	of	hardness:	Insufficient	carbonate	present	to	precipitate	all	of	the	hardness.	
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Table	7	-	PWDR-1	Pilot	Test	Results	

Test	 Iron	 Mn	 TH	

Baseline	 17.2	 14	 720	

Increase	ORP	by	+	350	mV,	Add	125	ppm	ACH,	Adj	pH	to	9.5	 0.22	 0.1	 380	

Table	8	-	SIS	Recovery	Wells	Pilot	Test	Results	

Test	 Iron	 Mn	 TH	

Baseline	 7.15	 12	 300	

Increase	ORP	by	+	350	mV,	Add	125	ppm	ACH,	Adj	pH	to	9.7	 0.0	 0.0	 200	

Note:	Insufficient	alkalinity	to	remove	all	hardness	

Table	9	–	Leachate	Pilot	Test	Results	

Test	 Iron	 Mn	 TH	

Baseline	 14.1	 1	 580	

Increase	ORP	by	+	350	mV,	Add	250	ppm	
ACH,	Adj	pH	to	9.43	

0.26	 0.2	 260	

Table	10	-	Leachate	Response	to	Oxidation	with	Bleach	

ml	6.5%	NaOCl	 pH	 ORP	 Notes	

0	 7.24	 459	 	

1.5	 	 436	 ORP	declines–counter	to	expectation	–	should	increase	

2.5	 7.49	 417	 Foam	–	ammonia	off-gassing	

3.5	 7.62	 399	 Ammonium	chloride	?	chloroamines?	

6.0	 7.75	 397	 Water	color	lightening	

9.0	 7.8	 409	 	
11.0	 7.61	 441	 pH	declines	–	acidic	reaction	

12.0	 7.15	 669	 Break	point	:	ORP	increases	radically	

Note:	The	leachate	water	chemistry	is	significantly	different	then	the	PDWR-1	chemistry	with	respect	to	Alkalinity	and	Total	Dissolved	
Solids.	This	has	implications	for	calcium	precipitation	and	filter	solids	dewatering:	

Table	11	-	Leachate	and	Groundwater	Average	Constituent	Levels	Test	Results	

Source	 Iron	 TDS	 Hardness	 Alkalinity	

Leachate	 14.1	ppm	 3815	 580	 1850	

PDWR-1	 17.2	ppm	 1210	 720		 	620	

Note:	The	iron	concentration	may	actually	be	higher	in	the	leachate	at	the	point	of	generation,	and	some	of	the	iron	is	depositing	in	
the	pipeline	during	transport.	Iron	and	calcium	carbonate	deposition	in	leachate	collection	systems	is	commonplace	

Impact	on	Hardness	Removal	
As	the	blend	of	water	changes,	the	ratio	of	alkalinity	to	hardness	changes.	Alkalinity	is	a	measure	of	all	
the	 dissolved	 species	 that	 react	with	 acid,	 but	 for	 practical	 purposes	 it	 is	 composed	 of	 three	 ions,	
Hydroxide	 (OH-1),	 bicarbonate	 (HCO3

-1)	 and	 carbonate	 (CO3	 -2).	 As	 pH	 increases,	 bicarbonate	 ion	
converts	to	carbonate	ion.	Above	pH	9.2,	all	of	the	carbonate	alkalinity	is	present	as	bicarbonate.	When	
the	system	adds	KOH	to	increase	pH,	it	is	converting	bicarbonate	to	carbonate	alkalinity.	One	carbonate	
ion	is	required	to	react	with	one	calcium	ion	or	one	magnesium	ion.	

Ca+2	+	CO3	-2	>>	CaCO3	
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Calcium	does	not	react	with	bicarbonate	HCO3
-1.	Calcium	carbonate	is	an	equilibrium	reaction,	when	

equilibrium	is	attained	the	precipitation	of	calcium	(and	magnesium)	self-arrests.	Thus	hardness	will	
never	be	reduced	to	zero	using	precipitation	alone.	When	the	ratio	of	 leachate	to	PWDR-1	water	 is	
high,	there	is	sufficient	alkalinity	available	to	react	with	the	hardness,	and	hardness	removal	efficiency	
is	 high.	 When	 the	 relative	 amount	 of	 PWDR-1	 water	 increases,	 calcium	 precipitation	 is	 adversely	
impacted.	

Filter	Solids	Quality	
The	leachate	contains	biological	matter.	If	biological	material	reacts	with	inorganic	coagulants	like	ferric	
chloride	 or	 aluminum	based	 compounds	 to	 improve	 flocculation	 and	 dewatering,	 it	 produces	 poor	
quality	filter	solids.	Low	molecular	weight,	high	charge	density	organic	coagulants	like	epiamines	would	
work	well,	but	require	extensive	mixing	and	tend	to	be	more	expensive	than	inorganic	coagulants.	

A	treatment	chemical	was	used	to	remove	 Iron	and	Manganese	at	LS-1	and	the	Filter	Building.	 It	 is	
designed	 to	chelate	dissolved	metals	and	 simultaneously	 flocculate	 the	chelated	materials	 to	make	
them	 filterable.	 If	 the	 dose	 of	 this	 compound	 is	 constant,	 there	 will	 be	 instances	 of	 temporary	
overdosing	 when	 the	metal	 concentration	 declines.	 Metal	 concentration	 will	 vary	 as	 the	 blend	 of	
groundwater	 and	 leachate	 sources	 varies.	 If	 the	 compound	 is	 temporarily	overdosed,	 the	 resultant	
filtered	solids	will	have	excess	polymer.	The	excess	polymer	creates	gelatinous	 filter	 solids	 that	are	
difficult	to	filter	and	dewater.		

Revisions	to	the	Treatment	Program	
After	review,	a	basic	program	of	oxidation	with	hydrogen	peroxide,	addition	of	polyaluminum	chloride	
(inorganic	coagulant),	pH	elevation	with	KOH	to	9.4	and	flocculation	with	anionic	polyacrylamide	was	
specified	in	order	to	effectively	remove	iron	and	manganese,	reduce	total	hardness	and	produce	large,	
rapidly	settling	floc	that	will	dewater	easily	at	both	sand	bed	filters.	In	addition,	polyaluminum	chloride	
is	 injected	 immediately	 before	 the	 main	 process	 filters	 in	 the	 Filter	 Building	 to	 improve	 their	
effectiveness.	

The	UV	Oxidation	system	is	protected	from	calcium	carbonate	precipitation	by	taking	two	steps.	First	
phosphoric	 acid	 is	 used	 to	 adjust	 the	 influent	 pH	 to	 6.5	 to	 keep	 all	 the	 alkalinity	 as	 non-reactive	
bicarbonate	ion.	Second,	a	polymaleic	acid	based	inhibitor	is	injected	before	the	air	stripper	to	prevent	
calcium	carbonate	and	calcium	sulfate	deposition	in	the	downstream	system.	

Oxidizing	Agent	Selection	
An	 oxidizing	 agent	 is	 required	 to	 abstract	 electrons	 from	 manganese,	 and	 convert	 divalent	
manganese	to	tetravalent	manganese.	The	tetravalent	manganese	is	subsequently	precipitated	as	
insoluble	manganese	dioxide.	

Mn	+2	–	2	e-	>	Mn	+4		 Mn	+4	+	O2	>	MnO2		

Leachate	has	a	high	demand	for	oxidizing	agent.	This	is	due	to	the	oxidizer	reacting	with	non-target	
compounds	(such	as	ammonia)	and	forming	ammonium	compounds.	Manganese	oxidation	(and	
subsequent	precipitation)	will	not	be	effective	until	the	extraneous	organic	demand	is	satisfied	and	
free	oxidizer	residual	is	generated.	The	oxidation-reduction	potential	(ORP)	actually	declines	until	
the	organic	demand	is	satisfied,	then	it	accelerates	rapidly.	Hydrogen	peroxide	was	evaluated	as	
an	 oxidizer.	 Hydrogen	 peroxide	 reacts	 with	 non-target	 organic	 matter	 in	 the	 leachate	 and	 is	
preferred	because	it	does	not	have	the	potential	to	create	chlorinated	disinfection	by-products,	
which	may	be	regulated	compounds,	and	is	already	in	use	in	the	Filter	Building	and	AOP+	systems.	

System	Control	and	Automation:		
The	chemical	addition	is	automated	using	pH	and	ORP	control.	The	polyaluminum	chloride	dose	is	
controlled	 by	 proportional	 flow	 control.	 The	 flocculent	 dose	 is	 controlled	 manually	 by	 the	
operator’s	visual	observation	of	filter	solids	quality.	
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Backwash	Treatment	
Treating	the	backwash	water	with	anionic	polyacrylamide	causes	the	solids	to	floc	immediately,	
dewater	rapidly,	and	yield	a	clean	filtrate.	The	injection	point	is	located	in	the	discharge	line	as	it	
exits	the	filter.	This	injection	point	was	selected	to	maximize	mixing	and	contact	time.	In	addition,	
injecting	a	polyaluminum	chloride	(PAC)	based	coagulant	into	the	influent	line	leading	to	the	main	
process	 filters	 increases	 their	 effectiveness	 significantly.	 The	 injection	 rate	 is	 approximately	 30	
ppm,	based	on	a	50%	concentration	of	the	PAC.	In	addition,	an	anionic	polymer	is	also	injected	in	
the	filter	backwash	water.	This	polymer	dose	is	10	ppm.	The	objective	is	to	create	larger	particles,	
improve	 filter	drainage,	 reduce	 the	rate	 that	backpressure	 increases	and	extend	 filter	 run	 time	
between	backwashing.		

Calcium	Carbonate	Scale	Control	
The	downstream	 system	 components,	most	 notably	 the	 air	 stripper	 and	 catalyst	 recovery	 unit	
(CRU)	on	the	AOP+	unit,	are	subject	to	fouling	due	to	deposition	of	calcium	carbonate	scale.	The	
CRU	requires	 frequently	cleaning	when	the	AOP+	system	 is	 in	use.	The	calcium	carbonate	scale	
problem	 is	 being	 managed	 by	 injecting	 a	 deposit	 control	 agent	 blended	 specifically	 to	 inhibit	
calcium	carbonate.	A	blend	of	sequestering	agents	and	dispersants	is	injected	into	the	influent	line	
ahead	of	the	air	stripper.	This	is	injected	at	3	ppm	as	100%	active	product.	

Iron	Removal	
The	system	will	continue	to	use	the	metal	chelant	product	 in	conjunction	with	pH	elevation	for	
removing	iron	and	manganese	at	the	Filter	Building.	In	addition,	Sulfuric	acid	was	being	used	to	
lower	 the	 pH	 in	 the	 AOP+	 system.	 This	was	 changed	 to	 phosphoric	 acid,	 because	 sulfuric	 acid	
dissolves	 to	hydrogen	 ions	and	sulfate	 ion.	The	sulfate	 ions	 react	with	calcium	to	 form	calcium	
sulfate,	which	could	foul	the	CRU	and	air	stripper.	To	simplify	the	filter	solids	dewatering	process	
at	LS-1,	it	was	decided	to	eliminate	the	addition	of	metal	chelant	at	that	location	and	perform	all	
of	the	metals	removal	at	the	Filter	Building	where	it	is	easier	to	manage	the	resulting	filtered	solids.	
Finally	the	laboratory	testing	shows	the	metals	removal	is	optimal	at	a	pH	of	9.4,	so	the	LS-1	and	
Filter	Building	process	pH	will	be	operated	at	9.4	rather	than	9.25.	

Settling	Vat	Effluent	Filters	Upgrade	
When	processing	in	the	AOP+	unit,	the	flow	is	filtered	through	a	1-micron	filter	cartridge.	Tests	indicated	
that	cartridge	was	plugging	off	after	approximately	15-hours	of	use.	To	correct	this,	the	Project	Managers	
installed	 two	bag	 filters	 that	 can	be	operated	 in	 series	or	 as	 a	paired	 system.	When	discharging	 to	 the	
irrigation	system,	the	filters	are	operated	as	a	paired	system	with	50-micron	filter	bags	so	the	bags	can	be	
changed	without	shutting	the	system	down.	During	this	operation,	the	1-micron	filter	is	bypassed.	When	
discharging	to	the	AOP+	unit,	the	filters	are	operated	in	series	as	pre-filters	to	the	1-micron	filter	unit.	The	
inlet	filter	is	fitted	with	a	25-micron	bag,	and	the	outlet	filter	is	filtered	with	a	5-micron	bag.	This	will	capture	
the	majority	of	the	suspended	solids	and	extend	the	operating	life	of	the	1-micron	filter.		

Filtered	Solids	Handling	
The	Project	Managers	determined	it	would	be	necessary	to	dry	and	dispose	of	the	filtered	solids	generated	
by	 the	 two	new	 sand	 filter	 beds.	 To	determine	 the	 requirements,	 a	 sample	was	 collected	 and	 sent	 for	
hazardous	waste	characteristic	testing,	including	a	full	TCLP	metals	and	organics.	Testing	showed	the	solids	
did	not	exhibit	any	of	the	characteristics	of	hazardous	waste.	Therefore,	the	Parties	requested	permission	
to	use	the	filtered	solids	as	structural	fill	on	the	Riverdale	Drive	Landfill	cap.	This	request	has	been	approved.	

Initial	Component	Testing	
During	the	limited	periods	of	time	the	system	was	operated	after	the	fifth	startup	attempt,	certain	initial	
tests	were	 conducted	of	 the	AOP+	 system.	While	 these	 tests	were	 limited	 in	 scope	and	duration	 	 they	
contribute	to	understanding	important	aspects	of	the	Remedial	System	operation.	
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AOP+	Testing	
During	 late	 September	 and	 early	 October	 2014,	 the	 Project	Managers	 conducted	 a	 series	 of	 short	
duration	 tests	 of	 the	 AOP+	 system.	 The	 objectives	 of	 the	 tests	 were	 to	 determine	 the	 treatment	
capabilities	of	the	system	and	how	the	pH,	quantity	of	oxidizer	and	presence	of	TiO2	influenced	the	
process	flow	concentration	of	1,4-dioxane.	A	theoretical	oxidizer	demand	for	a	flow	of	50	GPM	with	an	
inlet	 concentration	of	3	PPM	of	1,4-dioxane	was	determined	 to	be	0.00025	Lbs./Gal	or	18	Lbs.	per	
72000	Gallons.	That	correlated	to	8%	stroke	setting	on	the	H2O2	dosing	pump.		

A	series	of	tests	were	conducted	varying	the	amount	of	H2O2,	at	various	pH	settings,	both	with	and	
without	TiO2.	All	 the	tests	except	 for	one	were	 limited	to	1-hour	duration	because	of	 the	problems	
experienced	 with	 the	 plugging	 of	 the	 1-micron	 AOP+	 pre-filter.	 A	 single	 test	 was	 run	 for	 a	 2-hour	
duration	to	see	if	additional	time	for	the	process	to	stabilize	would	have	any	effect.		

The	following	table	presents	the	1,4-dioxane	results	from	those	initial	test	runs:	

Table	12	-	AOP+	Test	Results	

Date	 Source	 H2O2	 TiO2	 pH	 Result	 %	Destruction	

9/27/14	 PWDR-1	 N/A	 N/A	 N/A	 2880	 N/A	

		 SISRW	 N/A	 N/A	 N/A	 2210	 N/A	

		 LS-1RW	 N/A	 N/A	 N/A	 484	 N/A	

		 LS-1	LCHT	 N/A	 N/A	 N/A	 135	 N/A	

9/30/14	 AOP+	IN		 N/A	 N/A	 N/A	 3170	 N/A	

		 AOP+	OUT	 8	 NO	 5.5	 1170	 63.1%	

		 	AOP+	OUT	 16	 NO	 5.5	 1420	 55.2%	

		 	AOP+	OUT	 24	 NO	 5.5	 1210	 61.8%	

		 	AOP+	OUT	 0	 NO	 5.5	 1280	 59.6%	

10/2/14	 AOP+	IN	 0	 NO	 5	 2970	 N/A		

		 AOP+	OUT	 0	 NO	 5	 977	 67.1%	

		 AOP+	OUT	 8	 YES	 5	 527	 82.3%	

		 AOP+	OUT	 8	 YES	 4	 481	 83.8%	

		 AOP+	OUT	 8	 NO	 3	 62.6	 97.9%	

10/10/14	 AOP+	IN	 	N/A	 N/A		 N/A		 3060	 N/A		

		 AOP+	OUT	 8	 NO	 4	 124	 95.9%	

		 AOP+	OUT	 16	 NO	 4	 390	 87.3%	

		 AOP+	OUT	 8	 NO	 3	 15.8	 99.5%	

		 AOP+	OUT	 8	 YES	 4	 433	 85.8%	

		 AOP+	OUT	 16	 YES	 4	 411	 86.6%	

		 AOP+	OUT	 8	 YES	 3	 387	 87.4%	

		 AOP+	OUT	 16	 YES	 3	 405	 86.8%	

Because	the	run	times	were	limited	by	the	fouling	of	the	1-micron	pre-filter	due	to	the	fact	that	the	
system	chemistry	was	not	finalized	at	the	time,		it	was	determined	that	further	testing	of	the	AOP+	unit	
would	be	necessary.	The	test	results	indicated	that	1,4-dioxane	was	not	reduced	to	the	<10	ug/L	RASA	
treatment	standard.	Because	the	unit	operates	based	upon	the	transmissivity	of	light,	less	than	optimal	
system	 chemistry	 could	 limit	 the	 unit’s	 effectiveness.	 It	 appeared	 the	 effectiveness	 of	 the	 unit	 is	
reduced	by	the	presence	of	TiO2,	which	the	Manufacturer	prescribes	be	added	as	a	catalyst.	This	 is	
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most	 likely	 due	 to	 the	 reduction	 in	 transmissivity	 that	 results	 when	 the	 catalyst	 is	 added.	 When	
operating	with	TiO2	in	the	system,	the	process	flow	is	cloudy	white	in	color	as	it	passes	through	the	
light	source.		

It	was	decided	further	testing	of	the	AOP+	unit	should	be	deferred	until	the	primary	treatment	system	
(Natural	Treatment	System)	was	more	fully	tested	and	operated.	

Capture	Zone	Monitoring	
Transducers	 were	 installed	 in	 the	 wells	 as	 agreed	 in	 the	 Remedial	 Monitoring	 and	 Effectiveness	
Evaluation	Plan	(RMEEP),	as	revised.	This	 included	OW-DR-2,	OW-DR-3,	OW-DR-4,	PW-6D,	and	OW-
LFS-2,	 which	 are	 located	 on	 the	 landfill,	 and	 PW-15D	 and	 PW-16D	 located	 across	 the	 Randleman	
Reservoir	on	property	within	the	Randleman	Reservoir	buffer.	There	was	an	existing	transducer	in	PW-
DR-1.	During	 the	 4th	 quarter,	 during	 limited	 operation	 of	 all	 of	 the	 recovery	wells,	 the	 transducers	
indicated	a	 significant	draw	down	and	good	hydraulic	 control	 in	 all	monitored	wells,	 including	 two	
located	across	the	Reservoir.	With	the	exception	of	OW-DR-3	that	has	historically	been	unresponsive	
to	pumping,	all	monitored	wells	showed	influence	when	operating	the	recovery	wells	and	the	deep	
groundwater	well.	The	Project	Managers	intend	to	relocate	the	OWDR-3	transducer	to	PW-6I	to	collect	
more	useful	data.	

Phase 3-July 2015 through Construction 
Completion 

During	the	third	quarter	of	2015	the	Parties	implemented	certain	chemical	and	mechanical	refinements	to	
improve	 system	 performance.	 Following	 the	 completion	 of	 Phase	 2	 of	 construction,	 the	 Parties	 began	
testing	of	the	system	components	to	determine	long-term	operating	capabilities.	During	this	initial	testing	
it	was	determined	that,	although	the	system	was	capable	of	operating	on	a	sustained	basis	when	treating	
the	 deep	 and	 shallow	 groundwater,	 the	 amount	 and	 type	 of	 sludge	 produced	 when	 leachate	 was	
incorporated	into	the	flow	exceeded	the	capacity	of	the	present	solids	and	sludge	handling	equipment,	and	
caused	solids	to	form	and	deposit	in	pipes,	pumps	and	equipment.		

Clarifier	Upgrade	
To	address	the	higher	than	expected	amount	of solids	separating	from	the	groundwater	and	leachate	during	
processing,	the	Parties	initially installed	enhanced	filtration	with	the	addition	of	the	Filter	Building.	When	
the	system	was restarted	after	that	modification	was	installed,	several	variations	of	system	chemistry	were 
tested	to	determine	whether	the	solids	could	be	kept	in	solution	until	they	could	be	deposited on	a	set	of	
large	 dual	 media	 filters.	 Although	 this	 approach	 showed	 some	 improvement,	 it	 did not	 prove	 to	 be	
adequate	to	ensure	stable	long	term	operation	of	the	system. 

