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1 INTRODUCTION 

1  INTRODUCTION 

1.1  OVERVIEW 

This	Hydrogeologic	Monitoring	Plan	(HMP)	has	been	prepared	by	Natural	Resource	Technology,	an	OBG	
Company	(NRT)	to	provide	background	information	necessary	to	support	the	groundwater	monitoring	system	
established	to	comply	with	Part	257.91	of	the	United	States	Environmental	Protection	Agency	(USEPA)	Final	
Rule	to	regulate	the	disposal	of	Coal	Combustion	Residual	(CCR)	as	solid	waste	under	Subtitle	D	of	the	Resource	
Conservation	and	Recovery	Act	(RCRA)	[40	CFR	257	Subpart	D;	published	in	80	FR	21302‐21501,	April	17,	
2015]	for	the	Havana	Power	Station,	Havana,	Illinois.	The	Havana	Power	Station	is	owned	by	Dynegy	Midwest	
Generation,	LLC	(DMG).	This	HMP	will	apply	specifically	to	the	following	CCR	Unit,	Havana	East	Ash	Pond	(Cells	
1,	2,	3,	and	4),	CCR	Unit	ID	701,	as	defined	further	below.	

1.2  PREVIOUS INVESTIGATIONS AND REPORTS 

Several	hydrogeologic	investigations	have	been	performed	concerning	ash	impoundments	south	of	the	Havana	
East	Ash	Pond	(Cells	1,	2,	3,	and	4)	CCR	Unit	located	at	the	Havana	Power	Station.	The	information	presented	in	
this	HMP	includes	data	collected	in	support	of	the	monitoring	well	network	established	for	development	of	the	
Sampling	and	Analysis	Plan	(SAP)	and	supplements	comprehensive	data	collection	and	evaluations	from	prior	
hydrogeologic	investigation	reports	(recent	to	oldest),	including,	but	not	limited	to,	the	following:	

 Atlantic	Environmental	Services	Inc.,	March	1994,	Ash	Impoundment	Closure	Study.	An	investigation	to	
characterize	the	hydrogeology	of	the	ash	impoundments	south	of	the	Havana	East	Ash	Pond	(Cells	1,	2,	3,	
and	4)	and	determine	the	nature,	and	distribution	of	subsurface	material	below	the	ash	impoundments.		

 Science	&	Technology	Management,	Inc.	(STMI),	March	1994,	Investigation	of	Site	Closure	Options	at	
Illinois	Power	Company’s	Havana	South	Ash	Impoundment.	An	investigation	to	characterize	hydrogeology	
and	water	quality,	evaluate	cap	performance	alternatives	and	determine	viability	of	downgradient	
groundwater	monitoring	systems	at	ash	impoundments	south	of	Havana	East	Ash	Pond	(Cells	1,	2,	3,	and	4).	

 Illinois	State	Water	Survey,	August	1982,	Groundwater	Monitoring	at	the	Havana	Power	Station’s	Ash	
Disposal	Ponds	and	Treatment	Lagoon.	An	investigation	designed	to	implement	a	groundwater	monitoring	
system	for	determining	the	impact	from	ash	disposal	methods	on	the	groundwater	system	at	ash	
impoundments	south	of	Havana	East	Ash	Pond	(Cells	1,	2,	3,	and	4).		

This	HMP	provides	a	summary	of	data	collected	at	Havana	East	Ash	Pond	(Cells	1,	2,	3,	and	4)	since	the	submittal	
of	the	previous	reports	concerning	ash	impoundments	to	the	south	of	this	site.	The	HMP	also	supports	the	
monitoring	well	network	established	for	development	of	the	SAP	through	providing	the	following	background	
information:		

 Site	Geology	and	Hydrogeology	

 Aquifer	Properties	

 Monitoring	Network	Placement	and	Rationale	

1.3  SITE LOCATION AND DESCRIPTION 

Havana	Power	Station	is	located	in	the	northeast	quarter	of	Section	14,	Township	21	North,	Range	9	West	of	
Mason	County,	Illinois	and	one	mile	south	of	the	Village	of	Havana.	The	CCR	Unit	is	bounded	by	the	Illinois	River	
to	the	west,	agricultural	and	residential	land	to	the	south,	agricultural	land	to	the	east,	and	industrial	or	
residential	land	to	the	north.	

1.4  DESCRIPTION OF CCR UNIT 

The	CCR	Unit	at	the	Havana	Power	Station	consists	of	four	existing	surface	impoundments	‐	Havana	East	Ash	
Pond	Cells	1,	2,	3,	and	4	(CCR	Unit	ID	701)	(Figure	1).	The	CCR	Unit	located	at	Havana	Power	Station	will	
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hereafter	be	referred	to	as	the	‘Site’.	The	Site	is	located	to	the	east	of	the	power	plant	across	Highway	78	and	
approximately	2,000	feet	east	of	the	Illinois	River.	The	Site	has	an	area	of	approximately	99.2	acres	(Figure	1).	

1.4.1  Havana East Ash Pond (Cells 1, 2, 3, and 4) – CCR Unit ID 701 

The	Site	is	a	lined	CCR	surface	impoundment	and	is	bounded	by	the	Highway	78	to	the	west,	agricultural	land	to	
the	south	and	east,	and	industrial	or	residential	land	use	to	the	north.	

	

	



	

 
O B G  |  OCTOBER  17 ,  2017  
 

  F INAL  |  3  O F  7

2285 Havana HMP_171017.docx

HAVANA POWER STATION | HYDROGEOLOGIC MONITORING PLAN 
 2 GEOLOGY AND HYDROGEOLOGY 

2  GEOLOGY AND HYDROGEOLOGY 

The	site	characterization	activities	performed	at	Havana	Power	Station	since	the	Ash	Impoundment	Closure	
Study	(AES,	March	1994)	have	included	the	following:	

 Geotechnical	Data	Package	for	Dynegy	Havana	Station;	East	Ash	Pond	CCR	Unit	(AECOM,	January	2016)	

 CCR	monitoring	network	well	installation	and	borehole	logging	(NRT,	June	2015)	

The	results	of	these	supplemental	site	investigations,	as	well	as	a	summary	of	background	information	found	in	
the	above	mentioned	previous	investigations	and	reports	are	discussed	below.	

2.1  GEOLOGY 

Geologic	units	present	in	the	vicinity	of	Havana	Power	Station	include	fill,	unlithified	wind‐worked	dune	and	
ridge	deposits,	unlithified	alluvial	sediments,	unlithified	glacial	outwash	deposits	(i.e.	Wisconsinan	Glaciation),	
sand	and	gravel	basal	deposits	(i.e.,	pre‐Illinoisan	Sankoty	Sand),	and	Mississippian‐age	shale	and	limestone	
bedrock	(i.e.,	Salem	Formation).	