As	a	result,	the	Parties	retained	the	services	of	Hazen	and	Sawyer	in	the	summer	of	2015	to	conduct	on	Site	
testing	and	recommend	physical	and	chemical	changes	to	improve	system	stability	and	prevent	fouling	of	
pumps,	valves,	pipes	and	other	components.	Hazen	and	Sawyer	issued	their	report	in	September	2015	and	
recommended	that	a	Clarifier	be	installed	before	flow	enters	the	Filter	Building	and	that	additional	sludge	
handling	equipment	be	added	to	the	system.	In	addition,	they	recommended	changes	to	system	chemistry.	
A	copy	of	the	Hazen	and	Sawyer	report	is	provided	in	Attachment	11.	

The	Parties	approved	the	plans	for	the	Clarifier	modification,	and	construction	commenced	in	early	January	
2016.	Prior	to	commencing	construction,	a	full	set	of	the	plan	drawings	for	the	proposed	modifications	was	
provided	to	NCDEQ.	Construction	consisted	of	installing	a	Clarifier	immediately	behind	the	Filter	Building.	
The	process	piping	was	modified	to	direct	flow	from	all	groundwater	and	leachate	sources	to	the	Clarifier	
inlet.	

The	Clarifier	is	a	conical	bottomed	cylindrical	vessel	approximately	18-feet	in	diameter	and	15-feet	high.	It	
has	an	internal	mixing	zone	where	ferric	chloride	and	hydrated	lime	are	added	to	the	flow	and	thoroughly	
mixed	before	entering	the	settling	zone	where	the	precipitate	that	forms	is	settled.	The	settled	material	is	
moved	to	the	center	of	the	Clarifier	by	a	set	of	rakes	where	it	is	pumped	to	the	solids	handling	equipment.	
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The	clarified	process	flow	overflows	from	the	Clarifier	into	the	Aeration	Tank	(T-600)	in	the	Filter	Building.	
The	remaining	portions	of	the	treatment	system	were	not	modified.	

Sludge	Handling	Modification	
With	the	amount	of	sludge	being	produced	by	the	Clarifier,	the	sand	filtration	that	was	being	used	to	handle	
solids	would	no	 longer	 be	 adequate.	 In	 the	Clarifier	 system,	 sludge	 is	 pumped	 from	 the	bottom	of	 the	
Clarifier	by	a	set	of	progressive	cavity	pumps	which	transfer	it	to	one	of	the	two	sludge	dewatering	boxes	
mounted	 on	 elevated	 stands	 behind	 the	Maintenance	 Building.	 The	 progressive	 cavity	 pump	 in	 service	
draws	the	sludge	from	the	bottom	of	the	Clarifier.	At	this	point	the	sludge	is	very	thin;	therefore,	a	polymer	
is	added	at	 the	suction	of	 the	progressive	cavity	pump	which	 further	coagulates	 the	sludge	and	release	
water	as	it	travels	to	the	dewatering	box.	

Once	it	arrives	in	the	dewatering	box,	the	sludge	is	retained	by	filter	screens	that	line	the	dewatering	box	
while	the	water	drains	to	a	sump	which	is	pumped	to	the	Clarifier	Equalization	Tank.	The	Equalization	Tank	
receives	 that	 flow	 along	with	 the	 backwash	 flow	 from	 the	 dual	media	 filters	 in	 the	 Filter	 Building.	 The	
combined	flows	are	pumped	back	to	the	Clarifier	inlet.	Each	sludge	dewatering	box	holds	approximately	30	
cubic	yards	of	dewatered	sludge.	Once	one	dewatering	box	is	full,	flow	is	directed	to	the	other	box	and	the	
full	box	is	allowed	to	sit	until	all	the	free	water	has	drained.	At	that	time,	the	box	is	tilted	up	and	the	low	
end	 is	opened	allowing	 the	 sludge	 to	 fall	 into	a	 concrete	basin.	 The	 sludge	 is	 tested	quarterly	 for	 TCLP	
metals,	and	 if	 it	 is	below	the	 limits,	 it	used	 for	structural	 fill	on	 the	 landfill	 cap.	 If	not,	 it	disposed	of	as	
required	by	state	regulations.	

System	Chemistry	Modifications	
With	the	Clarifier	and	Sludge	Handling	Upgrades	installed,	it	is	no	longer	necessary	to	attempt	to	retain	the	
solids	in	solution	until	they	reach	the	Filter	Building.	As	a	result,	it	is	no	longer	necessary	to	add	any	of	the	
chemicals	 that	 had	 been	 added	 at	 LS-1	 or	 the	 Filter	 Building.	 Testing	 performed	 by	Hazen	 and	 Sawyer	
indicated	that	the	solids	and	sludge	could	be	effectively	removed	at	the	Clarifier	with	the	addition	of	lime	
to	raise	the	pH	and	ferric	chloride	to	 flocculate	the	resulting	precipitate.	This	eliminated	all	 the	existing	
chemical	additions	with	the	possible	exception	of	the	sequestering	agent	added	at	the	Air	Stripper.		

During	the	Clarifier	Upgrade	the	Parties	 installed	two	6,500	gallon	tanks	 in	the	Maintenance	Building	to	
hold	the	hydrated	 lime	and	ferric	chloride	These	tanks	are	enclosed	 in	separate	containment	structures	
which	are	designed	to	contain	the	volume	of	each	tank	should	a	leak	occur.		
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Process Flow Description 

The	mechanical	 treatment	process	 is	 control	by	a	 Siemens	SIMATIC	300	PLC	 system.	Burkert	automatic	
pneumatic	valves	direct	flow	paths,	while	Endress-Hauser	flow	meters,	level	transducers,	pH	meters,	and	
pressure	gauges	provide	real-time	data	to	the	PLC.	The	system	can	be	controlled	from	any	of	the	four	HMI’s,	
as	well	as	from	remote	locations.	

Lift Station 1 

Six	leachate	collection	sumps	(LCHT-1,	2,	3,	4,	5,	and	NIS-SUMP)	and	four	groundwater	recovery	wells	(RW-
LFS1,	RW-LFS2,	RW-SIS1,	and	RW-NIS1)	pump	contaminated	groundwater	and	leachate	with	submersible	
pneumatic	pumps.	These	pumps	are	driven	by	compressed	air	from	LS-1	and	discharge	to	the	collection	
manifold	 in	LS-1.	The	process	 flow	 flows	 into	 	a	500-gallon	equalization	 tank	 (T-121).	The	water	 is	 then	
pumped	to	Lift	Station	2.		

Lift Station 2  

Three	groundwater	water	wells	 (RW-SIS2,	3,	and	4)	pump	contaminated	groundwater	with	submersible	
pneumatic	pumps.	These	pumps	are	driven	by	compressed	air	from	LS-2,	and	discharge	to	the	collection	
manifold	in	LS-2.	The	deep	groundwater	recovery	well	(PWDR-1)	pumps	contaminated	groundwater	into	
the	LS-2	manifold	by	means	of	an	electric	submersible	pump.	These	two	flow	streams	combine	with	the	
flow	from	LS-1,	as	well	as	an	optional	recycled	process	water	line,	then	divert	directly	to	the	Clarifier.	

Clarifier 

The	Clarifier	is	a	conical	bottomed	cylindrical	vessel	approximately	18-feet	in	diameter	and	15-feet	high.	It	
has	an	internal	mixing	zone	where	ferric	chloride	and	hydrated	lime	are	added	to	the	flow	and	thoroughly	
mixed	before	entering	the	settling	zone	where	the	precipitate	that	forms	is	settled.	The	settled	material	is	
moved	to	the	center	of	the	Clarifier	by	a	set	of	rakes	where	it	is	pumped	to	the	solids	handling	equipment.	
The	clarified	process	flow	overflows	from	the	Clarifier	into	the	Aeration	Tank	(T-600)	in	the	Filter	Building.		

Sludge Handling Equipment 

In	 the	Clarifier	system,	sludge	 is	pumped	from	the	bottom	of	 the	Clarifier	by	a	set	of	progressive	cavity	
pumps	which	transfer	it	to	one	of	the	two	sludge	dewatering	boxes	mounted	on	elevated	stands	behind	
the	Maintenance	Building.	The	progressive	cavity	pump	in	service	draws	the	sludge	from	the	bottom	of	the	
Clarifier.	At	this	point	the	sludge	is	very	thin;	therefore,	a	polymer	is	added	at	the	suction	of	the	progressive	
cavity	pump	which	further	coagulates	the	sludge	as	it	travels	to	the	dewatering	box.	

Once	it	arrives	in	the	dewatering	box,	the	sludge	is	retained	by	filter	screens	that	line	the	dewatering	box	
while	the	water	drains	to	a	sump	which	is	pumped	to	the	Clarifier	Equalization	Tank.	The	Equalization	Tank	
receives	 that	 flow	 along	with	 the	 backwash	 flow	 from	 the	 dual	media	 filters	 in	 the	 Filter	 Building.	 The	
combined	flows	are	pumped	back	to	the	Clarifier	inlet.	Each	sludge	dewatering	box	holds	approximately	20	
cubic	yards	of	dewatered	sludge.	Once	one	dewatering	box	is	full,	flow	is	directed	to	the	other	box	and	the	
full	box	sits	until	all	the	free	water	has	drained.	At	that	time,	the	box	is	tilted	up	and	the	low	end	is	opened	
allowing	the	sludge	to	fall	into	a	concrete	basin.	The	sludge	is	tested	quarterly	for	TCLP	metals,	and	if	it	is	
below	 the	 limits,	 it	 used	 for	 structural	 fill	 on	 the	 landfill	 cap.	 If	 not,	 it	 disposed	of	 as	 required	by	 state	
regulations.	

Filter Building  

The	Clarifier	overflows	 to	a	2,800-gallon	coarse	bubble	diffusion	aeration	 tank	 (T-600).	From	T-600,	 the	
water	flows	into	a	500-gallon	equalization	tank	(T-601).	The	process	flow	then	flows	through	two	parallel	
duel-media	filters	(F-604A/B).	The	upper	media	is	a	pumice	type	material	called	Filter-AG.	The	lower	media	
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is	a	layer	of	fine	garnet.	The	duel	media	filters	are	backwashed	from	a	2,000-gallon	storage	tank	(T-603).	
Following	the	filters	the	process	water	flows	through	the	Air	Stripper	(AS-605)	and	is	pumped	back	to	LS-2.	

Effluent Treatment System Process Flow 

After	 the	 flow	 re-enters	 LS-2,	 it	 discharges	 into	 a	 6,000-gallon	 settling	 tank	 (T-301),	which	 contains	 an	
underflow	and	overflow	baffle.	The	process	flow	is	then	pumped	though	a	pair	of	bag	filters	(F-307A/B)	that	
can	operate	in	series	or	in	parallel.	Phosphoric	or	sulfuric	acid	is	then	injected,	at	a	variable	rate	to	adjust	
the	pH	to	approximately	7.0.	Following	the	pH	adjustment,	the	process	flow	passes	to	one	of	three	2,000-
gallon	holding	tanks	(T-400,	410,	420).	

From	any	of	the	three	T-400	tanks,	the	treated	water	can	be	pumped	to	the	Natural	Treatment	system,	or	
re-cycled	back	to	the	Filter	Building.	The	Natural	Treatment	System	irrigation	feed	line	can	be	injected	with	
nutrients	if	necessary	from	a	2,000-gallon	fertigation	tank	(T-580).	Hydraulically	operated	solenoid	valves	
control	which	of	 the	sixteen	 irrigation	zones	 in	 the	 Irrigation	System	 is	 fed	with	 the	Physical	Treatment	
System	process	effluent.	Process	flow	diagrams	are	included	in	Attachment	3.	
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Explanation of Significant Differences 

The	items	listed	below	represent	the	more	significant	differences	between	the	information	contained	in	
the	PCR	and	what	is	included	in	the	final	as-built	Remedial	Treatment	System.	

Items Not Installed that were in the PCR 

Constructed	Treatment	Wetlands	
In	 the	 remedial	design	presented	 in	 the	PCR,	 a	 constructed	 treatment	wetlands	 (CTW)	was	 included	 to	
biologically	destroy	VOCs	and	reductively	de-chlorinate	the	cVOCs.	This	was	thought	necessary	because	of	
a	concern	that	if	left	untreated	and	applied	to	the	phytoremediation	soils,	the	level	of	chlorides	in	the	soil	
would	increase,	and	this	could	develop	to	levels	that	would	become	phytotoxic	and	affect	tree	health.	The	
later	pilot	studies	appeared	to	contradict	this	earlier	assumption.	When	the	Parties	began	to	look	into	the	
available	supporting	research,	they	discovered	a	significant	body	of	work	was	available,	most	of	which	was	
published	after	the	Remedy	Recommendation	Document	was	prepared.	This	research	pointed	to	successes	
in	cVOC	removal	by	several	mechanisms,	including	air	stripping	and	biodegradation	processes	in	the	Landfill	
soils	 due	 to	 metabolic	 processes	 that	 are	 unique	 in	 methane-rich	 soil	 environments,	 such	 as	 exist	 at	
Landfills.	

Because	 there	 was	 evidence	 the	 CTW	 was	 not	 necessary,	 the	 Project	 Managers	 explored	 the	 effect	
eliminating	the	CTW	might	have	on	the	remedy.	Eliminating	it	provides	a	simplified	treatment	process.	It	
removes	several	control	variables	and	makes	control	of	the	phytoremediation	irrigation	less	complex.	In	
addition,	the	more	effective	removal	of	the	CoCs	and	metal	salts	provided	by	the	entire	Physical	Treatment	
system	except	for	the	AOP+	unit	would	significantly	improve	the	quality	of	the	irrigation	water	and	reduce	
the	accumulation	of	CoCs	and	metal	salts	in	the	soils.	This	had	the	potential	to	extend	the	period	in	which	
the	Natural	Treatment	System	could	be	irrigated	each	year.	Eliminating	the	CTW	also	reduced	costs	by	a	
significant	 amount	 and	 did	 not	 increase	 the	 potential	 environmental	 risk	 at	 the	 Site	 or	 the	 anticipated	
duration	of	the	remedial	action.	Therefore,	it	was	decided	to	request	a	change	in	the	remedy,	and	TM	E-3	
was	prepared	and	submitted	 to	NCDENR.	TM	E-3	was	verbally	approved	by	NCDENR,	and	the	CTW	was	
eliminated	from	the	remedial	treatment	system	design.	

One	main	benefit	that	resulted	from	the	elimination	of	the	CTW	is	the	improved	quality	of	the	irrigation	
water.	At	the	time	the	PCR	was	submitted,	it	was	planned	for	the	CTW	to	receive	extracted	groundwater	
and	 leachate	without	significant	pretreatment.	The	 flow	 from	LS-1	and	LS-2	was	 to	be	sent	 to	 the	CTW	
without	prior	treatment	and	the	cVOCs	and	VOCs	would	be	biodegraded,	resulting	in	a	significantly	higher	
concentration	of	chloride	salts	in	the	irrigation	water.	With	the	elimination	of	the	CTW,	various	chemical	
and	physical	processes,	 including	aeration,	air	stripping,	 flocculation,	metals	chelation	and	filtration,	are	
applied	to	the	irrigation	water	prior	to	it	being	used	for	irrigation.	This	results	in	the	levels	of	metal	salts,	
including	chlorides,	being	much	lower	than	anticipated	when	the	PCR	was	submitted.	The	much	lower	levels	
of	metal	salts	and	chlorides	accumulated	in	the	soils	during	startup	testing	have	confirmed	this.		

AOP	UNIT	ELIMINATION 
As	discussed	above,	in	the	original	design	of	the	remedial	treatment	system,	it	was	envisioned	that	there	
would	be	a	need	for	a	backup	system	to	be	used	in	the	event	of	a	catastrophic	loss	of	the	phytoremediation	
system.	To	provide	the	backup	system,	the	Parties	acquired	an	AOP+	unit	to	treat	1,4-dioxane	and	other	
CoCs	 to	 levels	 sufficient	 to	 allow	discharge	 to	 the	 POTW.	After	 numerous	 expensive	 repair	 efforts,	 the	
Parties	retained	the	services	of	Arcadis	to	provide	an	independent	qualified	expert	to	design	an	appropriate	
testing	protocol	and	then	to	operate	and	test	the	AOP+	unit	to	determine	if	it	could	meet	the	pretreatment	
limits	 established	by	 the	POTW.	Arcadis	provided	an	engineer	who	had	extensive	experience	operating	
advanced	oxidation	systems.	The	testing	was	conducted	during	August	2016.	The	tests	indicated	that	given	
the	 high	 concentrations	 of	 1,4-dioxane	 (approximately	 3,000	 ug/L)	 entering	 the	 unit,	 and	 other	
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characteristics	of	the	extracted	groundwater	and	leachate	entering	the	unit,	including	high	concentrations	
of	 radical	 scavengers	 (bromide	 levels	 of	 6-10	mg/L),	 the	 AOP+	 unit,	 as	 presently	 configured,	 could	 not	
achieve	the	POTW	pretreatment	limits.	Based	on	the	observed	conditions	and	the	analytical	data,	Arcadis	
estimated	that	to	install	a	unit	that	could	meet	the	discharge	limits	would	require	approximately	5	times	
the	existing	UV-lamp	power,	or	roughly	1,000	KW.	Not	only	would	such	a	unit	be	impossible	to	operate	due	
to	the	heat	it	would	generate,	but	at	50	GPM,	the	fluid	would	boil	inside	the	unit,	removing	any	cooling	for	
the	lamps.	This	would	result	in	damage	that	would	disable	the	unit.	Arcadis	also	identified	several	significant	
additional	long	term	operating	issues	with	the	PhotoCat	that	are	detailed	in	the	report.	A	copy	of	the	Arcadis	
report	is	attached	as	Attachment	7.	

Because	the	AOP+	unit	cannot	 	consistently	treat	effluent	to	the	required	 levels	established	in	the	City’s	
Pretreatment	 Permit,	 the	 Parties	 are	 not	 allowed	 to	 discharge	 any	 treated	 effluent	 to	 the	 POTW.	 As	
discussed	above,	the	Parties	have	explored	alternative	technologies	that	might	improve	or	replace	the	AOP+	
unit	but	have	not	identified	a	suitable	enhancement	or	replacement.		

The	 Parties	 recognize	 that	 having	 a	 backup	 unit	 would	 address	 concerns	 that	 may	 exist	 about	 the	
catastrophic	loss	of	the	tree	stand.	However,	the	tree	stands	have	existed	on	the	Landfill	cap	for	9	years	
and	have	yet	to	experience	significant	tree	loss.	They	are	under	the	day-to-day	supervision	of	a	licensed	
forester,	 and	 the	phytoremediation	 system	 is	managed	by	 an	expert	who	 conducts	 soil	 and	 tree	 tissue	
samplings	 to	 ensure	 the	health	 of	 the	 entire	 stand.	 The	 tree	 species	 planted	 are	 native	North	Carolina	
species	including	Loblolly,	Virginia	and	Southern	Pine	and	Eastern	Red	Cedar,	which	were	selected	for	their	
resistance	to	disease,	long	life	expectancy,	and	tolerance	of	the	Landfill	cap	soil	conditions.	Because	of	the	
experience	gained	over	the	past	9	years	with	the	phytoremediation	system,	and	the	lack	of	suitable	and	
available	alternative	technologies,	the	Parties	submitted	TM-E10	to	request,	among	other	things,	that	an	
alternate	backup	system	to	the	PhotoCat	not	be	required	at	this	time.	TM-E10	was	subsequently	approved	
by	NCDEQ	and,	therefore,	a	backup	system	will	not	be	installed	at	this	time.	

Items Installed that Are not in the PCR  

Tree	Species	Upgrade	
It	was	determined	certain	tree	species	do	far	better	than	others	in	the	existing	soil	conditions.	In	addition,	
certain	 discoveries	 during	 the	 2009	 and	 2010	 pilot	 tests	 have	 resulted	 in	 the	 conclusion	 that	 certain	
alterations	to	the	design	of	the	system	seemed	prudent.	First,	it	was	noted	certain	tree	species	seemed	to	
be	more	tolerant	of	the	Site	conditions	than	others.	For	example,	the	loblolly	pine	(a	conifer)	is	thriving	at	
the	 Site,	 whereas	 most	 of	 the	 hardwoods	 are	 struggling.	 In	 replacing	 the	 trees	 that	 had	 died,	 it	 was	
necessary	 to	 determine	 alternative	 species	 to	 those	 that	 struggle,	 and	 yet	 not	 use	 the	 same	 species	
throughout	the	tree	stand.	Two	alternative	species	of	pines	were	identified	that	are	similar	to	the	loblolly	
pine,	but	sufficiently	different	to	make	them	excellent	candidate	species	(e.g.	salt-tolerant	Virginia	pine).	

The	Parties	also	determined	is	that	the	original	plan	to	use	a	mixed	tree	stand	of	conifers	and	deciduous	
trees	is	unnecessary	and	may	adversely	affect	the	system’s	capacity	to	handle	irrigation	flow	in	winter.	The	
deciduous	 trees	 are	 among	 the	 species	 that	 have	 struggled	 to	 survive.	 They	 have	 been	 much	 more	
susceptible	to	disease	and	damage	from	insects,	deer	and	fungi	than	the	conifers.	Therefore,	the	deciduous	
trees	 have	 been	 inter-planted	with	 conifer	 trees	 so	 the	 tree	 stand	will	 naturally	mature	with	 all	 zones	
planted	in	conifer	trees.	

During	 the	 2009	 and	 2010	pilot	 studies	 to	 determine	 a	mass	 balance	 of	 1,4-dioxane,	 there	were	 some	
unexpected	 indications	 that	 certain	 of	 the	 original	 assumptions	 may	 not	 have	 been	 what	 we	 were	
experiencing	in	the	field.	It	was	found	there	was	no	indication	of	the	accumulation	of	phytotoxic	levels	of	
inorganic	salts	 in	 the	soils	even	though	the	plots	were	dosed	with	untreated	groundwater	directly	 from	
PWDR-1	having	much	higher	salt	levels	than	what	is	expected	from	the	Physical	Treatment	system	process	
flow.		

During	 the	 same	 study,	 several	months	 after	 the	 study	 ended,	 the	 soils	were	 tested	 for	 cVOCs.	 It	was	
determined	that,	like	the	metal	salts,	the	cVOCs	had	not	accumulated	in	the	soils.	The	conclusion	was	there	
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are	several	processes	that	degrade	the	cVOCs	in	the	soils	other	than	tree	uptake,	and	there	was	no	evidence	
of	excessive	chloride	salt	accumulation	that	might	result	in	phytotoxicity.	As	a	result,	the	Natural	Treatment	
System	can	sustain	higher	levels	of	cVOC	input	than	originally	estimated.		

Irrigation	Logic	
In	the	original	plans,	the	Natural	Treatment	System	was	to	be	flushed	to	remove	salt	accumulation	during	
the	winter	months.	It	was	anticipated	that	salts	could	accumulate	during	the	summer	when	transpiration	
rates	are	high	and	any	inorganic	constituents	derived	from	the	irrigation	water	are	left	behind	in	the	root-
zone	soil.	Flushing	was	to	be	done	using	City	water.	However,	there	was	a	major	concern	about	bringing	a	
City	water	line	into	the	treatment	system	enclosures.	The	location	the	system	occupies	is	at	the	low	point	
in	 the	 City	 water	 system.	 Pressures	 at	 the	 Site	 have	 been	measured	 above	 160	 psig.	 A	 leak	 inside	 an	
unattended	structure	at	that	pressure	would	have	the	potential	to	produce	major	electrical	and	electronic	
component	damage	resulting	in	a	long	recovery	time,	and	a	substantial	cost.	This	was	judged	too	great	a	
risk.	

When	 the	 Parties	 developed	 the	 original	 salt-flushing	 plan,	 the	 recent	 extensive	 modifications	 to	 the	
pretreatment	system	were	not	considered.	With	the	addition	of	 the	more	robust	pretreatment	systems	
including	 aeration,	 flocculation,	 filtration	 and	 settling,	 the	 quality	 of	 the	 Settling	 Vat	 process	 flow	 is	
considerably	more	suitable	to	use	for	flushing	salts	from	the	Landfill	soil	cap.	Flush	water	that	is	low	in	metal	
salts	(significantly	below	phytotoxic	levels)	is	needed	to	flush	any	accumulated	salts	into	the	waste	layer	
below	the	Landfill	cap.		

The	design	was	modified	to	use	Settling	Vat	process	flow	filter	water	for	salt	flushing.	The	only	difference	
between	the	Settling	Vat	process	flow	and	the	City	water	is	the	presence	of	a	small	amount	of	residual	CoCs	
and	 all	 the	 1,4-dioxane.	 Even	 during	 the	most	 dormant	 periods	 of	 tree	 uptake,	 the	 other	 degradation	
mechanisms	continue	to	provide	effective	treatment	of	some	or	all	the	1,4-Dioxane.	The	result	is	that	any	
water	infiltrating	below	the	Landfill	cap	would	be	of	significantly	better	quality	than	the	extracted	leachate	
or	 groundwater.	 Assuming	 the	 capture	 zone	 is	 effective,	 which	 has	 been	 confirmed	 during	 the	 recent	
testing,	using	Settling	Vat	process	flow	to	flush	salts	from	the	soils	should	present	no	risk	to	the	environment	
and	 will	 contribute	 to	 the	 mass	 reduction	 of	 contaminants	 at	 the	 Site,	 even	 during	 periods	 of	 low	
evapotranspiration.	Hence,	the	system	was	modified	to	allow	the	system	to	use	Settling	Vat	process	flow	
to	flush	the	accumulated	salts	during	the	winter	months.	Modifying	the	control	logic	to	allow	saturation	of	
the	lower	moisture	probes	in	the	zone	being	flushed	and	operating	the	upper	and	middle	probes	above	
their	 free	drainage	 set	points	accomplished	 this.	 The	control	 system	 is	designed	 to	preclude	 the	use	of	
anything	other	than	Settling	Vat	process	flow	when	operating	in	this	mode.	

Filter	Building	
The	original	plans	presented	in	the	PCR	did	not	include	the	Filter	Building.	This	building	is	necessary	to	add	
the	more	robust	filtration	necessary	to	remove	the	metal	salts	and	aeration	needed	to	strip	methane,	VOCs	
and	oxidize	metals.	There	was	not	sufficient	space	available	in	the	Effluent	Treatment	System	Enclosures.	

Clarifier	
The	original	plans	presented	in	the	PCR	did	not	include	the	Clarifier.	The	Clarifier	was	installed	to	address	
the	higher	than	expected	amount	of	solids	produced	when	the	groundwater	and	leachate	is	treated.	It	is	a	
conical	bottomed	cylindrical	vessel	approximately	18-feet	in	diameter	and	15-feet	high.	It	has	an	internal	
mixing	zone	where	ferric	chloride	and	hydrated	lime	are	added	to	the	flow	and	thoroughly	mixed	before	
entering	the	settling	zone	where	the	precipitate	that	forms	is	settled.	The	settled	material	is	moved	to	the	
center	of	the	Clarifier	by	a	set	of	rakes	where	it	is	pumped	to	the	solids	handling	equipment.	The	clarified	
process	flow	overflows	from	the	Clarifier	into	the	Aeration	Tank	(T-600)	in	the	Filter	Building.		

Sludge	Handling	Equipment	
In	 the	Clarifier	system,	sludge	 is	pumped	from	the	bottom	of	 the	Clarifier	by	a	set	of	progressive	cavity	
pumps	which	transfer	it	to	one	of	the	two	sludge	dewatering	boxes	mounted	on	elevated	stands	behind	
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the	Maintenance	Building.	Once	the	sludge	arrives	in	the	dewatering	box,	it	is	retained	by	filter	screens	that	
line	 the	sides	of	 the	dewatering	box	while	 the	water	drains	 to	a	sump	which	 is	pumped	to	 the	Clarifier	
Equalization	Tank.	Each	sludge	dewatering	box	holds	approximately	30	cubic	yards	of	dewatered	sludge.	
Once	one	dewatering	box	is	full,	flow	is	directed	to	the	other	box	and	the	full	box	sits	until	all	the	free	water	
has	drained.	At	that	time,	the	box	is	tilted	up	and	the	low	end	is	opened	allowing	the	sludge	to	fall	into	a	
concrete	basin.	

Health and Safety Modifications 

Tank	Vent	System	
In	LS-1,	LS-2	and	the	Effluent	Treatment	System	Enclosures,	the	tanks	provided	by	the	Manufacturer	vented	
inside	the	containers.	The	environment	inside	the	containers	is	not	designed	for	use	with	flammable	or	toxic	
atmospheres,	 so	 the	 tank	 vents	 were	 routed	 outside	 the	 containers.	 A	 check	 of	 the	 original	 drawings	
indicated	 this	 was	 not	 specified	 in	 the	 bid	 specifications,	 Physical	 Treatment	 System	 PCR	 or	 the	 bid	
proposals.		

Because	 the	 enclosures	 for	 LS2	 and	 the	 Physical	 Treatment	 System	 were	 divided	 into	 three	 separate	
enclosures	for	ventilation	purposes,	each	would	have	had	a	separate	electrical	classification.	As	explained	
in	a	separate	report	(Atmospheric	Classification	of	Seaboard	Site	Enclosures	Gary	D.	Babb,	P.G.	and	James	
C.	LaRue,	February,	2012),	any	spaces	in	which	leachate	is	present	in	its	raw	form	must	be	evaluated	for	the	
risk	of	 accumulation	of	methane	gas	 at	or	 above	 the	 lower	explosive	 limit	 (LEL).	 This	 required	 that	 the	
classification	be	determined	by	the	regulations	of	the	U.S.	Department	of	Labor	Occupational	Safety	and	
Health	 Administration	 (OSHA).	 These	 regulations	 are	 found	 in	 29	 CFR	 Subtitle	 B	 Part	 1910,	 Subpart	 S	
beginning	at	§1910.307.	Several	modifications	have	been	necessitated	by	the	presence	of	leachate	in	the	
treatment	system	influent,	which	raises	the	possibility	that	methane	gas	concentrations	could	exceed	the	
LEL	 inside	 the	 Enclosures,	 particularly	 in	 the	 headspaces	 of	 tanks.	 This	 would	 have	 required	 that	 the	
electrical	 ratings	 of	 all	 equipment	 within	 those	 spaces	 meet	 Class	 1	 Division	 1	 (explosion-proof)	
requirements.	 Originally,	 there	 were	 three	 separate	 ventilation	 structures	 LS-1,	 LS-2	 and	 the	 Physical	
Treatment	System,1	and	each	of	these	areas	could	have	seen	raw	untreated	leachate	during	operation.	As	
a	result,	all	electrical	equipment	in	these	spaces	should	have	been	rated	accordingly.	Instead,	the	Project	
Managers	sealed	the	headspaces	of	all	tanks	and	force	ventilated	them	outside	the	Enclosures.	In	addition,	
new	man-door	openings	were	installed	in	both	walls	in	Enclosure	5	allowing	all	the	spaces	in	LS-2	and	the	
Effluent	 Treatment	 System	Enclosures	 to	 be	 evaluated	 as	 a	 single	 space	 for	 ventilation	 and	 interior	 air	
quality	 purposes.	 When	 the	 Parties	 added	 the	 Filter	 Building,	 it	 became	 a	 forth	 space	 for	 ventilation	
purposes.	As	a	result,	the	design	specified	that	all	tanks	be	vented	outside	the	building,	and	that	all	tank	
headspaces	be	 swept	with	 air	 from	outside	 the	building.	 In	 addition,	 the	air	 stripper	 and	aeration	 tank	
exhaust	are	vented	outside	the	building.	

In	all	four	tank	ventilation	systems,	the	headspace	of	the	tanks	is	ventilated	with	air	drawn	from	outside	
the	container	by	an	explosion	proof	vacuum	pump.	This	pump	draws	a	suction	on	the	tank	vent	header	and	
exhausts	 into	a	header	with	a	 lower	explosive	 limit	(LEL)	sensor.	The	LEL	sensor	provides	a	signal	to	the	
vacuum	pump	controller.	The	vacuum	pumps	run	at	a	low	speed	until	LEL	begins	to	rise.	They	begin	to	ramp	
up	when	LEL	reaches	10%	based	on	methane.	They	are	ramped	up	so	that	when	LEL	reaches	25%	based	on	
methane,	they	are	running	at	100%	and	continue	to	do	so	until	the	LEL	is	reduced	to	10%	or	less.	

Enclosure	Egress	
After	the	eight	Enclosures	were	installed,	it	was	determined	the	egress	provided	by	the	Manufacturer	did	
not	comply	with	the	OSHA	requirements	(29	CFR	1910.36).	Exit	routes	must	meet	the	following	design	and	
construction	requirements:	

(1) Each	exit	route	must	be	a	permanent	part	of	the	workplace.	
																																																																				
1	Enclosures	1,2,	3	and	4	were	considered	a	separate	structure,	Enclosure	5	was	another	separate	structure	and	Enclosures	6	and	7	were	the	third	separate	
structure	for	ventilation	purposes.	The	LS-1	structure	in	Enclosure	8	was	also	a	separate	structure	for	ventilation	purposes.	
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(2) Construction	materials	used	to	separate	an	exit	from	other	parts	of	the	workplace	must	have	a	one-
hour	fire	resistance-rating.		

(3) An	exit	is	permitted	to	have	only	those	openings	necessary	to	allow	access	to	the	exit	from	occupied	
areas	of	the	workplace,	or	to	the	exit	discharge.		

(4) At	least	two	exit	routes	must	be	available	in	a	workplace	to	permit	prompt	evacuation	of	employees	
and	other	building	occupants	during	an	emergency.		

(5) The	exit	routes	must	be	located	as	far	away	as	practical	from	each	other	so	that	 if	one	exit	route	is	
blocked	by	fire	or	smoke,	employees	can	evacuate	using	the	second	exit	route.	

(6) The	street,	walkway,	refuge	area,	public	way,	or	open	space	to	which	an	exit	discharge	leads	must	be	
large	enough	to	accommodate	the	building	occupants	likely	to	use	the	exit	route.	

(7) Employees	must	be	able	to	open	an	exit	route	door	from	the	inside	at	all	times	without	keys,	tools,	or	
special	knowledge.	

(8) The	capacity	of	an	exit	route	must	be	adequate	to	support	the	maximum	permitted	occupant	load	for	
each	floor	served.	

As	a	result,	it	was	necessary	to	remove	the	double	doors	supplied	and	replace	them	with	1-hour	fire	rated	
double	doors	that	could	be	operated	in	an	emergency	from	the	inside	on	Enclosures	1,	3,	5,	6,	7	and	8.	This	
complied	with	the	OSHA	requirements.	

External	Alarm	System	
During	 an	 inspection	 by	 the	 Guilford	 County	 Fire	Marshal,	 it	 was	 requested	 that	 the	 Parties	 install	 an	
external	audio	and	visual	alarm	indication	at	LS-1,	LS-2,	and	the	Filter	Building.	Therefore,	there	is	audio	
and	visual	alarm	indication	installed	at	those	locations,	which	will	provide	notification	to	first	responders	
whenever	there	is	an	alarm	condition.	

Chemical	Tank	Shielding	
When	supplied	by	the	Manufacturer,	the	chemical	storage	tanks	were	unshielded.	As	they	sat	above	their	
associated	containment	vessels,	they	represented	a	potential	hazard	to	operating	personnel.	As	a	result,	
shielding	was	placed	around	the	acid	and	caustic	storage	tanks.		

The	Manufacturer	installed	injection	quills	made	of	polypropylene.	As	the	material	would	tend	to	degrade	
over	time	when	exposed	to	the	CoCs,	the	Parties	also	took	the	opportunity	during	the	construction	of	the	
Filter	Building	to	replace	them	with	ones	made	of	Kynar	with	Hastaloy	springs	and	ball	check	valves.	

Certified	Industrial	Hygenist	Testing	
In	order	to	ensure	that	the	atmospheres	inside	the	enclosures	and	surrounding	selected	outside	areas	are	
in	compliance	with	the	U.S.	and	North	Carolina	Departments	of	Labor	regulations	for	employee	exposure	
to	 chemicals	 in	 the	working	environment,	 the	Parties	 retained	 the	 services	of	Matrix	Health	and	Safety	
Consultants,	LLC	(Matrix),	who	provided	a	North	Carolina	Certified	Industrial	Hygenist	(Mr.	C.	Britt	Wester,	
CIH)	to	inspect	and	sample	the	atmospheres	at	the	Site.		

The	CIH	inspected	the	Site	during	the	period	from	February	21,	2017	to	February	22,	2017	and	collected	the	
requisite	atmospheric	samples.	This	period	of	time	was	selected	because	the	system	had	been	in	continuous	
operation	in	a	configuration	considered	representative	of	normal	operations.	A	copy	of	the	Matrix	report	is	
included	as	Attachment	10		to	this	report.	As	noted,	none	of	the	samples	collected	contained	contaminants	
at	 levels	 that	 exceed	 the	 	“permissible	 exposure	 limit”	 (PEL)	 for	 the	 contaminant	 in	 occupied	 working	
environments.	
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Conclusion 

The	 Remedial	 Treatment	 System	 components	 have	 been	 constructed,	 and	 with	 certain	 exceptions	
described	 in	 this	 report,	are	substantially	consistent	 in	 function,	performance	and	operation	with	 those	
presented	in	the	PCR;	and	they	address	all	the	remedial	objectives	for	the	Site.	Construction	of	the	Remedial	
Treatment	System,	although	taking	longer	than	expected,	progressed	relatively	well	considering	the	overall	
complexity	of	the	project,	the	failure	of	the	AOP+	unit		to	function	properly,	the	necessity	to	address	higher	
levels	of	certain	CoCs	and	metal	salts	in	the	groundwater	and	leachate	and	the	unique	nature	of	the	remedy.	

The	construction	of	the	Remedial	Treatment	System	is	now	complete,	and	the	Parties	have	begun	the	
process	of	pre-operational	testing	of	the	system	components.	The	most	significant	modifications	from	the	
Remedial	Treatment	System	proposed	in	the	PCR	were	the	elimination	of	the	constructed	treatment	
wetland	(CTW),	which	the	Parties	determined	would	neither	contribute	to	the	effectiveness	of	the	
remedy	nor	be	necessary	to	achieve	the	remedial	objectives	originally	proposed	in	the	PCR,	and	the	
elimination	of	the	AOP+	unit,	which	despite	the	best	efforts	of	the	Parties	could	not	be	rendered	capable	
of	meeting	the	established	City	POTW	pre-treatment	limits.	In	addition,	the	PCR	proposed	a	less	robust	
and	flexible	Physical	Treatment	System,	which	upon	initial	startup	proved	unable	to	provide	the	requisite	
level	of	treatment.	All	the	modifications	to	the	Remedial	Treatment	System,	except	for	the	elimination	of	
the	CTW,	have	been	necessitated	by	the	need	to	correct	manufacturing	defects	or	deficiencies	in	
equipment,	enhance	or	improve	the	overall	treatment	system	destruction	and	removal	efficiency,	provide	
additional	metal	salts	removal	or	provide	flow	path	flexibility	to	produce	a	suitable	Physical	Treatment	
System	process	effluent.	All	modifications	to	the	RASA	Statement	of	Work	were	submitted	to		NCDENR	in	
ten	Technical	Memoranda	(TM).	These	ten	TM	were	approved	by	NCDENR	and	are	included	in	
Attachment	5.	
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Figure	1	-	General	Site	Location	
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Figure	2	-	Site	Layout	
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Figure	3	-	Site	Layout	with	Burn	Pits	and	Monitoring	Wells	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Figure	4	-	Monitoring	Well	Locations	
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Figure	5	-	Site	Irrigation	Zones	
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Figure	6	-	East	Lobe	Probe	Locations	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	
Figure	7	-	West	Lobe	Probe	Locations	
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Figure	8	-	Geologic	Map	 	
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Figure	9	-	Recovery	Well	Locations	 	
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Figure	10	-	Site	Layout	
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Figure	11	-	LS-1	Layout	 	
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Figure	12	-	LS-2	and	Effluent	Treatment	System	Layout	 	
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Figure	13	-	Filter	Building	Layout	 	
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Figure	14	-	Maintenance	Building	and	Sludge	Handling	System	
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Process Flow Diagrams 
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Figure	15	-	Process	Flow	Diagram	Information	1	
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Figure	16	-	Overall	Process	Flow	2	 	
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Figure	17	–	Physical	Treatment	System	Flow	Diagram-3	
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Figure	18	-	
Physical	
Treatment	
System	
Flow	
Diagram-4	
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Figure	19	-	Physical	Treatment	System	Flow	Diagram-5	 	
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Figure	20	-	Physical	Treatment	System	Flow	Diagram-6	
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Figure	21	-	Physical	Treatment	System	Flow	Diagram-7	
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Figure	22	-	Physical	Treatment	System	Flow	Diagram-8	
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List of Contaminants of Concern 
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CONTAMINANTS	OF	CONCERN	

		 		 		 Detected	
	

Exposure	Limit	in	PPM		

Contaminant	 ISCS	Number	 CAS	Number	 G.W	 LCH	 REL	 PEL	 TWA	 RTECS	 Other		

Volatile	Organic	Compounds:	

1,1,1,2-Tetrachloroethane	 1486	 630-20-6	 X	 X	 *	 *	 *	 KI845000	 See	NIOSH	Appendix	C	

1,1,1-Trichloroethane	 0079	 71-55-6	 X	 X	 350	 350	 *	 KJ29750	 See	NIOSH	Appendix	C	

1,1,2-Trichloroethane	 0080	 79-00-5	 X	 X	 10	 10	 *	 KJ31500	 See	NIOSH	Appendix	C	

1,1-Dichloroethane	 0249	 75-34-1	 X	 X	 100	 100	 *	 KI017500	 See	NIOSH	Appendix	C	

1,1-Dichlororethene	 0083	 75-35-4	 X	 X	 *	 *	 *	 KV92750	 See	NIOSH	Appendix	A	

1,2,3-Trichloropropane	 0683	 96-18-4	 X	 X	 10	 50	 50	 TZ92750	 See	NIOSH	Appendix	A	

1,2-Dibromoethane	 0045	 106-93-4	 X	 X	 0.045	 20	 20	 KH92750	 See	NIOSH	Appendix	A	