2.1.1  Regional Setting 

The	Site	is	located	adjacent	to	and	south	to	southeast	of	the	Illinois	River	in	an	area	known	as	the	Havana	
Lowlands,	which	occur	at	the	confluence	of	the	Illinois	River	Valley	and	the	Mahomet	Bedrock	Valley	systems.	
The	Havana	Lowlands	are	characterized	by	unlithified	deposits	of	sand	and	gravel	ranging	in	thickness	from	80	
to	90	feet.	The	unlithified	deposits	of	the	Havana	Lowlands	are	underlain	by	Salem	Formation	bedrock	(i.e.,	
uppermost	bedrock)	consisting	of	Mississippian‐age	shale	and	limestone.	The	Mississippian‐age	bedrock	has	a	
southeastern	regional	dip.	

2.1.2  Site Geology 

Based	on	previous	investigations	and	reports,	the	vicinity	of	the	Havana	Power	Station	is	underlain	by	well‐
sorted	wind‐worked	sand	and	loess	deposits	that	range	in	thickness	from	8	to	49	feet	followed	by	alluvial	
terrace	deposits	of	poorly‐sorted	sand	and	gravel.	Supplemental	site	investigations	provide	additional	details	on	
the	geology	and	subsurface	conditions	at	the	Site.		

AECOM	completed	a	geotechnical	investigation	(AECOM,	2016)	that	included	additional	borings	that	were	
reported	in	the	Geotechnical	Data	Package	for	Dynegy	Havana	Station,	East	Ash	Pond	CCR	Unit	(AECOM,	2016).	
This	geotechnical	exploratory	program	included	11	auger	borings	and	8	cone	penetrometer	tests	at	the	Site.	The	
geotechnical	exploration	locations	are	shown	in	Appendix	A.	Soil	samples	were	collected	during	the	AECOM	
geotechnical	exploratory	program	and	submitted	by	AECOM	to	Alpha‐Omega	Geotech,	Inc.	in	Kansas	City,	
Kansas.	A	summary	of	AECOM’s	geotechnical	laboratory	test	results	are	found	in	Appendix	B.	Boring	logs	and	
other	geotechnical	testing	data	are	available	in	the	AECOM	data	package	(2016).		

NRT	completed	the	CCR	monitoring	network	well	installation	and	borehole	logging	at	four	locations	at	the	Site	
in	June	2015.	Borings	were	completed	to	a	depth	of	35	feet	below	ground	surface	(ft	bgs)	at	locations	HAMW‐39,	
HAMW‐40	and	HAMW‐41	and	44	ft	bgs	at	location	HAMW‐42.	All	four	NRT	boring	locations	were	completed	
with	groundwater	monitoring	wells	as	part	of	the	CCR	groundwater	monitoring	program.	Cross	sections	A‐A’,	B‐
B’	and	C‐C’	(Figures	2	and	3)	demonstrate	the	variability	of	fill	and	native	geologic	materials	with	depth	across	
the	Site.	Materials	encountered	in	the	NRT	(2015)	borings	included	topsoil	and	surficial	silts	and	clays	with	
varying	amounts	of	sand	from	0.5	to	8.6	feet	thick	underlain	by	well‐sorted	fine‐grained	sand	that	extended	to	
the	boring	termination	depth.	Occasional	clay	nodules,	silty	sand	seams,	medium	to	coarse‐grained	sand	seams,	
and	fine	gravel	seams	were	also	observed	within	the	mostly	fine‐grained	sand	unit.	The	boring	logs,	well	
construction	forms,	and	other	related	monitoring	well	forms	are	available	in	the	Operating	Records	as	required	
by	Title	40	CFR	Part	257	Section	257.91	for	each	monitored	CCR	Unit	or	Unit.		
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2.2  HYDROGEOLOGY 

The	hydrogeology	of	the	ash	impoundments	to	the	south	of	the	Site	was	comprehensively	addressed	in	the	
report,	Groundwater	Monitoring	at	the	Havana	Power	Station’s	Ash	Disposal	Ponds	and	Treatment	Lagoon	
(Illinois	State	Water	Survey,	1982).	No	previous	hydrogeologic	characterization	was	completed	in	the	vicinity	of	
the	East	Ash	Pond.	As	part	of	the	NRT	(2015)	CCR	monitoring	network	well	installation,	falling/rising	head	tests	
were	completed	and	the	results	of	the	tests	are	summarized	below.	

2.2.1  Uppermost Aquifer 

Previous	investigations	identified	the	approximately	80	to	90	foot	thick	unlithified	sand	and	gravel	deposits	of	
the	Havana	Lowlands	present	at	the	Site	as	a	single	hydrogeologically	connected	and	high	yield	unconfined	
aquifer.	The	uppermost	aquifer	in	the	vicinity	of	the	Site	extends	from	the	top	of	the	water	table	to	the	top	of	
underlying	Mississippian‐age	bedrock.	A	search	of	the	Illinois	State	Geological	Survey	database,	ILWATER,	
indicates	numerous	water	supply	wells	located	near	the	Site	screened	in	the	unlithified	materials,	confirming	the	
local	use	of	the	sand	and	gravel	aquifer	as	a	groundwater	resource.		

2.2.2  Lower Limit of Aquifer 

The	lower	limit	of	the	uppermost	aquifer	is	the	top	of	the	uppermost	bedrock	(i.e.,	Mississippian‐aged	shale	and	
limestone).	This	formation	in	the	vicinity	of	the	Site	is	generally	considered	a	hydrogeologic	confining	unit	
(STMI,	1994).	

2.2.3  Hydraulic Conductivity 

Falling/rising	head	tests	were	completed	within	the	uppermost	aquifer	near	the	ash	impoundments	to	the	south	
of	the	Site	as	part	of	the	1982	Illinois	State	Water	Survey	(ISWS)	report.	Based	on	reported	values	in	the	ISWS	
(1982)	report,	median	hydraulic	conductivity	values	range	from	4.7	x	10‐3	to	1.1	x10‐1	centimeters	per	second	
(cm/s)	with	a	geometric	mean	of	the	median	conductivity	values	of	5.1	x	10‐2	cm/s	(tests	performed	at	well	
locations	M‐1	through	M‐12;	a	well	location	figure	and	detailed	results	are	located	in	Appendix	C).	As	part	of	the	
NRT	(2015)	CCR	monitoring	network	well	installation,	falling/rising	head	tests	were	also	completed	at	eight	
well	locations	within	the	uppermost	aquifer	in	the	vicinity	of	the	Site.	The	resulting	hydraulic	conductivity	
values	ranged	from	5.5	x	10‐3	to	2.7	x	10‐1	cm/s	with	a	geometric	mean	of	3.5	x	10‐2	cm/s.	NRT	(2015)	
falling/rising	head	test	results	are	summarized	in	Table	1	and	further	detail	of	the	analysis	is	provided	in	
Appendix	D.	A	hydraulic	conductivity	on	the	order	of	10‐2	cm/s	for	the	uppermost	aquifer	as	determined	by	
ISWS	(1982)	and	NRT	(2015)	falls	within	the	typical	range	of	conductivities	for	unlithified	sand	(Maidment,	
1993).	According	to	the	ISWS	(1982),	an	effective	porosity	of	35	percent	is	representative	of	the	uppermost	
aquifer,	which	is	typical	for	unlithified	sand	(Maidment	1993).	