1,2-Dichloroethane	 0249	 75-34-3	 X	 X	 100	 100	 100	 KI017500	 See	NIOSH	Appendix	C	

1,2-Dichloropropane	 0441	 78-87-5	 X	 X	 *	 75	 75	 TX96250	 See	NIOSH	Appendix	A	

1,4-Dioxane	 0041	 123-91-1	 X	 X	 1	 100	 100	 JG82250	 See	NIOSH	Appendix	A	

2-Butanone	 0179	 78-93-3	 X	 X	 200	 200	 200	 EL64750	 		

4-Methyl-2-Pentanone	 0511	 108-10-1	 X	 X	 50	 100	 100	 SA92750	 		

Acetone	 0087	 67-64-1	 X	 X	 250	 1000	 1000	 AL31500	 		

Benzene	 0015	 71-43-2	 X	 X	 0.1	 1.0	 1.0	 CY14000	 See	NIOSH	Appendix	A,	E,	and	F	

Bromomethane	 1378	 74-96-4	 X	 X	 *	 200	 200	 KH64750	 See	NIOSH	Appendix	D	

Carbon	Tetrachloride	 0024	 56-23-5	 X	 X	 2.0	 10	 10	 FG49000	 See	NIOSH	Appendix	A	
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CONTAMINANTS	OF	CONCERN	

		 		 		 Detected	
	

Exposure	Limit	in	PPM		

Contaminant	 ISCS	Number	 CAS	Number	 G.W	 LCH	 REL	 PEL	 TWA	 RTECS	 Other		

Chlorobenzene	 0642	 108-90-7	 X	 X	 *	 75	 75	 CZ01750	 See	NIOSH	Appendix	D	

Chloroethane	 0132	 75-00-3	 X	 X	 *	 1000	 1000	 KH75270	 See	NIOSH	Appendix	C	

Chloroform	 0027	 67-66-3	 X	 X	 2.0	 50	 *	 FS91000	 See	NIOSH	Appendix	A	

Chloromethane	 0419	 740-87-3	 X	 X	 *	 100	 100	 PA63000	 See	NIOSH	Appendix	A	

Cis-1,2-Dichloroethene	 0436	 540-59-0	 X	 X	 200	 200	 200	 KV93600	 See	ISCS	Listing	

Cis-1,4-Dichloro-2-Butene	 *	 1476-115	 X	 X	 *	 *	 *	 	EM4900000	 Not	Listed	and	no	limits	established	

Ethylbenzene	 0268	 100-41-4	 X	 X	 100	 100	 100	 DA07000	 		

Methylene	Chloride	 0058	 75-09-2	 X	 X	 *	 25	 25	 PA80500	 See	NIOSH	Appendix	A	

Tetrachloroethene	 0076	 127-18-4	 X	 X	 *	 100	 100	 KX38500	 See	NIOSH	Appendix	A	

Toluene	 0078	 108-88-3	 X	 X	 100	 200	 100	 XS52500	 		

Trans-1,2-Dichloroethene	 0436	 156-60-5	 X	 X	 200	 200	 200	 	KV9400000	 Not	Listed,	Limits	from	Other	Sources	

Trichloroethene	 0081	 79-01-6	 X	 X	 *	 100	 100	 KX45500	 See	NIOSH	Appendix	A,	C	

Vinyl	Chloride	 0082	 75-01-4	 X	 X	 *	 1.0	 1.0	 KU96250	 See	NIOSH	Appendix	A	

Xylenes	(Total)	 0084	*	 97-47-6	 X	 X	 100	 100	 100	 ZE24500	 Based	on	Ortho,	See	Meta	(0085	and	Para	0086)	

Semi-Volatile	Organic	Compounds:	

4-Methylphenol	 0031	 106-44-5	 X	 X	 2.3	 5.0	 5.0	 GO647500	 		

Acenapthene	 1674	 83-32-9	 X	 X	 *	 10	 10	 AB1000000	 EPA	Priority	Chemical,	TWA	Based	on	PAH	

Acetophenone	 *	 98-86-2	 X	 X	 *	 *	 10	 AM525000	 Not	 Listed	 and	 no	 limits	 established,	 ACGIH	 TWA	
Only	
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CONTAMINANTS	OF	CONCERN	

		 		 		 Detected	
	

Exposure	Limit	in	PPM		

Contaminant	 ISCS	Number	 CAS	Number	 G.W	 LCH	 REL	 PEL	 TWA	 RTECS	 Other		

Benzoic	Acid	 *	 65-85-0	 X	 X	 *	 *	 *	 DG087500	 Not	Listed	and	no	limits	established	

Bis(2-Ethylhexyl)Phthalate	 0271	 117-81-7	 X	 X	 5.0	 5.0	 5.0	 TI0350000	 See	NIOSH	Appendix	A,	Units	mg/m3	

Dibenzofuran	 *	 132-64-9	 X	 X	 *	 *	 *	 HP4430000	 Not	Listed	and	no	limits	established	

N-Nitrosodimethylamine	 0525	 62-75-9	 X	 X	 *	 *	 *	 LU5950000	 Regulated	29CFR1910.1016.	See	Appendix	E	

Naphthalene	 0667	 91-20-3	 X	 X	 10	 10	 10	 QJ0525000	 	Units	mg/m3	

Phenol	 0070	 108-95-2	 X	 X	 5.0	 5.0	 5.0	 SJ3325000	 	Units	mg/m3	

Pesticides:	

Alpha-BHC	 0795	 319-84-6	 X	 X	 0.5	 0.5	 0.5	 GV3500000	 Based	on	Lindane	Units	mg/m3	

Beta-BHC	 0796	 319-85-7	 X	 X	 0.5	 0.5	 0.5	 GV4375000	 Based	on	Lindane	Units	mg/m3	

Delta-BHC	 *	 319-86-8	 X	 X	 0.5	 0.5	 0.5	 GV4550000	 Based	on	Lindane	Units	mg/m3	

Heptachlor	 0743	 76-44-8	 X	 X	 0.5	 0.5	 0.5	 PC0700000	 	Units	mg/m3	

Heptachlor	Epoxide	 *	 1024-573	 X	 X	 0.5	 0.5	 0.5	 PB9450000	 	Units	mg/m3	

Metals:	

Antimony	 0775	 7440-36-0	 X	 X	 0.5	 0.5	 0.5	 CC4025000	 	Units	mg/m3	

Barium	 1052	 7440-39-3	 X	 X	 0.5	 0.5	 0.5	 CQ837000	 	Units	mg/m3	

Chromium	 0020	 7440-47-3	 X	 X	 1.0	 0.5	 1.0	 GB4200000	 See	NIOSH	Appendix	C,	Units	mg/m3	

Lead	 0052	 7440-92-1	 X	 X	 0.05	 0.05	 0.05	 OF7525000	 See	NIOSH	Appendix	C,	Units	mg/m3	

Nickel	 0062	 7440-02-0	 X	 X	 0.015	 1.0	 1.0	 QR595000	 See	NIOSH	Appendix	C,	Units	mg/m3	
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CONTAMINANTS	OF	CONCERN	

		 		 		 Detected	
	

Exposure	Limit	in	PPM		

Contaminant	 ISCS	Number	 CAS	Number	 G.W	 LCH	 REL	 PEL	 TWA	 RTECS	 Other		

Thallium	 0077	 7440-28-0	 X	 X	 0.1	 0.1	 0.1	 XG3425000	 	Units	mg/m3	

Vanadium	 0107	 12604-58-9	 X	 X	 1.0	 1.0	 1.0	 LK2900000	 	Units	mg/m3	

Zinc	 0208	 1314-13-2	 X	 X	 5.0	 5.0	 5.0	 ZH4180000	 	Units	mg/m3	

Notes:	
		
NIOSH	references	from	Pocket	Guide	to	Chemical	Hazards	NIOSH	Publication	No.	2010-168c	unless	otherwise	noted.	
*	indicates	to	see	remarks	

THIS	INFORMATION	IS	PROVIDED	FOR	INFORMATION	PURPOSES	ONLY.		

THE	CURRENT	EXPOSURE	LIMITS	SHOULD	BE	CHECKED	BEFORE	USE.	

Table	13	-	Contaminants	of	Concern	
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Pilot Study Analytical Data 
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Table	14	-Pilot	Study	Analytical	Data	
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Technical	Memorandum	No.	E-1	
	

	

	

	

	

	

	 	

	

	

After	 your	 December	 14,	 2010	
meeting	with	Mr.	Tom	Wilson	and	Mr.	Gary	Babb,	Seaboard	Group	II	and	the	City	of	High	
Point	(collectively	the	Parties)	have	revised	Technical	Memorandum	Number	E-1	to	reflect	
the	abandonment	of	the	monitoring	wells	mutually	agreed	to	at	that	meeting.	Attached	is	a	
list	 of	 monitoring	 wells	 that	 the	 Parties	 propose	 to	 abandon	 at	 the	 former	 Seaboard	
Chemical	Corporation	site	and	closed	Riverdale	Drive	Landfill	(collectively	the	Site).	These	
wells	have	been	selected	based	on	our	belief	that	they	have	no	present	or	future	purpose	
for	monitoring	any	of	the	operable	units	at	the	Site,	or	in	determining	the	effectiveness	of	
the	 remedy.	 As	 a	 result,	 the	 Parties	 feel	 that	 they	 should	 be	 plugged	 and	 permanently	
abandoned	in	accordance	with	the	procedure	outlined	in	15A	NCAC	02C.0214.	

The	Parties	propose	to	conduct	the	abandonment	procedure	on	these	wells	at	a	convenient	
time	during	the	next	year.	Prior	to	proceeding	we	ask	that	you	review	the	list	of	proposed	
wells	and	provide	written	authorization	to	proceed.	If	you	have	any	questions,	or	if	we	may	
be	of	any	assistance,	please	feel	free	to	contact	Mr.	Jim	LaRue	at	281-431-3571	or	Mr.	Tom	
Wilson	at	704-541-8345.	

Thank	you,	

	
James	C.	LaRue	
Oversight	Consultant	

Attachments	

To:	 Mr.	Vance	Jackson	

From:	 Mr.	Jim	LaRue	

CC:	 Randy	C.	Smith	
Gary	Babb	
Chris	Thompson	

Date:	 January	4,	2011	

Subject:	 Monitoring	Well	Abandonment	
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TECHNICAL MEMORANDUM 

TO:  VANCE JACKSON, P.E. 
FROM:  SEABOARD GROUP II AND CITY OF HIGH POINT 
SUBJECT: TECHNICAL MEMORANDUM NO. E-2 

DATE:   

Seaboard	Group	II	and	City	of	High	Point	(Parties)	hereby	request	that	the	construction	
schedule	contained	in	the	Remedial	Action	Settlement	Agreement	(RASA)	Scope	of	Work	
be	modified.	Due	to	circumstances	beyond	the	Parties	control,	certain	key	components	
of	 the	 mechanical	 treatment	 system	 will	 not	 be	 available	 for	 delivery	 at	 the	 times	
originally	anticipated.	

Specifically,	the	order	for	the	PhotoCat1	advanced	oxidation	system	was	entered	on	April	
28,	2010	with	the	issue	of	Purchase	Order	1047	in	the	amount	of	$1,511,600	for	the	entire	
PhotoCat	 system	 including	 the	 advanced	 oxidation	 system,	 the	 organics	 separation	
system,	the	metals	removal	system	and	the	air	stripper	system.	That	order	had	an	original	
estimated	construction	schedule	of	26	weeks.		

That	order	was	 followed	by	Purchase	Order	1047A	 in	 the	amount	of	$497,000	 for	 Lift	
Station	Number	1.	That	lift	station	was	to	be	incorporated	into	the	PhotoCat	system	and	
the	construction	schedule	was	extended	to	26	weeks	from	August	18,	2010.	Originally	the	
system	was	scheduled	for	delivery	on	October	26,	2010	and	this	modification	extended	
the	delivery	until	February	16,	2011.	This	would	have	been	in	ample	time	to	finish	the	
construction	by	the	March	28,	2011	deadline.	

Unfortunately,	as	construction	has	progressed	the	vendor	has	experienced	several	delays	
on	equipment	deliveries	beginning	with	the	shipping	containers	that	house	the	systems.	
This	was	addressed	by	changing	the	specified	type	of	container	and	delivery	on	schedule	
was	 still	 thought	 possible.	 However,	 recently	 there	 have	 been	 additional	 delays	 in	
equipment	deliveries	that	have	placed	the	anticipated	delivery	of	the	finished	system	to	
the	site	around	April	15,	2011.	

The	Parties	request	that	the	construction	schedule	in	the	scope	of	work	be	extended	to	
reflect	completion	of	construction	by	July	31,	2011	to	allow	for	the	delays	in	component	
deliveries.	This	will	allow	for	delivery	and	setup	to	be	finished	according	to	the	revised	
schedule	 even	 if	 there	 are	 other	minor	 delays	 affecting	 construction	 completion.	 This	
places	the	completion	of	the	period	to	test	and	correct	deficiencies	 in	the	system	at	6	
months	after	July	31,	2011	or	January	31,	2012.	

The	 Parties	 respectfully	 request	 that	 you	 approve	 this	 extension	 to	 the	 construction	
schedule,	and	modification	to	the	Scope	of	Work	in	the	RASA.	If	there	are	any	questions,	
																																																																				
1	PhotoCat	is	a	registered	trademark	of	Purifics	ES,	Inc.	of	London,	Ontario,	Canada.	
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or	if	we	may	be	of	any	assistance	on	this	matter,	please	feel	free	to	contact	Jim	LaRue	at	
(281)	431-3571	or	Gary	Babb	at	(919)	325-0696.	

Respectfully,	

Seaboard	Group	II	and	City	of	High	Point	

	
James	C.	LaRue,	Oversight	Consultant		
For	the	Parties	
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TECHNICAL MEMORANDUM 

TO:   VANCE JACKSON, P.E. 
 NORTH CAROLINA DEPARTMENT OF ENVIRONMENT AND 

NATURAL RESOURCES. 
FROM:   SEABOARD GROUP II AND CITY OF HIGH POINT 
SUBJECT:  TECHNICAL MEMORANDUM NO. E-3 

DATE:    

Seaboard	 Group	 II	 and	 the	 City	 of	 High	 Point	 (hereinafter	 the	 Parties)	 submit	 this	 Technical	
Memorandum	Number	E-3	to	revise	the	Scope	of	Work	(SOW)	for	the	remedy	at	the	former	Seaboard	
Chemical	 Corporation	 site	 and	 the	 City	 of	 High	 Point	 closed	 Riverdale	 Drive	 Landfill	 (collectively	
referred	to	as	the	Site).		

The	Parties	submitted	a	conceptual	remedial	design	to	the	North	Carolina	Department	of	Environment	
and	 Natural	 Resources	 (NCDENR)	 in	 a	 document	 entitled	 “Remedy	 Recommendation	 Document.”	
which	was	approved	by	the	North	Carolina	Division	of	Waste	Management	(NCDWM)	on	September	
27,	2005.	The	remedial	action	program	for	the	Site	is	now	being	conducted	under	a	Remedial	Action	
Settlement	 Agreement	 (RASA),	 dated	 December	 29,	 2008,	 with	 NCDENR	 Division	 of	 Waste	
Management,	 and	 is	 based	 upon	 the	 design	 concepts	 presented	 in	 the	 Remedy	 Recommendation	
Document.	

Appendix	A	of	the	RASA	contains	the	Declaration	and	Order	(Docket	08-SF-249).	Attachment	A	to	that	
Declaration	and	Order	is	the	Scope	of	Work	(SOW)	for	the	remedy	at	the	Site	agreed	to	at	the	time	the	
RASA	was	executed.	Section	4	of	the	SOW	provides	that	within	120	days	of	the	approval	of	the	Pre-
construction	Report	for	the	natural	treatment	system	the	Parties	shall	commence	construction	of	the	
constructed	treatment	wetlands	and	phytoremediation	system.		

As	the	remedy	has	progressed	through	the	completion	and	submission	of	the	Mechanical	Treatment	
System	 and	 Phytoremediation	 Preconstruction	 Reports,	 new	 information	 has	 been	 developed	 that	
indicates	certain	changes	 in	the	remedy	seem	to	be	appropriate.	More	specifically,	 the	Parties	have	
come	to	believe	that	the	constructed	treatment	wetlands	are	not	a	necessary	part	of	the	remedy,	and	
would	like	to	eliminate	them	from	the	process.	

Following	 the	 research	 and	 design	work	 done	 by	 the	 Parties	 leading	 up	 to	 the	 preparation	 of	 the	
Remedy	 Recommendation	 Document,	 several	 published	 studies	 were	 conducted	 to	 evaluate	 the	
effectiveness	of	phytoremediation	systems	in	the	treatment	of	chlorinated	volatile	organic	compounds	
(cVOCs).	 Those	 recent	 studies	 have	 lead	 to	 a	 better	 understanding	 of	 the	 fate	 of	 cVOCs	 in	 a	
phytoremediation	 system.	 Attached	 to	 this	 memorandum	 is	 a	 report,	 prepared	 by	 the	 Parties	
consultants	(recognized	phytoremediation	experts),	describing	the	recent	research,	discussing	the	fate	
mechanisms	that	degrade	cVOCs	and	the	lines	of	evidence	that	support	this	requested	change.	

In	addition	to	the	recent	research,	during	the	latter	part	of	2009,	and	over	the	growing	season	during	
2010,	 two	pilot	 study	plots	were	dosed	with	groundwater	extracted	 from	the	main	extraction	well	
(PW-DR1)	 at	 the	 Site.	 That	 activity	 was	 to	 pilot	 test	 the	 concept	 that	 1,4-Dioxane	 could	 be	
phytoremediated,	 and	would	 be	 taken	 up	 by	 the	 trees	 and	 not	 leached	 below	 the	 root	 zone.	 This	
information	 was	 presented	 in	 Attachment	 A	 to	 the	 Phytoremediation	 Pre-construction	 Report	
submitted	to	NCDENR	during	October	of	2010.	

One	of	the	conclusions	of	that	research	was	that	the	trees,	in	fact,	did	take	up	the	groundwater,	and	a	
bromate	tracer	was	used	to	establish	that	during	the	dosing	of	the	pilot	plots	the	groundwater	was	not	
leached	below	the	root	zone.	This	was	a	significant	finding	and	lead	to	further	investigation	of	the	fate	
of	compounds	other	than	1,4-Dioxane.	
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The	Parties	determined	that	during	the	dosing	of	the	pilot	plots	with	untreated	groundwater,	there	
was	no	evidence	of	excess	buildup	of	cVOCs	in	the	soil.	Even	though	the	tree	stand	was	dosed	with	
groundwater	 that	 contained	untreated	 levels	of	 cVOCs,	 there	was	no	evidence	of	plant	damage.	To	
confirm	that	the	cVOCs	were	degraded,	soil	samples	were	collected	and	analyzed.	The	result	of	that	
sampling	is	described	in	the	attached	report.	In	summary,	the	testing	revealed	that	the	cVOC	levels	in	
the	soils	had	in	fact	declined	significantly,	leaving	only	trace	concentrations	of	two	cVOCs	in	the	root	
zone.	Since	it	was	established	that	the	cVOCs	had	not	leached	into	the	waste	layer	below	the	root	zone,	
as	confirmed	by	the	bromate	tracer	in	the	pilot	study,	one	or	a	combination	of	the	fate	mechanisms	
discussed	in	the	attached	report	must	have	degraded	them.		

It	was	also	noted	that	the	concentration	of	the	cVOCs	applied	to	the	test	plots	was	considerably	higher	
(approximately	100	 times	higher)	 than	 the	 level	 that	would	be	present	 after	 the	groundwater	 and	
leachate	 is	pretreated	by	air	stripping.	That,	coupled	with	the	 fact	 that	the	 full	scale	system	will	be	
operated	for	six	months	applying	water	to	the	deciduous	trees,	and	six	months	applying	water	to	the	
conifer	trees,	thereby	allowing	additional	time	for	the	degradation	of	accumulated	cVOCs,	lead	to	the	
conclusion	that	if	all	of	the	extracted	groundwater	and	leachate	was	air	stripped	there	was	no	need	for	
a	constructed	treatment	wetlands	(CTW)	before	the	phytoremediation	system.	

In	 the	 original	 remedial	 design	 the	 CTW	 was	 included	 to	 reductively	 dechlorinate	 the	 cVOC	
compounds.	The	thinking	at	the	time	was	that	if	left	untreated	and	applied	to	the	phytoremediation	
soils	the	level	of	chlorides	in	the	soil	would	increase.	This	would	increase	to	levels	that	would	become	
phytotoxic	and	affect	tree	health.	The	pilot	study	seemed	to	contradict	the	earlier	assumption.	When	
the	consultants	began	to	look	into	the	available	supporting	research,	they	discovered	that	a	significant	
body	 of	 work	 was	 available,	 most	 of	 which	 was	 published	 after	 the	 Remedy	 Recommendation	
Document	was	prepared,	and	pointed	to	successes	in	cVOC	removal	in	phytoremediation	systems	by	
several	mechanisms.	