2.2.4  Groundwater Elevations, Flow Direction and Velocity 

Groundwater	elevations	at	the	Site	averaged	approximately	447.1	feet	above	mean	sea	level	(MSL)	(NAVD88)	
with	groundwater	highs	(i.e.,	<5%	occurrence)	at	458.5	feet	MSL	to	the	southeast	of	the	unit	(HAMW31	and	
HAMW38)	and	446.2	feet	MSL	to	the	northwest	of	the	unit	(HAMW32	and	HAMW33)	from	1992	to	2013.		

Groundwater	elevations	typically	vary	by	10	to	15	feet	across	the	Site.	Generally,	higher	groundwater	elevations	
can	be	found	to	the	east	or	southeast	of	the	unit	(upgradient)	and	lowest	groundwater	elevations	are	on	the	
west	or	northwest	of	the	unit	(downgradient).	Groundwater	at	the	Site	generally	flows	southeast	to	northwest	
toward	the	Illinois	River,	which	is	the	primary	discharge	area	in	the	vicinity	of	the	Site	(Figures	4,	5).		

Groundwater	elevations	are	primarily	controlled	by	the	river	stage	of	the	Illinois	River,	which	is	adjacent	to	the	
Havana	Power	Station	to	the	west	and	northwest	(ISWS,	1982).	Generally,	when	the	Illinois	River	stage	rises	the	
magnitude	of	the	hydraulic	gradient	is	reduced	as	surface	water	from	the	river	moves	into	the	stream	banks	and	
the	floodplain.	Alternatively,	when	Illinois	River	stage	lowers	the	magnitude	of	the	hydraulic	gradient	is	
increased.	Seasonal	variation	of	groundwater	levels	and	flow	direction	in	the	vicinity	of	the	CCR	Unit	is	indicated	
in	the	groundwater	elevation	contour	maps	(Figures	4	and	5).	Comparisons	among	groundwater	elevations	
upgradient	and	downgradient	of	the	CCR	Unit	(1992‐2013)	have	not	indicated	any	flow	reversals	at	the	Site.		
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Horizontal	hydraulic	gradient	ranged	from	0.003	to	0.005	foot	per	foot	(ft/ft)	in	November	2015	and	February	
2016	as	groundwater	flowed	from	southeast	to	northwest	across	the	Site	(Table	2).	During	November	2015	and	
February	2016	there	was	little	variation	across	the	Site	in	horizontal	hydraulic	gradient;	in	general,	gradient	was	
only	0.001	ft/ft	greater	near	the	central	area	of	the	Site	(i.e,	between	HAMW‐31	and	HAMW‐32)	than	in	the	
southern	area	of	the	Site	(i.e.,	between	HAMW‐30	to	HAMW‐40).	There	was	also	little	seasonal	variation	in	
horizontal	hydraulic	gradient	at	the	Site;	horizontal	gradients	in	February	2016	were	only	0.001	ft/ft	less	than	in	
November	2015.		

Groundwater	flow	velocity	ranged	from	0.5	to	2.6	feet	per	day	(ft/day)	as	groundwater	flowed	from	southeast	to	
northwest	at	the	Site	in	November	2015	and	February	2016	(Table	2).	Variation	in	groundwater	flow	velocity	
was	2	ft/day	or	lower	when	comparing	the	southern	area	of	the	Site	(i.e.,	between	HAMW‐31	to	HAMW‐32)	to	
the	central	area	of	the	Site	(i.e.,	between	HAMW‐30	and	HAMW‐40).	Little	seasonal	variation	in	groundwater	
flow	velocities	were	observed	at	the	Site;	groundwater	flow	velocity	in	November	2015	was	less	than	0.4	ft/day	
greater	than	in	February	2016.	
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3  GROUNDWATER MONITORING 

In	June	2015,	NRT	began	an	assessment	of	the	existing	monitoring	well	network	at	Havana	Power	Station	with	
respect	to	the	existing	CCR	units.	Included	in	the	assessment	was	a	review	of	the	current	placement	and	number	
of	monitoring	wells	with	respect	to	individual	and	contiguous	CCR	units	as	well	as	potential	locations	for	new	
monitoring	wells,	as	appropriate.	The	discussion	below	summarizes	the	results	of	the	supplemental	well	
installations.	

3.1  CCR Monitoring Well Network 

The	40	CFR	Part	257	well	network	consists	of	seven	monitoring	wells	installed	in	the	uppermost	aquifer	and	
adjacent	to	the	Site	(HAMW‐30,	HAMW‐31,	HAMW‐32,	HAMW‐39,	HAMW‐40,	HAMW‐41,	HAMW‐42).	The	Site	
utilizes	the	two	upgradient	monitoring	wells	(HAMW‐31,	HAMW‐30)	as	part	of	their	CCR	Monitoring	Well	
Network.	The	remaining	five	well	locations	(HAMW‐32,	HAMW‐39,	HAMW‐40,	HAMW‐41	and	HAMW‐42)	are	
utilized	as	downgradient	monitoring	wells.	The	boring	logs,	well	construction	forms,	and	other	related	
monitoring	well	forms	are	available	in	the	Operating	Records	as	required	by	Title	40	CFR	Part	257	Section	
257.91.	The	40	CFR	Part	257	groundwater	monitoring	network	well	locations	are	shown	on	Figure	1.	Details	on	
the	procedures	and	techniques	used	to	fulfill	the	groundwater	sampling	and	analysis	program	requirements	are	
found	in	the	SAP	for	the	Site.	The	well	depths,	well	screen	intervals,	depth	to	groundwater	and	monitored	units	
at	the	40	CFR	Part	257	monitoring	well	network	locations	are	summarized	in	Table	3	below:	

Table 3: CCR Groundwater Monitoring Well Information 

Well 
Number 

Well Depth  
(ft bgs) 

Well Screen Interval 
(ft bgs) 

Depth to Water
(ft bgs) 

Unit Monitored 
Screened Interval 

Lithology 

HAMW‐31  44.8  34.5 ‐ 44.5  12.4 
Upgradient 
Shallow Unlithified 

Sand 

HAMW‐30  29.1  19.7 – 28.7  35.2 
Upgradient  
Shallow Unlithified 

Sand 

HAMW‐32  26.2  16.2 ‐ 26.2  10.6 
Downgradient  
Shallow Unlithified 

Sand 

HAMW‐39  35.0  25.0 – 35.0  19.4 
Downgradient  
Shallow Unlithified 

Sand 

HAMW‐40  34.5  24.5 ‐ 34.5  22.0 
Downgradient  
Shallow Unlithified 

Sand 

HAMW‐41  35.0  25.0 – 35.0   16.4 
Downgradient  
Shallow Unlithified 

Sand 

HAMW‐42  44.0  34.0 – 44.0  31.2 
Downgradient  
Shallow Unlithified 

Sand 

Notes: Groundwater depth measurements were collected November 19, 2015	
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Table 1. Falling/Rising Head Test Results Summary

Havana East Ash Pond (Cells 1, 2, 3, and 4)

November 2015 and February 2016

Hydrogeologic Monitoring Plan

Location Test Type Slug Type Number K (cm/sec)

HAMW30 Rising Head Slug Out 1 2.67E‐01

HAMW30 Rising Head Slug Out 2 2.12E‐01

HAMW30 Rising Head Slug Out 3 3.19E‐02

HAMW31 Falling Head Slug In 1 5.54E‐03

HAMW31 Falling Head Slug In 4 7.52E‐03

HAMW31 Rising Head Slug Out 1 1.11E‐02

HAMW31 Rising Head Slug Out 2 6.94E‐03

HAMW31 Rising Head Slug Out 3 8.69E‐03

HAMW31 Rising Head Slug Out 4 1.01E‐02

HAMW32 Rising Head Slug Out 2 1.17E‐01

HAMW32 Rising Head Slug Out 3 1.39E‐01

HAMW‐37 Rising Head Slug Out 1 8.55E‐02

HAMW‐37 Rising Head Slug Out 2 9.26E‐02

HAMW‐37 Rising Head Slug Out 3 8.15E‐02

HAMW‐39 Rising Head Slug Out 1 2.05E‐02

HAMW‐39 Rising Head Slug Out 2 2.47E‐02

HAMW‐39 Rising Head Slug Out 3 3.73E‐02

HAMW‐39 Rising Head Slug Out 4 3.73E‐02

HAMW‐40 Falling Head Slug In 1 3.83E‐02

HAMW‐40 Rising Head Slug Out 3 4.41E‐02

HAMW‐41 Falling Head Slug In 2 3.67E‐02

HAMW‐41 Falling Head Slug In 3 4.77E‐02

HAMW‐41 Rising Head Slug Out 1 1.54E‐02

HAMW‐42 Rising Head Slug Out 2 3.47E‐02

HAMW‐42 Rising Head Slug Out 3 6.39E‐02

O: 5/16 PMH, C: KJS 8/26/16

Table 1 ‐ Falling_Rising Head test results.xlsx

TABLE 1 1 of 1



Table 2. Groundwater Flow Velocities
Havana East Ash Pond (Cells 1, 2, 3, and 4)
November 2015 and February 2016
Hydrogeologic Monitoring Plan

Geomean of Well Hydraulic 

Conductivities (cm/s)

Horizontal Hydraulic 

Gradient Effective Porosity Velocity (ft/day)

HAMW‐30 to HAMW‐40 7.9E‐02 0.004 0.35 2.6

HAMW‐31 to HAMW‐32 1.6E‐02 0.005 0.35 0.6

Geomean of Well Hydraulic 

Conductivities (cm/s)

Horizontal Hydraulic 

Gradient Effective Porosity Velocity (ft/day)

HAMW‐30 to HAMW‐40 7.9E‐02 0.003 0.35 2.2

HAMW‐31 to HAMW‐32 1.6E‐02 0.004 0.35 0.5

Note:

  1) cm/sec x 2,835 = feet/day

  2) Source of hydraulic conductivity values was NRT slug testing  (NRT, August 2015)

November 19, 2015

February 16, 2016

Table 2 ‐ Horizontal Velocities.xlsx

TABLE 2 Velocity Calc 1 of 1
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Appendix A 

AECOM Drilling Locations 
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Appendix B 

AECOM Geotechnical 
Laboratory Test Results 

Summary 
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Appendix C 

Illinois State Water Survey 
Well Location Map and 

Hydraulic Testing Results 
(1982) 
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Appendix D 

Falling/Rising Head Test 
Results 
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HAMW30 SLUG OUT 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW30\HAMW30 SO1.aqt
Date:  05/12/16 Time:  11:40:48

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW30

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW30)

Initial Displacement:  3.549 ft Static Water Column Height:  16. ft
Total Well Penetration Depth:  11.6 ft Screen Length:  9. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

Gravel Pack Porosity:  0.25

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.008766 ft/sec y0 = 4.128 ft



AQTESOLV for Windows HAMW30 Slug Out 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW30\HAMW30 SO1.aqt
Title:  HAMW30 Slug Out 1
Date:  05/12/16
Time:  11:40:58

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW30

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW30

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  3.549 ft
Static Water Column Height:  16. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  9. ft
Total Well Penetration Depth:  11.6 ft
Corrected Casing Radius (Bouwer-Rice Method):  0.1821 ft
Gravel Pack Porosity:  0.25

No. of Observations:  10

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 3.549 1.25 0.25
0.25 2.343 1.5 0.125
0.5 1.463 1.75 0.054
0.75 0.828 2. 0.021

1. 0.459 2.25 0.002

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.098

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.008766 ft/sec
y0 4.128 ft

K = 0.2672 cm/sec
T = K*b = 0.7451 ft²/sec (692.2 sq. cm/sec)

05/12/16 1 11:40:58
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HAMW30 SLUG OUT 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW30\HAMW30 SO2.aqt
Date:  05/04/16 Time:  11:23:08

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW30

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW30)

Initial Displacement:  2.825 ft Static Water Column Height:  16. ft
Total Well Penetration Depth:  11.6 ft Screen Length:  9. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

Gravel Pack Porosity:  0.25

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.2117 cm/sec y0 = 3.784 ft



AQTESOLV for Windows HAMW30 Slug Out 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW30\HAMW30 SO2.aqt
Title:  HAMW30 Slug Out 2
Date:  05/04/16
Time:  11:23:17

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW30

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW30

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  2.825 ft
Static Water Column Height:  16. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  9. ft
Total Well Penetration Depth:  11.6 ft
Corrected Casing Radius (Bouwer-Rice Method):  0.1821 ft
Gravel Pack Porosity:  0.25

No. of Observations:  17

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 2.825 2.27 0.061
0.221 2.532 2.494 0.04
0.711 1.028 2.717 0.028
0.933 0.674 2.939 0.018
1.153 0.466 3.161 0.014
1.378 0.311 3.385 0.01
1.603 0.209 3.608 0.003
1.826 0.14 3.83 0.002
2.048 0.091

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.098

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.2117 cm/sec
y0 3.784 ft

T = K*b = 548.5 cm²/sec

05/04/16 1 11:23:17
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HAMW30 SLUG OUT 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW30\HAMW30 SO3.aqt
Date:  05/04/16 Time:  11:23:48

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW30

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW30)

Initial Displacement:  2.257 ft Static Water Column Height:  16. ft
Total Well Penetration Depth:  11.6 ft Screen Length:  9. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.0319 cm/sec y0 = 2.208 ft



AQTESOLV for Windows HAMW30 Slug Out 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW30\HAMW30 SO3.aqt
Title:  HAMW30 Slug Out 3
Date:  05/04/16
Time:  11:23:56

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW30

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW30

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  2.257 ft
Static Water Column Height:  16. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  9. ft
Total Well Penetration Depth:  11.6 ft