Since	there	was	evidence	that	the	CTW	was	not	necessary,	the	Parties	explored	the	effect	eliminating	
them	might	have	on	the	remedy.	First,	it	provides	a	simplified	treatment	process.	It	removes	several	
control	variables	and	makes	the	control	of	the	phytoremediation	irrigation	less	complex.	It	reduces	
cost	by	a	significant	amount,	and	does	not	negatively	impact	the	environment.	Since	the	application	of	
the	groundwater	and	leachate	will	be	controlled	by	a	system	designed	to	preclude	leaching	below	the	
root	zone	of	the	trees,	as	is	required	for	the	1,4-Dioxane,	there	is	no	increased	risk	of	causing	leaching	
as	a	result	of	this	change.	Generally,	the	Parties	felt	that	there	was	sufficient	justification	to	request	the	
change	in	the	remedy,	and	that	the	proposed	change	improved	the	process,	reduced	cost,	and	did	not	
increase	the	potential	environmental	risk	at	the	Site.	All	modifications	to	an	approved	remedy	have	
one	concern	in	common.	What	if	it	results	in	a	reduced	effectiveness	and	allows	a	greater	impact	on	
the	environment?	As	the	Parties	considered	this	question,	they	realized	that	this	remedy	is	somewhat	
unique.	In	this	instance,	any	impact	can	be	eliminated	quickly	by	simply	diverting	flow	from	the	natural	
treatment	system	to	the	mechanical	treatment	system.	Because	this	remedy	was	approved	with	two	
parallel	 treatment	 processes	 that	 operate	 independently,	 if	 cVOC	 levels	 were	 to	 begin	 to	 become	
elevated,	 the	 flow	could	simply	be	diverted	 to	 the	mechanical	 treatment	system	while	a	solution	 is	
developed.	 If	 there	were	 to	 be	 a	 need	 to	 construct	 the	 CTW	 at	 some	 later	 date,	 the	 system	 being	
installed	 has	 all	 of	 the	 components	 necessary	 to	 make	 that	 a	 relatively	 simple	 task	 that	 can	 be	
accomplished	fairly	quickly	and,	most	significant,	without	adverse	impact	to	the	conformance	with	the	
remedial	 goals.	 All	 of	 the	 plans	 and	 specifications	 for	 the	 CTW	were	 approved	 by	NCDENR	 in	 the	
Mechanical	Treatment	System	Preconstruction	Report,	and	construction	could	begin	immediately.	The	
necessary	 controller	 capacity	 and	 piping	 is	 included	 in	 the	 present	 design	 for	 the	 lift	 stations	 and	
treatment	processes	being	installed.	As	a	result	it	would	be	relatively	easy	to	install	the	CTW	at	a	later	
date	without	interrupting	the	operation	of	the	mechanical	treatment	system.	

As	a	result	of	these	findings	the	Parties	would	like	NCDENR	to	approve	a	modification	to	the	remedy	
for	the	Site	to	eliminate	from	the	natural	treatment	system	the	CTW.	The	modified	treatment	system	
would	send	the	extracted	groundwater	and	leachate	through	the	free	organics	removal	system	and	
metals	removal	system	as	was	always	intended.	The	original	plan	was	to	divert	the	flow	at	this	point	
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to	the	CTW	if	capacity	was	available.	If	not,	the	flow	would	be	directed	to	the	air	stripper	and	then	to	
the	advanced	oxidation	system	(PhotoCat).		

In	 the	 proposed	 modification	 the	 groundwater	 and	 leachate	 would	 follow	 the	 same	 treatment	
sequence	 as	 before,	 but	 the	 entire	 flow	 leaving	 the	metals	 removal	 system	would	 all	 be	 directed,	
initially,	to	the	air	stripper.	After	air	stripping	the	flow	will	be	sent	to	the	phytoremediation	system	if	
capacity	is	available,	or	to	the	PhotoCat1	and	discharged	to	the	City	of	High	Point	Eastside	Wastewater	
Treatment	 Plant	 if	 capacity	 is	 not	 available.	 In	 effect,	 this	 would	 be	 using	 the	 air	 stripper	 as	 an	
alternative	 treatment	 technology	 to	 the	 CTW	 when	 discharging	 to	 the	 phytoremediation	 system.	
Testing	performed	in	2010	by	the	Parties	indicates	that	the	treatment	efficiency	of	the	air	stripper	is	
approximately	equal	to	that	expected	with	the	CTW	for	cVOCs.	

The	Parties	propose	to	monitor	the	cVOC	levels	in	the	soil	and	divert	flow	from	the	air	stripper	inlet	to	
the	phytoremediation	system	if	testing	of	the	soils	supports	higher	cVOC	dosing	rates.	This	will	have	
the	effect	of	maximizing	the	treatment	capacity	of	the	phytoremediation	system.	This	will	require	that	
the	Parties	monitor	the	cVOC	levels	in	the	soil	as	they	stabilize	and	increase	the	flow	of	untreated	water	
until	 equilibrium	 is	 achieved.	 The	 attached	 report	 includes	 a	 proposed	 sampling	 plan	 intended	 to	
monitor	the	cVOC	concentrations	in	the	soils.	

Section	5B	of	the	SOW	provides	that	amendments	or	modifications	to	the	SOW,	to	the	implementation	
schedule	 set	 forth	 in	 the	 SOW	 or	 the	 reports	 or	 plans	 submitted	 pursuant	 to	 the	 SOW	 shall	 be	
implemented	through	Technical	Memoranda	submitted	by	the	Responsible	Parties	and	approved	in	
writing	by	the	NCDENR	Division	of	Waste	Management.	The	Parties	feel	that	the	requested	change	in	
the	approved	remedy	is	a	modification	to	the	plans	submitted	in	the	Pre-construction	Report,	which	
was	submitted	pursuant	to	Section	A1	of	the	SOW.	The	Parties	request	approval	of	this	modification	to	
the	proposed	remedy.	 If	 there	are	any	questions,	or	 if	we	may	be	of	any	assistance	on	 this	matter,	
please	feel	free	to	contact	Jim	LaRue	at	(281)	431-3571	or	Gary	Babb	at	(919)	325-0696.	

Respectfully,	

Seaboard Group II and City of High Point 

	
James	C.	LaRue	
Oversight	Consultant		

Attachment	

4. cc	 Jackie	Drummond,	NCDENR	
5. 	 Chris	Thomson,	City	of	High	Point	
6. 	 Dave	Roberson,	SGII	
7. 	 Gary	Babb,	City	of	High	Point	
8. 	 Randy	Smith,	SGII	
9. 	 Steve	Earp,	Esq.	City	of	High	Point	
10. 	 Amos	Dawson,	Esq.,	SGII	
11. 	 Tom	Wilson,	ERM-NC	
12. 	 Ari	Ferro,	URS	Corporation	
13. 	 Chris	Cuomo,	ERM-NC	
	

	

																																																																				
1	PhotoCat	is	a	registered	trademark	of	Purifics	ES,	Inc.	of	London,	Ontario,	Canada.	
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TO:	 	 VANCE	JACKSON,	P.G.	

FROM:	 	 SEABOARD	GROUP	II	AND	CITY	OF	HIGH	POINT	

SUBJECT:	 	 TECHNICAL	MEMORANDUM	NO.	E-4	

DATE:	 	 	

Seaboard	Group	II	and	City	of	High	Point	(Parties)	hereby	request	that	the	construction	
schedule	contained	in	the	Remedial	Action	Settlement	Agreement	(RASA)	Scope	of	Work,	
as	modified	by	earlier	Technical	Memoranda,	be	further	modified.	Due	to	circumstances	
beyond	the	Parties	control,	certain	key	components	of	the	mechanical	treatment	system	
will	not	be	available	for	delivery	at	the	times	originally	anticipated.	

Specifically,	the	order	for	the	PhotoCat1	advanced	oxidation	system	was	entered	on	April	
28,	2010	with	the	issue	of	Purchase	Order	1047	in	the	amount	of	$1,511,600	for	the	entire	
PhotoCat	 system	 including	 the	 advanced	 oxidation	 system,	 the	 organics	 separation	
system,	the	metals	removal	system	and	the	air	stripper	system.	That	order	had	an	original	
estimated	construction	schedule	of	26	weeks.		

That	order	was	 followed	by	Purchase	Order	1047A	 in	 the	amount	of	$497,000	 for	 Lift	
Stations	Numbers	1	and	2.	The	LS-2	lift	station	was	to	be	incorporated	into	the	PhotoCat	
system,	 and	 LS-1	 was	 a	 separate	 stand-alone	 structure.	 As	 a	 result,	 the	 construction	
schedule	was	extended	 to	26	weeks	 from	August	18,	 2010.	Originally	 the	 system	was	
scheduled	for	delivery	on	October	26,	2010	and	this	modification	extended	the	delivery	
until	February	16,	2011.	This	would	have	been	in	ample	time	to	finish	the	construction	by	
the	original	March	28,	2011	deadline.	

Unfortunately,	as	construction	has	progressed	the	vendor	has	experienced	several	delays	
on	equipment	deliveries	beginning	with	the	shipping	containers	that	house	the	systems.	
This	was	addressed	by	changing	the	specified	type	of	container	and	delivery	on	schedule	
was	 still	 thought	 possible.	 However,	 recently	 there	 have	 been	 additional	 delays	 in	
equipment	deliveries	that	have	placed	the	anticipated	delivery	of	the	finished	system	to	
the	site	around	July	31,	2011.	

In	addition,	the	requirements	of	the	North	Carolina	Modular	Building	Regulations	have	
been	determined	 to	be	 applicable	 to	 the	 installation	of	 all	 structures	 at	 the	 Site.	 This	
meant	 that	 the	 Guilford	 County	 and	 City	 of	 High	 Point	 Building	 Permits	 were	 to	 be	
evaluated	and	issued	in	accordance	with	those	rules.	This	required	that	a	structural	and	
electrical	 engineer	 certify	 the	design,	 and	 those	applications	were	 submitted	with	 the	
required	 certifications.	 Unfortunately,	 this	 delayed	 the	 installation	 of	 the	 electrical	
distribution	 system,	 the	 concrete	 pads	 and	 the	 structures.	 The	 delay	 in	 the	 pads	 has	
further	delayed	the	project,	as	they	must	be	poured	and	finished	and	allowed	to	cure	for	

																																																																				
1	PhotoCat	is	a	registered	trademark	of	Purifics	ES,	Inc.	of	London,	Ontario,	Canada.	
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two	weeks	before	the	containers	are	placed.	The	permits	have	been	obtained	at	this	time	
and	the	concrete	pouring	will	commence	on	or	before	July	1,	2011.	

The	Parties	request	that	the	construction	schedule	in	the	scope	of	work	be	extended	to	
reflect	 completion	 of	 construction	 by	 September	 30,	 2011	 to	 allow	 for	 the	 delays	 in	
component	deliveries.	This	will	allow	for	delivery	and	setup	to	be	finished	according	to	
the	 revised	 schedule	 even	 if	 there	 are	 other	 minor	 delays	 affecting	 construction	
completion.	This	places	the	completion	of	the	period	to	test	and	correct	deficiencies	in	
the	system	at	6	months	after	September	30,	2011	or	March	31,	2012.	

Attached	for	your	review	you	will	find	a	copy	of	the	June	20,	2011	progress	report	from	
the	key	equipment	supplier.	As	indicated	by	Purifics,	ES,	Inc.	in	this	report	in	Section	2,	
the	Parties	have	scheduled	the	Factory	Acceptance	inspection	for	July	6	and	7,	2011,	and	
the	first	shipment	of	two	sections	of	the	mechanical	treatment	system	structure,	the	LS-
2	containers	and	the	single	stand-alone	structure	containing	LS-1	will	be	shipped	the	week	
of	July	11,	2011.	That	will	be	followed	by	a	shipment	of	three	sections	of	the	PhotoCat	
structure	during	the	week	of	July	18,	2011.	This	will	be	followed	by	a	final	shipment	of	
two	containers	during	the	week	of	July	25,	2011.	Therefore,	by	the	end	of	July	all	of	the	
containers	 should	be	on-site	and	 the	process	of	 connecting	 the	electrical,	 control	 and	
piping	feeds	can	begin.	

The	 Parties	 respectfully	 request	 that	 you	 approve	 this	 extension	 to	 the	 construction	
schedule,	and	modification	to	the	Scope	of	Work	in	the	RASA.	If	there	are	any	questions,	
or	if	we	may	be	of	any	assistance	on	this	matter,	please	feel	free	to	contact	Jim	LaRue	at	
(281)	431-3571	or	Gary	Babb	at	(919)	325-0696.	

Respectfully,	

Seaboard	Group	II	and	City	of	High	Point	

	
James	C.	LaRue,	Oversight	Consultant		
Seaboard	Group	II	

	
Gary	D.	Babb,	P.G.,	Oversight	consultant	
City	of	High	Point	

Attachment	
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TO:	 	 VANCE	JACKSON,	P.G.	
	 JACKIE	DRUMMOND	

FROM:	 SEABOARD	GROUP	II	AND	CITY	OF	HIGH	POINT	
SUBJECT:	 TECHNICAL	MEMORANDUM	NO.	E-5	

DATE:	 	 	

Seaboard	Group	II	and	City	of	High	Point	(Parties)	hereby	request	that	the	construction	
schedule	contained	in	the	Remedial	Action	Settlement	Agreement	(RASA)	Scope	of	Work,	
as	modified	by	earlier	Technical	Memoranda,	be	further	modified.	Due	to	circumstances	
beyond	the	Parties	control	certain	key	components	of	the	mechanical	treatment	system	
must	be	modified	so	that	the	system	can	be	certified	in	order	that	the	City	of	High	Point	
and	 Guilford	 County	 Building	 Departments	 can	 issue	 the	 Certificates	 of	 Occupancy	
required	to	operate	the	units.	At	this	time,	the	Parties	have	performed	the	modifications	
required,	and	await	the	recertification	by	the	third-party	certification	agent	before	asking	
for	the	final	inspection.	

The	requirements	of	the	North	Carolina	Modular	Building	Regulations	were	determined	
to	be	applicable	to	the	installation	of	all	structures	at	the	Site.	This	meant	that	the	Guilford	
County	and	City	of	High	Point	Building	Permits	were	required	to	be	issued	in	accordance	
with	those	rules	prior	to	commencing	work.	This	required	that	a	structural	and	electrical	
engineer	 certify	 the	 design,	 and	 those	 applications	were	 submitted	with	 the	 required	
certifications	before	construction	commenced.	As	construction	has	progressed,	certain	
changes	have	been	necessary	to	the	electrical	wiring	and	components	in	the	system.	This	
requires	 that	 QPS,	 the	 third-party	 certification	 agent,	 inspect	 and	 reissue	 their	
certification	prior	to	the	Parties	asking	that	the	City	of	High	Point	and	Guilford	County	
inspect	the	system	and	issue	the	Certificates	of	Occupancy	needed.	

The	Parties	request	that	the	construction	schedule	in	the	scope	of	work	be	extended	to	
reflect	completion	of	construction	by	December	31,	2011	to	allow	for	these	delays.	All	
construction,	 as	 it	 relates	 to	 the	 system	 mechanical	 components	 and	 electrical	
modifications	has	been	completed	at	this	time.	This	placed	the	completion	of	the	period	
to	test	and	correct	deficiencies	 in	the	system	at	6	months	after	December	31,	2011	or	
June	30,2012.	

The	Parties	respectfully	request	approval	of	this	extension	to	the	construction	schedule,	
and	modification	to	the	Scope	of	Work	in	the	RASA.	If	there	are	any	questions,	or	if	we	
may	be	of	any	assistance	on	this	matter,	please	feel	free	to	contact	Jim	LaRue	at	(281)	
431-3571	or	Gary	Babb	at	(919)	325-0696.	
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Respectfully,	

Seaboard	Group	II	and	City	of	High	Point	

	
James	C.	LaRue,	Oversight	Consultant		
Seaboard	Group	II	
	

	
Gary	D.	Babb,	P.G.,	Oversight	consultant	
City	of	High	Point	
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TO:	 	 NORTH	CAROLINA	DEPARTMENT	OF	ENVIRONMENT	AND	NATURAL	
RESOURCES	

ATTN:	 	 QU	QI,	P.G.,	HAZARDOUS	WASTE	SECTION	
	 Jacyline	Drummond,	Solid	Waste	Section	

From:	 SEABOARD	GROUP	II	AND	CITY	OF	HIGH	POINT	
Subject:	 TECHNICAL	MEMORANDUM	NO.	E-6	

DATE:	 	 JUNE	18,	2012	

Seaboard	Group	II	and	City	of	High	Point	(Parties)	hereby	request	that	the	construction	
schedule	contained	in	the	Remedial	Action	Settlement	Agreement	(RASA)	Scope	of	Work,	
as	modified	by	earlier	Technical	Memorandum	E-5,	be	extended.	Due	to	circumstances	
beyond	the	Parties’	control,	certain	key	components	of	the	treatment	system	(System)	
have	not	been	completed	to	the	requirements	of	the	contractual	specifications,	and	full	
operation	has	not	proved	possible.	This	is	not	attributable	to	the	mechanical	or	electrical	
components	of	the	System	installed	by	the	Parties.	Those	portions	of	the	System	were	
completed	in	October	of	2011.		

At	that	time,	the	Parties	and	their	contractors	began	to	make	preparations	to	place	the	
System	into	operation.	On	October	25,	2011	they	made	their	first	effort	to	operate	the	
System.	Unfortunately,	despite	best	efforts,	that	attempt	was	unsuccessful.	A	series	of	
modifications	were	made	to	address	the	safety	of	the	System,	correct	issues	identified	by	
the	Building	and	Fire	Code	inspectors	and	bring	all	components	into	compliance	with	the	
North	 Carolina	 Building	 Code,	 including	 the	Modular	 Building	 Code,	 and	 the	 National	
Electric	Code	(“NEC”),	along	with	other	regulatory	requirements	necessary	for	issuance	
of	Certificates	of	Occupancy	(COs)	required	before	full	operation	could	be	attempted.		

The	requirements	of	the	North	Carolina	Modular	Building	Code	were	determined	to	be	
applicable	 to	 the	 installation	 of	 all	 structures	 at	 the	 Site.	 This	 required	 that	 Guilford	
County	and	City	of	High	Point	Building	Permits	be	issued	in	accordance	with	the	applicable	
rules	prior	to	commencing	work,	and	that	those	agencies	 issue	COs	before	the	System	
was	placed	into	full	operation.	A	registered	professional	structural	and	electrical	engineer	
were	required	to	certify	the	design,	and	applications	were	submitted	with	the	required	
certifications	 before	 construction	 commenced	 in	 early	 August	 2011.	 As	 construction	
progressed,	certain	changes	were	necessary	to	the	electrical	wiring	and	components	in	
the	 System.	 This	 required	 that	QPS,	 the	 third-party	 certification	 agent,	 re-inspect	 and	
reissue	its	certification	prior	to	the	Parties	requesting	the	City	of	High	Point	and	Guilford	
County	to	re-inspect	the	system	and	issue	the	COs.	Both	Guilford	County	and	the	City	of	
High	Point	issued	the	necessary	COs	by	the	end	of	January	2012.	

Upon	 receiving	 the	COs,	 the	 Parties	 began	 the	process	 of	 starting	 up	 the	 System	and	
testing	 its	 controls,	 interlock	 and	 alarms.	 It	 was	 determined	 at	 that	 time	 there	 were	
numerous	defects	and	deficiencies	in	the	control	and	instrumentation	system	(SCADA),	
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that	there	were	numerous	pump	and	valve	problems	and	several	of	the	specified	alarms	
and	 interlocks	were	not	 functional	 as	 they	 related	 to	 the	 lift	 stations	or	 the	PhotoCat	
system®1.	 The	 Parties	 promptly	 notified	 Purifics,	 the	Manufacturer	 of	 the	 System	and	
responsible	for	providing	the	controls	and	instrumentation	software,	of	the	defects	and	
deficiencies	in	the	System	components	and	demanded	immediate	correction.	This	lead	to	
numerous	attempts	by	Purifics	to	correct	these	defects	and	deficiencies.	In	addition,	the	
Parties	retained	an	automation	firm	from	North	Carolina	to	assist	in	this	effort.	In	spite	of	
these	 diligent	 and	 persistent	 efforts	 by	 the	 Parties,	 Purifics	 has	 failed	 to	 correct	 the	
deficiencies	and	defects	 in	the	equipment	and	software	 it	sold	to	the	Parties.	Because	
Purifics	is	based	in	Canada,	it	has	proved	very	difficult	for	the	Parties	to	expedite	repairs.	

For	these	reasons	beyond	the	control	of	the	Parties,	the	Parties	respectfully	request	that	
the	schedule	in	the	Scope	of	Work	for	placing	the	System	into	full	operation	be	extended	
from	 July	 1,	 2012,	 to	 December	 31,	 2012.	 All	 construction	 relating	 to	 the	 System’s	
mechanical	components	and	electrical	distribution	has	been	completed	at	this	time,	and	
the	Parties	have	been	issued	the	necessary	COs	to	operate	the	System.	The	requested	
extension	to	December	31,	2012	will	allow	six	additional	months	to	effect	correction	of	
the	Manufacturer’s	defects	and	deficiencies,	 test	 the	System,	perform	 the	other	 tasks	
described	in	the	Pre-constriction	Report,	and	place	the	System	into	operation.	