No. of Observations:  19

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 2.257 2.719 0.039
0.25 1.521 2.939 0.028
0.5 1.017 3.159 0.001
0.75 0.693 3.626 0.016

1. 0.49 3.847 0.006
1.25 0.326 4.067 0.016
1.5 0.225 4.567 0.005
1.75 0.158 4.789 0.002

2. 0.116 5.01 0.006
2.25 0.041

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.098

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.0319 cm/sec
y0 2.208 ft

T = K*b = 82.64 cm²/sec

05/04/16 1 11:23:56
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HAMW31 SLUG IN 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW31\HAMW31 SI1.aqt
Date:  05/04/16 Time:  13:00:05

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW31

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW31)

Initial Displacement:  3.439 ft Static Water Column Height:  37. ft
Total Well Penetration Depth:  34.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.005535 cm/sec y0 = 0.6041 ft



AQTESOLV for Windows HAMW31 Slug In 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW31\HAMW31 SI1.aqt
Title:  HAMW31 Slug In 1
Date:  05/04/16
Time:  13:00:13

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW31

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW31

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  3.439 ft
Static Water Column Height:  37. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  34.1 ft

No. of Observations:  39

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 3.439 5.56 0.155
0.25 0.213 5.98 0.138
0.5 0.155 6.46 0.121
0.75 0.286 7. 0.111

1. 0.464 7.48 0.102
1.25 0.515 8.08 0.09
1.5 0.424 8.68 0.08
1.75 0.402 9.28 0.069

2. 0.313 9.94 0.059
2.25 0.39 10.66 0.049
2.5 0.38 11.44 0.043
2.75 0.352 12.22 0.04

3. 0.331 13.06 0.039
3.25 0.283 13.98 0.04
3.5 0.269 14.92 0.029
3.75 0.255 15.88 0.036

4. 0.239 16.96 0.031
4.36 0.209 18.14 0.035
4.72 0.192 19.3 0.025
5.14 0.166

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.575

VISUAL ESTIMATION RESULTS

05/04/16 1 13:00:13



AQTESOLV for Windows HAMW31 Slug In 1

Estimated Parameters

Parameter Estimate
K 0.005535 cm/sec
y0 0.6041 ft

T = K*b = 14.34 cm²/sec

05/04/16 2 13:00:13
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HAMW31 SLUG IN 4

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW31\HAMW31 SI4.aqt
Date:  05/12/16 Time:  11:41:53

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW31

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW31)

Initial Displacement:  3.617 ft Static Water Column Height:  37. ft
Total Well Penetration Depth:  34.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.007523 cm/sec y0 = 0.5422 ft



AQTESOLV for Windows HAMW31 Slug In 4

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW31\HAMW31 SI4.aqt
Title:  HAMW31 Slug In 4
Date:  05/12/16
Time:  11:41:43

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW31

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW31

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  3.617 ft
Static Water Column Height:  37. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  34.1 ft

No. of Observations:  47

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 3.617 6.755 0.08
0.25 2.23 7.21 0.069
0.5 1.478 7.75 0.063

0.975 -0.119 8.528 0.056
1.197 0.033 8.83 0.054
1.418 0.346 9.545 0.054
1.91 0.287 10.03 0.04

2.132 0.27 10.69 0.046
2.353 0.282 11.41 0.036
2.657 0.232 12.19 0.033
2.878 0.213 12.97 0.034
3.099 0.192 13.81 0.035
3.319 0.18 14.75 0.031
3.54 0.168 15.67 0.03
3.76 0.159 16.63 0.03

3.981 0.146 17.71 0.026
4.201 0.135 18.85 0.027
4.421 0.13 20.05 0.026
4.641 0.122 21.31 0.027
4.862 0.114 22.63 0.029
5.11 0.104 24.07 0.037

5.617 0.097 25.57 0.028
5.89 0.09 27.13 0.026

6.532 0.079

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice

05/12/16 1 11:41:43



AQTESOLV for Windows HAMW31 Slug In 4

ln(Re/rw):  0.

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.007523 cm/sec
y0 0.5422 ft

T = K*b = 19.49 cm²/sec

05/12/16 2 11:41:43
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HAMW31 SLUG OUT 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW31\HAMW31 SO1.aqt
Date:  05/04/16 Time:  13:01:59

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW31

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW31)

Initial Displacement:  1.539 ft Static Water Column Height:  37. ft
Total Well Penetration Depth:  34.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.01107 cm/sec y0 = 1.351 ft



AQTESOLV for Windows HAMW31 Slug Out 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW31\HAMW31 SO1.aqt
Title:  HAMW31 Slug Out 1
Date:  05/04/16
Time:  13:02:05

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW31

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW31

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  1.539 ft
Static Water Column Height:  37. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  34.1 ft

No. of Observations:  31

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 1.539 4.39 0.175
0.25 1.354 4.81 0.143
0.5 1.086 5.23 0.119
0.75 0.963 5.71 0.102

1. 0.853 6.25 0.086
1.25 0.746 6.73 0.078
1.5 0.661 7.33 0.064
1.75 0.582 7.93 0.056

2. 0.522 8.53 0.043
2.25 0.453 9.189 0.042
2.5 0.403 9.909 0.028
2.75 0.351 10.69 0.026

3. 0.321 11.47 0.027
3.25 0.287 12.31 0.008
3.61 0.243 13.21 0.017
3.97 0.201

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.575

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.01107 cm/sec

05/04/16 1 13:02:05
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HAMW31 SLUG OUT 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW31\HAMW31 SO2.aqt
Date:  05/04/16 Time:  13:02:32

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW31

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW31)

Initial Displacement:  1.926 ft Static Water Column Height:  37. ft
Total Well Penetration Depth:  34.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.006939 cm/sec y0 = 0.5871 ft



AQTESOLV for Windows HAMW31 Slug Out 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW31\HAMW31 SO2.aqt
Title:  HAMW31 Slug Out 2
Date:  05/04/16
Time:  13:02:38

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW31

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW31

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  1.926 ft
Static Water Column Height:  37. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  34.1 ft

No. of Observations:  44

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 1.926 5.61 0.114
0.25 0.986 5.97 0.108
0.5 0.659 6.39 0.101
0.75 0.6 6.81 0.088

1. 0.521 7.23 0.078
1.25 0.451 7.71 0.074
1.5 0.399 8.25 0.068
1.75 0.343 8.73 0.067

2. 0.323 9.33 0.063
2.25 0.284 9.93 0.06
2.5 0.277 10.53 0.055
2.75 0.275 11.19 0.056

3. 0.245 11.91 0.055
3.25 0.217 12.69 0.05
3.5 0.203 13.47 0.054
3.75 0.187 14.31 0.048

4. 0.174 15.21 0.055
4.25 0.162 16.17 0.051
4.5 0.153 17.13 0.038
4.75 0.143 18.21 0.046

5. 0.135 19.35 0.05
5.25 0.122 20.55 0.047

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.575

05/04/16 1 13:02:38



AQTESOLV for Windows HAMW31 Slug Out 2

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.006939 cm/sec
y0 0.5871 ft

T = K*b = 17.98 cm²/sec

05/04/16 2 13:02:38
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HAMW31 SLUG OUT 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW31\HAMW31 SO3.aqt
Date:  05/04/16 Time:  13:03:03

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW31

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW31)

Initial Displacement:  2.271 ft Static Water Column Height:  37. ft
Total Well Penetration Depth:  34.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.008687 cm/sec y0 = 1.19 ft



AQTESOLV for Windows HAMW31 Slug Out 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW31\HAMW31 SO3.aqt
Title:  HAMW31 Slug Out 3
Date:  05/04/16
Time:  13:03:09

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW31

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW31

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  2.271 ft
Static Water Column Height:  37. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  34.1 ft

No. of Observations:  62

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 2.271 9.93 0.069
0.461 1.345 10.53 0.068
0.681 1.215 11.19 0.06
0.903 1.059 11.91 0.056
1.394 0.808 12.69 0.056
1.617 0.71 13.47 0.053
1.838 0.64 14.31 0.049
2.059 0.574 15.21 0.05
2.283 0.504 16.17 0.045
2.506 0.455 17.13 0.041
2.729 0.438 18.21 0.046
2.953 0.405 19.35 0.043
3.175 0.363 20.55 0.043
3.398 0.327 21.81 0.044
3.62 0.298 23.13 0.047

3.843 0.277 24.57 0.046
4.066 0.254 26.07 0.042
4.29 0.229 27.63 0.043

4.512 0.217 29.31 0.043
4.988 0.179 31.11 0.041
5.209 0.165 32.97 0.041
5.43 0.156 35.01 0.042

5.652 0.144 37.11 0.039
5.97 0.134 39.33 0.041
6.39 0.121 41.73 0.04
6.81 0.112 44.25 0.04
7.23 0.095 46.94 0.041
7.71 0.094 49.71 0.04

8.544 0.071 52.71 0.039
8.767 0.071 55.89 0.04

05/04/16 1 13:03:09



AQTESOLV for Windows HAMW31 Slug Out 3

Time (sec) Displacement (ft) Time (sec) Displacement (ft)
9.33 0.074 59.25 0.033

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.575

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.008687 cm/sec
y0 1.19 ft

T = K*b = 22.51 cm²/sec

05/04/16 2 13:03:09
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HAMW31 SLUG OUT 4

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW31\HAMW31 SO4.aqt
Date:  05/12/16 Time:  11:42:39

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW31

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW31)

Initial Displacement:  3.948 ft Static Water Column Height:  37. ft
Total Well Penetration Depth:  34.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.01005 cm/sec y0 = 1.097 ft



AQTESOLV for Windows HAMW31 Slug Out 4

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW31\HAMW31 SO4.aqt
Title:  HAMW31 Slug Out 4
Date:  05/12/16
Time:  11:42:29

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW31

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW31

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  3.948 ft
Static Water Column Height:  37. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  34.1 ft

No. of Observations:  49

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 3.948 6.64 0.075
0.25 3.193 7.06 0.054
0.5 1.154 7.48 0.049
0.75 0.84 7.96 0.04

1. 0.75 8.5 0.034
1.25 0.671 8.98 0.03
1.5 0.579 9.58 0.028
1.75 0.518 10.18 0.023

2. 0.452 10.78 0.021
2.25 0.39 11.44 0.016
2.5 0.368 12.16 0.015
2.75 0.34 12.94 0.016

3. 0.279 13.72 0.011
3.25 0.261 14.56 0.011
3.5 0.235 15.46 0.008
3.75 0.198 16.42 0.006

4. 0.194 17.38 0.006
4.25 0.185 18.46 0.004
4.5 0.144 19.6 0.009
4.75 0.137 20.8 0.006

5. 0.12 22.06 0.005
5.25 0.105 23.38 0.005
5.5 0.11 24.82 0.001
5.86 0.098 26.32 0.
6.22 0.09

SOLUTION

Slug Test
Aquifer Model:  Unconfined

05/12/16 1 11:42:29



AQTESOLV for Windows HAMW31 Slug Out 4

Solution Method:  Bouwer-Rice
ln(Re/rw):  0.

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.01005 cm/sec
y0 1.097 ft

T = K*b = 26.04 cm²/sec

05/12/16 2 11:42:29
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HAMW32 SLUG OUT 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW32\HAMW32 SO2.aqt
Date:  05/04/16 Time:  11:39:41

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW32

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW32)

Initial Displacement:  0.742 ft Static Water Column Height:  10. ft
Total Well Penetration Depth:  10. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

Gravel Pack Porosity:  0.25

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.1164 cm/sec y0 = 0.9113 ft



AQTESOLV for Windows HAMW32 Slug Out 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW32\HAMW32 SO2.aqt
Title:  HAMW32 Slug Out 2
Date:  05/04/16
Time:  11:39:49

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW32

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW32

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  0.742 ft
Static Water Column Height:  10. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  10. ft
Corrected Casing Radius (Bouwer-Rice Method):  0.1821 ft
Gravel Pack Porosity:  0.25

No. of Observations:  8

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 0.742 1.001 0.289
0.251 0.656 1.251 0.171
0.501 0.548 1.501 0.084
0.751 0.417 1.969 -0.039

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.083

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.1164 cm/sec
y0 0.9113 ft

T = K*b = 301.6 cm²/sec

05/04/16 1 11:39:49
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HAMW32 SLUG OUT 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW32\HAMW32 SO3.aqt
Date:  05/04/16 Time:  11:40:46

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW32

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW32)

Initial Displacement:  1.453 ft Static Water Column Height:  10. ft
Total Well Penetration Depth:  10. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

Gravel Pack Porosity:  0.25

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.1392 cm/sec y0 = 1.965 ft



AQTESOLV for Windows HAMW32 Slug Out 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW32\HAMW32 SO3.aqt
Title:  HAMW32 Slug Out 3
Date:  05/04/16
Time:  11:40:57

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW32

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW32

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  1.453 ft
Static Water Column Height:  10. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  10. ft
Corrected Casing Radius (Bouwer-Rice Method):  0.1821 ft
Gravel Pack Porosity:  0.25

No. of Observations:  7

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 1.453 0.877 0.601
0.22 1.428 1.096 0.359

0.438 1.17 1.315 0.162
0.658 0.863

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.083

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.1392 cm/sec
y0 1.965 ft

T = K*b = 360.7 cm²/sec

05/04/16 1 11:40:57
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HAMW37 SLUG OUT 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW37\HAMW37 SO1.aqt
Date:  05/04/16 Time:  11:44:57

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW37

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW37)

Initial Displacement:  2.765 ft Static Water Column Height:  49. ft
Total Well Penetration Depth:  45.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.08545 cm/sec y0 = 2.78 ft