The	Parties	respectfully	request	approval	of	this	extension	to	the	construction	schedule,	
and	modification	to	the	Scope	of	Work	in	the	RASA.	If	there	are	any	questions,	or	if	we	
may	be	of	any	assistance	this	matter,	please	feel	free	to	contact	Jim	LaRue	at	(281)	431-
3571	or	Gary	Babb	at	(919)	325-0696.	

Respectfully,	

Seaboard	Group	II	and	City	of	High	Point	

	
James	C.	LaRue,	Oversight	Consultant		
Seaboard	Group	II	
	

	
Gary	D.	Babb,	P.G.,	Oversight	Consultant	
City	of	High	Point	
	

	

																																																																				
1	PhotoCat	is	a	registered	trademark	of	Purifics	ES,	Inc.	of	London,	Ontario,	Canada	
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To:	 	 	 North	Carolina	Department	of	Environment	and	Natural	Resources	

ATTN:	 	 Qu	Qi,	P.G.,	Hazardous	Waste	Section	
	 	 	 Jackie	Drummond,	Solid	Waste	Section	

From:	 	 Seaboard	Group	II	and	City	of	High	Point	

Subject:	 Technical	Memorandum	No.	E-7	

Date:	 	 April	10,	2013	

Seaboard	Group	II	and	City	of	High	Point	(Parties)	hereby	request	that	the	construction	schedule	contained	
in	 the	 Remedial	 Action	 Settlement	 Agreement	 (RASA)	 Scope	 of	 Work,	 as	 modified	 by	 several	 earlier	
Technical	Memoranda	(including	the	most	recent,	TM	E-6),	be	further	extended.	Despite	their	best	efforts	
and	due	to	circumstances	beyond	the	Parties’	control,	certain	key	components	of	the	treatment	system	
(System)	 have	 not	 been	 completed	 due	 to	 requisite	 process	 changes	 that	 are	 in	 progress,	 making	 full	
operation	impossible	at	this	time.		

As	you	are	aware,	this	system	has	been	subject	to	a	series	of	delays	in	achieving	sustained	operation.	The	
Parties	retained	an	automation	contractor	in	early	2012	and	undertook	the	development	of	completely	new	
hardware	 and	 software	 to	manage	 the	 System	 process	 and	 provide	 the	 necessary	 alarm	 and	 interlock	
functions.	This	was	addressed	earlier	in	TM-E6,	and	was	necessitated	by	the	fact	that	the	original	equipment	
manufacturer,	Purifics	ES,	Inc.	of	London,	Ontario,	Canada	(Purifics),	failed	to	provide	a	complete	and	fully	
functioning	remedial	system	as	specified	in	their	proposal	and	in	violation	of	their	contractual	obligations.	
Purifics	has	also	refused	to	return	to	the	project	and	complete	their	scope	of	work	after	repeated	requests	
and	demands.		

At	this	time,	the	work	has	been	completed	by	the	new	automation	contractor.	By	December	31,	2012,	as	
specified	in	TM	E-6,	all	of	the	necessary	automation	software	and	hardware	had	been	prepared,	installed	
and	tested,	and	the	Parties	commenced	an	initial	startup.	Because	this	System	requires	a	phased	startup,	
the	initial	testing	required	that	city	water	be	pumped	through	the	system	from	Lift	Station	1	(LS-1)	to	Lift	
Station	 2	 (LS-2)	 and	 then	 into	 the	 remaining	 components	 in	 the	 Effluent	 Treatment	 System.	 That	 test	
commenced	in	early	January	2013.	Unfortunately,	that	initial	test	revealed	certain	deficiencies	in	the	control	
system	requiring	additional	programming	and	testing.	That	work	was	authorized	immediately	and	has	now	
been	completed.	

While	 the	System	was	 shut	down,	 the	Parties	decided	 to	 collect	and	analyze	 samples	 to	determine	 the	
metals	 content	 of	 the	 leachate	 and	 groundwater	 to	 estimate	 the	 rate	 of	 sludge	 generation	 in	 order	 to	
anticipate	 the	metals	 removal	 system	maintenance	 requirements.	 Historically,	 the	 iron	 content	 of	 the	
leachate	was	reported	to	be	in	the	10-	to	20-mg/l	range.	However,	this	sample	event	showed	results	much	
higher,	 in	 the	 100-	 to	 150-mg/l	 range.	 The	 Parties	 reviewed	 work	 done	 shortly	 after	 the	 Remedial	
Investigation	was	completed	and	the	RI	Report	submitted	to	DENR	to	evaluate	methods	to	address	 iron	
fouling	in	the	lines	running	from	LS-1	to	LS-2.	That	work	indicated	sequestration,	chelation	and	ion	exchange	
treatment	were	 not	 practical,	 but	 that	 aeration	was	 an	 option	worth	 considering.	 The	 option	 of	 doing	
nothing	was	also	considered	in	that	early	work	when	the	iron	level	was	thought	to	be	in	the	lower	range	
(10-	 to	 20-mg/l).	 It	 was	 concluded	 in	 the	 earlier	 work	 that	 a	 startup	 without	 any	 iron	 removal	 being	
performed	at	LS-1	was	a	viable	concept	in	order	to	determine	how	long	the	system	would	operate	without	
fouling	of	the	LS-1	to	LS-2	transfer	piping.	To	ensure	the	lines	could	be	reopened,	provisions	were	installed	
to	clean	the	LS-1	to	LS-2	transfer	lines.	

The	Parties	undertook	an	investigation	in	March	2013	to	determine:	

1. What	is	the	cause	of	the	increased	iron	levels;		
2. What	needs	to	be	done	to	reduce	the	iron	levels	before	the	transfer	from	LS-1	to	LS-2;		
3. What	effect	does	the	pH	have	on	the	iron	levels;	
4. What	effect	does	aeration	have	on	the	VOCs	in	the	transfer	liquid;	and	
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5. Does	the	iron	in	solution	function	effectively	to	drive	a	Fenton’s	reagent	reaction	and	reduce	some	
of	the	1,4-Dioxane	at	LS-1?	

To	perform	this	evaluation,	the	Parties	had	samples	of	the	 leachate	from	the	six	 leachate	tanks	(LCHT	1	
through	 5	 and	 the	 NIS	 Sump),	 groundwater	 from	 the	 landfill	 recovery	 wells	 (RWLF)	 and	 SIS	 wells	 and	
groundwater	from	PWDR-1	collected	and	analyzed	by	a	state	certified	laboratory.	A	pilot	study	was	then	
performed	to	evaluate	certain	objectives	of	the	investigation.		

The	conclusions	from	the	investigation	were	as	follows:	

1. The	cause	of	the	 increase	 in	 iron	 in	the	 leachate	was	undetermined.	There	are	several	possible	
theories	 as	 to	 the	 causes,	 including	 that	 there	 was	 undetected	 sample	 dilution	 of	 the	 earlier	
leachate	samples,	or	that	there	is	some	seasonal	effect	on	the	iron	levels	and	several	other	possible	
causes.	However,	because	 finding	 the	exact	cause	was	not	as	 important	as	determining	how	 it	
should	be	addressed,	the	Parties	deferred	this	portion	of	the	study.	

2. The	pilot	study	revealed	that	aeration	alone	did	not	significantly	reduce	the	iron	levels	in	the	LS-1	
transfer	liquid	(a	combination	of	leachate	and	the	RWLFS	and	SIS	wells).	In	fact,	after	two	hours	of	
aeration	 simulating	 fine	bubble	diffusion	 the	 iron	was	essentially	 the	 same	as	before	aeration.	
However,	it	did	reduce	the	VOC	levels	significantly.	It	also	had	very	little	effect	on	the	BOD5	or	COD,	
but	did	have	a	positive	overall	effect	on	the	VOC	reduction.	This	will	reduce	the	overall	load	on	the	
air	 stripper	 in	 the	 Effluent	 Treatment	 System	 and	 increase	 the	 overall	 system	destruction	 and	
removal	efficiency	(DRE).	

3. The	pilot	 study	also	 revealed	 that	a	 second	aeration	 for	 two	hours	 followed	by	 filtration	 to	50	
microns	did	have	a	significant	effect	on	the	iron	and	VOC	levels.	The	only	VOC	remaining	in	the	
post	filter	process	flow	was	acetone,	and	the	iron	was	reduced	to	less	than	0.25	mg/l.	The	study	
indicated	that,	other	than	to	drive	a	Fenton’s	reaction,	lowering	the	pH	of	the	liquid	had	no	positive	
effect.	It	also	revealed	that	raising	the	pH	had	very	little	effect	on	the	liquid.	There	was	indication	
that	a	Fenton’s	reaction	may	have	a	beneficial	effect	in	reducing	the	1,4-Dioxane	concentration	at	
a	lower	pH.	

These	results	indicate	that	aeration	alone	has	little	or	no	effect	on	the	iron	level	in	the	LS-1	transfer	water;	
however,	 aeration	 at	 LS-1	 has	 a	 beneficial	 effect	 on	 the	 process.	 It	 does	 strip	 some	 of	 the	 VOCs	 and	
precludes	the	potential	domination	of	the	 liquid	characteristics	by	the	leachate,	potentially	causing	 it	to	
become	anaerobic.	However,	to	avoid	fouling	of	the	transfer	piping	from	LS-1	to	LS-2,	it	will	be	necessary	
to	determine	a	method	to	flocculate	and	settle	or	filter	the	iron	in	the	LS-1	transfer	liquid	before	it	enters	
the	transfer	piping.	This	piping	consists	of	two	2”	HDPE	pipes	that	flow	up-hill	from	LS-1	to	LS-2,	presenting	
an	ideal	condition	for	settling	and	iron	deposition.	The	results	also	indicated	that	a	second	stage	of	aeration	
followed	 by	 filtration	 before	 the	 liquid	 is	 transferred	 into	 the	 Effluent	 Treatment	 System	 also	 have	 a	
beneficial	effect	on	the	process	by	further	reducing	the	loading	on	the	air	stripper	and	eliminating	most	of	
the	iron	and	solids	from	the	process.	This	reduces	the	loading	on	the	“Metals	Removal	Vat”	in	the	Effluent	
Treatment	System	and	on	the	air	stripper	and	advanced	oxidation	process	when	in	operation.	The	results	
also	 indicated	that	by	using	iron	as	a	catalyst	and	lowering	the	pH	of	the	liquid,	titration	with	Hydrogen	
Peroxide	will	reduce	1,4-Dioxane	by	the	Fenton’s	reaction	process.	This	may	become	important	if	the	mass	
of	1,4-Dioxane	entering	the	system	exceeds	the	treatment	system’s	capacity	to	destroy	it.	However,	the	
reduction	seen	in	this	crude	experiment	was	about	65%,	and	considerably	more	study	would	be	needed	to	
refine	the	process.	The	data	was	collected	only	for	reference	in	the	event	it	 is	determined	at	some	later	
date	that	it	may	be	beneficial	to	address	some	of	the	mass	of	1,4-Dioxane	earlier	in	the	process.	

Up	until	this	point,	the	Parties	have	considered	that	they	were	in	the	6-month	testing	and	evaluation	period,	
and	that	regardless	of	all	the	difficulties	and	delays	they	would	complete	the	drawdown	test	and	capture	
zone	test	and	be	ready	to	submit	the	Completion	Report	by	June	30,	2013.	Unfortunately,	within	the	past	
few	days	we	have	determined	 that	 goal	 does	not	 appear	 to	be	 achievable.	We	have	been	 informed	of	
extended	delivery	times	for	system	components	that	will	press	the	schedule	and	likely	make	full	startup	by	
July	1,	2013	unachievable.	The	oversight	consultants	have	therefore	informed	the	Parties	that	submission	
of	 TM	 E-7	 is	 needed	 to	 request	 an	 additional	 extension	 of	 time.	 The	 exact	 duration	 of	 the	 necessary	



Construction	Completion	Report	
Seaboard	Group	II	and	City	of	High	Point	

ATTACHMENT	5	 PAGE	-	117	

extension	cannot	be	determined	until	we	confirm	the	delivery	dates	for	the	long-lead	components,	but	to	
be	safe	the	Parties	request	the	schedule	be	extended	until	December	31,	2013.		

This	delay	 is	 also	 caused	by	 the	components	 supplied	by	Purifics.	All	of	 the	valves	and	 instrumentation	
Purifics	 installed	 were	 either	 the	 Canadian	 or	 the	 European	 models,	 and	 the	 Manufacturers	 in	 North	
Carolina	 and	 their	 U.S.A.	 supply	 sources	 do	 not	 support	 those	 versions	 of	 the	 various	 components.	
Therefore,	with	every	order	it	is	necessary	to	either	special	order	the	component	or	to	cross-reference	and	
locate	the	U.S.	equivalent.	This	has	resulted	in	long	lead	times	for	modification	or	repair	of	several	necessary	
components.	

Some	of	the	modifications	are	underway	at	this	time.	These	include	the	installation	of	the	aeration	at	LS-1,	
the	 installation	of	 a	 new	 filter	 building	near	 LS-2	 and	 revisions	 to	 some	piping	 to	 simplify	 and	 improve	
system	 flows.	We	 have	 also	modified	 the	Metals	 Removal	 Vat	 to	 enhance	 solids	 removal	 and	make	 it	
possible	to	add	and	properly	mix	treatment	chemicals	if	that	is	necessary.		

As	documented	herein,	the	Parties	have	used	best	efforts	and	expended	substantial	resources	to	remain	
on	schedule.	However,	for	reasons	beyond	the	control	of	the	Parties,	the	Parties	must	respectfully	request	
that	the	schedule	in	the	Scope	of	Work	for	placing	the	System	into	full	operation	be	extended	from	July	1,	
2013,	 to	 December	 31,	 2013.	 The	 requested	 extension	 to	 December	 31,	 2013	will	 allow	 six	 additional	
months	to	effect	correction	of	the	Manufacturer’s	defects	and	deficiencies,	test	the	System,	perform	the	
other	tasks	described	in	the	“Remedial	Action	Pre-Constriction	Report”	(ERM-NC,	PC,	December	28,	2009)	
and	place	the	System	into	operation.	

The	Parties	respectfully	request	approval	of	this	extension	to	the	construction	schedule,	and	modification	
to	the	Scope	of	Work	in	the	RASA.	If	there	are	any	questions,	or	if	we	may	be	of	any	assistance	this	matter,	
please	feel	free	to	contact	Jim	LaRue	at	(281)	431-3571	or	Gary	Babb	at	(919)	325-0696.	

Respectfully,	

Seaboard	Group	II	and	City	of	High	Point	

	
James	C.	LaRue,	Oversight	Consultant		

Seaboard	Group	II	

	
Gary	D.	Babb,	P.G.,	Oversight	Consultant	

City	of	High	Point	
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To:	 	 	 North	Carolina	Department	of	Environment	and	Natural	Resources	

ATTN:	 	 Larry	Stanley,	Hazardous	Waste	Section	
	 	 	 Jackie	Drummond,	Solid	Waste	Section	

From:	 	 Seaboard	Group	II	and	City	of	High	Point	

Subject:	 Technical	Memorandum	No.	E-8	

Date:	 	 January	15,	2014	

Seaboard	 Group	 II	 and	 City	 of	 High	 Point	 (Parties)	 hereby	 request	 that	 the	 Remedial	 Monitoring	 and	
Effectiveness	Evaluation	Plan	 (EEP),	as	 included	 in	 the	Remedial	Action	Preconstruction	Report	 (PCR)	as	
Attachment	E,	be	revised	as	indicated	in	the	attached	document.	After	review	by	the	Parties,	it	has	been	
determined	that	 the	plan	submitted	with	the	PCR	did	not	have	the	benefit	of	 the	data	and	 information	
obtained	since	it	was	prepared.	Therefore,	some	of	the	requirements	were	unnecessary,	some	were	better	
addressed	in	a	different	manner,	and	some	were	not	considered	at	all.		

The	Parties	have	prepared	a	revised	EEP	that	takes	into	account	this	recent	information,	and	modifies	and	
expands	the	data	collection	and	monitoring	planned	for	the	Site.	It	revises	the	groundwater	and	surface	
water	monitoring	to	reflect	the	Randleman	Reservoir	having	reached	its	normal	pool,	and	collects	water	
level	data	from	additional	locations,	including	from	wells	on	properties	north	of	the	Site,	to	better	monitor	
the	capture	zone	for	the	contaminant	plume.	

The	 Parties	 respectfully	 request	 concurrence	 with	 this	 revised	 Remedial	 Monitoring	 and	 Effectiveness	
Evaluation	Plan	and	modification	to	the	Remedial	Action	Preconstruction	Plan,	Attachment	E.	If	there	are	
any	questions,	or	if	we	may	be	of	any	assistance	this	matter,	please	feel	free	to	contact	Jim	LaRue	at	(281)	
431-3571	or	Gary	Babb	at	(919)	325-0696.	

Respectfully,	

Seaboard	Group	II	and	City	of	High	Point	

	
James	C.	LaRue,	Oversight	Consultant		

Seaboard	Group	II	

	
Gary	D.	Babb,	P.G.,	Oversight	Consultant	

City	of	High	Point	
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To:	 	 	 North	Carolina	Department	of	Environment	and	Natural	Resources	

ATTN:	 	 Larry	Stanley,	Hazardous	Waste	Section	
	 	 Jackie	Drummond,	Solid	Waste	Section	

From:	 	 Seaboard	Group	II	and	City	of	High	Point	

Subject:	 Technical	Memorandum	No.	E-9	

Date:	 	 May	29,	2014	

Seaboard	Group	II	and	City	of	High	Point	(Parties)	hereby	request	that	the	construction	schedule	contained	
in	 the	 Remedial	 Action	 Settlement	 Agreement	 (RASA)	 Scope	 of	 Work,	 as	 modified	 by	 several	 earlier	
Technical	Memoranda	(including	the	most	recent,	TM	E-8),	be	further	extended.	Despite	our	best	efforts,	
and	due	to	circumstances	beyond	the	Parties’	control,	certain	key	components	of	the	treatment	system	
(System)	have	not	been	completed	due	 to	delays	 in	 the	delivery	of	certain	components	needed	 for	 the	
solids	removal	modifications	in	progress	at	this	time.	

As	you	are	aware,	this	system	has	been	subject	to	a	series	of	delays	in	achieving	sustained	operation.	The	
Parties	experienced	very	high	solids	loading	in	the	leachate	and	shallow	groundwater	recovered	at	the	Site.	
To	address	the	increase	in	solids	the	Parties	performed	several	tests	during	operations	to	determine	how	
the	removal	should	best	be	addressed.	That	resulted	in	a	process	design	change	to	add	a	hydrocyclone	to	
the	 discharge	 line	 from	 LS-1	 into	 the	 filter	 building,	 and	 another	 hydrocyclone	 before	 the	 filter	 in	 the	
backwash	 line	for	the	 large	filters	 located	 in	the	filter	building.	The	components	for	these	modifications	
were	ordered	in	early	May	and	some	have	not	yet	been	delivered.	

In	addition	to	the	mechanical	changes,	there	is	a	study	being	performed	by	chemist	retained	by	the	Parties	
to	determine	the	proper	pH	to	adjust	the	incoming	groundwater	and	leachate	to	in	order	to	facilitate	the	
solids	flocculation	and	filtration	in	the	filter	building.	The	preliminary	indication	is	that	the	pH	may	need	to	
be	adjusted	to	4.5,	or	lower,	to	allow	adequate	removal	of	metals.	This	study	should	be	completed	during	
June	and	the	necessary	equipment	installed	by	the	end	of	July.	

Finally,	 the	 Parties	 have	 ordered	 all	 of	 the	 equipment	 needed	 to	 install	 the	 seven	 additional	 level	
transducers	 in	 the	 additional	 wells	 included	 in	 the	 modified	 Remedial	 Monitoring	 and	 Effectiveness	
Evaluation	Plan	(RMEEP).	The	suppliers	have	not	shipped	some	of	these	parts	to	the	Site	at	this	time.	The	
estimated	delivery	and	modification	completion	is	scheduled	now	for	mid-August.	

All	of	these	delays	have	raised	concerns	that	the	schedule	as	approved	in	Technical	Memorandum	E-8	will	
not	be	achieved.	The	Parties	will	not	have	all	the	equipment	installed	until	at	least	mid-August,	and	need	
time	after	that	to	test	and	stabilize	the	system	as	well	as	to	collect	sufficient	data	to	be	able	to	prepare	and	
submit	the	Construction	Completion	Report.	As	documented	herein,	the	Parties	have	used	their	best	efforts	
and	expended	substantial	resources	to	remain	on	schedule.	However,	for	reasons	beyond	the	control	of	
the	Parties,	the	Parties	must	respectfully	request	that	the	schedule	in	the	Scope	of	Work	for	placing	the	
System	into	operation	be	extended	until	December	31,	2014.	

The	Parties	respectfully	request	approval	of	this	extension	to	the	construction	schedule,	and	modification	
to	the	Scope	of	Work	in	the	RASA.	If	there	are	any	questions,	or	if	we	may	be	of	any	assistance	this	matter,	
please	feel	free	to	contact	Jim	LaRue	at	(281)	431-3571	or	Gary	Babb	at	(919)	325-0696.	