AQTESOLV for Windows HAMW37 Slug Out 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW37\HAMW37 SO1.aqt
Title:  HAMW37 Slug Out 1
Date:  05/04/16
Time:  11:45:04

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW37

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW37

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  2.765 ft
Static Water Column Height:  49. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  45.1 ft

No. of Observations:  5

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 2.765 0.939 0.059
0.25 1.226 1.16 -0.012

0.718 0.236

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.693

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.08545 cm/sec
y0 2.78 ft

T = K*b = 221.4 cm²/sec

05/04/16 1 11:45:04
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HAMW37 SLUG OUT 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW37\HAMW37 SO2.aqt
Date:  05/04/16 Time:  11:46:24

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW37

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW37)

Initial Displacement:  3.332 ft Static Water Column Height:  49. ft
Total Well Penetration Depth:  45.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.09261 cm/sec y0 = 3.45 ft



AQTESOLV for Windows HAMW37 Slug Out 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW37\HAMW37 SO2.aqt
Title:  HAMW37 Slug Out 2
Date:  05/04/16
Time:  11:46:30

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW37

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW37

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  3.332 ft
Static Water Column Height:  49. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  45.1 ft

No. of Observations:  6

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 3.332 0.751 0.084
0.251 1.388 1.234 -0.163
0.501 0.521 1.456 -0.153

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.693

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.09261 cm/sec
y0 3.45 ft

T = K*b = 239.9 cm²/sec

05/04/16 1 11:46:30
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HAMW37 SLUG OUT 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW37\HAMW37 SO3.aqt
Date:  05/04/16 Time:  11:47:07

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW37

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW37)

Initial Displacement:  3.096 ft Static Water Column Height:  49. ft
Total Well Penetration Depth:  45.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.08151 cm/sec y0 = 4.909 ft



AQTESOLV for Windows HAMW37 Slug Out 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW37\HAMW37 SO3.aqt
Title:  HAMW37 Slug Out 3
Date:  05/04/16
Time:  11:47:16

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW37

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW37

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  3.096 ft
Static Water Column Height:  49. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  45.1 ft

No. of Observations:  7

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 3.096 1. 0.142
0.25 2.142 1.25 0.01
0.5 0.995 1.5 -0.041
0.75 0.436

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.693

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.08151 cm/sec
y0 4.909 ft

T = K*b = 211.2 cm²/sec

05/04/16 1 11:47:16
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HAMW39 SLUG OUT 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW39\HAMW39 SO1.aqt
Date:  05/04/16 Time:  11:52:27

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW39

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW39)

Initial Displacement:  0.872 ft Static Water Column Height:  20.1 ft
Total Well Penetration Depth:  18.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.02047 cm/sec y0 = 1.055 ft



AQTESOLV for Windows HAMW39 Slug Out 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW39\HAMW39 SO1.aqt
Title:  HAMW39 Slug Out 1
Date:  05/04/16
Time:  11:52:38

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW39

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW39

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  0.872 ft
Static Water Column Height:  20.1 ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  18.1 ft

No. of Observations:  9

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 0.872 1.25 0.335
0.25 0.694 1.5 0.24
0.5 0.667 1.75 0.138
0.75 0.5 2. 0.049

1. 0.396

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.326

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.02047 cm/sec
y0 1.055 ft

T = K*b = 53.04 cm²/sec

05/04/16 1 11:52:38
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HAMW39 SLUG OUT 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW39\HAMW39 SO2.aqt
Date:  05/04/16 Time:  11:53:04

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW39

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW39)

Initial Displacement:  0.808 ft Static Water Column Height:  20.1 ft
Total Well Penetration Depth:  18.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.02474 cm/sec y0 = 1.643 ft



AQTESOLV for Windows HAMW39 Slug Out 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW39\HAMW39 SO2.aqt
Title:  HAMW39 Slug Out 2
Date:  05/04/16
Time:  11:53:12

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW39

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW39

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  0.808 ft
Static Water Column Height:  20.1 ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  18.1 ft

No. of Observations:  10

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 0.808 1.25 0.419
0.25 0.773 1.5 0.262
0.5 0.65 1.75 0.245
0.75 0.69 2. 0.16

1. 0.554 2.25 0.069

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.326

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.02474 cm/sec
y0 1.643 ft

T = K*b = 64.09 cm²/sec

05/04/16 1 11:53:12
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HAMW39 SLUG OUT 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW39\HAMW39 SO3.aqt
Date:  05/04/16 Time:  11:53:50

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW39

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW39)

Initial Displacement:  1.151 ft Static Water Column Height:  20.1 ft
Total Well Penetration Depth:  18.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.03732 cm/sec y0 = 2.233 ft



AQTESOLV for Windows HAMW39 Slug Out 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW39\HAMW39 SO3.aqt
Title:  HAMW39 Slug Out 3
Date:  05/04/16
Time:  11:54:03

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW39

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW39

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  1.151 ft
Static Water Column Height:  20.1 ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  18.1 ft

No. of Observations:  7

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 1.151 0.882 0.539
0.221 1.132 1.102 0.317
0.442 0.975 1.322 0.124
0.662 0.764

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.326

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.03732 cm/sec
y0 2.233 ft

T = K*b = 96.69 cm²/sec

05/04/16 1 11:54:03
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HAMW39 SLUG OUT 4

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW39\HAMW39 SO4.aqt
Date:  05/04/16 Time:  11:54:31

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW39

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW39)

Initial Displacement:  1.122 ft Static Water Column Height:  20.1 ft
Total Well Penetration Depth:  18.1 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.03725 cm/sec y0 = 1.809 ft



AQTESOLV for Windows HAMW39 Slug Out 4

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW39\HAMW39 SO4.aqt
Title:  HAMW39 Slug Out 4
Date:  05/04/16
Time:  11:54:38

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW39

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW39

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  1.122 ft
Static Water Column Height:  20.1 ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  18.1 ft

No. of Observations:  6

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 1.122 0.953 0.422
0.25 1.068 1.174 0.223
0.5 0.875 1.396 0.057

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.326

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.03725 cm/sec
y0 1.809 ft

T = K*b = 96.5 cm²/sec

05/04/16 1 11:54:38
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HAMW40 SLUG IN 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW40\HAMW40 SI1.aqt
Date:  05/04/16 Time:  11:56:18

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW40

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW40)

Initial Displacement:  2.266 ft Static Water Column Height:  16. ft
Total Well Penetration Depth:  13.5 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.03828 cm/sec y0 = 3.126 ft



AQTESOLV for Windows HAMW40 Slug In 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW40\HAMW40 SI1.aqt
Title:  HAMW40 Slug In 1
Date:  05/04/16
Time:  11:56:24

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW40

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW40

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  2.266 ft
Static Water Column Height:  16. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  13.5 ft

No. of Observations:  6

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 2.266 0.75 0.736
0.25 1.942 1. 0.462
0.5 1.265 1.25 0.16

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.208

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.03828 cm/sec
y0 3.126 ft

T = K*b = 99.17 cm²/sec

05/04/16 1 11:56:24
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HAMW40 SLUG OUT 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW40\HAMW40 SO3.aqt
Date:  05/04/16 Time:  12:14:51