Respectfully,	

Seaboard	Group	II	and	City	of	High	Point	

	
James	C.	LaRue,	Oversight	Consultant		

	
Gary	D.	Babb,	P.G.,	Oversight	Consultant	
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To:	 	 North	Carolina	Department	of	Environmental	Quality	

ATTN:	 	 Joe	Ghieold,	Hazardous	Waste	Section	
	 	 Jackie	Drummond,	Solid	Waste	Section	

from:	 	 Seaboard	Group	II	and	City	of	High	Point	

subject:	 Technical	Memorandum	No.	E-10	

Date:	 	 November	14,	2016	

Seaboard	 Group	 II	 and	 City	 of	 High	 Point	 (Parties)	 have	 determined	 that	 certain	modifications	 to	 the	 remedial	
treatment	system	at	the	Seaboard	Chemical	Corporation	and	Riverdale	Drive	Landfill	(Site)	were	necessary	in	order	
to	improve	the	operating	reliability,	performance	and	solids	handling.	Those	modifications	are	as	follows:	

Clarifier Installation 

In prior Technical Memoranda, the Parties have addressed the higher than expected amount of 
solids separating from the groundwater and leachate during processing that foul the equipment 
and require frequent shutdowns for cleaning and repairs. To address this issue the Parties 
installed enhanced filtration with the addition of the Filter Building. When the system was 
restarted after that modification was installed several variations of system chemistry were tested 
to determine whether the solids could be kept in solution until they could be deposited on a set 
of large dual media filters. Although this approach showed some improvement, it did not prove 
to be adequate to ensure stable long term operation of the system.  

As a result, the Parties retained the services of Hazen and Sawyer in the summer of 2015 to 
conduct on-site testing and recommend physical and chemical changes to improve system 
stability and prevent fouling of pumps, valves, pipes and other components. Hazen and Sawyer 
issued their report in July 2015 and recommended that a Clarifier be installed before flow enters 
the Filter Building and that additional sludge handling equipment be added to the system. In 
addition, they recommended changes to system chemistry. A copy of the Hazen and Sawyer 
report was submitted to the North Carolina Department of Environmental Quality (DEQ) in an 
earlier report. 

The Parties approved the plans for the Clarifier modification, and construction commenced in 
early January 2016. Prior to commencing construction, a full set of the plan drawings for the 
proposed modifications was provided to DEQ. Construction consisted of installing a Clarifier 
immediately behind the Filter Building. The process piping was modified to direct flow from all 
groundwater and leachate sources to the Clarifier inlet.  

The Clarifier is a conical bottomed cylindrical vessel approximately 18-feet in diameter and 15-
feet high. It has an internal mixing zone where ferric chloride and hydrated lime are added to 
the flow and thoroughly mixed before entering the settling zone where the precipitate that forms 
is settled. The settled material is moved to the center of the Clarifier by a set of rakes where it 
is pumped to the solids handling equipment. The clarified process flow overflows from the 
Clarifier into the Aeration Tank (T-600) in the Filter Building. The remaining portions of the 
treatment system were not modified. A simplified flow diagram is attached. 

Sludge Handling Equipment installation 

Sludge is pumped from the bottom of the Clarifier by a set of progressive cavity pumps which 
transfer it to one of the two sludge dewatering boxes mounted on elevated stands behind the 
Maintenance Building. The progressive cavity pump in service draws the sludge from the Clarifier. 
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At this point the sludge is very thin; therefore, a polymer is added at the suction of the 
progressive cavity pump which further coagulates the sludge as it travels to the dewatering box. 
Once it arrives in the dewatering box, the sludge is retained by filter screens that line the 
dewatering box while the water drains to a sump which is pumped to the Clarifier Equalization 
Tank. The Equalization Tank receives that flow along with the backwash flow from the dual media 
filters in the Filter Building. The combined flows are pumped back to the Clarifier inlet. Each 
sludge dewatering box holds approximately 20 cubic yards of dewatered sludge. Once one 
dewatering box is full, flow is directed to the other box. The full box is allowed to sit until all the 
free water has drained. At that time, the box is tilted up and the low end is opened allowing the 
sludge to fall into a concrete basin. The sludge is tested quarterly for TCLP metals, and if it is 
below the limits, it used for structural fill on the landfill cap. If not, it disposed of as required by 
state regulations. 

AOP Unit Elimination 

In the original design of the remedial treatment system it was envisioned that there was a need 
for a backup system to be used in the event of a catastrophic loss of the phytoremediation 
system. To provide the backup system the Parties requested proposals for an advanced oxidation 
system to treat 1,4-dioxane and other organic contaminants to levels sufficient to allow 
discharge to the City of High Point East Side POTW. After an onsite pilot test that appeared to 
show satisfactory destruction of 1,4-dioxane and other VOC and cVOC compounds, the Parties 
purchased a titanium dioxide catalytic advanced oxidation system, referred to as the PhotoCat, 
manufactured by Purifics ES, Inc. of London, Ontario, Canada. That unit was warranted by 
Purifics to treat 1,4-dioxane and the residual organics to consistently produce an effluent that 
would meet the pretreatment permit limits for discharge to the City of High Point East Side 
POTW. 

Unfortunately, the Parties have determined that the PhotoCat unit is unable to meet the 
performance standards required under their contract and as warranted by Purifics. The PhotoCat 
and related equipment manufactured by Purifics were defective when delivered and failed to 
comply with the National Electric Code and other contractual requirements. After delivery and 
set up at the Site, Purifics was unable, after repeated attempts, to get the treatment system to 
operate as designed and warranted.  Purifics failed to respond to the Parties’ demands to cure 
the many defects in the system. Consequently, the Parties hired qualified contractors to effect 
the necessary repairs to the system. The Parties spent over $700,000 to make the necessary 
repairs, including reprogramming the SCADA control system. 

In April of 2015, the Parties filed a demand for arbitration against Purifics under the rules of the 
International Chamber of Commerce seeking recovery of the approximately $700,000 spent to 
repair and render operable the PhotoCat and related treatment system equipment manufactured 
by Purifics. The Parties also sought damages for failure of the PhotoCat to meet the warranted 
treatment standards. Alternatively, the Parties requested the Arbitrator to require Purifics to take 
back the PhotoCat and refund the purchase price to the Parties along with the costs of repair. 
Purifics denied and contested all of the Parties claims. An arbitration hearing was held in 
Greensboro NC during the last week of September 2016. A ruling by the Arbitrator on the Parties’ 
breach of contract and warranty claims is expected during the first quarter of 2017. Because the 
PhotoCat will not meet the pre-treatment standards for discharge to the POTW, it cannot be 
used as a backup system at the Site. Therefore, despite the Parties’ best efforts and the 
expenditure of millions of dollars, the Photocat unit is unable to be used as part of the treatment 
process at the Site.  

After making the repairs necessary to render the system operable, the Parties conducted short-
term test runs of the PhotoCat in the fall of 2014. These tests indicated that the PhotoCat unit 
was unable to achieve the necessary treatment limits for 1,4-dioxane of 3 ug/L to be suitable 
for discharge to the POTW. Further tests of the PhotoCat unit were delayed until the Clarifier 
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modifications were installed. As soon as the Clarifier modifications were complete, the Parties 
retained the services of Arcadis to provide a qualified expert to design an appropriate testing 
protocol and then to operate and test the PhotoCat to determine if it could meet the treatment 
limits. Arcadis provided an engineer who had extensive experience operating advanced oxidation 
systems, including the Purifics PhotoCat. The testing was conducted during August 2016. The 
tests indicated that given the high concentrations of 1,4-dioxane (approximately 3,000 ug/L) 
entering the PhotoCat, and other characteristics of the extracted groundwater and leachate 
entering the unit, including high concentrations of radical scavengers (bromide levels of 6-10 
mg/L), the PhotoCat unit, as presently configured, could not achieve the required treatment 
levels. Based on the observed conditions and the analytical data, Arcadis estimated that to install 
a unit that could meet the discharge limits would require approximately 5-times the existing UV-
lamp power, or roughly 1,000 KW. Not only would such a unit be impossible to operate due to 
the heat it would generate, but at 50 GPM, the fluid would boil inside the unit, removing any 
cooling for the lamps. This would result in damage that would disable the unit. Arcadis also 
identified a number of significant additional long term operating issues with the PhotoCat that 
are detailed in the report. A copy of the Arcadis report is attached. 

Because the effluent from the PhotoCat cannot be consistently treated to the required levels 
established in the City’s Pretreatment Permit, it cannot be operated, and the Parties are not able 
to discharge any treated effluent to the City’s POTW. The Parties have explored alternative 
technologies that might improve or replace the PhotoCat. However, the available alternative 
technologies are very limited due to the high levels of 1,4-dioxane in the groundwater and 
leachate and the presence of high levels of radical scavengers at this Site. At this time, the 
Parties have not been able to identify a suitable enhancement or replacement for the PhotoCat.  

The Parties recognize that having a backup unit would address concerns that may exist about 
the catastrophic loss of the tree stand. However, the tree stands have existed on the landfill cap 
for 9 years and have yet to experience significant tree loss. They are under the day-to-day 
supervision of a licensed forester, and the phytoremediation system is managed by an expert 
who conducts soil and tree tissue samplings to ensure the health of the entire stand. The tree 
species planted are native North Carolina species including Loblolly, Virginia and Southern Pine 
and Eastern Red Cedar, which were selected for their resistance to disease, long life expectancy, 
and tolerance of the landfill cap soil conditions. As a result of the experience gained over the 
past 9 years with the phytoremediation system, and the lack of suitable and available alternative 
technologies, the Parties request that an alternate backup system to the PhotoCat not be 
required at this time. For the reasons discussed below, the Parties believe the most prudent 
course of action is to continuously operate the phytoremediation system over the next five years 
as the sole effluent treatment system. 

The Parties submit that the following significant facts support using continuous operation of the 
phytoremediation system as the sole treatment method: 

1. From	conception,	this	remedial	system	has	been	designed	as	a	containment	remedy	due	to	the	presence	
of	DNAPL	 in	 fractured	bedrock.	Accordingly,	 the	primary	objective	has	been	to	establish	and	maintain	a	
capture	zone	that	prevents	the	plume	from	reaching	the	Reservoir.	It	was	determined	that	the	best	method	
to	contain	the	plume	is	to	continuously	pump	PW-DR-1	at	a	rate	necessary	to	maintain	a	capture	zone.	This	
rate	was	predicted	during	an	August	2002	aquifer	test,	and	observations	of	groundwater	drawdown	during	
recent	system	operation	confirm	the	design	data	developed	during	the	2002	aquifer	testing.	The	drawdown	
pattern	and	extent	of	the	capture	zone	observed	from	the	permanently	installed	transducers	support	the	
findings	of	the	aquifer	testing	and	indicate	hydraulic	control	of	the	contaminant	plume	is	achieved	using	an	
extraction	rate	of	10	-	20	gpm	at	the	PW-DR1	extraction	well	location.	Given	the	drawdown	indicated	in	
deep	 monitoring	 wells	 on	 the	 north	 side	 of	 the	 Reservoir	 (PW-15D/PW-16D),	 the	 designed	 extraction	
system	exceeds	the	anticipated	performance,	and	the	capture	zone	is	expected	to	be	effective	in	preventing	
the	plume	from	reaching	the	Reservoir.	
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2. The	City	POTW	has	no	treatment	system	that	will	remove,	degrade	or	destroy	1,4-dioxane,	which	is	present	
in	the	influent	to	the	remedial	treatment	system	at	levels	of	2	to	3	mg/L.	This	is	roughly	1,000	times	the	
North	Carolina	2L	groundwater	standard	of	3	ug/L	and	well	above	what	can	be	discharged	to	 the	City’s	
POTW.	 The	 best	 results	 during	 the	 PhotoCat	 testing	 reduced	 the	 influent	 levels	 of	 1,4-dioxane	 by	
approximately	75%,	and	would	not	meet	the	treatment	level	necessary	to	discharge	to	the	POTW.	

3. There	are	two	lobes	of	the	landfill	being	used	by	the	phytoremediation	system.	Tree	stands	are	planted	on	
the	 eastern	 and	 western	 lobes	 consisting	 of	 approximately	 13,000-trees	 planted	 on	 10-foot	 centers	
covering	roughly	30-acres.	The	irrigation	system	is	divided	into	fifteen	drip-irrigation	zones	of	approximately	
2	acres	each.	Process	effluent	water	is	irrigated	on	one	zone	at	a	time	year-round.	To	accomplish	this,	long	
subsurface	drip	lines	are	buried	in	the	shallow	landfill	soil	between	the	tree	rows.	Drip-emitters	are	spaced	
1.2	to	1.5	ft.	apart	along	each	drip	line	and	emit	0.4	to	0.6	gallons	per	hour	each.	There	are	approximately	
3,500	drip-emitters	per	zone	giving	an	 irrigation	rate	per	zone	of	40	to	58	gpm.	The	average	 is	50	gpm,	
which	represents	a	rate	of	0.1	inch	per	day	of	irrigation	flow	applied	stand-wide.		

4. The	 irrigation	 water	 leaving	 the	 physical	 treatment	 system	 contains	 very	 low	 amounts	 of	 chlorinated	
ethenes	 and	 chlorinated	 ethanes,	 and	 all	 of	 the	 1,4-dioxane.	 Recent	 testing	 has	 shown	 that	 the	
groundwater	and	leachate	entering	the	system	contains	approximately	20,000	ug/L	of	total	organics	(VOC	
and	cVOC).	Of	that,	approximately	3,000	ug/L	is	1,4-dioxane	and	17,000	ug/L	is	other	organics.	That	same	
testing,	as	well	as	earlier	 testing,	 showed	 that	 the	 total	of	 the	other	organics	 in	 the	physical	 treatment	
system	effluent	is	less	than	100	ug/L	and	the	1,4-dioxane	remains	unchanged.	As	a	result,	the	destruction	
or	removal	efficiency	of	the	physical	treatment	system	for	compounds	other	than	1,4-dioxane	is	greater	
that	 99%,	 but	 it	 has	 no	 effect	 on	 the	 1,4-dioxane.	 Nevertheless,	 including	 the	 1,4-dioxane,	 the	 overall	
destruction	or	removal	efficiency	is	roughly	85%	

5. The	compound	1,4-dioxane	is	miscible	in	water,	not	readily	volatilized,	highly	mobile	in	soil	and	resistant	to	
biodegradation.	Fortunately,	1,4-dioxane	 is	taken	up	by	many	tree	species	as	readily	 is	water.	Once	 it	 is	
taken	up	by	a	tree,	 it	 trans-locates	 from	the	roots	to	the	 leaves	and	exits	the	tree	through	the	stomata	
where	it	rapidly	photo-degrades	(half-life	=	6.7	to	9.6	hours).	There	is	minimal	accumulation	in	the	tree,	
resulting	in	no	metabolism	or	toxicity.	

6. The	Parties	have	determined	through	pilot	testing	that	there	will	be	some	periods	of	time	during	the	winter	
months	when	the	amount	of	irrigation	water	applied	to	the	landfill	cap	will	exceed	the	amount	taken	up	by	
the	 trees.	 This	 excess	 irrigation	 is	 actually	 beneficial	 because	 it	 is	 necessary	 to	 flush	 any	 accumulated	
phytotoxic	salts	from	the	soil.	The	excess	irrigation	water	will	wet	the	upper	layer	of	waste	in	the	landfill,	
will	be	recaptured	by	the	leachate	collection	system	and	shallow	groundwater	recovery	wells,	and	then	will	
be	returned	to	the	remedial	treatment	system	for	further	treatment.		
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The	above	chart	is	a	plot	of	the	transpiration	rate	for	loblolly	pines	which,	as	can	be	seen,	roughly	follows	
the	plot	of	the	reference	evapotranspiration	rate.	Thus	the	removal	of	1,4-dioxane,	which	is	dependent	on	
evapotranspiration,	is	less	in	the	cold	months.		

To	test	the	effectiveness	of	the	phytoremediation	process,	during	the	summer	of	2015	the	Parties	operated	
a	pilot	plot	located	on	the	west	lobe	of	the	landfill.	The	pilot	plot	was	irrigated	from	May	2015	to	September	
2015.	The	results	are	as	follows:	

1,4-Dioxane  

Added	via	irrigation	water:	57.6	g	
Recovered:	0.14	g	(0.24%)	mostly	in	drainage	water		

Result:	Greater	than	99%	removal	of	1,4-dioxane.	

Bromide Tracer  

Added	via	irrigation	water:	238.4	g		
Recovered:	249.2	g	(104%);	soils	(80%),	drainage	water	(20%)		
	

Result:	Other	organics	added	via	irrigation	water	were	100%	removed.	

The	1,4-dioxane	removal	was	greater	than	99%	during	the	period	when	transpiration	is	high	enough	to	take	
up	the	amount	of	irrigation	water	applied.		

	
As	 indicated	 in	 the	 chart	 above,	 beginning	 in	 the	 late	 fall,	 stand-wide	 percolation	 begins	 to	 exceed	
transpiration.	 This	 continues	 through	 early	 spring,	 when	 transpiration	 once	 again	 exceeds	 percolation.	
During	the	period	when	percolation	exceeds	transpiration	using	the	worst	case	pumping	rate	(50	gpm),	the	
maximum	amount	of	1,4-dioxane	that	could	be	added	to	the	soils	and	possibly	leach	into	the	upper	landfill	
waste	layer	is	as	follows:	
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December	27.0	lbs.	
Total	 		100.2	lbs.	or	24%	of	total	(418	lbs.)	applied	annually.		

7. An	important	point	to	consider	is	that	regardless	of	the	amount	of	1,4-dioxane	that	the	remedial	system	
removes	at	any	given	time,	the	overall	destruction	and	removal	efficiency	of	the	entire	system	is	greater	
than	99%	for	all	organic	compounds	during	8	months	of	the	year	and	drops	to	84.5%	for	4	months	of	the	
year.	By	operating	during	the	4-month	period	when	there	is	excess	irrigation,	not	only	do	we	maintain	the	
capture	 zone,	 but	 we	 also	 remove	 or	 destroy	 84.5%	 of	 the	 contamination	 captured	 and	 flush	 excess	
accumulated	salts	from	the	tree	stand	soils.		

8. If	the	system	were	operated	continuously	at	50	gpm,	it	could	process	26,280,000	gallons	of	water	per	year.	
If	that	influent	contained	20	mg/L	of	total	organic	contamination,	3	mg/L	would	be	1,4-dioxane	and	17	mg/L	
would	 be	 other	 VOC	 and	 cVOC	 compounds.	 During	 that	 4-month	 period,	 the	 system	 would	 process	
8,640,000	gallons,	which	would	contain	approximately	1,441.2	pounds	of	 contamination.	Of	 that,	100.2	
pounds	 would	 be	 1,4-dioxane;	 however,	 the	 other	 1,341	 lbs.	 of	 contaminants	 would	 be	 removed	 or	
destroyed	by	the	physical	treatment	system	regardless	of	transpiration	rate.		

9. The	effect	on	the	landfill	hydraulics	is	monitored	by	permanently	installed	transducers.	These	transducers	
are	placed	on	the	landfill	in	monitoring	wells	that	monitor	key	locations	on	the	east	and	west	lobes,	as	well	
as	two	wells	located	on	the	other	side	of	the	Reservoir.	These	allow	monitoring	of	the	landfill	hydrology.	In	
addition,	the	landfill	is	inspected	weekly	to	detect	leachate	seeps	or	ponding	of	irrigation	water.	

10. In	order	to	ensure	that	the	effluent	from	the	remedial	treatment	system	cannot	accidentally	be	discharged	
to	the	POTW,	the	Parties	have	disabled	the	valve	actuator	in	the	control	system	for	the	POTW	discharge.	
The	valve	and	 line	will	 remain	 in	place	 in	 the	event	 it	becomes	necessary	 to	 install	an	alternate	backup	
system	at	some	time	in	the	future.		

Because there is no known technology available at this time that will consistently reduce the 1,4-
dioxane to a level suitable for discharge to the POTW, the Parties believe that continuously 
operating the phytoremediation system while keeping the effluent inside the extraction wells’ 
capture zone is the best treatment alternative for the Site. The Parties request that they be 
allowed to operate the phytoremediation system for a period of five years, during which time 
the Parties will irrigate the tree stand with process effluent on a continuous basis. This will allow 
full evaluation of the phytoremediation system, including identification of and the time to 
mitigate any problems observed. Extensive data will be collected that will demonstrate the 
operating reliability and treatment levels of the physical system, treatment levels for the 
phytoremediation system and other important information. This data can be used to fully 
evaluate the need for a backup system at the time of the remedial action 5-year review, or at 
such earlier time DEQ determines necessary. 

If	there	are	any	questions,	or	if	we	may	be	of	any	assistance	this	matter,	please	feel	free	to	contact	Jim	LaRue	at	
(281)	431-3571	or	Gary	Babb	at	(919)	325-0696.	