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW40

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW40)

Initial Displacement:  2.046 ft Static Water Column Height:  16. ft
Total Well Penetration Depth:  13.5 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.04406 cm/sec y0 = 3.215 ft



AQTESOLV for Windows HAMW40 Slug Out 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW40\HAMW40 SO3.aqt
Title:  HAMW40 Slug Out 3
Date:  05/04/16
Time:  12:15:01

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW40

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW40

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  2.046 ft
Static Water Column Height:  16. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  13.5 ft

No. of Observations:  6

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 2.046 0.937 0.451
0.25 1.617 1.159 0.258

0.715 0.737 1.654 0.028

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.208

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.04406 cm/sec
y0 3.215 ft

T = K*b = 114.2 cm²/sec

05/04/16 1 12:15:01
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HAMW41 SLUG IN 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW41\HAMW41 SI2.aqt
Date:  05/04/16 Time:  12:22:39

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW41

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW41)

Initial Displacement:  0.879 ft Static Water Column Height:  17. ft
Total Well Penetration Depth:  15.2 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.03665 cm/sec y0 = 1.941 ft



AQTESOLV for Windows HAMW41 Slug In 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW41\HAMW41 SI2.aqt
Title:  HAMW41 Slug In 2
Date:  05/04/16
Time:  12:22:47

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW41

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW41

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  0.879 ft
Static Water Column Height:  17. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  15.2 ft

No. of Observations:  6

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 0.879 0.935 0.394
0.491 0.78 1.442 0.152
0.713 0.543 1.663 0.056

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.256

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.03665 cm/sec
y0 1.941 ft

T = K*b = 94.94 cm²/sec

05/04/16 1 12:22:47
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HAMW41 SLUG IN 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW41\HAMW41 SI3.aqt
Date:  05/04/16 Time:  12:23:12

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW41

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW41)

Initial Displacement:  1.021 ft Static Water Column Height:  17. ft
Total Well Penetration Depth:  15.2 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.0477 cm/sec y0 = 2.75 ft



AQTESOLV for Windows HAMW41 Slug In 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW41\HAMW41 SI3.aqt
Title:  HAMW41 Slug In 3
Date:  05/04/16
Time:  12:23:21

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW41

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW41

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  1.021 ft
Static Water Column Height:  17. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  15.2 ft

No. of Observations:  6

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 1.021 0.923 0.359
0.479 0.865 1.145 0.217
0.701 0.535 1.369 0.089

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.256

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.0477 cm/sec
y0 2.75 ft

T = K*b = 123.6 cm²/sec

05/04/16 1 12:23:21



0. 0.4 0.8 1.2 1.6 2.
0.01

0.1

1.

Time (sec)

D
is

pl
ac

em
en

t (
ft)

HAMW41 SLUG OUT 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW41\HAMW41 SO1.aqt
Date:  05/12/16 Time:  11:35:17

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW41

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW41)

Initial Displacement:  0.956 ft Static Water Column Height:  17. ft
Total Well Penetration Depth:  15.2 ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.01541 cm/sec y0 = 0.9831 ft



AQTESOLV for Windows HAMW41 Slug Out 1

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW41\HAMW41 SO1.aqt
Title:  HAMW41 Slug Out 1
Date:  05/12/16
Time:  11:35:02

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW41

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW41

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  0.956 ft
Static Water Column Height:  17. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  15.2 ft

No. of Observations:  9

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 0.956 1.25 0.391
0.25 0.81 1.5 0.257
0.5 0.688 1.75 0.127
0.75 0.514 2. 0.015

1. 0.505

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  0.

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.01541 cm/sec
y0 0.9831 ft

T = K*b = 39.92 cm²/sec

05/12/16 1 11:35:02
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HAMW42 SLUG OUT 2

Data Set:  P:\...\HAMW42 SO2 - LOW DATA.aqt
Date:  05/12/16 Time:  11:45:20

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW42

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW42)

Initial Displacement:  0.86 ft Static Water Column Height:  19. ft
Total Well Penetration Depth:  17. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.03465 cm/sec y0 = 1.164 ft



AQTESOLV for Windows HAMW42 Slug Out 2

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW42\HAMW42 SO2 - LOW DATA.aqt
Title:  HAMW42 Slug Out 2
Date:  05/12/16
Time:  11:45:04

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW42

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW42

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  0.86 ft
Static Water Column Height:  19. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  17. ft

No. of Observations:  9

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 0.86 1.25 -0.065
0.25 0.76 1.5 -0.204
0.5 0.56 1.75 -0.288

0.752 0.337 2. -0.315
1. 0.124

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  0.

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.03465 cm/sec
y0 1.164 ft

T = K*b = 89.78 cm²/sec

05/12/16 1 11:45:04
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HAMW42 SLUG OUT 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW42\HAMW42 SO3.aqt
Date:  05/04/16 Time:  12:34:03

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW42

AQUIFER DATA

Saturated Thickness:  85. ft Anisotropy Ratio (Kz/Kr):  1.

WELL DATA (HAMW42)

Initial Displacement:  1.055 ft Static Water Column Height:  19. ft
Total Well Penetration Depth:  17. ft Screen Length:  10. ft
Casing Radius:  0.083 ft Well Radius:  0.34 ft

SOLUTION

Aquifer Model:  Unconfined Solution Method:  Bouwer-Rice

K  = 0.06389 cm/sec y0 = 2.133 ft



AQTESOLV for Windows HAMW42 Slug Out 3

Data Set:  P:\2200\2285\Data\Slug Testing\havana\Data Analysis\HAMW42\HAMW42 SO3.aqt
Title:  HAMW42 Slug Out 3
Date:  05/04/16
Time:  12:34:09

PROJECT INFORMATION

Company:  Natural Resource Technology
Client:  Dynegy
Project:  2365
Location:  Havana
Test Well:  HAMW42

AQUIFER DATA

Saturated Thickness:  85. ft
Anisotropy Ratio (Kz/Kr):  1.

SLUG TEST WELL DATA

Test Well:  HAMW42

X Location:  0. ft
Y Location:  0. ft

Initial Displacement:  1.055 ft
Static Water Column Height:  19. ft
Casing Radius:  0.083 ft
Well Radius:  0.34 ft
Well Skin Radius:  0.34 ft
Screen Length:  10. ft
Total Well Penetration Depth:  17. ft

No. of Observations:  5

Observation Data
Time (sec) Displacement (ft) Time (sec) Displacement (ft)

0. 1.055 0.663 0.252
0.22 0.936 1.14 0.006

0.441 0.616

SOLUTION

Slug Test
Aquifer Model:  Unconfined
Solution Method:  Bouwer-Rice
ln(Re/rw):  2.301

VISUAL ESTIMATION RESULTS

Estimated Parameters

Parameter Estimate
K 0.06389 cm/sec
y0 2.133 ft

T = K*b = 165.5 cm²/sec

05/04/16 1 12:34:09
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