Respectfully,	

Seaboard	Group	II	and	City	of	High	Point	

	

	
James	C.	LaRue,	Oversight	Consultant		

Seaboard	Group	II	

	
Gary	 D.	 Babb,	 P.G.,	 Oversight	 Consultant

	
City	of	High	Point	

Attachments	Intentionally	Omitted	



Construction	Completion	Report	
Seaboard	Group	II	and	City	of	High	Point	

ATTACHMENT	8	 PAGE	-	129	

	

	

	

	

	

	

	

	

	

	

Attachment 6 

RASA Statement of Work 

	





Construction	Completion	Report	
Seaboard	Group	II	and	City	of	High	Point	

ATTACHMENT	8	 PAGE	-	131	

RASA	Statement	of	Work	

All	work	performed	pursuant	to	this	Declaration	and	Order	(the	“Order”)	shall	comply	with	the	
remedial	design	and	 specifications	 in	 the	 “Remedial	Recommendation	Document”	prepared	by	
Seaboard	Group	II	and	the	City	of	High	Point	and	published	for	public	notice	and	comment	in	the	
June	1,	2000	North	Carolina	Register	(the	“Remedy”)	as	approved	by	the	Division	for	remediation	
of	the	Site,	and	shall	be	conducted	in	substantial	compliance	with	the	National	Contingency	Plan	
and	the	current	Inactive	Hazardous	Sites	Program	“Guidelines	for	Assessment	and	Cleanup”.	
Based	upon	the	foregoing	Findings	of	Fact	and	Declarations,	IT	IS	HEREBY	ORDERED	that:	
A. Within	 ninety	 (90)	 days	 after	 service	 of	 this	 Order,	 the	 Remediators	 shall	 begin	

implementation	of	the	approved	Remedy.		The	projected	schedule	set	forth	in	the	“Remedial	
Recommendation	Document”	shall	be	modified	as	set	forth	herein.		The	major	components	
of	the	Remedy	shall	be	implemented	according	to	the	following	schedule	commencing	from	
the	date	of	service	of	the	Order:	

1. Within	three	hundred	sixty	(360)	days	of	service	of	the	Order,	final	design	documents	
for	construction	of	the	remedy	shall	be	submitted	to	the	Division	for	concurrence.		
The	report	must	contain	at	least	the	following	information:	

a. The	 results	 of	 any	 additional	 site	 characterization	 or	 treatability	 studies	
performed	since	Division	approval	of	the	remedy	

b. A	 final	 engineering	 report,	 including	 a	 narrative	 description	 of	 process	
design,	a	summary	of	changes	from	the	conceptual	design	approved	in	the	
remedy	and	final	construction	plans	and	specifications.	However,	the	full	
scale	phytoremediation	preconstruction	report	shall	be	due	within	ninety	
(90)	 days	 of	 completion	 of	 the	 eighteen	 (18)	month	 full	 scale	 field	 pilot	
study.	The	full	scale	field	pilot	study	shall	commence	within	thirty	(30)	days	
of	the	effective	date.	

c. Copies	of	required	registrations,	permits,	and	approvals.	
d. A	 detailed	 performance	 monitoring	 and	 evaluation	 plan	 that	 has	 been	

developed	 to	monitor	 the	 remedial	 action	 system	 as	 shown	 in	 the	 final	
design.	

e. An	updated	project	schedule	that	includes	estimated	submittal	dates	for	the	
Construction	Completion	Report,	Progress	Reports,	and	the	Remedial	Action	
Completion	Report.	

2. Within	one	(1)	year	after	notice	to	the	Remediators	of	approval	of	the	final	design,	
the	 Remediators	 shall	 complete	 the	 construction	 of	 the	 hydroxyl	 ion	 oxidation	
system	with	 the	 performance	 standard	 of	 <10	 ug/l	 or	 other	 approved	 alternative	
system	with	equal	or	greater	performance	standards	and	all	ancillary	equipment	and	
appurtenances	necessary	for	its	operation.	

3. The	 construction	 of	 the	 treatment	 wetlands	 located	 on	 the	 former	 Seaboard	
Chemical	 Corporation	 site	 and	 the	 phytoremediation	 system	 located	 on	 top	 of	 a	
portion	of	the	landfill	shall	commence	within	ninety	(90)	days	of	the	approval	by	the	
Division	 of	 the	 final	 construction	 plans	 and	 specifications	 for	 both	 the	 treatment	
wetlands	 and	 the	 full	 scale	 phytoremediation	 system	 (the	 “natural	 treatment	
systems”).	 	 The	 operation	 of	 the	 natural	 treatment	 systems	 as	 outlined	 in	 the	
“Remedy	Recommendation	Document”	shall	commence	as	soon	as	practicable	after	
completion	 of	 construction.	 	 It	 is	 understood	 that	 the	 approved	 Remedy	
contemplates	increased	reliance	on	the	natural	treatment	systems	as	they	mature.	
The	hydroxyl	ion	oxidation	treatment	process	will	provide	supplemental	treatment	
of	 extracted	 ground	water	 and	 leachate	 prior	 to	 the	 natural	 processes	 becoming	
mature	and	 fully	effective,	and	 to	provide	an	alternative	 to	 the	natural	 treatment	
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systems	if	they	do	not	perform	in	accordance	with	the	design	estimates.	
4. The	 Remediators	 have	 submitted	 to	 the	 Division	 for	 approval	 a	 Pre-remedial	

Groundwater	and	Surface	Water	Monitoring	Plan	containing	the	following	elements:	
a. Monitoring	objectives	
b. Ground	water	monitoring	locations	
c. Surface	water	monitoring	locations	
d. Analytical	methods	
e. Quality	control	samples	
f. Monitoring	and	reporting	schedule	

As	soon	as	practical,	but	no	later	than		one	year	after	notice	to	the	Remediators	of	
approval	 of	 the	 Monitoring	 Plan,	 the	 Remediators	 shall	 complete	 pre-remedial	
ground	water	 and	 surface	 water	monitoring	 activities	 and	 submit	 a	 pre-remedial	
monitoring	report	to	the	Division.	
Within	one	hundred	and	eighty	(180)	days	after	completion	of	construction	of	the	
hydroxyl	 ion	oxidation	system	with	 the	performance	standard	of	<10ug/l	or	other	
approved	 alternative	 system	 with	 equal	 or	 greater	 performance	 standards	 and	
ancillary	equipment	and	appurtenances,	the	Remediators	shall	commence	operation	
of	the	hydroxyl	ion	oxidation	system	with	the	performance	standard	of	<10	ug/l	or	
other	approved	alternative	system	with	equal	or	greater	performance	standards.		

B. Any	requests	for	modifications	of	the	approved	Remedy	and	the	implementation	schedule	set	
forth	herein	must	be	submitted	in	writing	to	the	Division,	and	may	not	modify	the	schedule	
set	forth	 in	this	Order,	be	 incorporated	 into	the	approved	Remedy,	or	 implemented	unless	
and	until	approved	in	writing	by	the	Division.	

C. During	 the	 period	 of	 construction	 of	 the	 remedial	 action	 systems,	 the	 Remediators	 shall	
provide	 to	 the	Division	 quarterly	 progress	 reports	 documenting	 the	 remedial	 construction	
activities.	 	 The	 quarterly	 reports	 shall	 include,	 as	 a	 minimum	 and	 without	 limitation,	 a	
description	 of	 completed	 activities	 during	 the	 reporting	 period;	 a	 description	 of	 work	
remaining	 to	 complete	 the	 implementation	 of	 the	 remedy;	 a	 description	 of	 any	 actual	 or	
anticipated	 problems	 or	 delays,	 and	 recommendations	 or	 solutions	 developed	 or	
implemented	to	address	or	mitigate	any	actual	or	anticipated	problems	or	delays.	
The	first	quarterly	report	shall	be	provided	no	later	than	one	hundred	and	eighty	(180)	days	
after	commencement	of	construction	of	remedial	action	systems	and	reports	shall	continue	
until	the	Remediators	complete	construction	and	start	up	of	the	approved	remedy.	

D. No	 later	 than	 the	 date	 upon	 which	 the	 Remediators	 have	 completed	 construction	 of	 the	
hydroxyl	 ion	 oxidation	 system	 pursuant	 to	 Section	 A.4.	 of	 this	 Statement	 of	 Work,	 the	
Remediators	shall	submit	to	the	Division	for	approval	a	Remedial	Groundwater	and	Surface	
Water	Monitoring	and	Effectiveness	Evaluation.		This	Plan	shall	supersede	the	Pre-Remedial	
Groundwater	and	Surface	Water	Monitoring	Plan	required	by	Section	A.2.	of	this	Statement	
of	Work,	be	sufficient	to	monitor	the	effectiveness	of	the	Approved	Remedy	and	shall	contain	
at	least	the	following	elements	consistent	with	the	Guidelines	for	Assessment	and	Cleanup:	
The	content	of	the	plan	will	contain	at	least	the	following:	

a. Monitoring	objectives	
b. Ground	water	monitoring	locations	
c. Surface	water	monitoring	locations	
d. Analytical	methods	
e. Quality	control	samples	
f. Monitoring	and	reporting	schedule	
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g. Measurement	of	extraction	rates	of	recovery	wells	
h. Evaluation	of	ground	water	drawdown	and	capture	zones	
i. Evaluation	of	rates	of	contaminant	mass	recovery	
j. Overall	performance	evaluation	of	extraction	well	network	
k. Optimization	of	system	operating	parameters	
l. Issues	and	follow-up	actions	

E.	 Within	ninety	(90)	days	of	commencement	of	operation	of	the	hydroxyl	ion	oxidation	system,	the	
Remediators	 shall	 implement	 the	 Remedial	 Groundwater	 and	 Surface	 Water	 Monitoring	 and	
Effectiveness	Evaluation	Plan	 required	by	Section	D	of	 this	 Statement	of	Work.	 	 Thereafter	 the	
remedial	monitoring	and	effectiveness	evaluation	activities	shall	be	conducted	and	reported	to	the	
Division	 no	 later	 than	 January	 30th	 on	 an	 annual	 basis.	 The	 annual	 reports	 shall	 include,	 at	 a	
minimum,	a	 summary	 report	 including:	data	 tables,	 laboratory	 reports,	 ground	water	elevation	
contour	maps	 in	 plan	 view	 and	 cross	 section,	 isoconcentration	 contour	maps	 for	 total	 volatile	
organic	compounds	and	four	of	the	primary	compounds	of	concern	(1,4-dioxane,	1,2-DCA,	vinyl	
chloride	and	chlorobenzene)	in	plan	view	and	cross	section,	an	evaluation	of	the	effectiveness	of	
the	 remedial	 action,	 and	 graphs	 illustrating	 trends	 of	 indicator	 constituents	 from	
key/representative	monitoring	stations.	
Once	the	Remediators	have	demonstrated	that	the	hydraulic	control	system:	1)	is	preventing	any	
additional	offsite	migration	of	contaminated	ground	water;	2)	has	reduced/eliminated	any	surface	
water	violations	in	the	onsite	water	bodies	including	the	intermittent	streams	and	the	Deep	River;	
and	 3)	 reduced/eliminated	 any	 further	 discharges	 of	 contaminated	 ground	water	 to	 the	Deep	
River,	 then	 the	 Remediators	 may	 request	 and	 the	 Division	 may	 approve	 a	 reduction	 in	 the	
frequency	of	monitoring.			

F. The	Remediators	shall	perform	a	review	of	the	implementation	of	the	Approved	Remedy	no	less	
often	than	every	five	years	after	commencement	of	operation	of	the	remedial	action	systems.		The	
purpose	of	the	five-year	review	is	to	evaluate	the	effectiveness	of	the	Approved	Remedy	and	to	
assess	whether	the	Approved	Remedy	remains	effective	and	is	protective	of	human	health	and	the	
environment.		The	scope	of	work	of	the	five-year	review	shall	be	in	substantial	compliance	with	
the	 United	 States	 Environmental	 Protection	 Agency’s	 (EPA’s)	 Comprehensive	 Five-Year	 Review	
Guidance	(OSWER	Directive	No.	9355.7-03B-P).		The	five-year	review	reports	shall	be	provided	to	
the	Division	within	one	hundred	and	eighty	(180)	days	of	the	end	of	each	five-year	reporting	period,	
with	the	first	five-year	reporting	period	commencing	on	the	date	the	hydroxyl	ion	oxidation	system	
is	placed	into	operation.	The	reports	will	include	a	discussion	of	all	plausible	exposure	pathways	
identified	at	the	Site	during	the	execution	of	the	RI/FS	and	related	studies	and	confirmation	that	
each	of	these	pathways	is	still	being	controlled.		(E.g.	all	fences	constructed	pursuant	to	Section	L.2	
of	this	Statement	of	Work	are	intact.)			
If	the	five-year	review	identifies	conditions	at	the	Site	that	significantly	impact	the	effectiveness	of	
the	remediation	system,	a	plan	of	appropriate	follow-up	actions	will	be	developed.		Potential	types	
of	follow-up	actions	may	include	the	following:	
1. Additional	monitoring	activities	to	confirm	or	supplement	the	routine	monitoring	data.	
2. Modifications	 to	 operation	 and	 maintenance	 activities	 of	 the	 remediation	 system	 to	

address	the	issue.	
3. Supplemental	 remedial	 assessment	 and/or	 risk	 assessment	 activities	 to	 further	

characterize	the	issue.	
4. Additional	remedial	measures	(i.e.	additional	recovery	wells	or	institutional	controls)	to	

address	the	issue.	
The	plan	of	specific	follow-up	actions	will	be	submitted	to	the	Division	for	approval.		The	
plan	will	include	a	schedule	of	implementation	and	reporting	and	the	criteria	that	will	be	
used	 to	 evaluate	 the	 effectiveness	 of	 the	 proposed	 action	 for	 achieving	 the	 remedial	
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objectives.		
		

G. Within	forty-five	(45)	days	of	receiving	notice	from	the	Division	of	any	deficiency	in	the	reports	or	
plans	required	by	this	Statement	of	Work	or	in	the	implementation	of	the	plans	required	by	this	
Statement	of	Work,	the	Remediators	shall	submit	to	the	Division	information	or	material	sufficient	
to	demonstrate	correction	of	such	deficiencies.	No	plans	will	be	 implemented	without	approval	
from	agency.	

H. In	the	absence	of	exigent	circumstances,	the	Remediators	shall	notify	the	Division	no	less	than	ten	
(10)	days	prior	to	the	initial	commencement	of	any	major	field	activity	as	identified	in	Section	A	
above.			

I. By	October	1,	2008,	the	Remediators	shall	submit,	for	the	Division's	approval,	land	use	restrictions	
and	 survey	 plats	 for	 the	 former	 Seaboard	 Chemical	 Corporation	 facility	 and	 the	 adjacent	
Crutchfield	property	located	north	and	east	of	the	Site	and	the	Deep	River.		The	survey	plats	shall	
comply	with	N.C.G.S.	130A-310.8(a).	 	Upon	the	Division’s	approval	the	Remediators	shall	record	
the	survey	plats	and	land	use	restrictions	within	30	days.			

J. Within	ninety	(90)	days	after	the	Remediators	conclude	that	all	phases	of	the	remedy	have	been	
constructed	and	are	operational,	 the	Remediators	 shall	 schedule	and	conduct	a	 certification	of	
completion	 inspection	with	 the	Division.	 	 If	after	 the	certification	of	completion	 inspection,	 the	
Division	 agrees	 that	 the	 work	 has	 been	 fully	 performed,	 the	 Remediators	 shall	 submit	 a	
Construction	Completion	Report	stating	that	the	work	has	been	completed	in	satisfaction	of	the	
requirements	of	this	Statement	of	Work.		If	the	Division	concludes,	based	on	the	inspection	and	
the	report,	that	the	Work	has	been	performed	and	completed	in	accordance	with	this	Statement	
of	Work,	the	Division	shall	so	notify	the	Remediators	in	writing.	

K. The	Remediators	shall	continue	to	operate	and	maintain	the	remediation	action	systems	until	the	
remedial	objectives	set	out	in	the	Approved	Remedy	are	met.		When	all	remedial	objectives	are	
met,	 the	 Remediators	 shall	 submit	 a	 Remedial	 Action	 Completion	 Report	 that	 complies	 with	
section	5.6	of	the	Guidelines	for	Assessment	and	Cleanup.			

L. 	In	addition	to	its	participation	with	the	Remediators	in	the	undertakings	described	in	sections	A	
through	K	of	this	Statement	of	Work,	the	City	of	High	Point	shall	perform	the	following	actions	at	
the	Landfill	for	purposes	of	implementation	of	the	Approved	Remedy:		
1.	 Land	Use	Restrictions:	 	 Record	 the	Declaration	of	 Perpetual	 Land	Use	Restrictions	 and	

associated	plat	map,	in	accordance	with	N.C.G.S.	143B-279.9,	as	required	by	the	approved	
Remedial	Recommendation	Document,	and	by	N.C.G.S.	130A-301.		

2.	 Site	access	control:	 	 install	and	maintain	a	six-foot	chain	 link	fence	topped	with	barbed	
wire	 and	 a	 locked	 gate	 to	 surround	 and	 prevent	 unauthorized	 access	 to	 the	 following	
facilities:	 	 (1)	 leachate	 tanks	 and	 associated	 pipes;	 (2)	 sediment	 basin;	 (3)	 the	 piped	
segment	of	the	northern	intermittent	stream	(NIS);	(4)	the	piped	segment	of	the	southern	
intermittent	stream	(SIS),	and	(5)	all	groundwater	extraction/	recovery	wells.		Install	and	
maintain	“No	Trespassing”	signs	spaced	twenty	feet	apart	around	the	unfenced	perimeter	
of	the	landfill	which	borders	the	Randleman	Reservoir.		The	signs,	which	shall	be	in	both	
English	 and	 Spanish,	 shall	 also	 state:	 “DANGER:	 HAZARDOUS	 SUBSTANCES”.	 (to	 be	
determined	after	further	investigation)	

3.	 Landfill	 gas:	 	 Manage	 and	 control	 landfill	 gas.	 	 Maintain	 the	 existing	 methane	 gas	
monitoring	and	passive	mitigation	systems,	and	continue	to	monitor	for	methane	gas	on	
a	 quarterly	 basis.	 	 Keep	 records	 of	 all	 monitoring;	 provide	 monitoring	 records	 to	 the	
Division	 upon	 request.	 	 Undertake	 methane	 gas	 remediation	 measures	 as	 may	 be	
necessary	to	ensure	that	the	concentration	of	methane	gas	generated	by	the	facility	does	
not	exceed	25	percent	of	the	lower	explosive	limit	for	methane	in	facility	structures	and	
at	the	facility	boundary.		Comply	with	any	applicable	Clean	Air	Act	requirements.			
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4.	 Surface	water:		Management	and	control	surface	water	at	the	Landfill	which	meets	the	
requirements	of	15A	N.C.	Administrative	Code	13B	.0503(2)	(c).		Maintain	the	Landfill	so	
that	surface	water	runoff	occurs	in	a	controlled	manner	and	that	water	is	not	impounded	
over	waste.	

5.	 Integrity	and	effectiveness	of	Landfill	cover:	Maintain	and	make	any	necessary	repairs	to	
the	existing	Landfill	cover	and	erosion	control	devices,	and	maintain	the	enhanced	Landfill	
cover	which	is	installed	over	the	burn	pit	soil	residue	mound	as	part	of	implementation	of	
the	remedy.	

6.	 Leachate	collection:	Continue	to	collect,	manage,	store	and	treat	the	leachate	from	the	
existing	leachate	collection	system	at	the	Landfill.		Maintain	the	security	and	integrity	of	
the	leachate	collection	tanks.			

7.	 Abandonment	of	potable	wells:		Properly	abandon	two	potable	wells	on	the	City	property	
(one	 near	 the	 entrance	 road	 to	 the	 Landfill	 and	 one	 on	 the	 former	Material	 Recovery	
Facility	site)	in	accordance	with	15A	N.C.	Administrative	Code	2C.		Abandonment	shall	be	
performed	by	a	NC	licensed	well	driller.		Submit	well	abandonment	forms	to	the	Division’s	
Solid	Waste	Section	within	30	days	of	abandonment.	

8.	 Monitoring	wells:		Maintain	the	security	and	integrity	of	all	groundwater	monitoring	wells	
and	monitoring	well	pads.	

9.	 Contingency:		In	the	event	of	default,	for	any	reason	and	at	any	time,	of	the	Remediators	
on	their	joint	and	several	obligations	under	the	Agreement,	including	this	Statement	of	
Work,	 the	City	shall,	 in	addition	to	 its	 responsibilities	 listed	 in	paragraphs	one	through	
eight,	above,	continue	with	the	scheduled	monitoring	of	ground	and	surface	water	in	the	
vicinity	of	the	Site,	as	provided	in	the	Statement	of	Work.		All	monitoring	data	shall	be	
submitted	to	the	Division	within	90	days	of	receipt	of	analytical	data	from	the	laboratory.		
Depending	upon	conditions	at	the	Site	at	the	time	of	default,	the	Division	and	the	City	
may	agree	to	a	more	limited	monitoring	plan,	provided	that	the	plan	provides	the	Division	
with	 sufficient	 information	 to	 determine	 whether	 additional	 remedial	 action	 may	 be	
necessary	at	the	Site.	
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